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To Dos

[Remove from published document]

A consumer (i.e. the biotech company) may not be able to complete everything in this document.  For example, how would they know what specific Hawaiian issues are at stake?

(This is where an actual council would provide resources and might participate in the completion of this document.)

1 Goals

Identify the genetic resource and describe the activity which will be applied to it.

The goal of this study is the preservation, characterization and genetic improvement of Hawaiian taro varieties.

2 Background

The goal of this study is the preservation, characterization and genetic improvement of Hawaiian taro varieties.Introduce the subject matter.  Include topics such as: History of subject matter • Description • Areas of controversy and how they are to be addressed • Expected completion dates.

Hawaiian kalo or taro, Colocasia esculenta (L.) Schott, is one of the oldest cultivated crops (Plucknett, 1976; Coates et al., 1988). Taro is a member of the Araceae family, which is made up of at least 100 genera and more than 1500 species. The major edible aroids are classified in two tribes and five genera including: Lasioideae (Cyrtosperma and Amorphophallus) and Colocasiodeae (Alocasia, Colocasia, and Xanthosoma) (Plucknett, 1983). Colocasia is the most important edible genus with C. esculenta being the most important species (Maga, 1992). Taro is a major staple in the diets of people around the Pacific and is the fourteenth most consumed vegetable worldwide (Lebot & Aradhya, 1991).

Cytological and archeological studies indicate that taro probably originated in Indo-Malaysian Peninsula from which man carried it south into Indonesia (Chang 1958) and Papua New Guinea almost 50,000 years ago; and east into New Britain about 9,000 BC (White & O’Connell, 1982). Movement further east did not occur until about 1,600 to 1,200 BC with the development of long distance water-vessels and movement into Melanesia including the Solomon Islands, Vanuatu, New Caledonia, Fiji, and into Polynesia including Samoa and Tonga (Green, 1979, Golson, 1971, Kirch, 1978, Kirch, 1981). Settlement of East Polynesia occurred with the movement from Samoa to the Society Islands and the Marquesas in 200 BC and subsequent movement in 300 AD to Easter Island, and Hawaii in 400 AD (Kirch, 1985, Yen & Wheeler, 1968).

Although only recently introduced it was in Hawaii where taro was brought to the highest state of cultivation and played an important role in the diet of the people. Upon the arrival of the first Hawaiians in Hawaii, taro or kalo, a water loving plant, was first planted along the seacoast in marshes near the mouths of rivers (Krauss, 1993). With an increase in population to what was estimated to be about 200,000 Hawaiians, an intensification of agricultural production most likely occurred to fulfill the needed demand for food. Accordingly, land in the valleys were cleared developing an elaborate system of plant production under flooded conditions in banked and terraced plots called lo’i, which required delegation of labor and movement of large amounts of water. Taro was not only cultivated under irrigated wetland conditions that are in evidenced today but archeological studies indicate that large plantings along with sweet potato probably occurred on the leeward sides of Maui and Hawaii under dry land conditions (Kirch 1985). This production system was a key component of a resource management system of land units known as the ahupua’a. Taro production was not merely an activity of food production but was tightly interwoven into the Hawaiian culture and their legends about creation.

1) Erosion of Traditional Hawaiian Taro Cultivars
Around the 4th or 5th century A.D. a large double-hulled voyaging canoe originating from the Marquesas Islands laden with taro, breadfruit and other crops made landfall in Hawaii. These were the first Hawaiians. Although only a few different taro varieties were thought to have been brought into Hawaii by the first Hawaiians, over 300 hundred varieties have been documented and represent a reasonable number that were present prior on the arrival of Captain Cook in 1778 (Handy, 1940, Handy, et al. 1972). It has been suggested that the large number of varieties may have been derived from genetic crosses made by old Hawaiians and/or selection and propagation of mutant clones. The number of varieties by far outnumbered any found in Polynesia where it came from. Many of the varieties were selected for specific characters such as Lehua and Pi’i Ali’i that were favored by the chiefs or ali’i and the low acrid varieties, Lauloa and Haokea, favored as medicinal or ceremonial taros. Moreover many new varieties were selected for their adaptability to different microenvironments encountered with the expansion of agricultural production beyond the banks of rivers and streams.

Today there has been a huge deterioration in the number of taro varieties that can be found. This reduction can be attributed to the change from extensive subsistence taro production to intensive commercial production and processing. Although there is a strong farmer and consumer interest in taro as a food crop, production is limited by water shortages, restricted access to suitable or affordable land, high labor costs and shortage of a willing labor force. As a result of these changes, only 3 to 5 different high yielding varieties are grown primarily in monoculture commercially. The loss of the traditional diversity may have serious repercussions. It may mean that in the face of serious pest outbreaks, or a need for other characteristics such as nutritional quality, ecological adaptation, current varieties will not be able to measure up. An example of this situation occurred recently in Western Samoa in 1993 where, to meet domestic and export demands, one variety was grown predominately nationwide and where, the introduction of taro leaf blight decimated production.

Collections of taro varieties have been made in the past to preserve Hawaiian varieties. However with the waning in the importance and diversity of uses of taro, nursery collections of taro have decreased in size and number with some of the rarer varieties lost completely. In 1940, Handy was able to collect 85 different taro varieties 71 of which were of Hawaiian origin when taro production was thought to be on the verge of extinction. In 1939, Whitney and others (Whitney, et al. 1939) made an extensive effort to recollect as many Hawaiian varieties as possible. Only sixty-nine native varieties that could be placed into 8 distinct morphological groups were collected from this effort. The 8 groups identified represented a significant reduction of 28 groups recognized in the Hawaiian Almanac and Annual (1880), which included Apuwai, Haokea, Kai, Mana, Hapuupuu, Ipulono, Lauloa, Mahaha, Lehua, Pualu, Poni, Kumu, Nohu, Uwahiapele, Mamauea, Lola, Naua, Apowale, Elepaio, Makohi, Makoko, Piko, Nawao, Kuohu, Ualehu or Heualehu, Kanio, and Manini. Important groups that were thought to be lost included Ahe, Eulu, and Lau. Further, varieties within each group were thought to also have been lost. For example, old Hawaiians recognized at least 5 varieties in the groups of Pi’i ali’i and Apuwai but Whitney et al. (1939) collected only one of each.

There has been a further deterioration in the Whitney et al. collection that is being maintained by the University of Hawaii, Kauai Branch Station. De la Pena (1992) indicated that 70 out of the original 85 remained in the Kauai nursery that included one lost from the Hawaiian varieties. After the occurrence of Hurricane Iniki in 1993, feral pigs consumed and eliminated an additional 10 Hawaiian varieties. Today pending retirement of the curator (Dr. Ramon de la Pena) of the Whitney collection places the taro collection in a precarious position. Therefore, the collection has been duplicated at the University of Hawaii, Maui Agricultural Research Center in Kula by the program of the Principal Investigator.

2) Evaluation of Taro Varieties

Tremendous variation in the morphology, agronomic requirements, and nutritional content between different taro varieties has been recorded in the literature. Therefore a generalized statement about all taros can not be made. Variation in attributes between Hawaiian varieties appears reasonable since they were developed and used for different purposes by the ancient Hawaiians.

Whitney et al. (1939) extensively characterized the morphological features and possible uses of 65 Hawaiian varieties that are being maintained by the University of Hawaii, Kauai Branch Station. Their evaluation showed that the Hawaiian taros could be placed into eight morphological groups based upon the distinct difference between the taros. Further review of the literature indicates that several studies have been conducted on the agronomic requirements of taro, fertilization rates needed for optimal production, and their nutritive value as a food source. The latter studies have basically been confined to a few of the major commercial varieties grown in Hawaii such as Maui Lehua, Lehua maoli, and Bun Long.

Nitrogen fertilizer requirements for optimal yield were found to vary with variety and location of the experiment. For example, optimal corm weight was achieved with an application of 956 kg of nitrogen per hectare when Bun Long was grown under dry land conditions (Silva, et al. 1992) as compared only 560 kg nitrogen per hectare when Lehua maoli was grown under similar conditions (de la Pena & Plucknett). Furthermore when Lehua maoli was grown under wet land conditions, optimal yield required an application of 1120 kg of nitrogen per hectare.

The early Hawaiians considered taro to be a very healthful, easily digested food when corms were prepared either boiled or baked. Taro corms are high is carbohydrates in the form of starch and low in fat and protein similar to many other root crops. Taro starch is 98.8 per cent digestible (Langworthy & Deuel, Potietier 1940), granules are one-tenth the size of potato (Payne et al. 1941) and has been used by persons with digestive problems. The nutrient composition between two different taros showed that moisture, protein, fat, total carbohydrate and fiber levels in the corm, leaves and petioles were similar between varieties. However, large differences in carotene content of corm tissue and in ascorbic acid of corm and leaf tissues were recorded (Gopalan et al. 1977, Tisbe & Cadiz 1967). Further, Sunell and Arditti’s (1983) review of the literature on the nutritional content of several different taro varieties found differences between varieties in starch, protein, calcium, phosphate, and potassium levels.

3) Genetic Improvement of Taro

Genetic improvement of commercial taros are needed to increase resistance to adverse environmental conditions (i.e. high salt and soil pH, low rain fall) and pests, to increase plant vigor and yield, and to develop new and exciting varieties with different colors and tastes for the growing Hawaii regional cuisine restaurant trade. Further, a few taro varieties are being grown for the ornamental-landscape marketplace and a breeding program designed to introduce new and colorful taro varieties is needed.

Several of the Hawaiian taros have desirable attributes which could be combined in a number of different combinations to produce superior varieties compared with those that are presently grown commercially. For example, there are different corm flesh colors available including the orange-yellow corm found in Mana Ulu, dark purple or red found in the Lehua varieties, and white found in Moi and Haokea. Two of the varieties (Lehua and Moi) are grown commercially for the red and gray poi market. There may be a place for the development of white and yellow poi varieties. The Kai and Wehiwa varieties are known to be very tolerant or resistant to soft rots as compared to the major commercial varieties. Currently, Kauai wet land growers are experiencing severe crop losses due to a type of soft rot called pocket rot. Development of wetland poi varieties with Kai or Wehiwa variety attributes may be useful in reducing future pocket rot losses. The irritating or acrid factor that is associated with many of the major commercial varieties is one of reasons that has impeded wider acceptance and utilization of taro. Lauloa, Kalalau, and Haokea varieties are relatively non-acrid and could be used in the development of low acrid commercial varieties. Other useful attributes that could be used to improve commercial taros include early maturation (Piko Elele), and brilliant color (Ulaula Kumu).

Biochemical and genetic evaluations are beginning to provide a basis for distinguishing Hawaiian varieties and understanding the history of taro in Hawaii and the Pacific. Hawaiian and Polynesian taros showed very low genetic variation based upon isozyme variation (Lebot & Aradhya 1991). On the other hand, variation based upon DNA sequence using RAPD (random amplified polymorphic DNA) markers could be used to distinguish between varieties (Irwin et al. 1998). However, the majority of the Hawaiian taros were found to be closely related with about 80% DNA similarity. The narrow genetic base found in Hawaiian varieties makes sense since they were derived from only a few introduced taros.

The geographic region from India to Southeast Asia is the center of genetic diversity for taro. Introduction of taro varieties from the center of diversity will provide different genes that could be used in a breeding program to broaden the genetic base of Hawaiian taros. Plant breeders have used genetic diversity in other crops that can be credited for at least one-half of a doubling in yields of rice, barley, soybeans, wheat, cotton, and sugarcane; a threefold increase in tomato yields; and a fourfold increase in yields of corn, sorghum and potato (World Resources Institute). Also many genes for resistance to pests and tolerance to adverse environmental stress has been introduced into cultivated crops from related wild plants from its center of diversity. For example, several sources of taro leaf blight resistance appear to be available. This disease caused by the fungus, Phytophthora colocasiae is the most important disease in Hawaii and the major taro growing regions worldwide. In Southeast Asia several taro varieties are reported to either resistant or immune to the disease (Deshmukh & Chibber 1960, Paharia & Mathur 1964). In the Solomon Islands breeding program, Patel and Liloqula (1985) have developed advanced materials generated from a cross between TLB resistant and susceptible materials and indicate that a single dominant gene confers resistance. Vasquez (1990) in the Philippines reports three taro accessions moderately resistant and one accession highly resistant to TLB when inoculated with P. colocasiae 2 to 4 months after planting.  In the Papua New Guinea breeding program, intrageneric crosses have been made between cultivated and wild genotypes with TLB resistance (Ivancic and Kokoa, personnel communication). They indicate that single and multiple gene(s) confer TLB resistance. Greenough and Trujillo have evaluated several taro lines from Micronesia in American Samoa and Hawaii and confirmed resistance of a few lines (personal communication). Importation of the available resistant varieties for breeding purposes is warranted.

Genetic resistance.  The construction and design of better crops have been a major goal of plant breeders since Mendel’s demonstration of the basic rules of heredity.  Much of the increase in yield of the major grain crops such as wheat, corn, and rice can be attributed to plant improvement by conventional breeding.  For many years this means has been an invaluable method for incorporating genetic resistance against plant pathogens into cultivated plants.

Development of disease-resistant plants using traditional breeding methods entails lengthy backcrossing programs.  In this process, a genetic cross is initially made between a resistant (donor) parent and a variety that is being improved (recurrent parent).  Resistant offspring (progeny) obtained from such a cross will contain the desirable trait (resistance) but also carry undesirable donor characters (linkage drag).  The backcross method was developed to recover the desirable recurrent parent genotype (horticulturally acceptable characters) after incorporating donor gene(s) coding for resistance.  The resulting progenies are then selected, backcrossed again to the recurrent parent and the process repeated until plants nearly identical to the horticulturally acceptable parent (recurrent) are selected that also have the benefit of disease resistance.  In practice, this process requires at least five backcross generations (Briggs and Knowles, 1967).

Plant genetics is now at the stage that genetic maps can be rapidly generated for many species and molecular markers are beginning to be used for a variety of fundamental and applied purposes.  Molecular markers, initially isoenzymes, then restriction fragment length polymorphisms (RFLPs), and most recently random amplified polymorphic DNAs (RAPDs), have revolutionized the ease of which maps can be generated.  Genetic maps can be constructed from a single segregating population because many loci can be analyzed.  Extensive genetic maps exist or are being developed for many plant species.  The efficiency of mapping now depends on the level of polymorphism within the species, choice of mapping population, and types of marker used.

The use of molecular markers to assist conventional plant breeding will accelerate the accumulation of desirable genes (such as those for disease resistance) between plant generations and among cultivars (Tanksley, et al., 1989).  This technology overcomes several major limitations inherent to backcross breeding (Young, 1990):  1) segregating populations can be screened in the laboratory without actual pathogen inoculation and environmental influence and can be done at the seedling stage; 2) undesirable genes (linkage drag) with desirable (resistant) genes can be effectively avoided by selection of individuals that have experienced recombination near desirable genes; and 3) other beneficial genes can be added to a horticulturally acceptable plant in a few generations.  Furthermore, many important plant characteristics known to occur in wild plant species may be readily transferred to commercially viable cultivars using RFLP techniques to avoid linkage drag inherent to traditional breeding.  For example, RFLP markers tightly linked with the TM-2 gene that confers resistance to tobacco mosaic virus in tomato have been identified and are being employed to accelerate backcross breeding programs by removing linked donor DNA more effectively, and in a shorter period time (Young and Tanksley, 1988).

3 Entities

In general, three entities interact:1)  consumer (usually the author of this document 2)  the genetic resource(s) and 3)  provider(s) of Native Hawaiian knowledge. This section describes 2 and 3.

3.1 University of Hawaii Department of Plant & Environmental Protection Sciences

Describe the author and the author's organization.

[Stuff here]

3.2 Genetic Resource(s)

Describe the genetic resource(s) in detail.

[Stuff here]

3.3 Provider(s)

Describe the (expected) provider(s) of Native Hawaiian knowledge.

[Stuff here]

4 Terms

[Document terms used] 

[Term1]

[Term1 Description]

[Term n]

[Term n Description]

5 Open Issues

Describe any open issues or concerns.

(owner) Issue Description (Due: nn/nn/200n)

Issue details

(owner) Issue Description (Due: nn/nn/200n)

Issue details

6 Milestones

List major lifecycle milestones for the activity that provide a sense of the timeline involved.

	Task
	Due

	[task description]
	[date]

	[task description]
	[date]


7 Objectives

List the activity’s major objectives.

Objective 1: Recollect, rationalize, and preserve Hawaiian taro.

Objective 2: Evaluate taro varieties for agronomic, chemical, biochemical, and economic traits.

Objective 3: Genetic improvement of commercial taros to increase resistance to adverse environmental conditions and pests, to increase plant vigor and yield, and to develop new and exciting varieties with different colors for the nursery and landscape trade and tastes for the growing Hawaii regional cuisine restaurant trade.

8 Procedures

Describe the procedures to be followed.

Objective 1:

Collection of traditional Hawaiian taro varieties.  Traditional Hawaiian varieties will be collected and preserved. The justification for this effort lies in the future use of as yet unidentified genetic information for pest resistance, medicine, and other potential uses. In addition to the economic use of taro resources collected in this effort, genotypes that would otherwise become extinct due to the impact of man would be preserved.

Our strategy to secure as many missing Hawaiian varieties as possible will employ the following tactics. First, commercial growers will be contacted through the UH Cooperative Extension Service to gain knowledge of what is being grown commercially and other varieties being maintained for personal use. The PI obtained a variety called “Kai” from commercial Kauai growers in 1998 that was being maintained for personal consumption. This variety is apparently one of the missing varieties, since it is unlike any of the Whitney et al. (1939) Kai varieties (i. e. Kai Ala, Kai Kea, and Kai Uliuli). Secondly, contacts with public and private gardens and private collections known to maintain a number of taro varieties will be made. Finally, discussions will be held with taro enthusiast groups such as Hui Kalo Moku O Keawe on the island of Hawaii, and on Kauai. Passport information on all collected varieties will be collected, which will include name used, origin, use, etc. Many times discussions on the origin of the variety will develop leads for future discovery. Sources of all collected varieties will be credited in published and unpublished forms.

All collected materials will be brought back to the UH Maui Agricultural Research Center in Kula for propagation and preservation.

Rationalization of taro varieties.  The Hawaiian and other imported taro varieties that are presently in our collection and those that are to be collected from this work will be evaluated and scored for morphological characters using IBPGR (formerly International Board for Plant Genetics Resources and currently known as the International Plant Genetics Resources Institute or IPGRI) standard descriptors (1980). Description of the varieties would also be compared to the descriptors used to describe Hawaiian varieties by Whitney et al. (1939), Handy (1940) and MacCauley & Emerson (1913, 1914). Description would be useful in identifying useful variety characteristics that could be used in a breeding program to develop superior varieties, in identifying possible lost Hawaiian varieties, and would be one means to identify possible duplicated varieties and reduce maintenance costs.

Morphological descriptors although useful in separating varieties with unusual phenotypic characteristics such as comparisons with colors and their distribution patterns may vary with plant age and environmental conditions. Further, morphological separations may not be closely linked with the DNA sequences of taro varieties. In a study in our lab (Irwin et al. 1998) using RAPD (random amplified polymorphic DNA) markers, varieties that had been grouped together based upon morphology by Whitney et al. (1939) were found to be more similar to varieties outside their morphological group than within.

In general molecular methods based on DNA sequence have been found to be give more reliable genetic information. Because it is almost impossible to directly survey plant populations for all possible gene combinations that would contribute to valuable traits, information about the diversity of DNA sequences between plants can be used as a reflection of the diversity of useful genes (Schoen & Brown 1993). The development of molecular markers, which is based upon the polymorphisms (or differences) found in DNA, has greatly facilitated determining the diversity of useful genetic information between plants. The detection of the polymorphisms between plants is what has been characterized as DNA fingerprinting. 

We propose to evaluate the taro variety collection using a RAPD, AFLP, and SSR DNA fingerprinting methods. The strategies for fingerprinting that have been chosen are all based upon PCR (polymerase chain reaction). PCR markers, rather than the more traditional isozyme and RFLP (restriction fragment length polymorphism), have been selected because they have the potential for widespread, low-cost, large scale application suitable for the needs of genetic resources conservation, plant breeding and intellectual property rights protection. Furthermore, PCR technology requires only small amounts of crude genomic DNA, results can be obtained within a day, laboratory equipment is inexpensive, and the method is not technically challenging.

RAPD (random amplified DNA polymorphism) analysis has been used widely for the characterization of plant, animal, and microbial genetic resources (Caetano-Anolles 1994). RAPD employs a single 10-base primer of arbitrary sequence in each PCR reaction (Williams et al. 1990). This technique relies on the differential enzymatic amplification of small DNA fragments using PCR with arbitrary oligonucleotide primers (usually 10-mers). The products of the reaction are separated by agarose gel electrophoresis and visualized after staining with ethidium bromide. The procedure is rapid, several steps could be automated, requires only small amounts of DNA which need not be of high quality and involves no radioactivity. Polymorphisms can be detected in fragments containing highly repeated sequences, providing markers in regions of the genome previously inaccessible to analysis. The major disadvantage of the RAPD technique is the amplification of usually dominant markers. This decreases genetic resolution because heterozygotes cannot be distinguished from homozygotes for presence of the amplified fragment.  At present, RAPD markers provide a very quick method for generating genetic maps and analyzing populations and are complementary to RFLP markers.

AFLP (amplified fragment length polymorphism) uses enzyme digested genomic DNA as the template for a PCR reaction with primers that contain the restriction enzyme recognition site and a number of additional arbitrary nucleotides (Vos et al. 1995). PCR products are separated in polyacrylamide gel electrophoresis. This technique is robust and reliable and has the capacity to detect a substantially greater number of polymorphisms between individuals than any other available PCR based technique.

SSR (simple sequence repeat) are loci that are comprised of highly variable arrays of tandemly repeated 2 to 6 base pair long DNA sequences (Tautz 1989). SSR markers are reliable and reproducible co-dominant genetic markers that can detect higher levels of variation in plants than any other class of marker (Diwan et al. 1997, Kresovich et al. 1995, Roder et al. 1995, Rongwen et al. 1995). Such markers are especially useful for genetic analysis in organisms with a narrow genetic base. However, in contrast to their advantages in genetic analysis, development of SSRs is expensive, time-consuming, and labor intensive since they require the development of locus specific primers based upon the prior knowledge of DNA sequence (Cregan et al. 1994). We will use this method by collaborating with TAROGEN-Australia project, which is currently generating SSRs for taro.

Maintain and preserve Hawaiian taro varieties.  Five to 10 vegetatively propagated plants of each variety will be planted in the garden and labeled by name. Some of the positive aspects of maintaining a variety garden or field genebank is its use for educating the general public, and it availability for use as breeding plots and source of plant materials to mediate small distributions.

The garden that will be developed will focus on educating the public about taros of Hawaiian origin, introduced varieties, their uses, attributes, and cultural significance. Further, a brochure that would provide background on each variety will be developed for distribution to the public viewing the garden. One of the drawbacks in maintaining taros by means of a variety garden is the possibility of destruction by natural calamities, pest epidemics, and the high cost of maintenance. Maintenance of taro varieties at the Maui Agricultural Research Center will minimize some of the drawbacks associated with variety gardens. The lower average daily temperatures associated with the Center allow for a slower plant development period as compared with sea level locations. Therefore, plants can be maintained for a 6 to 8 month period longer prior to transplanting to a new site. This will reduce maintenance costs. Also the Center is completely fenced in for security and is located in the rain shadow of a 3,330 meter dormant volcanic crater (Haleakala Crater) which minimizes adverse environmental conditions.

Extension component: An extension workshop for extension agents, taro growers and taro enthusiasts will be given during the early part of the project to develop awareness on the different types of Hawaiian taro varieties, their phenotypic attributes, uses, and how they are being employed in UH’s genetic improvement programs. At this workshop, distributions of the Hawaiian taro varieties will be made to different organizations and individuals interested in maintaining Hawaiian taro varieties. These may include botanical gardens, community colleges, growers, and the general public. The objectives of the distributions are to have additional backup sources, and to increase the public’s awareness of Hawaiian taros.

Objective 2:

Evaluate taro varieties and hybrids for agronomic, chemical, biochemical, and economic traits.  Hawaiian varieties and hybrids (from objective 3) will be evaluated for yield and corm quality at 4 different sites on Maui. These test sites are located at different elevations (sea level, 333 m, 700 m, and 1000 m high). Two commercial Hawaiian varieties (Bun Long and Maui Lehua) will be used in trials as a standard comparison.

Taro varieties and hybrids will be grown in plots containing 20 plants per variety and replicated four times. Taro will be planted at a density of 34,800 plants per hectare (14,500 plants per acre) at all sites. Nitrogen as urea at 600 kg N per hectare (540 pounds per acre) and K as sulfate of potash at 600 kg K per hectare will be split into six applications and broadcast at monthly intervals. Phosphorus as treble superphosphate will be banded into planting rows at 600 kg P per hectare. Dolomite at 4000 kg CaCo3 equivalents per hectare (3600 pounds per acre) will be applied as a pre-plant treatment and tilled into the soil. Weed control will be maintained by application of oxyfluorfen (Goal) at 0.56 kg a. i. per hectare (0.5 pounds active ingredient per acre).

Yields of 20 corms per plot and percent dry matter will be determined at crop maturity. Corm quality for table taro and poi, and leaf quality for eating will be evaluated using taste tests.  Taro varieties and hybrids will be analyzed for soluble fiber content, starch content, and starch granule size. Soluble fiber content will be determined using enzymatic gravimetric method as described by Lee ea la. (1992). The starch granule sizes will be measured with taro starch isolated from freeze-dried samples, with a wet milling process (Jane et al., 1992). The granules will be measured with a Zeiss SEM-IPS image analyzer.

Evaluate taro varieties for food – work with poi makers, restaurant chefs, taro enthusiasts for luau leaf, chips, poi. Develop recipe book from what is already published and develop new recipes with homemakers extension group, chefs, and through taro festivals and contests.

Objective 3:

Genetic improvement of commercial taros:  Genetic crosses will be made between commercial taro lines and lines with desirable attributes such as pest resistance, high soluble fiber content, high starch content, and different corm flesh colors, etc.  In general, the desirable attributes that we want to combine reside in differ taro varieties.  Initially genetic crosses will be made between varieties containing a single desirable phenotype and commercial line.  The resulting hybrid seedlings will be grown and individuals selected based upon presence of desirable attribute and similarity to commercial line.  If hybrids are not similar to commercial line, backcrossing will be made between selected hybrids and the commercial line in order to restore the attributes of the commercial line.  Suitable hybrids fixed for single desirable attribute and commercial line attributes will then be crossed between each other to produce hybrids first with two desirable attributes.  Additional genetic crosses can then be successively made to incorporate as many desirable attributes needed.  Hybrids generated will be evaluated for yield, soluble fiber content, starch content, starch granule size, pest resistance, etc. 

Extension component: An extension workshop for extension agents, taro growers and taro enthusiasts will be given on the second and third year of the project to demonstrate, evaluate and distribute newly developed taro hybrids. Workshops will be conducted on all islands.

9 Issues Specific to Native Hawaiian Culture

This section consists of subsections for each issue related to Native Hawaiian cultural values that has an impact on research.

9.1 Taro As A Sacred Plant

Identify the issue, its (potential) impact on research, mitigation, and resolution.

9.1.1 Description

Describe the issue.

Taro genetic work blasted

By Jan TenBruggencate
Advertiser Science Writer

Some Native Hawaiians are expressing concern that genetic engineering of taro could pose a cultural and economic threat to the Hawaiian people.

"Taro is a sacred plant to us. It's absolutely sacred," said Big Island educator Ku Kahakalau. She said taro — kalo, in the native language — is a body form of the Hawaiian god Kane.

Moloka'i activist Walter Ritte Jr. said tradition has taro as an ancestor of the Hawaiian people.

Until recently, most genetic work with taro has involved traditional breeding: crossing one variety with another to develop new varieties with qualities of the parent plants. Such work, for example, might try to combine the disease resistance of one variety with the flavor and large-sized corms of another.

Kahakalau and Ritte said that using genetic-engineering techniques to insert foreign genes into the taro plant is wrong. "You can't change our ancestors without our permission," Ritte said.

They also expressed concern that genetically engineered taro would be patented and that farmers might have to pay a license fee to grow it. "They're trying to own what shouldn't be owned," Ritte said.

University of Hawai'i plant pathologist John Cho, who conducts taro research, said he generally agrees that genetic engineering is neither necessary nor appropriate for taro grown for food. But he said there are instances in which new varieties have been patented, even when grown using traditional techniques.

Cho said he is participating in a trial with the Hawai'i Agricultural Research Center to insert disease-resistance genes from rice into a Chinese taro variety called bun long to develop a hardy ornamental taro.

"I've told people I don't think it's appropriate for food taro. You can improve disease resistance and do the other things we need to do with taro using traditional breeding methods," Cho said.

Stephanie Whalen, director of the Hawai'i Agricultural Research Center, said the research at this point is simply aimed at determining how to do the genetic modification on taro if in the future someone wants it.

"We've been working with the University of Hawai'i on trying to develop a system for working with taro, but we're not working on any traditional Hawaiian varieties. And if people don't want it, it won't go anywhere," Whalen said.

Kahakalau said she has no objection to traditional breeding. "We know that our Hawaiian ancestors hybridized kalo. There is no need to genetically engineer it," she said.

Reach Jan TenBruggencate at jant@honoluluadvertiser.com or (808) 245-3074.

9.1.2 Impact on Research

Describe the issue's impact on research.

[Stuff here]

9.1.3 Proposed Plan

Describe the issue.

[Stuff here]

9.1.4 Identify Native Hawaiian Stakeholders

Identify the Native Hawaiian stakeholders and their contact information.

[Name]

	Role
	

	Address
	

	
	

	
	

	
	

	Phone
	

	Email
	


[Name]

	Role
	

	Address
	

	
	

	
	

	
	

	Phone
	

	Email
	


[Name]

	Role
	

	Address
	

	
	

	
	

	
	

	Phone
	

	Email
	


9.2 Issue 2??

Identify the issue, its (potential) impact on research, mitigation, and resolution.

[If more issues, copy previous sections.]

10 Risk and Benefits

Decisions and practices must seek to provide benefits while minimizing harm within key areas of focus.  The following sections are used to assess and describe the potential risks and benefits.  Some sections such as 10.1 Risk Identification provide overview information.  Others such as 10.2 Risk Analysis provide detailed analysis.

[Stuff here]

10.1  Risk Identification

Briefly describe the key risks or risk areas for this activity.  Subsequent tables will explore them in more detail.

	
	Preliminary Risk Assessment

	Risk or Risk Areas:
	Low
	Medium
	High

	1. 
	
	
	

	2. 
	
	
	

	3. 
	
	
	

	4. 
	
	
	

	5. 
	
	
	


10.2  Risk Analysis

[For each risk identified in section 10.1 Risk Identification, provide a detailed analysis.]

10.2.1 [Risk 1]

	Activity Manager/Contact:
	

	Impact (High, Medium, Low):
	

	Likelihood (High, Medium, Low):
	


Description and consequences

[text…]

Existing moderation capacity or capability

[text…]

Additional mitigation action or strategy

[text…]

10.2.2 [Risk 2??]

[If more risks, copy previous section.]

10.3  Risk Map

The risk map is a matrix within which key risks can be graphically represented to assess their impact and likelihood or severity and frequency.  Risks assessed at the bottom/left (Minor/Low) are least severe while risks at the top/right (Significant/High) are most severe.  Enter risks in the numbered Legend area then place the number in the appropriate location in the matrix.

	Impact
	Risk Distribution

	Significant
	
	
	

	Moderate
	
	
	

	Minor
	
	
	

	
	Low
	Medium
	High

	
	Likelihood


	Legend

	1. Risk 1

2. Risk 2

3. Risk 3

4. …


11  Informed Consent

For each Provider identified in section 3.3, an Informed Consent Form must be filled out and attached.  Informed Consent forms address the following issues:

1) Decisions and practices are executed only with prior free, informed and express consent of the persons concerned;

2)  Consent may be withdrawn by the person concerned at any time and for any reason without any disadvantage or penalty;

3)  If people do not have the capacity to consent, special protection shall be given to them

4)  Effective controls must be put in place to prevent secondary uses of biological samples and information when specific informed consent for those uses has not been obtained.

11.1  Informed Consent Checklist

The checklist below is a modification of the University of Florida Institutional Review Board Informed Consent Checklist based on IRC 45 CFR 46 (Code Of Federal Regulations, Part 46 Protection Of Human Subjects).  All of the Basic Elements of Informed Consent must be present in Informed Consent forms.  Additional elements must also be present when appropriate.  Please verify that the Basic Elements and any appropriate Additional Elements are present in the attached Informed Consent Form(s) then place an "X" in the appropriate checkbox.

	Basic Elements of Informed Consent

	
	States that the study involves research §46.116 (a) (1)

	
	Explains the purpose(s) of the research §46.116 (a) (1)

	
	Indicates the expected duration of the subject's participation §46.116 (a) (1)

	
	Describes the procedures to be followed §46.116 (a) (1)

	
	Identifies any procedures which are experimental §46.116 (a) (1)

	
	Describes any reasonably foreseeable risks or discomforts to the subject §46.116 (a) (2)

	
	Describes any benefits to the subject or to others which may reasonably be expected from the research §46.116 (a) (3)

	
	States the extent, if any, to which confidentiality of records identifying the subject will be maintained §46.116 (a) (5)

	
	States contact information for answers to pertinent questions about the research §46.116 (a) (7)

	
	States contact information for answers to pertinent questions about research subjects’ rights §46.116 (a) (7)

	
	States that participation is voluntary §46.116 (a) (8)

	
	States that refusal to participate will involve no penalty or loss of benefits to which the subject is otherwise entitled §46.116 (a) (8)

	
	States that the subject may discontinue participation at any time without penalty or loss of benefits to which the subject is otherwise entitled §46.116 (a) (8)

	Additional Elements Of Informed Consent, As Appropriate

	
	States that the particular treatment or procedure may involve risks to the subject (or to the embryo or fetus, if the subject is or may become pregnant), which are currently unforeseeable §46.116 (b) (1)

	
	Describes anticipated circumstances under which the subject's participation may be terminated by the investigator without regard to the subject's consent §46.116 (b) (2)

	
	States any additional costs to the subject that may result from participation in the research §46.116 (b) (3)

	
	States the consequences of a subject's decision to withdraw from the research and procedures for orderly termination of participation by the subject §46.116 (b) (4)

	
	States that significant new findings developed during the course of the research, which may relate to the subject's willingness to continue participation, will be provided to the subject §46.116 (b) (5)

	
	Indicates the approximate number of subjects involved in the study §46.116 (b) (6)


11.2  List of Informed Consent Form Attachments

	Title/File Name
	Author

	
	


12 TBD: Knowledge Sharing

[The following must be addressed, format is TBD: There must be a free exchange of information and knowledge transfer between Consumers and Providers.]

13 TBD: Benefits Sharing

[The following must be addressed, format is TBD: Benefits resulting from consumer activity shall be shared with providers in a fashion that is mutually agreeable.]

14 TBD: Conflicts of Interest

Includes the following
:

· Non-financial COF

· Financial COF

15 TBD: Transparency

16 TBD: Human Dignity and Rights

[The following must be addressed, format is TBD:1) Describe how decisions and practices fully respect human dignity, rights and fundamental freedoms; 2) The interests and welfare of people prevail over the sole interest of science or society.]

17 TBD: Decision-Making

Any decision or practice should be carried out:

[The following must be addressed, format is TBD: 1) Follow full and free discussion and in accordance with fair procedures; 2) Utilizing the best available scientific evidence and methodology; 3) Paying due regard to different information reasonably available to the decision-maker; 4) Observing procedures of risk assessment, management and prevention; 5) having due regard for the circumstances of the persons, groups and communities concerned]

18 Appendices

18.1  References

[Note references here.]







� Ref: http://www4.od.nih.gov/oba/rac/ic/appendix_m_iii_a_1.html
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