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ABSTRACT 

This research describes one approach to commercializing new horticultural crops 

for the natural products industry. The use of aeroponic technology proved to be feasible 

for the production of difficult-to-harvest, high-value root crops. Using Arctium lappa 

Asteraceae ("burdock") as a model crop in a modified A-&ame aeroponic growing unit, 

the biomass and phytochemical yields of roots grown in aeroponics were compared to 

controls grown in a typical greenhouse soilless peat/perlite/sand mixture. No significant 

differences were seen in the yields of root biomass, measured as dry weights. No 

significant differences were seen in the phytochemical quality of the roots, as measured 

by the concentration of chlorogenic acid. Variability in the concentration of chlorogenic 

acid appeared to be lower in roots from the aeroponically-grown plants, indicating the 

possibility of improving phytochemical consistency using this horticultural technology. 

The feasibility of producing raw materials for the herbal dietary supplement 

industry in Native American communities and on reservations was also examined. 

Research exploring the use of a matched savings program called Individual Development 

Accounts indicated that low- and moderate-income Native American families are 

interested in becoming producers of herbal crops, using aeroponic and conventional 

horticultural technologies. This model of economic development for rural Native 

American populations may provide an example for integrating various tribal and federal 

programs with private enterprises to provide entrepreneurial opportunities for 

supplemental farm-based and home-based income. 
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Finally, the feasibility of introducing a line of Native American branded products 

into the herbal dietary supplement market was tested. The results of this research indicate 

that this industry is an appropriate venue for adding value to agricultural products 

through the imagery and association of Native American culture, providing the consumer 

is convinced of the authenticity of the products. 

This multi-pronged, interdisciplinary approach to the commercialization of new 

agricultural crops, particularly those targeting niche consumer groups, could be 

transferred to other agricultural products. 
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I. INTRODUCTION 

l.l. Background and Significance of the Problem: Development and 

Conmiercialization of Herbal Crops 

The herbal dietary supplement industry is a new, emerging growth industry in our 

modem culture (Brevoort, 1999; Greenwald, 1998; Peterson, 1998). Herbal products have 

constituted a major sector of commerce dating back to the earliest trade routes of 

indigenous people around the globe, where they have been used as medicines, flavorings, 

nutritional supplements, and ceremonial items for millennia (Foster & Chongxi, 1992; 

Waldman, 2000). However, with large international markets now vying for raw materials, 

the industry is unable to meet the demand for many plant products in a sustainable 

manner. The root of the North American bloodroot (Sanguinaria canadensis), leaves 

from South American Pilocarpus species, and the bark from Africa's Prunus qfricana are 

examples of raw materials collected from wild populations that have succumbed to over-

harvesting and destruction of habitats, threatening the populations of not only the plants, 

but sometimes of other species that coexist with them (Sheldon, Balick & Laird, 1997). 

Inconsistency in the quality and supply of the materials is a serious problem, as well as 

the risk of adulteration from other plants and foreign materials (Simon, 1999). 

The development and commercialization of herbal crops should be approached in an 

interdisciplinary and respectful manner. Felger (1979) summed it up well in an article 

written over 20 years ago: 

"Ethnocentric agricultural missionary effort from technologically 

advanced countries continues to dominate and stultify the use of 
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alternative, and perhaps locally superior, plant materials and systems, 

especially in non-temperate regions. When acculturation occurs, as it 

invariably does, native knowledge usually dies with the elders of the 

conmiunity." 

Modem science and business practices can influence people's lives in ways far 

removed from the intended outcome. 

With those issues in mind, the following is a discussion of three common ways 

new plant species can be introduced into an agronomic setting: 1) the introduction of 

established crops into new areas; 2) domestication of a wild crop; and 3) creating new 

uses for established crops (Wallis, Wood & Byth, 1989). Examples of the first include the 

introduction of soybean into Amencan agriculture, and the potato into Europe (Janick, 

Schery, Woods & Ruttan, 1981). Examples of domesticating wild crops would include 

Echinacea, ginseng, and many other products used in the natural product industries 

(Sheldon, Balick & Laird, 1997). Finally, creating new uses for established crops is 

exemplified by the more than 300 new uses for com products, e.g., oils, starches, plastics, 

and even substrates for pharmaceutical products (Janick, Schery, Woods, & Ruttan, 

1981). Many of the new uses for soybean products would fall into this category as well. 

An excellent analysis of the boom and bust economy that characterizes many new 

crop introductions is presented by McKinna (1999). A new horticultural product 

generally goes through four stages of development: embryonic, speculation, 

conmiercialization, and maturity. The embryonic stage often starts as hobby or a side to a 

more conventional agricultural enterprise. Occasionally, academic and government 



18 

agencies are involved at diis early stage, but not necessarily. When interest in the crop 

increases dramatically the speculation stage occurs, leading also to an increase in value 

for those involved. There are few sales at this stage - focus is generally on increasing 

breeding stock or scaling up technology, hivestors may come in at this point, but many 

become disappointed in three to four years, when demand for breeding materials is 

satisfied and the value drops signiHcantly. 

The conunercialization stage usually sees the first significant increase in sales, 

and although the number of people involved may decline, the average size of the 

operations rise. Government research agencies may or may not show interest at this point. 

Commodity prices usually drop, due to increased production efficiencies. 

The maturity stage generally sees production levels plateau, with consolidation 

among growers. At the maturity stage, the industry is likely to have a well-organized 

association, with stable management and a good relationship with government agencies. 

Large corporate farms may arise, vertically integrating activities such as processing, 

value adding, and marketing. 

The failure of most new crops is somewhere between the speculative and 

commercialization stages (McKinna, 1999). This is because capital is required up front to 

scale up and develop a market, yet returns are often not expected for five years or more. 

An example of a new crop progressing to this point is jojoba {Simmondsia chinensis). 

This desert shrub is native to the southwestern US and northern Mexico. The fhiits yield 

a liquid wax useful in cosmetic and industrial products (Yermanos, 1982). Research 

conducted by various universities and agencies in the US led to speculative plantings of 



19 

large acreages in Arizona and California in the early 1980s. Although the future looked 

very promising for jojoba production in the southwestern US in the early 1980s, many of 

the early plantations have been abandoned either because of poor management or 

inappropriate agronomic practices (Hinman & Hinman, 1992). As of 1999, Argentina had 

more than twice the acreage of jojoba planted compared to the US (4800 ha and 1900 ha, 

respectively) (Abbot, 1999). This is a disappointing outcome from an American farmer's 

point of view, considering that a concerted, interdisciplinary approach to the 

commercialization of jojoba was launched with the cooperation of both public and private 

efforts. 

Various technical challenges may also contribute to the failure of new crops. 

Inconsistent breeding stocic is a problem in both animal and crop culture if based on wild 

parents that may not produce consistently in domestic situations, bi the case of 

Echinacea, it is a recognized problem among growers and researchers that certified seed 

is just becoming available, and since the various commercial species hybridize readily, it 

is difficult to obtain seed that is true to species (Anne Flanagan, PhD, University of 

Alberta, presentation at the Herb Research Day, Uxbridge, Ontario, Canada, October 22, 

1999). Unfortunately, Echinacea growers cannot be sure which species they have planted 

until one to two years in the field. The value of the harvested roots is significantly lower 

for E. purpurea than E. angustifolia, and even lower for mixed lots of harvested material. 

There are some unique issues for those contemplating new crops in arid lands, in 

addition to the ones listed above (McLaughlin, 198S). Agriculture in arid and semi-arid 

regions is intrinsically linked with issues of irrigation and water use. The major crop 
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plants of the world are not xerophytic, and although yields of irrigated crops may be high 

in the Southwest US, production costs are also high and likely to increase. Therefore, the 

approach to developing new crops for arid lands has been three-fold: (1) breeding 

traditional crops for improved water-use efficiency, (2) improving irrigation efficiencies 

through new engineering technologies, and (3) replacing traditional crops with new crops 

that have higher water use efficiencies. New crops for arid and semi-arid areas should not 

rely on high volumes of biomass for success, since more mesic climates might have a 

competitive advantage due to lower production costs. Rather, new crops for arid regions 

should have either a product of such high value that it offsets the higher production costs, 

or be so xeric-adapted that it will not grow in more humid environments (McLaughlin, 

198S). Many candidates have been suggested for domestication and development as new 

crops (see Table 1.1). Because arid-adapted plants produce many bioactive chemicals and 

physical adaptations as defense against predation, these potential new crops represent a 

variety of botanochemical (or phytochemical) and specialty fiber products (McLaughlin, 

1985). 

There are steps an agricultural enterprise can take in order to avoid common 

obstacles when commercializing new crops. The first is to clearly identify the market 

needs, testing products for performance and consumer acceptance. All equipment should 

be tested thoroughly at every step, since scale-up often finds unanticipated problems. 

Conservative economic projections will help curb speculation. Generally, basic research 

is sponsored by governments and academic institutions, however private and venture 

coital is usually not available until after commercial protoQrpes have been developed 
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and the market tested. This leaves a signiHcant funding gap between the initial research 

and entry into the market (O'Connell & Gajewski, 1992). Therefore, creative means of 

capitalizing agricultural enterprises are needed. 

Table 1.1. Potential new crops for arid lands. 
Botanical 
name 

Conmion name Product Uses 

Simmondsia 
ckinensis 
(Link) 
Schneider 

Jojoba* Liquid wax (similar 
to an oil) from the 
^its 

Cosmetics and 
industrial lubricants 
(substitute for sperm 
whale oil) 

Parthenium 
argentatum 
Gray 

Guayule* Rubber from stems 
and roots 

Natural rubber and 
latex products 
(substitute for Hevea 
rubber) 

Cucurbita 
feotidissima 
HBK 

Buffalo gourd* Oil from seed, 
starch from root 

Edible seed oil and 
root starches 

Lesquerella 
fendleri 
(Gray) Wats. 

Bladder pod* Oil from seed Lubricants, plastics & 
coatings, pharmaceu
ticals (may substitute 
for castor oil) 

Hesperaloe 
funifera 
(Koch) Trel. 

Samandoque** Fiber from leaves Specialty papers 

Grindelia 
camporum 
Greene 

Gumweed* Resins from stems 
and leaves 

Naval stores 
(terpentine, rosins and 
similar chemicals) 

• Thompson, 1990; ^^McLaughlin, 1993. 

bi the model proposed here, scale-up funding comes from the combination of a 

revenue stream from private-labelled (third party) products and investments from Native 

American tribes that have monies available from gaming operations, and are looking to 

diversify their economic base. Under the umbrella of the bidividual Development 

Account (IDA) program, the start-up investment made by each individual grower will be 

matched by government and/or non-profit funds (such as a tribe) and the private 
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enterprise purchasing the products. This is a matched savings program, providing 

matching monies to augment an individual's personal savings and investment. Initial 

feasibility research was funded by government agencies in the form of Small Business 

Dinovation Research Grants. 

1.2. Overview of the Herbal Dietary Supplement Market 

In a 1998 survey of43,000 households conducted by Hartman & New Hope (later 

known as The Hartman Group, or THG), it was reported that 43 percent of US 

households used at least one herbal supplement in the prior six months (Paschel, 1998). 

Given the US population in 1998, this Hgure can be calculated to include approximately 

116 million Americans who used herbal dietary supplements in 1998 (US Census, 2001). 

Despite this booming market, the current herbal supplement industry 

acknowledges problems in ensuring product quality. Up to 75 percent of the raw 

materials for the herbal dietary supplement market are imported, often from developing 

countries where sources are difHcult to trace, and quality can fluctuate greatly (Brevoort, 

1999). A signiflcant share of the raw materials is supplied by "wild-crafters." This 

means individual suppliers are searching for and harvesting the plants from wild 

populations (see Table 1.2). 

The herbal product industry was dramatically changed with the passage of the 

Dietary Supplement Health and Education Act of 1994 ("DSHEA" - Public Law [PL] 

103-417). Before that time, the Food and Drug Administration (FDA) regulated herbal 

products as foods (in most circumstances) under a 1958 law called the "Food Additive 
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Amendments to the Federal Food, Drug, and Cosmetic Act" ("FD&C Act" - PL 105-

1 IS). Under the old law, if the FDA so desired, it could require an herbal supplement to 

meet the same pre-market safety evaluations required of new food additives. The industry 

preferred to have its products viewed as foods rather than food additives, since additives 

must meet stricter regulations. 

The intent of DSHEA was to treat herbs as "dietary supplements," rather than as 

food or drugs, and ensure that safe and appropriately labelled products are available to 

consumers who want to use them. The DSHEA also addressed some other pressing issues 

(Blumenthal, 1994; PL 103-417,1994; US Food and Drug Administration [FDA], 199S): 

• Definition - Defmed "dietary supplement" as any product (other than tobacco) 

intended to supplement the diet, including vitamins, minerals, herbs or botanicals, 

and amino acids intended for ingestion in capsule or liquid form. Previously, the 

FDA gave only vitamins, minerals and proteins this status. 

• Safety - Expanded the safety provisions to define a dietary supplement as 

adulterated if it or one of its ingredients presents "a signiHcant or unreasonable 

risk of illness or injury" when used as directed or under normal conditions of use. 

Also, it placed the burden of proving safety on the FDA. 

• Literature - Permitted distribution of "third-party literature" that make specific 

health claims in connection with dietary supplements as long as those claims are 

not false or misleading, with some restrictions. 



Table 1.2. lerbal dietary supplement products popular in the US 
Rank by 
sales in 
2001* 

Conunon 
name 

Latin binomial Plant part 
commercially 

used 

Region of 
Origin** 

Cultivated 
(C)*** 

WUdcrafted 
(W)*** 

orUniai(U) 
I Ginkgo Ginkgo biloba Leaf Asia C 
2 Asian ginseng Panax ginseng Root Asia c 
3 Garlic Allium sativum Bulb Asia c 
4 Echinacea Echinacea spp. Root, whole 

plant 
North 
America 

w&c 

5 St John's 
wort 

Hypericum 
perforatum 

Leaf& 
flower 

Europe c 

6 Saw 
palmetto 

Serenoa repens Fruit North 
America 

w 

7 Soy Glycine max Fruit Asia c 
8 Valerian Valeriana spp. Root Eur., Asia, 

N. Amer. 
c 

9 Kava kava Piper 
methysticum 

Root South 
Pacific 

w&c 

10 Evening 
primrose 

Oenothera 
biennis 

Oil from fhiit North 
America 

c 

11 Milk thistle Silybum 
marianum 

Fruit Europe c 

12 Grape seed Vitis vinifera Fruit Europe c 
13 Bilberry Vaccinium 

myrtillus 
Leaf & fruit Europe & 

N. Amer. 
u 

14 Black 
cohosh 

Cimic^ga 
racemosa 

Root North 
America 

w 

15 Pycnogenol 
® 

Extract from 
Pinus pinaster 

Bark Europe u 

16 Green tea Camellia 
sinensis 

Leaf Asia c 

17 Ginger Zingiber 
officinale 

Rhizome Asia c 

18 Yohimbe Pausinystalia 
johimbe 

Bark Africa u 

19 Feverfew Tanacetum 
parthenium 

Leaf& 
flower 

Europe c 

20 Hawthorn Crataegus spp. Leaf, flower, 
&ftuit 

Europe c 

*Blumenthal, 2001. •• Mabberiey, 1997. •••McGuffin, 200 1. 
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• Nutritional Supoort Statements - Allowed claims regarding a dietary 

supplement's affect on the structure or function of the body or general well-being 

to be printed directly on the label (along with a disclaimer stating the FDA has not 

evaluated the claim). No statements regarding the affect of a supplement on a 

disease condition would be allowed. 

• Labelling Requirements - Required the term "dietary supplement" be written 

prominently on the label. 

• Good Manufacturing Practices - Provided that the Secretary of Health and 

Human Services (HHS) can issue regulations prescribing Good Manufacturing 

Practices (GMPs) for dietary supplements based on food GMPs, not drug GMPs 

(which are much stricter). 

• Office of Dietarv Supplements - Finally, the new law authorized monies to 

establish an Offlce of Dietary Supplements at the National Institutes of Health 

(NIH) to collect, compile, conduct and coordinate scientific research. 

The FDA later attempted to clarify its position on structure-function claims, bi 

1998, it released a definition of the term "disease" as "any deviation from, impairment of, 

or interruption of the normal structure or function of any part, organ, or system of the 

body that is manifested by a characteristic set of one or more signs or symptoms, 

including laboratory or clim'cal measurements, that ate characteristic of a disease." 

Although this was supposed to mitigate confusion around what is an allowable claim and 

what is not, it is still problematic. For example, the FDA ruled that a common symptom 
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of aging, such as memory loss, was considered a "deviation" ftom health; or in other 

words, a disease. Therefore, the claim "prevents memory loss" would not be allowable. 

Instead, the FDA recommended the phrase "improves absentmindedness" (US FDA, 

1998). Clearly, there is a lot of work still to be done in the area of regulatory issues and 

herbal dietary supplements. 

1.3. Recognizing Needs in Native American Communities 

Native American communities and reservations in the US are as diverse and 

individual as the people who reside within them. Five hundred fifty-six different tribes 

are recognized in the US, spealcing more than ISS different languages and dialects (US 

Dept of the Interior Bureau of Indian Affairs [DOIBIA], 2(XX); Reyhner & Tennant, 

1995). Some tribes have been very successful in building broad-based, stable economies 

for their members. The Salish and Kootenai of the Flathead Reservation, the Mississippi 

Choctaw and the White Mountain Apache have generated significant economic progress 

in their communities (Cornell & Kalt, 1992). Unfortunately, most tribes have not been so 

successful, and struggle with poverty, high unemployment, low education levels, and the 

social and medical plagues of substance abuse, depression, tuberculosis and diabetes. For 

example, tuberculosis mortality rates for 1991-1993 were more than 5 times the rate for 

the general population (all races) and death from diabetes is almost 3 times the rate for 

the general public (US Dept of Health and Human Services [HHS], 1997). 

Large amounts of federal monies are directed toward Native American 

reservations for economic development. In 1997, the US Department of Agriculture 
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(USDA) funded $15,328,895 in grants and loans to tribes in Arizona alone (personal 

communication, Alan Stephens, USDA office. Phoenix, AZ 1998). On the other hand, 

federal funding was eliminated for the job-training program administered by the 

Department of Labor, Employment and Training Administration for Indian and Native 

Americans. Established by the Job Training Parmership Act of 1992 (PL 102-367), the 

program expired in June 2000. 

These numbers demonstrate that, despite the volume of federal dollars directed 

toward Indian communities by the federal government, there remains an enormous gap in 

the economies of Native American communities. This revenue gap reflects a complex 

problem involving issues such as lack of access to capital, limited resources, an 

unqualified work force, and lack of access to markets. The premise that underlies the 

research presented here is that private enterprises could provide a substantial economic 

boost to underdeveloped rural conmiunities if they could overcome some of the obstacles 

listed above. Unfortunately, fostering business development is not something most tribes 

do well. In 1992, a mere 0.01 percent of all US businesses were owned by Native 

Americans. Di Arizona, Indian nations control 28 percent of the land base, constitute 

approximately 6 percent of the state's population, but own less than 1 percent of all 

businesses (Timeche, 1999). 

The most familiar accomplishment among tribal enterprises is the gaming (casino) 

industry. While most Americans believe that gaming is creating tribal prosperity, the 

National Gambling Lnpact Study Commission observed in 1999 that most of the gaming 

revenues go to only a handful of tribes. This is supported by the National Indian Gaming 



28 

Commission, which revealed that of approximately 260 Didian casinos, the 20 largest 

facilities take in over half of all the tribal gaming revenues. The next largest 85 take in 41 

percent, with the majority of gaming tribes sharing only 8.5 percent of the total revenue 

(Howarth, 1999). In reality, most Indian casinos endure negative images and are 

constantly threatened by state legislation and taxation. State gaming compacts and the 

anti-gaming segments instill uncertainty and fear in many tribal government circles, 

especially where gaming is the only "game" in town. In conferences and conversations 

alike, "economic diversity" is one of the most often-heard buzzwords whenever fodian 

leaders meet or fodian economic development is discussed (personal conununication, 

Guillermo Quiroga, 2000). 

The history of Native American agriculture is a story of both supreme 

accomplishments and dismal failures. Contrary to some opinions, contact with European 

agricultural traditions was not the cause of the most significant and disruptive changes in 

Indian farming. Rather, US government policy, first with the acquisition of lidian lands 

and later with the development of subsistence and commercial agricultural policy, 

combined to destroy centuries of Native American agricultural development (Hurt, 1987). 

Most American Lidian conununities and reservations were established as a result of 

political conflict, federal treaty edict, or executive order. In most instances, the tribes' 

locations, political systems and legal organizations were imposed on Native American 

tribes rather than chosen. Today 54.4 million acres of American Indian land is held in 

trust by the federal government with varying degrees of enforcement policies by the BIA. 

Of those 54.4 million acres of trust lands, 47 million acres in the lower 48 states are in 
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agricultural production for crops, livestock, or both. However, 70 percent of the farmland 

and 20 percent of the grazing land is being leased to non-fodians (personal 

communication, Michael K. Johnson, First Nations Development Institute, 2000). Yet, 

significant USDA dollars are spent annually in rural agricultural development in Indian 

Country. USDA's overall funding for programs and initiatives that assist American 

Indians and Alaskan Natives has increased from $615.8 million in fiscal year 1994 to 

$771.2 million in fiscal year 1999 (US Department of Agriculture, 1999). Still, Indian 

Country economics remain seriously depressed with few examples of tribal economic 

successes. 

Alternative methods and strategies have to be explored to help meet the needs of this 

mostly rural population. Tribes must investigate numerous avenues, including a higher 

degree of self-govemance, more sophisticated econonuc tools, the attraction of qualified 

and educated leaders, attraction of new investors, development of new economies and 

securing tribal self-determination. Perpetuating institutionalized dependency has not 

worked nor will short-term, shortsighted planning. This research outlines a method to 

address obstacles specifically related to small business economic development while 

designing a strategy for entering new channels in the emerging herbal dietary supplement 

market. 
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1.4. Research Approach 

To address the multi-faceted problem of commercializing new crops, particularly 

difficult root crops, an interdisciplinary approach to designing a model was necessary. 

Furthermore, time pressures dictated that many of these issues be addressed 

simultaneously. Therefore, the research was organized into three broad categories; (1) 

refining production technology, (2) developing supply channels, and (3) exploring the 

market. 

Out of this approach, a small company called Native American Botanies was 

founded in 1998 by the author and a fellow graduate student, Guillermo Quiroga. 

Concerned with the demise of small agricultural enterprises throughout the US and the 

economic and socially disadvantaged conditions of Native American conmiunities, the 

two founders developed a business plan as a student project through the Entrepreneurship 

Program at the University of Arizona's College of Business and Public Administration. 

Under the umbrella of the start-up company, the founders were awarded three grants to 

perform the research outlined in this document. All three grants were six-month 

feasibility studies. The first was a USDA Small Business Innovation Research (SBIR) 

Phase I Grant in the research topic area of Marketing and Trade, awarded in 1999. The 

second grant was another USDA SBIR grant, in the research topic area of Rural and 

Conmiunity Development, awarded in 2000. The Principal Investigator (PI) for both 

grants was Guillermo Qtiiroga, with the author as key personnel. The third grant, also 

awarded in 2000, was an SBIR Phase I grant from the National Institutes of Health 

(NIH), National Center for Complementary and Alternative Medicine (NCCAM). The PI 
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for that grant was the author, with Guillermo Quiroga as key personnel. Total funding for 

the three grants amounted to $218,000, and the work was completed in less than two 

years. Further work is planned in this area, with a grant proposal currently being 

considered by the USDA. 

1.5. SpeciHc Aims of the Research 

This research offers an innovative approach to commercializing, producing and 

marketing native, traditional herbs as branded products in the herbal dietary supplement 

industry. This model is based on the premise that small independent producers can 

produce many crops popular in the natural products industry efficiently; and that the 

ability to decentralize production across various regions can reduce production risk and 

increase the choices of crops available to offer on the market. 

The specific aims of the research included: 

1. Designing and testing a modified aeroponic horticultural system suitable 

for conmiercial production of the raw materials, particularly root crops, for the herbal 

dietary supplement and phytopharmaceutical industries. 

2. Verifying that the products and production methods are culturally and 

economically acceptable to Native American tribes and individuals as economic 

development opportunities, incorporating the hidividual Development Account program 

as a means for increasing start-up cj^ital for low-income participants. 

3. Determining whether a market exists that can support the products 

proposed, and developing strategies to secure a reasonable market share. 
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2. DEVELOPING AEROPONICS FOR fflGH VALUE ROOT CROPS 

The herbal dietary supplement industry is facing some formidable challenges by 

regulatory agencies around the world (Blumenthal, 1999). Even so, the commerce in 

herbal products was estimated to be a $5.1 billion industry in the US in 1997 (Eisenberg, 

et al., 1998), and the pharmaceutical industry, which uses botanical sources for many of 

its raw materials, is much larger (Small & Catling, 1999). For the period from 1960 to 

1985, Americans spent over $8 billion annually on pharmaceutical products whose active 

constituents were extracted from plants (Famsworth, 1988). Variability in the quality of 

the raw materials is a recognized problem (Simon, 1999). Most discussions on quality 

control have centered on various methods of standardizing the herbal extracts, selection 

of marker compounds, and the actual effect these techniques have on quality (Brinker, 

1999). The future of quality control in herbal preparations is leaning toward 

quantification of individual identified compounds or categories of compounds, such as 

"total hypericin content" of St. John's wort (Brinker, 1999). Advances in analytical 

chemistry techniques have produced very efficient and accurate high-throughput 

procedures. As long as the appropriate compound can be identified as a marker, target, or 

precursor for the bioactivity, then chemically-driven quality control may be appropriate. 

However, these discussions on methods of standardizing quality in herbal 

products using chemistry techniques ignores one of the major causes of the variability: 

the horticultural production of the raw materials. Improving the uniformity of the raw 

material before it is even harvested is one step in improving the consistency of the final 

product (Simon, 1999). This is the focus of the research presented here. 
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Agricultural production of botanicals is fairly unregulated, fodividuals, rarely held 

accountable for their work, will often harvest plants from wild populations for sale to 

processors (Thorton, 1998). This can lead to over-harvesting of species conmianding a 

high value in the market. An excellent example is goldenseal root (Hydrastis canadensis), 

which sells for over $200 per pound for dried, whole root (Frontier, 1999). Once a 

common woodland wildflower in the Eastern US, goldenseal is now an endangered plant 

restricted from international trade by the Convention on International Trade in 

Endangered Species (CITES) (Small & Catling, 1999). The decline in goldenseal 

population is a direct result of the popularity of the product in the mass market 

(Bannerman, 1997). 

Many of the popular products on the market today are produced from root 

material, and unlike vegetable root crops, herb roots tend to be Hbrous, very deep rooted, 

slow-growing, or otherwise difficult to harvest from the soil (Tilford, 1998). Positive 

identification of root material is another problem, and accidental adulteration with roots 

from other species can have serious consequences. There are numerous accounts of 

accidental poisonings from adulterated herbal products. One person was hospitalized for 

heart complications after consuming an herbal laxative product labeled as "plantain" but 

contaminated with plant material ftota a. Digitalis species (Blumenthal, 1997; US FDA, 

1997). Burdock tea has also been implicated in two separate cases of atropine poisoning 

occurring six years apart (Bryson, Watanabe, Rumack, & Murphy, 1978; Bryson, 1978; 

Rhoads, Tong, Banner, & Anderson, 1984). Although never determined unequivocally, it 

is likely that roots from toxic nightshade (Atropa belladonna) were mixed in with the 
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Burdock root (Bisset, 1994). The risk of poisoning fo>m accidental adulteration by roots 

of other plants can be eliminated in controlled environment agriculture (greenhouse 

culture) and hydroponic cultivation systems, which are inherently weed-fi:ee. 

The difficulty of harvesting root material from undomesticated plants is not 

unique to the herbal supplement industry, but is recognized in drug discovery research as 

well. In fact, most drug discovery programs screen only above ground parts due to the 

difficulty of obtaining sufficient root material, although roots are often the organs 

responsible for metabolism and storage of bioactive compounds (Dawson, 1941; Flores, 

Weber, & Puffett, 1996; Wink, 1999). 

The story of the mayapple illustrates this point well. The native people of the 

Himalayas and the American Penobscot Indians of Maine independently discovered the 

bioactivity of Podophyllum (mayapple) species and are known to have used alcoholic 

extracts of the roots as medicine over4(X) years ago. Now through modem semi-synthetic 

chemistry, scientists have developed two very effective chemotherapy drags ftom the 

major lignan compound found in the roots of those species. Etoposide and teniposide are 

the glycosidic derivatives of podophyllotoxin. These important drags, used in the 

treatment of testicular and lung cancers, represent a model for how the systematic 

modification of a natural product can lead to the discovery of new drags (Ayres & Loike, 

1990). Di 1990, the market for these drags exceeded $100 million. Several hundred 

metric tons of mayapple roots ate collected from wild sources annually (Small & Catling, 

1999). 
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Concentrations of active compounds can vary by orders of magnitude among 

different populations of medicinal plants (Bastos, Burandt, Nanayakkara, Bryant & 

McChesney, 1996). Again, mayapple provides a good example. The demand for 

Podophyllum roots has led to depletion of some of the best populations. In an effort to 

find high-quality raw materials for these valuable drugs, researchers monitored 

differences in lignan concentration of individual plants from various populations (Bastos, 

et al., 1996). Their results suggest that the presence of lignan-type compounds (such as 

podophyllotoxin) is influenced by biological, geographical and environmental factors. 

These data reinforce the suitability of using a lignan or lignan-type compound as a 

marker compound for measuring the quality of the roots coming from different 

horticultural systems. 

Through the concerted efforts of natural product chemists and horticulturalists 

working toward a common goal, new developments in Podophyllum research reveal that 

higher concentrations of podophyllotoxin can be induced in the renewable leaves of the 

plant (Becker, 2(XX)). This alternative to harvesting the perennial root of the plant is 

promising for all researchers, horticulturalists and chemists alike, who care about the 

sustainable use of the Earth's resources. 

Most root crops popular in the herbal dietary supplement industry are slow-growing, 

requiring several years from seed to harvest. Field-grown Echinacea species require three 

to five years to reach maturity (Foster, 1991), and ginseng (Panax species) is grown three 

to seven years before it is harvested 1989). Even the relatively fast-growing 

valerian (Valerian officinalis) requires two years before the roots can be harvested. A 
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fast-growing plant with a large root biomass having phytochemical compounds of interest 

was selected for this research to serve as a model crop for testing the new aeroponic 

design. Burdock (Arctium lappa, Asteraceae) was used because it is a fast-growing root 

crop that is currently sold as an herbal dietary supplement in the US, and has a long 

history of use in Europe and Asia. 

Burdock root, sometimes referred to as "Lappa radix," is used for a wide variety of 

purposes around the world. There have not been any thorough studies reporting the 

specific compounds responsible for the bioactivity of burdock. The dried root is found in 

over 30 medicinal products currently on the British market (Phillipson & Anderson, 

1984), mainly in anti-inflammatory preparations and as an herbal treatment of rheumatic 

disorders. In China, a tea is commonly made fix)m the dried root. The aqueous extract has 

shown anti-inflammatory activity through the inhibition of carrageenan-induced paw 

edema as well as antioxidant properties through hepatoprotective effects on carbon 

tetrachloride induced acute liver damage in rats (Lin, Lin, Yang, Chaung, & Ujiie, 1996). 

The antioxidant activity was confirmed by a second study, where water extracts and hot 

water extracts were found to be superior to n-hexane, chloroform, ethanol, or methanol 

extracts in lipid peroxidation tests 03uh, 1998). Several caffeoylquinic acid derivatives 

isolated from methanol extracts of burdock root have shown antioxidative activity as well 

(Maruta, Kawabata & Niki, 1995). The root is prepared as a fresh vegetable in Japan, 

where over 140,000 metric tons are consumed annually (New Zealand lustinite for Crop 

& Food Research Ltd, 1996). Burdock root sells for $ 18.55 per pound (dried, cut and 

sifted) in the US CFrontier, 1999) and is marketed by most of the leading herbal dietary 
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supplement companies, including Eclectic Institute, Frontier Herbs, Nature's Herbs, 

Nature's Way, and Solaray. It is used as a popular "blood purifier" or "detoxifier," and 

for various ailments and complaints of the gastrointestinal track (Gruenwald, Brendler, & 

Jaenicke, 2000). 

Burdock was used in this study because it is a fast-growing plant that has performed 

well in previous pilot studies and can reach maturity in a short time. Some previous work 

has been published on both the horticulture and chemistry of this crop, providing a 

foundation for this work (Brinker, 1995; Gross, Werner, & Hawthorn, 1980; Maruta, 

Kawabata & Niki, 1995; New Zealand bistitute for Crop & Food Research Ltd, 1996; 

Obata,Yoshikura and Washino, 1970). 

Burdock is a deep-rooted biennial (Gross, Werner & Hawthorn, 1980) that 

presents significant horticultural challenges, yet is an excellent model for this study. The 

plant is problematic to cultivate using conventional methods for several reasons; 

• the deep tap root is difficult to harvest (New Zealand Institute for Crop & Food 

Research Ltd, 1996); 

• the plant can escape cultivation and become an invasive weed (Hartung, 2000); and 

• the root of the plant is similar in appearance to the toxic nightshade {Atropa 

belladonna), which grows in the similar environments and is poisonous if consumed 

(Peirce, 1999). 

The research presented here examines the feasibility of using a modified 

aeroponic cultivation system for the production of root crops. An aeroponic growing 

system is a type of hydroponics requiring no solid growing medium and allowing easy 
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access to plant roots (Jensen & Collins, 198S). The results of this research indicated that 

aeroponics does, indeed, have promise as a model system for producing clean, 

unadulterated, consistent root material for feedstock for the herbal dietary supplement 

and phytopharmaceutical industries. 

2.1. Horticultural Research Approach 

As an experimental crop, burdock was grown in two horticultural systems in a 

controlled environment greenhouse. Burdock plants grown in the aeroponic system were 

compared to plants grown in a typical greenhouse artificial soil (or "soilless medium") in 

a statistically valid study. The experimental treatments were aeroponic and soilless 

medium culture. Measured outcomes were root and above-ground biomass and 

phytochemical yields. 

To estimate the phytochemical quality of the roots, the concentration of chlorogenic 

acid was measured by High Performance Liquid Chromatography (HPLC) as a marker 

compound in root extracts from each treatment. Chlorogenic acid was chosen because it 

is a compound closely related to the various aromatic esters of quinic acid that are known 

to have anti-oxidant activity (Manila, Kawabata & Niki, 1995). Chlorogenic acid can be 

an end product in itself (Geissman & Crout, 1969), and is found in relatively high 

concentrations in burdock root; therefore it could be measured reliably by HPLC. After 

this research was completed, the author found that several private companies are selling 

burdock root extracts standardized to one percent chlorogenic acid. 
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The specific aims of this project were to determine if: 

• an aeroponic system is appropriate for root crops; 

• there are differences in biomass yields for Arctium lappa (burdock) roots and 

aerial parts grown in aeroponic and soilless medium (controls); and 

• there are differences in the phytochemical yields of the roots as determined by 

HPLC quantiHcation of an appropriate marker compound (chlorogenic acid). 

This research, and further development of aeroponic technology, may benefit both 

researchers and commercial growers requiring clean, consistent, unadulterated root 

material. 

2.2. Experimental Design 

The experiment was designed to test the biomass production of above-ground 

parts and roots of burdock, and the phytochemical yields of burdock roots grown in two 

different greenhouse horticultural systems: aeroponics and soilless medium. 

The horticultural component of the experiment was laid out in a single-factor 

"split-plot" design, with two replicates of aeroponically-grown plants and two replicates 

of soilless medium-grown plants (Kuehl, 1994). Each replicate contained 30 plants, for a 

total of 120 plants (see Figure 2.1). 

The experiment was conducted at the Campus Agricultural Center of the 

University of Arizona in Tucson, Arizona. The greenhouse facility included a 351 m^ 

(1152 f^) climate-controlled polycarbonate greenhouse. The blocking of the experiment 

attempted to control for the difference in temperatures in the house (the north end, near 

the cooling pads being cooler than the south end, near the exhaust fans), and the 
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differences in light (the east side, which is gutter-connected to another greenhouse, 

receives less light than the west side, which is an end-wall). The greenhouses are cooled 

by an automated fan-and-pad system, and heated by a standard natural gas greenhouse 

heater. 

Block 2 
Aeroponics 

30 plants 

PlotA2 

Soil 
controls 

30 plants 

PlotS2 

Block 1 Soil 
controls 

30 plants 

Plot SI 

Aeroponics 

30 plants 

PlotAl 

Figure 2.1. Experimental split-plot design. 
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2.3. Methods and Materials 

Aeroponics is a system of hydroponics in which the roots of the plants are 

suspended in a closed chamber and a nutrient solution is sprayed from below (see Figure 

2.2). A distribution system of pipes, spray nozzles, a pump and timer distributes the spray 

from a nutrient solution storage tank. Because of the easy access to the roots, aeroponics 

has been used as a research tool since the 1940s, with work done using vegetable crops in 

the 1970s and 1980s (Jensen & Collins, 1985; Nir, 1981). A large aeroponic system 

installed in Israel contains several six-meter tall root chambers desiped for research on 

roots of tree species over many years (Waisel, 1996). 

Figure 2.2. Aeroponic 
unit opened to reveal 
burdock roots in the 
nutrient solution spray. 
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There may be significant advantages in using aeroponic systems compared with 

soil-based or other hydroponic designs: 

• clean, unadulterated root material f^ of contamination from soil, soil-bome 

organisms, or plant material from other species; 

• consistent product with less variability than can be realized from soil where 

variations in soil physical and chemical properties, disease problems, and moismre 

levels all contribute to variation in the root material; 

• higher yields due to higher density planting capability (due to decreased competition 

for nutrients as well as use of an A-frame design); 

• economic use of fertilizers and water because of the re-use and recycling of the 

nutrient solution; 

• ability to locate agricultural enterprises in areas where the soil is not arable, access to 

water is limited, or environmental conditions are not appropriate; 

• year-round operations in the controlled environment of a greenhouse, or 

alternatively, in shade houses or outdoors where heated nutrient solutions keep plants 

from going dormant and accelerate growth; 

• precise nutrient management as a result of the liquid/air medium and ability to 

manipulate the spray cycles and nutrient solution concentrations; 

• the opportunity for mechanical harvesting of root crops without the difficulty of 

separating them finm the soil; and 

• the possibility of multiple harvests firom perennial root crops. 
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The classic A-fi:ame aeroponic growing chamber designed for lettuce production 

was re-designed using lower-cost, more environmentally ftiendly materials appropriate 

for scale-up (see Fig 2.3). Previous designs bad employed heavy plywood and fiberglass 

construction materials along with expanded polystyrene insulation board (Jensen & 

Collins, 1985), which is bulky and difficult to dispose of in large quantities. 

The addition of a vertical knee-wall below the A-frame growing surfaces 

addressed some problems described by earlier researchers. Recent work done in Italy 

suggested greater root yield from lettuce plants grown near the top of the A-frame 

aeroponic growing unit when compared to plants lower in the system (Repetto, Cadinu & 

Leoni, 1994). These researchers did not determine the cause of this difference, but 

suggested it may be due to a thermal gradient within the aeroponic chamber, or the 

distance of the roots from the mist sprayers (Repetto, Cadinu, & Leoni, 1994). It is 

possible that differences in light or root zone oxygen levels may also have contributed to 

the differences in root yields. The use of the knee-walls in this experiment lifted the 

plants so all roots were suspended in the spray zone, rather than some roots lying in the 

draining nutrient solution. This modification to the Italian system was made in order to 

reduce plant-to-plant variability by reducing the thermal gradient and increasing root 

aeration (See Figure 2.4). Likewise, the three-dimensional placement and number of 

spray nozzles were increased in order to improve uniformity of the spray on the roots of 

all plants. 
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M m  

Figure 2.3. Classic A-frame aeroponic system design. Note PVC-coated hex wire and 
aericulturai mulch coverines. Desien abated from Leoni. Eh'sanu & Grudina. 1994. 

(E 

Figure 2.4. Computer nudel of the modified A-firame aeroponic growing chamber. Note 
kneewalls for increased production of root crops. Computer model by Z Woods, 1999. 
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Environmental parameters such as mineral availability, pH, and moisture can affect 

production of bioactive metabolites in plants, fotentionally manipulating these 

parameters to "stress" the plants so that they produce increased levels of target 

compounds is possible and has been done successfully in tissue culture. Cell cultures of 

Saponaria officinalis roots yielded increased saponin concentration after increasing 

particular nutrient elements (Fulcheri, Morard & Henry, 1998). Both saponin and 

polysaccharide production from a ginseng species (Panax notoginseng) have been 

increased in cell culture as well (Zhang and Zhong, 1997). 

Although cell and tissue culture are excellent research techniques, they have 

drawbacks when scaled up to a commercial level. Cell culture for the production of 

secondary metabolites is still too expensive for commercial application. A cost 

comparison for production of ajmalicine from roots of Catharanthus roseus estimated 

that, using bioreactor (cell culture) technology, ajmalicine from suspension-grown cells 

would cost $3215 per kg, as compared to only $619 per kg of ajmalicine extracted firom 

field-grown roots imported from hidia (Buitelaar & Tramper, 1992). Moreover, cell 

culture is not a whole-plant system, so the complex biological interactions between the 

roots and aerial parts do not occur as they would using conventional growing practices. 

Aeroponics, on the other hand, is a whole-plant system. It is likely that increasing 

secondary metabolite production in roots by stressing them or manipulating specific 

nutrients can be achieved in aeroponics just as successfully as in cell culture. Root 

biomass may be increased as well through improved nutrient uptake. 
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Aeroponic production of greenhouse vegetable crops has been researched in 

Arizona but was considered too expensive to be economically feasible for most vegetable 

crops (Jensen & Collins, 1985). More recently, this technology was explored in Canada 

for the production of Echinacea angustifolia. Preliminary resuhs of that research indicate 

that the phytochemical quality of the roots grown in aeroponic systems is comparable to 

soil-grown material, and time to harvest can be reduced to less than half (Mirza, Younus, 

Hoyano, & Currie, 1998). However, the engineering of the system used in that 

experiment was quite di^erent &om that employed here, and signiflcant difficulties with 

spray nozzles and system design were encountered (personal communication, Mohyuddin 

Mirza, 1999). Some of the design changes incorporated here will address those 

difficulties. 

The possibility of multiple harvests of perennial root crops is another unique 

advantage of aeroponic systems. Like a sheared hedge, roots of some species le-grow 

more thicidy after pruning ("coppicing"), yielding greater biomass with each subsequent 

harvest (personal observation). The phytochemical quality and concentration of target 

compounds in the subsequent re-growth of root material is uncertain at this point, but 

should be examined in detail in future studies. Any system allowing multiple harvests of 

roots firom mature plants has an economic advantage over conventional soil-based 

horticulture, where only a single harvest of mature roots is practical. An improved root 

harvesting procedure for aeroponic systems, including an automated system for 

commercial operations, should also be included in future research. 
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2.3.1. Horticultural Systems 

The aeroponic and soilless medium-based growing systems were designed by the 

author in collaboration with Dr. Gene GiacomelU, Director of the Controlled 

Environment Agriculture Program at the University of Arizona and Consulting Engineer, 

Stephen Kania, Department of Agricultural Engineering, also at the University of 

Arizona. Both growing systems were designed to maximize root yields while minimizing 

costs and labor, with the goal of testing the feasibility of using aeroponics in large-scale 

production greenhouses for the phytopharmaceutical and herbal dietary supplement 

industries. 

2.3.1.1. Soilless Medium Controls Design 

The horticultural system used for the soilless medium controls were constructed 

of 86 cm (34 in) tall sections of 20 cm (8 in) diameter polyvinyl chloride (PVC) pipe 

standing on end. These pipes, open on each end, were supported by cement blocks that 

held the pipes securely in place while spacing the plants 41 cm (16 in) on center, for a 

density of 6.2 plants per square meter (0.56 plants per square ft) (see Figure 2.5). Each 

pipe was lined with a black plastic bag and filled with a typical greenhouse potting mix of 

Sunshine #l (peat moss and perlite amended with dolomitic lime and a nutrient starter 

charge) mixed with sterilized sand in a 2:1 mixture. The volume of soilless medium in 

each pipe was approximately 0.03 m^ (0.93 ft^ or 7 gallons). The advantage of this design 

is the depth of growing area for the burdock taproot, and the relative ease of harvesting 

achieved by slipping the plastic bag fi:om the pipe and lifting the roots from the medium 



without digging. The disadvantage of this system is the cost, 20 cm (8 in) diameter PVC 

pipe costs $ 1.54 per linear foot, and the cost of the potting mix brings the total to over 

$6.60 per plant (based on retail prices, 2000). Although this design proved to be an 

effective method for growing deep-rooted herbaceous plants in a research setting, it is 

unlikely to be practical on a larger scale. 

Ml 
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Figure 2.5. Soilless medium-grown plants in 8-inch PVC pipes. 

(Soil plot S1 in foreground, aeroponics plot A2 behind) 

2.3.1.2. Aeroponic Unit Design 

The aeroponic unit was built using 3.2 cm (1.25 in) diameter PVC plastic pipe, in 

an "A-frame" construction. Its rectangular base (footprint) dimensions were 2.4 m long, 

1.7 m wide, and stood 0.6 m tall (8ft x 5.5ft x 2ft). This base supported two plant-

growing surfaces mounted on top of the base, creating an A-frame that reached 1.5 m (4.9 

ft) at the peak. The plant growth firames were constructed of 3.2 cm (1.25 in) diameter 

PVC plastic pipe and were 1.2 m (4 ft) wide by 2.4 m (8 ft) long with 2.5 cm (1 inch) 
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PVC coated hex wire ("chicken wire") stretched across the frame to support the plants. 

The entire surface of the A-firame structure was covered with a white-on-black co-

extruded polyethylene film sheet to prevent leakage of light into, and nutrient solution 

spray out from, the root zone. Hinges constructed of large strap clamps allowed the 

growing surfaces to be lifted up, permitting easy access for observing and harvesting the 

Figure 2.6. Aeroponic unit frame and 
liner. 
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Figure 2.7. Aeroponic unit covered with mulch 
film and planted. 
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plant roots. The bottom of the fi:ame was lined with heavy plastic to collect the nutrient 

solution and return it to the nutrient solution storage reservoir for reuse (see Figures 2.6 

and 2.7). 

The costs associated with the aeroponic systems are difficult to calculate on a per-

plant basis, since the systems are more economical on a larger scale. For this experiment, 

larger-than-necessary pumps and tanks were used in anticipation of future scaled-up 

research. The costs associated with the nutrient delivery system components used for 

both the aeroponic- and soilless medium-grown plants amounted to nearly $433 per 

aeroponic unit, which held 30 burdock plants ($14.43 per plant). Furthermore, the 

aeroponic structures themselves cost approximately $305 to build ($10.16 per plant). 

Therefore, this experiment cost nearly $25 per plant; however, those costs could be 

dramatically reduced through the economy of scale by increasing the number of 

aeroponic units in the greenhouse and increasing the planting density. A conservative 

estimate of costs and yields for aeroponic systems in a 1,232 square foot greenhouse 

producing 882 burdock plants in similar aeroponic units is estimated to cost $3,309 or 

$3.75 per plant, without depreciation or variable costs taken into account. These costs are 

discussed fiuther in Section 3.3.5. 

2.3.1.3. Seed Source and Germination 

Arctium lappa seeds were obtained from Horizon Herbs in Williams, Oregon (Lot 

# 1428). There were no voucher specimens available to verify the seed, therefore six 

plants were planted in large (20 to 30 gallon) containers in the greenhouse soilless 
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medium mix. These voucher plants will be grown to maturity for positive identification, 

however^, lappa are biennials and the voucher plants are not expected to flower by press 

time for this dissertation. As is often the case in the herbal products industry, certified 

seed is not available for this species. 

Seeds for both treatments were germinated in a mistbed in 2.5 cm (I in) rockwool 

cubes. Germination rate was nearly 100 percent, and cotyledons were open in seven days. 

2.3.1.4. Transplanting 

The plants were transplanted as soon as the taproot was visible emerging from the 

bottom of the small rockwool cube, nine days after seeding. A random half the plants 

were transplanted into 5 cm (2 in) pots filled with a greenhouse potting soil mix for the 

controls. The remaining plants were transplanted into 7.6 cm (3 in) rockwool cubes for 

the aeroponic treatments (see Figure 2.8). 
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Figure 2.8. Transplanting Arcft'um lappa seedlings from 1 inch 
seedling cubes into 3 inch rockwool cubes. 
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The seedlings were then conditioned for the greenhouse by removing from the mistbed, 

and manually irrigated with a complete nutrient solution before they were transplanted 

again into the final treatments (24 days after seeding). 

2.3.1.5. Grow-out 

Planting density in both treatments was similar to that recommended for the field 

production of burdock at 41 cm (16 inches) on center (New Zealand Institute for Crop & 

Food Research Ltd, 1996). Future studies should explore higher density plantings. 

Both the soilless medium and aeroponic treatments were irrigated with the same 

complete nutrient solution (see Table 2.1). This ensured comparable nutrient levels across 

both treatments. The pH was adjusted to 5.5-6.2, and the electrical conductivity (EC) was 

maintained at 2.8 mS cm'^ Stock solutions were prepared at 2(X)x, with the calcium 

nitrate and iron chelate kept separate from the other stock solution to prevent 

precipitation. A dilute nitric acid solution was also made for adjusting the pH. An 

automatic proportioning system consisting of three sequential Dosmatic injectors (model 

A-10) hooked up to the municipal water system fed a 1230L (325 gallon) nutrient 

solution mixing tank with ready-to-use nutrient solution. 

Table 2.1. Hydroponic nutrient concentrations (adapted from Resh, 1998) 
Nutrient Target conc 

(mg/L) 
Nutrient Target conc 

(mg/L) 
Nitrogen 150 Iron 5 
Phosphorus 90 Boron 0.3 
Potassium 200 Manganese 0.8 
Calcium 146 Copper 0.08 
Magnesium 50 Zinc 0.1 
Sulfur 134 Molybdenum 0.06 
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Figure 2.9. Burdock plants just before harvest (ten weeks after 
seeding) 

The plants in the soilless medium controls were irrigated with the nutrient 

solution ("fertigated") via pressure-regulated drippers using an external 4D magnetic-

head pump. The pump was turned on manually as needed, and plants were irrigated until 

waste solution was observed draining from the bottom of the 8 inch PVC pipes. It was 

estimated that the volume of nutrient solution used in the soilless medium controls was 

approximately 0.8 liters per plant per day for large plants just before harvest (See Figure 

2.9). 

The aeropomcally grown plants were also irrigated with a complete nutrient 

solution originating from the same mixing tank as that used on the soilless medium 

grown plants. The nutrient solution was pumped from a subterrain 1(X)L (26 gallon) 

reservoir for each aeroponic replicate, and recirculated through that aeroponic chamber 
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using a distribution system consisting of three rows of 1.3 cm (0.5 in) diameter PVC 

pipes mounted 25 cm (10 in) above the floor of the rectangular frame. The nine nozzles 

with hollow cone spray patterns were spaced within the rows to obtain a uniform 

distribution of water spray to all plants. The nutrient solution for the system was pumped 

at a rate of 4.5 L min'' (1.2 gal min''). An external centrifugal pump (McMaster-Carr 

model 8249K52, bronze centrifugal pump, 1/3 hp) operated on a cycle of 15s on/30s off 

throughout the night. Daytime operations started with continuous spraying at first (when 

the plants were very young), cycling down to 60s on/30s off during hot weather (air 

temperatures >30°C), and 15s on/30s off as the weather cooled and plants matured. The 

nutrient solution was recirculated until the conductivity reached 3.0 mS cm'*, indicating 

that the solution had been concentrated due to evaporation and transpiration of the water. 

The solution was then replaced with firesh solution, at a frequency of approximately once 

per week when the plants were small, increasing to twice per week as they matured (See 

Figure 2.10). 

A comparison of the volumes of nutrient solution used by each of the treatments 

was estimated two weeks before the plants were harvested. At that time, the soilless 

medium control plants were being fertigated at approximately 0.78 L per plant per day. 

The 30 plants in each aeroponic unit were reducing the volume of the nutrient solution by 

12.5 L per day, or 0.42 L per plant per day. Therefore, at that point in the growth of the 

plants, the aeroponic systems operated at nearly twice the nutrient solution efficiency as 

the soilless medium controls. In future research, the nutrient solution efSciency of the 

systems should be monitored throughout the life of the crop. 
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Figure 2.10. The author holding a single burdock plant removed from an aeroponic 
growing unit just before harvest. Plant was seeded ten weeks before harvest. 

2.3.1.6. Harvest 

The plants were harvested from the soilless medium controls on Nov 13 and 14, 

and from the aeroponic treatments on Nov 14 and 15,2000. The above ground parts 

Oeaves and petioles) for each plant from both treatments were placed in separate paper 

bags. Fresh weights were recorded before the bags were placed in an empty, heated 

greenhouse to air-dry. 
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The roots of the plants from the soilless medium controls were removed from the 

soilless medium carefully and rinsed well (see Figure 2.11). The roots of the plants from 

the aeroponic units were also rinsed well to remove any fertilizer salts (see Figure 2.12). 

Roots from both treatments were then allowed to air-dry briefly (less than one hour) 

indoors (out of the direct sun) before being cut into six inch pieces, weighed to obtain 

fresh weights, then frozen. 

I 

Figure 2.11. Harvesting roots from soil controls. 

Figure 2.12. Rinsing coots harvested from aeroponic 
units. 
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2.3.1.7. Processing 

The ftozen roots were shipped in coolers with dry ice by overnight air to Eclectic 

fostitute, Inc. in Sandy, Oregon for lyophilization (freeze drying). The roots were hand 

cut (while frozen) to <3/8 inch, then dried in a Pinwald Stokes freeze dryer (model 480) 

for a minimum of 32 hours. The samples were hand-cut to minimize losses in an effort to 

get accurate biomass dry weights. The dried, cut root material was then weighed and 

shipped back to Tucson, Arizona, where it was ground through a 40 mesh screen using a 

table-top Wiley mill (Department of Soil, Water, and Environment Sciences, University 

of Arizona). 

2.3.1.8. Statistical Analyses 

Statistical analysis was performed using Microsoft Excel software. Means and 

standard deviations were calculated on biomass and phytochemical yield data, and 

differences between means were detennined by two-tailed Student's t-test. If a significant 

difference between means was found, analysis of variance (ANOVA) was performed. 

Differences between the variances for chlorogenic acid concentration were tested using 

an F-test. 
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2.4. Results 

2.4.1. Biomass Yields 

Biomass yield, reported as dry weight, is often used as an indicator of plant 

growth in horticultural studies (e.g. Mortley, Bonsi, Loretan, Morris, Hill & Ogbuehi, 

1991). Fresh weights were recorded in this experiment and the moismre contents 

calculated, however, since herbal crops are generally reported in dry weights, that is how 

the results are presented for this publication. 

The moisture content of the roots was very difGcult to evaluate accurately, since 

the process of rinsing and "surface-drying" the roots before fresh weights were taken 

could not be done consistently. This was probably due either to handling (washing the 

media and nutrient salts off the roots) or to the di^erence in the type of harvestable root 

material from the two treatments. In the soilless medium-grown plants, the thick taproot 

was the principal material harvested. The smaller, secondary roots were lost in the media 

during harvest. In the aeroponic treatments, however, both the primary (tap) root and the 

secondary (fibrous) roots were harvested. The taproot may retain signiHcantly more 

moisture than the secondary roots, causing the roots of the soilless medium-grown plants 

to appear to have relatively more moisture than those grown in aeroponics. bi the future, 

if only the taproots of each treatment were compared, rather than all harvestable roots, a 

more accurate picture might be drawn. For the purposes of this study, the moisture 

content of the roots will not be discussed further. 
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2.4.1.1. Above-groimd parts 

A highly significant difference (P<0.00001) was found between the biomass yield 

(measured as dry weight) of the above ground parts of the aeroponically-grown plants 

compared to the biomass yield (measured as dry weight) of the above-ground parts of the 

plants grown in soilless medium, with the aeroponically grown plants being greater (see 

Figure 2.13 and Table 2.2). 

The average dry weights of above ground parts were 45.6 g ± 13.5 g and 30.6 g ± 

6.7 g per plant in the aeroponic and soilless medium treatments, respectively. There were 

no significant differences (i^O.31 and 0.75, respectively) between the replicates within 

the treatments, indicating that the above ground parts of plants growing on the west side 

of the house (which received more light) were not significantly different firom those 

harvested firom the east side of the house (which was partially shaded). (See Table 2.2 for 

statistical summary). These data indicate that aeroponics may have an increased yield 

advantage making it a promising production technique for any leaf crops having a market 

value high enough to cover the costs associated with the greenhouse and aeroponic 

equipment. 
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Figure 2.13. Above-ground biomass yields. 

Table 2.2. Statisdca summary ol ' above-ground biomass yields (avg dry wt per plant). 

Treatment Replicate mean 
(g) std dev 

P value 
(t-test) 

P=0.05 

Aeroponically 
grown plants 

East rep 
n=30 43.8 13.4 

0.31 
Not significantly 

different 
Aeroponically 
grown plants West rep 

n=30 47.4 13.3 
0.31 

Not significantly 
different 

Soilless medium 
grown plants 

East rep 
n=30 30.9 5.9 

0.75 
Not significantly 

different 
Soilless medium 
grown plants West rep 

n=30 30.4 7.4 
0.75 

Not significantly 
different 

Aeroponically 
grown plants 

Both reps 
45.6 13.5 

<0.00001 
Highly 

significantly 
different 

Soilless medium 
grown plants 

Both reps 
n-60 

30.6 6.7 
<0.00001 

Highly 
significantly 

different 
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2.4.1.2. Roots 

There were no significant differences (P=0.88) in the harvestable root biomass 

yields between the aeroponic and soilless medium-grown plants (see Figure 2.14). The 

means of the dry weights of harvestable roots from the two treatments were 20.0 g (±7.3 

g) and 20.2 g (±5.4 g) per plant for aeroponic and soilless medium-grown plants, 

respectively. 

There were, however, significant differences (^<0.05) between the replicates 

within the treatments, indicating that the roots of plants growing on the west side of the 

house, which received more light, were significantly larger than those growing on the 

east side of the house, which was partially shaded, (21.7 g ± 7.4 and 21.7 g ± 5.8 g for 

aeroponically-grown and control plants, respectively on the west side versus 18.4 g ± 6.7 

g and 18.6 g ± 4.5 g for aeroponically-grown and control plants on the east side, see 

Table 2.3 for statistical summary of root biomass). This is interesting since no significant 

differences (P>0.05) between replicates were seen for the above-ground biomass yields 

(see Table 2.2 for statistical summary of above-ground biomass). 
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Figure 2.14. Root biomass yields 

Table 2.3. Statistical analysis of root biomass yields (avg dry weigh per plant). 

Treatment Replicate 
mean 
(g) std dev 

P value 
(t-test) 

P=0.05 

Aeroponically 
grown plants 

East rep 
n=30 

18.4 6.7 

0.07 SigniHcantly 
different 

Aeroponically 
grown plants 

West rep 
n=30 

21.7 7.4 
0.07 SigniHcantly 

different 

Soilless medium 
grown plants 

East rep 
n=30 

18.6 4.5 

0.03 
Significantly 

different 

Soilless medium 
grown plants 

West rep 
n=30 

21.7 5.8 
0.03 

Significantly 
different 

P value 
(ANOVA) 

/M).05 

Aeroponically 
grown plants 

Both reps 
n=60 

20.0 7.3 

0.88 
Not 

significantly 
different Soilless medium 

grown plants 
Both reps 

n=60 
20.2 5.4 

0.88 
Not 

significantly 
different 
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2.4.2. Phytochemical Analysis 

The roots of plants are an unseen but powerful force in the environment, 

providing not only water and nutrients to the plant, but synthesizing, storing, and even 

secreting bioactive secondary metabolites. This activity ranges from protective functions 

against soil-borne pests to triggers for symbiotic relationships with beneficial bacteria 

and fungi (Flores, Weber, & Puffett, 1996). Jackson, Mooney, & Schultz (1997) predict 

that a plant's total root biomass and surface area is at least as large as if not greater than 

the biomass allocated for the above ground parts. They also predict that the flne roots 

alone (equaUng or less than two mm in diameter) may represent 33 percent of global 

annual net primary productivity, with the total biomass of live fme roots estimated to be 

0.13 kg/m ' for desert ecosystems, compared to 0.95 kg/m'^ for temperate grasslands. 

Thus, the roots represent a huge reservoir of material that is actively producing and 

recycling organic compounds. 

Another unknown is the exact location in the root system where these bioactive 

compounds are found in their highest concentrations. In Anemopsis califomica, a small 

herbaceous perennial native to riparian areas of the southwestem US, the highest 

concentration of essential oils that are responsible for anti-fungal activity in the roots are 

in the older, darker-colored primary roots (Rangel, 1998). The small, white roots 

exhibited much lower concentrations of the same compounds. In that study, the essential 

oils were clearly sequestered in the vacuoles of specialized cells in the root cortex. 

However, not all secondary metabolites are sequestered in the root cortex. Shikonin-

based naphthoquinones from Uthospemum erythrorhizon are produced in the root hairs 
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and border cells (Brigham, Michaels, & Flores, 1999). These compounds are probably 

sequestered in the vacuole of the root hairs and border cells, but they do not appear to be 

associated with the cortex cells at all. More useful information could be generated from 

future studies that were designed to measure the location of bioactive secondary 

metabolites within the root, rather than simply treating all root parts as equal. 

Just as the location of secondary metabolite production and storage within the root 

is speciHc for different plants and compounds, the timing of the production of the 

compounds is also species-specific. In the Anemopsis study mentioned above, the 

essential oils were found in the highest concentrations in roots more than one year old 

(Rangel, 1998). However, the Lithospermum study found that the shikonin pigments were 

visible as soon as the radicle emerged firom the seed (Brigham, Michaels, & Flores, 

1999). A study of Pyracantha coccinea found flavonoids distributed only in the aerial 

parts during the vegetative stage, but in the roots as well during the reproductive phase of 

the plant (Fico, Bilia, Morelli, & Tome, 2(XX)). This temporal variability in production 

reinforces the need for further study in the area of secondary metabolite production and 

storage in root cells. 

In the research presented here, the harvested roots of aeroponically grown plants 

included the primary roots as well as all secondary roots, since the aeroponic chamber 

provided unhindered access to all belowground parts. The harvested roots of the control 

plants, however, predominantly consisted of primary roots, since most secondary roots 

were lost in the media. This probably affected the comparative biomass yields somewhat, 

and may or may not have affected the comparative phytochemical yields. 
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Presently, there is no generally accepted method of standardizing or measuring 

quality of burdock root, although some limited studies on the phytochemistry of the plant 

have been done recently (Maruta, Kawabata & Niki, 1995; Sun, Sha, & Gao, 1992; 

Washino, Yoshikura & Obata, 1986; Washino, Kobayashi & Ikawa, 1987). Several 

databases and books on phytochemical constituents of herbal products list major 

compounds identified in burdock root (Dictionary of Natural Products, 1999; Bisset, 

1994; Duke, 1992), including: 

• inulin (a polysaccharide comprising up to 50 percent of the dried root); 

• polyacetylenes and related sulfiir-containing compounds; 

• volatile oils; and 

• various lignan and phenolic ester derivatives. 

Most of these families of compounds could be easily excluded as potential marker 

compounds. The inulin is of limited interest as a marker for this study because it is not 

likely to exhibit bioactivity when ingested in doses appropriate for a dietary supplement. 

In a study looking at burdock root for the fresh vegetable market, inulin might be a 

suitable marker. Volatile oils are also of limited interest since they often dissipate or are 

lost during the drying process. 

Polyacetylenes are common in plants of the Asteraceae family, and readily react 

with hydrogen sulHde to produce thiophene derivatives that contain both sulfur and 

carbon-carbon triple bonds (Geissman & Crout, 1969). Over 800 polyacetylenes have 

been identified finm species in the Asteraceae, with close to 90 percent of these 

compounds found either exclusively or at the highest levels in roots (Flores, Pickard & 
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Hoy, 1988). The production of polyacetylenes is thought to be increased by fungal 

elicitation and other phytoalexin responses (Flores, Pickard & Hoy, 1988). For this 

reason, the use of a polyacetylene or thiophene derivative as a marker compound was not 

pursued. 

Lignans and related phenolic ester derivatives are, on the other hand, relatively 

stable compounds with a range of biological activity and their biosynthesis is not as 

responsive to the presence of elicitors in the environment (Harris, Greaves, Alexander, 

Wilson, & Haggerty, 1994; Ayres & Loike, 1990). Chlorogenic acid (Figure 2.IS) and 

similar esterified cinnamic acid derivatives are evidently end products, which accumulate 

in the plant. There is some evidence that they may undergo metabolic alterations, but they 

do not seem to lie on the main pathway that leads to other C6C3 compounds (Geissman & 

Crout, 1969). Several of these caffeoylquinic acid derivatives from burdock root, 

including chlorogenic acid, have shown antioxidant activity in animal in vivo tests 

(Maruta, Kawataba, & Niki, 1995). 

Chlorogenic acid is one of four 

phenolic compounds recommended for use as 

marker compounds for Echinacea products by 

the Institute for Nutraceutical Advancement, 

an international consortium seeking to 

establish validated methods of analysis for 

popular conmiercial herbal products (Institute for Nutraceutical Advancement, 2001). 

Brucia Plant Extracts, maker of Theraplant^ standardized extracts, is using chlorogenic 

*0H 
OH 

Figure 2.1s. Structure of 
chlorogenic acid 
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acid and rutin, a flavonol glycoside, as marker compounds for burdock extract (Brucia, 

2001). The Midwest Research Institute has reconmiended that chlorogenic acid be one of 

six phenolic acids to be monitored in flaxseed powder in order to detect degradation of 

the lignan profile in the final product (Harris, Greaves, Alexander, Wilson, & Haggerty, 

1994), even though the iignans and phytoestrogens are assumed to be responsible for the 

apparent bioactivity (Slavin, Martini, Jacobs, & Marquart, 1999). Thus, chlorogenic acid 

is a reasonable marker compound for phytochemical comparison of burdock root 

samples. 

The biosynthetic pathway leading to the production of lignan products is well 

known. The shikimic acid pathway leads to the production of aromatic compounds in 

plants and microorganisms, but not in animals. Consequently, the aromatic amino acids, 

L-phenylalanine and L-tyrosine, both products of shikimic acid, are considered essential 

amino acids for humans that must be obtained through the diet (Dewick, 1997). These 

aromatic amino acids form the basis of the QCs phenylpropanoid units that combine to 

produce many important plant compounds, such as volatile oils, coumarins, Iignans, 

lignins, tannins, flavonoids, and (along with tryptophan) are also precursors to many 

alkaloids (See Figure 2.16). Alkaloids produced via the shikimic acid pathway are easily 

distinguished from those produced via the acetate pathway in that the substitution pattern 

on the aromatic ring is generally in the ortho oxygenation pattern for compounds arising 

from shikimic acid whereas alkaloids derived fh)m acetate are generally substituted in a 

meta pattern (Dewick, 1997). 
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Figure 2.16. Biosynthetic pathway of phenylpropanoids and related phenolic esters 
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The cinnamic acid derivatives that are lignan precursors are direct products of the 

deamination of L-phenylalanine by L-phenylalanine ammonia lyase (PAL). Through very 

specific hydroxylation and methylation reactions, these compounds become the basic 

building blocks for a wide range of phenylpropanoids and phenolic esters. Some of the 

more conmion cinnamic acid derivatives can be found in plants in their fi%e forms, or in a 

range of esterified forms. One important example is the esterification of caffeic acid with 

quinic acid to produce chlorogenic acid (3-caffeoylquinic acid) (Dewick, 1997). 

Lignins and lignans are another widely distributed class of phenylpropanoid 

compounds (Ayres & Loike, 1990). Lignins are some of the most abundant organic 

compounds on earth, providing the strengthening material for plant cell walls. They are 
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formed as a result of oxidative coupling of hydroxycinnamyl alcohol monomers into long 

polymers. Lignans are much smaller, but more bioactive dimers of those same 

hydroxycinnamyl alcohol monomers. Cyclization and other modifications can lead to a 

wide array of lignans with very different structures. Lignans are known to have antitumor 

activities, particularily as microtubule inhibitors, although many also present toxic side 

effects that limit their applications as drugs. Exceptions exist, however, and the 

glycosidic derivatives of podophyllotoxin, etoposide and teniposide, are very effective 

chemotherapy drugs. It is also suspected that lignans may have antiviral activities as well, 

although the mechanisms are not known. 

Different lignan derivatives have been 

arctiin (see Figure 2.17) are found 

throughout the plant, although in highest 

concentrations in the ^its (Brinker, 1995). 

Caffeoylquinic acid derivatives, (including 

chlorogenic acid) have also been identiHed 

in burdock roots. Several of these caffeoylquii 

shown bioactivity as antioxidants (Maruta, Kawabata & Niki, 1995). 

A random sample of half the experimental plants was sent to Nutritional 

Laboratories, Litemational (NLI) for extraction and analysis. Half of the plants from each 

of the four plots were chosen based on tables of random numbers from a statistics text 

(Kuehl, 1994). Therefore, for the phytochemfcal analysis, the statistical 'n' equaled 15 for 

isolated from burdock root. Arctigenm and 

Figure 2.17. Structure of arctigenin and 
arctiin 

Arctigenin R=H 
Arctiin R=elucose 

lie acid derivatives from burdock root have 
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each replicate, and 30 for each treatment, whereas the biomass data was evaluated on a 

statistical 'n' equaling 30 for each replicate, and 60 for each treatment. 

2.4.2.1. Method Development 

Since certiHed reference samples of burdock root are not available, four 

commercial products of burdock root in powdered form were purchased from a local 

health food store in Tucson, Arizona for use as reference materials. The extraction and 

analysis protocols for chlorogenic acid were developed using those reference samples 

during the time the experimental burdock crop was growing. Those reference samples 

were labeled RS-A, RS-B, RS-C and RS-D (RS representing "Reference Sample"). RS-A 

and RS-B were commercial samples processed by lyophilization (sold by the same 

manufacturer, but with different lot numbers), whereas RS-C and RS-D were presumably 

air-dried, from different manufacturers. 

The phytochemical method development and analysis of the reference and 

experimental burdock root samples was performed under the direction of Titut Yokelson, 

Ph JD., at Nutritional Laboratories International (NLl) in Lolo, Montana. The four 

reference samples were extracted by sonicating 500 mg of the dry, ground root in 25 mL 

of 50 percent ethanol for 20 minutes. Longer sonication times were investigated, but no 

significant increases in extractive concentrations were observed. As a solvent for 

extracting phenolics, 50 percent ethanol in water was found to be superior to other 

ethanol-water mixtures, and it was found to be very superior to various methanol-water 

mixtures and to pure methanol, ethanol, or water. After sonication, samples were 
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centrifuged for 10 minutes, and a 2 ml aliquot of the supernatant was filtered with a 45 

m PTFE syringe filter for HPLC. 

The extracts were run on an Alliance Waters 2690 Separations Module with a 

Waters 996 Photodiode Array Detector. The column used was a Phenomenex, Luna 5 // 

C18(2), 250 mm x 4.6 mm. The operating temperature was 35 degrees C. The wavelength 

monitored was 320 nm. A flow rate of 1.5 mL/min was used to run the gradient program 

listed in Table 2.4. The total run time was 15 minutes per sample. Chromatographic 

analysis was performed using Waters Millennium^^ Chromatography Manager software. 

Table 2.4. Gradient program for HPLC analysis of chlorogenic acid in burdock root. * 
Time (minutes) % Solvent A % Solvent B 

0 100 0 
2 85 15 
9 70 30 
11 0 100 
15 0 100 

Solvent A = 0.05 M NaHiP 
Solvent B=l% 0.1 NH3PC 
•Method developed by Nuti 

^4 adjusted to pH 2.91 with H3PO4 
)4 in Acetonitrile 
ritional Laboratories, International, 2000. 
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Figure 2.18. Overlay plot showing one reference sample (RS-B, in light gray), one 
experimental sample (S2-58, in dark gray) and a chlorogenic acid standard 
(concentration 9.6 ug/mL, retention time 5.8 minutes). Note both reference sample 
and experimental sample have a peak corresponding to the chlorogenic acid 
standard at 5.8 minutes. 

Major peaks seen in the HPLC data for the reference samples have spectra 

characteristics of cinnamic acid derivatives and their esters. For this reason, 320 nm was 

used as a wavelength for 2-D chromatograms, since this wavelength coincides with a 

maximum in the spectra. Figure 2.18 shows these spectral shapes and their elution pattern 

on the HPLC system used. Only the solitary, earliest eluting of these compounds has been 

successfully identified so far in this study. The peak with a retention time of 

approximately 5.8 minutes corresponded to chlorogenic acid, by retention time and 

spectral profile. This was confirmed by comparison with a reference standard of 

chlorogenic acid purchased firom Sigma Chemical Company. 

Other compounds tested for possible matches with the other peaks included 

coumaric acid, ferulic acid, sinapic acid, and caffeic acid. These reference standards are 

superimposed over a reference sample (RS-A) in Figure 2.19. This overlay plot shows 
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that none of these compounds coincide with any of the unidentified peaks in the reference 

sample. Also included in this overlay plot is the peak for cynarin, a dicaffeoylquinic acid 

found in Echinacea. Related compounds have been reported for burdock (Maruta, 

Kawabata & Niki, 1995) but succinyl groups included in those compounds would cause 

them to elute later from the HPLC column. Thus the peaks between 9 and 12 rain 

retention time in the burdock chromatogram in Figure 2.21 may in fact be these 

caffeoylsuccinylquinic acid derivatives. 

Quinic acid and 3-dehydroquinic acid are ubiquitous natural products commonly 

found in the free from or as esters (Dewick, 1997). Shikimic acid itself is formed from 3-

dehydroquinic acid (Geissman & Crout, 1969). Since these compounds are rapidly turned 

over and continuously recycled by the plants, they were not considered as possible 

marker compounds in this experiment. 

oat-

Od» 
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A 
/ 

coumaric acid 
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ferulic acid 

uo MB 1U0 

Figure 2.19. Overlay plot showing reference sample (RS-A in gray) and selected 
standards at 320 nm wavelength. 
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Additional compounds tested for possible matches with peaks in the burdock samples 

included />hydro^benzoic acid, cinnamic acid, syringic acid, and gallic acid. A lower 

wavelength such as 250 nm is needed to see these compounds. The chromatograms in 

Figure 2.20 shows that these compounds do not coincide with any major peaks in the 

reference sample (RS-C). 

gallic acid >p-hydroxybenzoic acid 

syringic acid 

OFLO- 2S0iim 

3 cinnamic acid RS-C 

7.00 &00 S.OD &Q0 4.00 0.00 11.00 

Figure 2.20. Overlay plot showing one reference sample (RS-C in gray) and 
selected standards at 250 nm wavelength. 

2.4.2.2. Sample Extraction and Analysis 

The dned, ground samples were extracted and analyzed by HPLC as outlined in 

Section 2.3.3.1 above. Figure 2.21 shows overlay plots for two reference samples (RS-B 

and RS-D) superimposed over an experimental sample (AL-S2-58). In Figure 2.21, 

chlorogenic acid is the single peak with a retention time of 5.8 minutes. Appendix I h'sts 

precisely which samples were randomly chosen for phytochemical analysis. All 

quantities shown in Appendix I were derived firom a 3-point calibration curve for 

chlorogenic acid. 
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Figure 2.21. Overlay plot showing two reference samples (RS-D in white fill and 
RS-B in gray fill) and one experimental sample (S2-58 in black fill). 

2.4.2.3. Phytochemical Data Analysis 

Absolute concentrations - The concentrations of chlorogenic acid in the dry 

roots of plants from both the aeroponic and soilless medium treatments were very low, 

but measurable. The low concentrations may have been a factor of the young age of the 

plants at the time of harvest (ten weeks from seeding), or the variety or source of seed, 

and/or the environment. The mean concentration of chlorogenic acid in all the 

experimental samples was 32 ug per g of dry root (0.0032 %). The reference samples 

contained much higher concentrations: 321.9,493.0,1749.4, and 2944.8 ug per g of dry, 

ground material for RS-A, RS-B, RS-C, and RS-D, respectively (see Figure 2.22). 
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Chlorogenic acid concentration of exper^ntal and 
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Figure 2.22. Comparison of chlorogenic acid concentration 
in experimental samples and reference samples. 

Relative concentrations - There were no significant differences (P=0.98) 

between the concentrations of chlorogenic acid in the roots of the aeroponically grown 

plants compared to the roots of plants grown in soilless medium in this study. The mean 

values were 32.6 ±5.7 ug and 32.7 ±12.5 ug chlorogenic acid per g of dry root in 

aeroponically-grown and soilless medium-grown plants, respectively (see Figure 2.23). 

There were also no significant differences (P>0S)5) between the two replicates within 

each treatment. The statistical sunmiary is reported in Table 2.5. 
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Figure 2.23. Comparison of mean concentrations of chlorogenic 
acid across treatments. 

Table 2.5. Statistical summary of chlorogenic acid yields in roots (ug/g dry weights). 

Treatment Replicate 
mean 

(ug chlorogenic 
acid / g dry root) 

std dev 
P value 
(t-test) 

P=0.05 

Aeroponically 
grown plants 

East rep 
n=l5 33.5 2.8 

0.42 
Not 

significantly 
different 

Aeroponically 
grown plants West rep 

n=15 31.8 7.7 
0.42 

Not 
significantly 

different 

Soilless 
medium 
grown plants 

East rep 
n=15 33.2 17.5 

0.82 
Not 

significantly 
different 

Soilless 
medium 
grown plants 

West rep 
n=15 32.2 17.0 

0.82 
Not 

significantly 
different 

P value 
(ANOVA) 

/»=0.05 

Aeroponically 
grown plants 

Both reps 
n=30 32.6 5.7 

0.98 
Not 

significantly 
different 

Soilless 
medium 
grown plants 

Both reps 
n=30 32.7 12.5 

0.98 
Not 

significantly 
different 
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Note that the number of individual plants in each replicate is IS, whereas the 

number in each treatment is 30. Therefore, the standard deviation for the east and west 

replicates in the same treatment is 17.5 and 17.0, respectively, based on n-l=14 for each 

replicate, compared to the standard deviation for all the plants in that treatment, which is 

12.5 based on n-l=29. 

It is very interesting that the plant-to-plant variation of the chlorogenic acid 

concentration was significantly lower (P<0.01) in the roots of aeroponically-grown plants 

compared to those of the soilless medium-grown plants (5.7 and 12.5, respectively, 

F=7.38). The 95 percent confidence interval for the population variance for 

aeroponically-grown plants is 20.9-59.6, whereas the 95 percent conHdence interval for 

the population variance for soilless medium-grown plants is 98.8-282.1. Since the two 

confidence intervals do not overlap, it may be inferred that the population variances are 

signiHcantly different, leading to the conclusion that the concentration of chlorogenic 

acid in roots may be more consistent in aeroponically-grown plants. 

2.5. Production Method Research Conclusions 

Aeroponics proved to be a highly feasible method for the production of both 

above-ground parts and roots as raw materials for the herbal dietary supplement and 

phytopharmaceutical industries. the controlled environment of the greenhouse, where 

growing seasons can be extended and all root material is easily accessible for harvest, 

biomass yields may be increased for some crops that have been historically difficult to 

grow and harvest using conventional horticulture in the field. Furthermore, using 
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aeroponics, planting densities can be increased since plant-to-plant competition for 

nutrients and water is essentially eliminated. The A-frame design permits higher density 

planting per square foot of floor space than conventional growing methods. 

The higher biomass yield of above-ground parts from the aeroponic treatment 

indicates that this production technique should not be limited to root crops, but should be 

considered for other types of crops as well. The similar yields of root biomass from the 

aeroponic and soilless medium treatments indicate that yields are at least as good from 

aeroponics. 

The labor required to prepare, maintain, and harvest the plants from the two 

treatments was not quantified in this study. However, the author's experience clearly 

indicated that the labor involved in constructing, maintaining and harvesting the plants 

from the aeroponic systems was far less than that required for preparing and sterilizing 

the soilless medium, filling the tubes, maintaining the drippers, harvesting the roots from 

the medium and cleaning them. From a labor-efficiency standpoint, aeroponics appears to 

be a much more attractive production method for deep-rooted or fibrous root crops that 

would be difficuh to separate from soil. 

Although the absolute concentrations of chlorogenic acid in both treatments 

proved to be very low when compared with commercial samples, that is probably a result 

of inunaturity or plant variety. However, the concentrations were measurable, and no 

differences were found between the two treatments, b fiiture phytochemical studies of 

burdock root, it would be ideal if a group of phenolic compounds could be identified and 

used as marker compounds, and the profile of that group be used as indicators of qualiQr, 
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rather than the concentration of any single compound (as in Harris, et al., 1994; fostitute 

for Nutraceutical Advancement, 2001; and Rangel, 1998), Furthermore, a minimum 

detection limit for the compounds measured should be reported. In a controlled 

environment where weeds are not present, adulteration is not a concern. However, 

material harvested from field production or wild populations should also have stacked or 

overlay chromatograms of every sample analyzed for extraneous peaks that may indicate 

adulteration (as in Lazarowych & Pekos, 1998). 

It was very interesting that the consistency of the chlorogenic acid concentration 

appeared to be higher in the aeroponically grown plants, indicating that aeroponics may 

be a valuable production method for crops requiring phytochemical consistency to 

facilitate standardization and dosing of the final products. 

Further research will be necessary to determine if these positive outcomes hold 

true when the plants are grown to maturity, and across different plant species and 

different types of phytochemical compounds. 

Additional work must also be done to optimize the nutrient solution for maximum 

biomass and phytochemical production. It is quite likely that biomass production of target 

organs, such as roots, can be increased through nutrient manipulation. Similarly, 

concentrations of certain types of secondary metabolites might be increased through 

careful nutrient manipulations. 
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3. SECURING RAW MATERIAL SUPPLY: ECONOMIC DEVELOPMENT IN 

INDIAN COUNTRY 

After Hrst attempting to separate bidians from European settlers by forcibly 

moving Native Americans to reservations, the US Government and other well-meaning 

groups tried to assimilate and acculturate Native Americans, hoping they would dissolve 

into the general population (Waldman, 2000). Although the Indian Self-Determination 

Act of 1975 (PL 102-413) mandated that all bureaus within the Department of the Interior 

provide services to Indian communities so that they can compete and achieve self-

determination, little effort was directed at providing Native Americans with the tools 

required to develop European or "American" style of businesses and economic 

enterprises in fiidian conununities (personal conmiunication, Guillermo (^iroga, 2(XX)). 

Modem business designs, laws, methods, and systems are not inherent aspects of the 

Native American's culture. 

Since the Indian Re-Organization Act of 1934 (PL 93-638), increased 

governmental assistance has targeted employment-generating types of industries, where 

an emphasis is placed on creating jobs in subsidized programs similar to post-war 

assistance offered to nations at the governmental level (Cornell & Kalt, 1992). Federally 

fiinded economic development plans for Native Americans have traditionally ignored 

small business development, usually the core economic engine in third world economies 

(personal conmiunication, Guillermo Quiroga, 2001). The results have been high 

government subsidies for welfare type programs, and a resulting cycle of dependency, 

unemployment and low-income leading to social problems related to poverty and despair. 
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Any focus on new small business or micro-enterprise development in Indian country runs 

into a variety of barriers including access to capital for start-up and operating costs, lack 

of local markets and the funding to reach larger markets, insecurity and adversity to risk-

taking without outside subsidies or support, and the fear of another failure in the face of a 

close-knit community (Cornell & Kalt, 1992). 

3.1. Economic Development Approach 

The Principal Investigator and Key Personnel of the USDA grant, Guillermo 

Quiroga and the author, designed and conducted research to determine the feasibility of 

facilitating an entrepreneurial network of growers where individuals and families can 

become suppliers/producers to a private corporation in the herbal dietary supplement 

industry. This would provide economic opportunities for rural Native Americans without 

the higher risks and skills necessary to establish and market new crops as individual 

businesses. 

Large amounts of ethnobotanical research have been published on the plants used 

by Native Americans. For example, Moerman's Native American Ethnobotany (1998) 

lists over 2500 species that were used traditionally as medicine. Many of those plants are 

currently on the market as herbal dietary supplements (see Table 3.1). Various 

horticultural techniques can be used to produce the root, bark, leaf, flower, and fruit 

crops. Conventional field horticulture, greenhouse culture, and hydroponic techniques 

would all be appropriate for these diverse crops. Aeroponic technology would be one of 

the methods appropriate for production of root and above-ground crops. Hydroponic and 
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aeroponic technologies are ideal systems for producing crops on non-arable lands, such 

as those often encountered on Native American reservations. 

Table 3.1. Twenty herbal supplement crops native to North America.* 
Common 

name 
Latin binomial Family Plant part 

used 
Cultivated 

(C)or 
Wildcrafted 

(W) 
American 
ginseng 

Panax quinquefolium Araliaceae Root W & C  

Black cohosh Cimicifiiga racemosa Ranunculaceae Root w&c 
Bloodroot Sanguinaria canadensis Papaveraceae Root w 
Burdock Arctium lappa Asteraceae Root w&c 
Cayenne Capsicum spp. Solanaceae Fruit c 
Cranberry Vaccinium spp. Ericaceae Fruit c 
Echinacea Echinacea spp. Asteraceae Root, 

leaf, 
flower 

w&c 

Elderberry Sambucus canadensis Caprifoliaceae Flower, 
fruit 

w&c 

Evening 
primrose 

Oenothera biennis Onagraceae Fruit c 

Goldenseal Hydrastis canadensis Ranunculaceae Root w&c 
Nettles Urtica dioica Urticaceae Leaf c 
Osh& Ligusticum porteri Apiaceae Root w 
Red clover Trifolium pratense Fabaceae Flower c 
Red raspberry Rubus idaeus Rosaceae Leaf, 

fruit, root 
w&c 

Saw palmetto Serenoa serrulata Palmaceae Fruit w 
Skullcap Scutellaria lateriflora Lamiacaea Leaf, 

flower 
c 

Slippery elm Ulmus rubra Ulmaceae Bark w 
Valerian Valeriana sitchensis Valerianaceae Root c 
Yam Dioscorea villosa Dioscoreacea Root w 
Yerbamansa Anemopsis califomica Sauniraceae Root w 
•Brevoort, 1991 3 
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The approach to this economic development research involved the following three 

key elements: 

• one or more tribal conmiunities or reservation partners who, 

• operate or plan to operate an Lndividual Development Account (IDA) type of 

program, and 

• a private company producing and marketing herbal dietary supplements. 

The focus of the research was on developing partnerships among the three elements while 

working within IDA program parameters. By integrating these elements into a functional 

model, the resulting private/tribal parmership can address some of the obstacles to 

economic development on American Indian reservations and communities. 

3.2. Economic Development Research Goals 

The objective of the research was to plan, develop and document a replicable 

model for economic development on American Indian reservations and in Indian 

communities. Central to the research is to ascertain feasibility of a private firm 

collaborating with tribal IDA programs on reservations as a method of capital infiision 

resulting in creation of private-sector small-business start-ups. 

The goals of the research were to: 

• test the feasibility of a program model that can be duplicated on other 

reservations and rural communities; 

• identify necessary components of a training and education curriculum for IDA 

program participants; 
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• perform preliminary cost/benefit analysis and refine the affordable small 

greenhouse production unit design; 

• produce presentation and survey materials to measure the level of interest 

among potential program participants. 

These goals were met, and areas requiring further research were Identified. 

3.3. Materials and Methods 

3.3.1. Key Elements of the Project - Tribes, IDAs, and a Private Company 

The Cherokee Nation of Oklahoma, the Pascua Yaqui of Arizona, several 

organizations administrating IDA programs, and Native American Botanies Corporation 

were key elements in this research project. Each element is described in depth below: 

3.3.1.1. The Cherokee Nation of Oklahoma 

The Cherokees call themselves "the real people" or the " principal people," which 

Is 'Tsalagi" in the Cherokee language. The English newcomers translated It to 

"Cherokee" (personal communication, Guillermo Quiroga, 2000). Members of the 

Cherokee Nation of Oklahoma are descendents of the larger tribe that once occupied the 

river valleys of the Great Smoky mountains of what is now central North and South 

Carolina. The majority of the Cherokee were forcibly removed in 1838-39 to the Lidian 

Territory, known today as northeastern Oklahoma, in what is referred to as the 'Trail of 

Tears" (Waldman, 2000). 
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The Cherokee Nation today is the largest tribe of American Lidians in the US. 

The 1990 Census lists over 369,000 members (US Census, 1999), most of whom live in 

the 14-county tribal jurisdictional area in northeastern Oklahoma. This huge area covers 

over 7,000 square miles of mostly rural area (retrieved June 8,2001, from 

www.cherokee.org/cuiture/history). The Cherokee land is mainly in the Oklahoma 

greenbelt along the Arkansas River valley; farming is one of the largest economic 

industries. However, most tribal-owned farmland is leased to non-members (personal 

communication, Anna Knight, Director, Credit and Finance, Cherokee Nation, August 

1999). Economic development is a real concern among Cherokees since the tribe does not 

enjoy casino gaming revenues, although the Keetowah Band does operate a bingo hall. 

The rural atmosphere in this state contributes to a sense of intimidation when members 

seek access to banking or small business development services. Yet there exist numerous 

state and federal charter banks in the area. The tribe's only other economic assistance for 

entrepreneurs is a micro-enterprise loan program that offers low interest rate loans of up 

to $25,000, and a more general Cherokee Nation Tribal Loan Program (retrieved from 

www.cherokee.org/services/conunerce, June 8,2001). 

early 2000, the Nation was operating an IDA program and preparing for its 

second year of outreach. Plans are to increase enrollment fh>m 20 participants in the 

fiscal year 1998-99 to over 75 in 1999-2000. The Cherokee Nation assisted the 

researchers by providing access to their IDA program administrators, instructors, and 

participants. They were also instrumental in hosting and promoting five presentations to 

http://www.cherokee.org/cuiture/history
http://www.cherokee.org/services/conunerce
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potential participants. The outreach presentations surveyed the level of interest among 

tribal members for becoming future suppliers. 

3.3.1.2. The Pascua Yaqui Tribe of Arizona 

The Yaquis call themselves "Yoeme" or "the people." Spanish immigrants 

adopted the word Yaqui, an adaptation of another tribal reference term "hiakim" 

(personal conmiunication, Guillermo Quiroga, 2000). The Pascua Yaqui Tribe of Arizona 

is an aboriginal group of Native Americans that have inhabited the southern portion of 

the Sonoran desert since time immemorial (Evers & Molina, 1992). The Pascua Yaqui of 

Arizona are related in cultural traditions and language to members of the larger Yaqui 

Tribe who occupy the lower reaches of the Yaqui River in the northwestern Mexican 

state of Sonora (Painter, 1986). The government is centered on IIS2 acres of US trust 

land and 436.18 acres of fee land southwest of Tucson, Arizona (personal 

communication, Priscilla Storm, Development Services, Pascua Yaqui Tribe, 2001). The 

Pascua Yaqui also occupy six other indigenous non-reservation communities within and 

near Tucson, Phoenix, Scottsdale and Chandler, Arizona (personal conununication, 

Rachel Valenzuela, Enrollment Department, Pascua Yaqui Tribe, 2001). The 1990 

Census listed the population as 9,838 (US Census, 1999). The tribe now has over 12,000 

enrolled members (personal communication, Rachel Valenzuela, Enrollment Department, 

Pascua Yaqui Tribe, 2001). In 1999, the unemployment rate on the reservation was 

ahnost 60 percent and the community suffered one of the highest high school drop-out 
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rates of any ethnic group in the state of Arizona (personal communication, Tulsi Uprety 

PhD., Director, Economic Development, Pascua Yaqui Tribe, August 1999). 

The Pascua Yaqui Tribe was awarded a small grant in 1998 to research a pilot 

IDA program. However, as of March, 2001, the Tribe did not yet have a ftill IDA 

program in place. 

3.3.1.3. bidividual Development Accounts (IDAs) 

IDAs are matched savings accounts designed to help low-income families 

accumulate assets (for more information, see www.cfed.org). An individual's personal 

savings can be used in this program for speciHc asset-building activities, such as buying a 

home or starting a business, and their savings are matched by a non-profit organization or 

American Indian tribe. IDAs are similar to Individual Retirement Accounts (IRAs) and 

401(k)s except that they use matching deposits instead of tax breaks as the incentive to 

save. The IDA program is intended to provide basic financial management traim'ng and 

matching financial support to low-income individuals who desire to increase personal 

assets through home ownership, higher education, or entrepreneurship. 

IDAs are supported by a number of federal and state legislative bills, but the 

Assets for ^dependence Act (APIA) that was signed into law in October 1998 (PL 105-

285) provides the most grants to non-profit IDA programs. APIA was authorized at $125 

million over five years. The program is structured so that: 

• Low-income individuals make monthly deposits into their IDA savings 

accounts over a period, of time and these savings deposits are matched by the 

http://www.cfed.org
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program fiinder. Generally only personal savings generated firom earned income 

can be deposited into an IDA. At various times, depending on the program 

design, an additional deposit will come from the matching funds. This deposit 

can be between SO cents and $4.00 for every $1.00 saved by the participant. If 

federal grant monies are available, the federal deposit will be made in addition 

to the non-profit match. For example, assuming the non-profit or tribe adopts a 

2-1 matching rate, if a participant deposits a total of $100 over three months, 

then the non-federal (tribal) match will be $200, and the federal match, if 

available, will be $200, for a total balance in the IDA account of $500 (plus 

accrued interest). The Cherokee program uses only non-federal grant monies 

(from First Nations Development Institute) for its match so a 2-1 match ends 

with an IDA balance of $300. There is generally a ceiling for deposit dollars by 

a participant and/or the matching funds. For instance, federal funds, deposited in 

an Assets for Independence Act program, cannot exceed $2,000 per individual 

(and $4,000 per household) over the course of the program. 

• Participants are generally requited to attend budgeting and economic literacy 

classes in order to receive matching funds. IDAs assist low-income families not 

only in accumulating productive assets in order achieve economic self-

sufficiency, but the program also provides the mentorship needed to develop 

asset plans and financial sidlls for that new future. 

• IDA accounts must be used toward specific assets, such as the purchase or 

rehabilitation of a home, a small business enterprise, or education and training. 
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The Cherokee Nation and the Pascua Yaqui Tribe were two of five tribal IDA 

pilot programs in 1998. Research interviews with administrators from both tribes 

revealed the same comments from participants: that many participants who wished to 

start a small business had no idea what type of business, what was needed to start, or how 

to research a business start-up (personal communication, Vivian Lopez, IDA 

Coordinator, Pascua Yaqui Tribe and Anna Knight, Director, Credit and Finance, 

Cherokee Nation, August 1999), The model presented here may, if fully implemented, 

have a positive affect on this group of tribal members by offering an opportunity for 

small business development with less risk and fewer required business skills than 

normally required for business startups. 

3.3.1.4. Private Capital Investor 

Native American Botanies is an Arizona Corporation, based in Tucson, Arizona. 

Directing the company are the two principals. President & Chief Executive Officer, 

Guillermo Quiroga, and Vice-President & Chief Development Officer, Anita Hayden. 

Mr. Quiroga is a registered member of the Pascua Yaqui Tribe. 

The plausibility of a private company making calculated investments in its 

suppliers through an bidian tribe's IDA program was examined. Native American 

Botanies Corporation developed a plan of action combining the following unique 

combination of factors: 

• The success of an emerging sector in the Natural Products Lidustry: herbal 

dietary supplements; 
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• The company's unique marketing strategy of marketing only Native American 

herbs produced by Native Americans; 

• The value associated with consumers' pre-conceived ideas, right or wrong, of 

American Indians while educating those consumers on authenticity, history, and 

the relationships between Native Americans and traditional herbal products; 

• An understanding of the industry's critical weaknesses and confironting the 

scarcity of supply with a variety of production processes; 

• The mitigation of production risk by developing networks of small suppliers 

organized into local marketing cooperatives. 

As the company grows, it can become an investor in American Indian tribes by 

taking its strategic plan and marketing capability to reservations and creating a model 

investment plan. The model will use the available human capital of the tribes, the 

structure of the tribal-run Individual Development Account program, and the growing 

herbal dietary supplement market to reduce the amount of capital leakage out of the 

conmiunity. Reducing capital leakage, in which human and monetary capital originating 

on the reservation leaves because of lack of tribal economies, will be the long-term focus 

of the model. Native American Botanies Corporation provides the management and 

capital in a corporate structure that can be duplicated with minor changes to other crops 

in different locations throughout fodian Country. 
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3.3.2. Researching the IDA Model 

The economic development program model researched here combined the three 

elements described earlier: one or more tribal partners, the IDA program, and a private 

company. The model uses the infirastmcture of the IDA program to recruit and train small 

growers who could become raw material suppliers for the company. The IDA programs 

are administered by the tribes, with matching funds coming from the tribe and from the 

private company who also purchases the harvested product from the grower. The goal 

was to provide low-income Native American individuals and families a financial program 

whereby they could afford the initial investment required to cultivate and harvest crops 

for the herbal dietary supplement market. Although the initial model was changed 

somewhat as the research progressed, the basic concept did prove to be highly feasible 

and very popular among all the elements involved (i.e. tribal members surveyed, IDA 

program administrators, and the private corporation conducting the research). 

The first step in the model development was to identify and meet with the 

appropriate tribal officials. The Pascua Yaqui Tribe in Tucson, Arizona had participated 

in an IDA demonstration research grant in 1998 to consider establishing an IDA program 

for its members. In October 2000, the tribal Office of Community and Economic 

Development had set up an IDA budget of $36,000, however, as of March 2001, that 

program was still not operating. Since the tribe has not developed an IDA program or 

curriculum, no materials were collected for this research. However, the experience 

provided a valuable opportunity to exchange information about the model being 

developed. 
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A series of meetings and dialogues were held between Guillermo Quiroga, Anita 

Hayden, and officials from the Cherokee Nation of Oklahoma in Tahlequah, Oklahoma in 

May through November 2000. Materials were collected from Ms. Anna Knight, director 

of the Credit and Finance Office, as well as Ms. Gina Martinez, director of the IDA 

program, and Ms. Melissa Young, the Finance Resource Development officer and 

instructor for the IDA program small business development training sessions. The IDA 

program administered by the Cherokee Nation is relatively small, with a target of 75 

participants in 2000. The program was started in 1998 as a demonstration program. The 

match rate was 2:1 (two dollars matched for every dollar saved) up to a maximum 

amount of $720 over two years ($1440 matched to $720 saved). The savings could be 

used for one of four goals: home purchase or rehabilitation, small business development, 

or education. As of October 2000, there were no participants remaining in the small 

business development program, although four individuals had started the process but 

discontinued for various reasons. The main problem for most potential participants is lack 

of business planning and marketing skills. Participants are required to attend two 

orientation classes and four economic literacy classes as well as any asset maintenance 

training sessions pertaining to the chosen goal. 

During the trip to Oklahoma in May 2000, meetings were also held with two other 

entities administrating IDA programs; the Community Action Program of Tulsa County 

(CAFTC) and Oklahomans for Lidian Opportunity (010). 

The CAPTC IDA program operates out of Tulsa, Oklahoma. Guillermo Quiroga 

and Anita Hayden met with Ms. Jennifer Robie, IDA Program Director, Ms. Rachel 
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Trares, Assistant Program Director, Ms. Pamela Smith, AmeriCorp VISTA volunteer, 

and Mr. Sam Peled, Director of Community Enterprise Opportunities. The CAPTC IDA 

program started in early 1997 with a feasibility program, then started recruiting 

participants that fall, bi 1998, there were over 200 participants. CAPTC was chosen as a 

large-scale demonstration program by the American Dream Demonstration Project. The 

purpose of the large-scale demonstration program was to study the impact of IDAs in the 

community. An additional SCO participants were added to the CAPTC IDA program, with 

a "control group" of S2S members. At the time of the meeting, in May 2000, the program 

was very strong, and the first 100 participants had graduated and received their matching 

funds. 

The maximum income eligibility ceiling for the CAPTC IDA program was 150 

percent of national poverty guidelines. The maximum amount of matched savings was 

$750 per year, with a minimum deposit of $10 monthly. Match rates depended on the 

target use of the savings. For home repair, education, retirement, or small business 

development, a 1:1 match rate was offered (one dollar matched for every dollar saved). 

For first home purchase, a 2:1 match rate was available ($2 matched for every dollar 

saved). The CAPTC IDA program provides a "virtual" match, meaning the participants 

have their own savings account, and CAPTC controls a separate "custodian" account for 

matched funds. The participants receive statements monthly for each account, but only 

have withdrawal authority on their own savings. CAFTC approves die withdrawal request 

for the total amount at the time of the asset purchase, and pays the vendor (educational. 
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mortgage, or lending institution) diiectly. The most popular target use of the IDA 

program at CAPTC was for home repair, partly because that was the shortest program. 

The 010 program is based in Norman, Oklahoma. Guillermo Quiroga met with 

Ms. Betty OUvas, the Development Specialist of that office. The IDA program 

administered by 010 was similar to the others in some ways. The maximum income 

eligibility ceiling for 010 IDA was 200 percent of national poverty guidelines. The 

match amount had a maximum deposit of $1800 over a three-year period, or an average 

of $600 per year. Only earned income can be used for the match, along with any Earned 

Income Tax Credit rebate. The match rate is 1:1 (one dollar matched for every dollar 

saved) for the retirement match and the first time home purchase match. At that time, 

there were no participants interested in using the funds for home repair, education, or 

starting a business. As of June 2000, there were 20 active participants. Comanche Nation 

tribal employees made up 75 percent of the enrollees. 010 acted as a co-signer on the 

participant's accounts, and dual signatures were required to access the account. 

Participants were required to attend four "economic literacy" sessions plus one session 

related to the planned use of the savings. 

Some clear differences were identified among the three existing IDA programs 

studied (see Table 3.2). First, the funding sources were different. Second, the program 

components were slightly different, with some programs supporting savings for 

retirement, others not. Finally, the income guidelines and match amounts were very 

different across the three programs studied. 
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Table 3.2. Comparison of IDA program components. * 
CAPTC 010 Cherokee 

Maximum 
income for IDA 
program 
participation 

Family 
size 

Maximum 
income for IDA 
program 
participation 

1 $12,075 $16,480 $16,700 

Maximum 
income for IDA 
program 
participation 2 $16,275 $22,120 $22,500 

Maximum 
income for IDA 
program 
participation 

3 $20,475 $27,760 $28,300 

Maximum 
income for IDA 
program 
participation 

4 $24,675 $33,300 $34,100 
Match rate 
(matched amt: 
saved amt) 

1:1 
except home 

purchase, 
which is 2:1 

1:1 1:1 up to 3:1, 
depending on 

intended use of 
funds 

Total assets 
accumulated 
(savings+match) 

Up to $2,250 
over 3 year 

period 

Up to $3,600 
over 3 year 

period 

Up to $2,160 over 2 
year period 

Allowable 
purposes 

Housing 
^ Education 
^ Business 

Retirement 

Housing 
^ Education 
^ Business 
^ Retirement 

Housing 
Repair (2:1) 
Purchase (3:1) 

Education (1:1) 
^ Business (2.5:1) 

Funding Source CFED, Bank 
of Okla., 

Zarrow Fdn., 
Fed. Home 

Loan Bank of 
Topeka, City 

ofTulsa 

FNDI (Eagle 
Staff Fund) 

FNDI and Cherokee 
Nation 

*Sunmiarized by author, 2000. 

Two key organizations that initiated the original 13 demonstration sites for the 

prototype IDA programs are located in the Washington DC area. The Corporation for 

Enterprise Development (CFED), along with the Center for Social Change (based at 

Washington University), are considered the authors of the Americans for Independence 

Act in 1997. Meetings were held with Sandi Smith of the CFED in November 2(XX) to 

gather CFED's input into the proposed model. The organization was very supportative of 
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the concept and was not aware of any other examples of a private enterprise providing 

matching funds for the accounts, especially not in the Held of agriculture. 

While in the Washington DC area, a meeting was also held with the First Nations 

Development Instimte (FNDI) in Fredericksburg, VA. FNDI is the host organization of 

the Oweesta Conferences, as well as the main funding source for Native American EDA 

programs, including the Cherokee Nation of Oklahoma, the Pascua Yaqui Tribe of 

Arizona, and the Oklahomans for Indian Opportunity (010). They were also supportative 

of the model, and offered assistance for further research. 

3.3.3. Researching Horticultural Curriculum 

One basic premise behind the economic development model researched here is 

the diversification of the herb market supplier base across many small growers, organized 

into grower cooperatives. Since this model is being developed in order to provide 

supplemental income to low- and moderate-income Native American families and 

individuals living on reservations and in rural conununities, it cannot be assumed that the 

participants have any specialized horticultural training or expertise. Therefore, just as the 

IDA programs require economic literacy training, the company would require growers to 

attend horticultural training specific to the crops grown. Specialized curricula on the 

cultivation of herbal crops was not found, so a search was performed assessing what 

curricula is available from universi^ extension services and private companies for herbal 

crops and hydroponics, and what would need to be developed specifically for this 

application. 



98 

The training sessions would be performed by company stafiT, developing a 

relationship between the growers and the corporate fleld staff. The staff would continue 

to provide training and information to the growers through monthly visits to grower's 

sites as well as presentations to local co-op meetings. It would be important that the 

grower-trainer relationship be set up so that information would flow from the company 

headquarters through the network of locally-based trainers to the growers, and vice versa. 

This system should provide a culturally sensitive as well as cost-efHcient method for 

moving technical information from a central location to various individual growers and 

back. It would be ideal if the company staff/trainer were an individual from the same 

community as the growers, and be familiar with the local customs and languages, as well 

as the crops being grown and the environmental conditions of the area. 

The horticultural training would be required for both IDA-eligible participants 

and those growers who want to participate but do not meet IDA qualifications (their 

income may be too high, for example). Horticultural curricula specifically designed for 

hydroponic vegetable production are available from various university extension 

agencies. The University of Arizona's Plant Sciences Department offers a hydroponic 

vegetable curriculum distributed to secondary school teachers (Rorabaugh, 2000). The 

IDA horticultural curriculum could be designed following these examples. Specific topics 

for training herbal product growers using aeroponic technology should include: 

• introduction to plant science and horticulture 

• basic plant nutrition and nutritional disorders 

• introduction to greenhouses and hydroponics 
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• irrigation systems, fertilizers, and hydroponic nutrient solutions 

• plant protection; basic Integrated Pest Management principles 

• plant propagation 

• crop monitoring 

• harvesting and post-harvest handling 

In addition to these eight horticultural topics, special sessions on the Natural 

Foods industry would be offered to familiarize the growers with the unique aspects of the 

industry, such as: 

• acceptable pest management techniques 

• phytochemical consistency in the finished product 

• accidental adulteration from weed plants 

• the sustainable management of wild populations, and the need for cultivation 

methods that would protect threatened plants from over-harvesting pressures. 

3.3.4. Researching Marketing Cooperatives 

Agricultural cooperatives are generally organized into three broad categories: 

supplier cooperatives, service cooperatives, and marketing cooperatives (Cobia, 1989). 

Supplier cooperatives (also called purchasing cooperatives) provide supplies to farmers at 

lower costs than might be found in conventional supply firms. Agway, bic. is an example 

of a large, successful supplier cooperative. Service cooperatives provide special services 

tailored to the needs of the farming community, such as credit union (banking) services 

or transportation. Marketing cooperatives are primarily concerned with selling or 
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marketing the harvested products of the co-op members. Some marketing co-ops are 

vertically integrated to the point where they not only process the products, but also label 

and distribute them directly to the end consumer in their own retail outlets. There are 

numerous examples of successful agricultural marketing co-ops, including Sunkist 

Growers, Ocean Spray Cranberries, Blue Diamond Growers, and Eastern Milk Producers. 

The last two organizations are examples of marketing cooperatives that also have retail 

stores that offer products directly to consumers. 

There are several options for distributing funds to the members within the 

marketing cooperative (Cobia, 1989). These payments are usually called patronage 

refunds. Some organizations pay the farmer upon delivery of the harvest. Other 

organizations delay payment to the farmer until overhead costs and income from the sale 

of the products have been determined. Furthermore, delayed payments may be based 

directly on the volume, quality, and price of the product delivered, or products may be 

co-mingled, or "pooled," where the average net price received for all the products are 

distributed to the growers. Cobia (1989) articulates the concept well: 

"In a single pool all products from several producers are 

commingled and sold by the cooperative. The net proceeds, after 

deduction of expenses, are paid to producers. Each producer 

receives the average net price, usually with predetermined premiums 

and discounts for quality differences." 

Pooling all products, even those with different prices, within a marketing 

cooperative fits the needs of herbal crops perfectly. Since there is a wide range of crops. 
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with widely differing prices and time to harvest, it would be advantageous for growers to 

share the returns of all crops, since no individual grower would choose to grow the lower 

value or slower growing crops, and the market could experience a glut of the higher value 

or faster growing crops. By pooling the crops, growers gain the advantages of access to 

markets they may not have as small, independent growers, share the risk of economic 

volatility for any single crop, and reduce costs through economy of scale for harvesting, 

storage and transporting crops to a buyer. 

Pooling co-ops can also achieve better prices by forecasting gluts and shortages of 

products and planning accordingly, particularly through the use of pre-planting buyer 

contracts. These contracts are difficult for small, individual farmers to secure with 

buyers, but would be easier for a larger group of farmers to obtain. The larger cooperative 

could leverage their combined harvests for better contracts and prices from the buyer. 

In the model designed here, the co-op would be under contract for a set period of 

time to sell a portion or all of its products to the private corporation that provided the 

matching funds for the IDA program and the initial training of the growers. After that 

contract has expired, the co-op would be free to sell product to any buyers they choose. In 

either event, the marketing cooperative would be a separate entity. The following 

cost/benefit analysis is based on two theoretical, pooled marketing co-ops of nine 

growers each in northeastern Oklahoma and southern Arizona. 
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3.3.5. Performing Cost/Benefit Analysis 

A critical step in developing the new IDA-based model was projecting the costs 

associated with purchasing and constructing small-scale aeroponic greenhouses. 

Although not all crops for the herbal dietary supplement industry are appropriate for 

aeroponic production, many are. It may prove uneconomical to use aeroponic 

greenhouses on a small scale, due to the (relatively) high fixed cost of production, and 

current (relatively) low price of herbal raw materials. However, this study did fmd that if 

grower groups pooled harvests in marketing co-ops, then returns would be "acceptable" 

to growers given the level of costs and returns presented here. Of course, there is still 

much research to be done before this concept can be used in a successful economic 

development model. 

3.3.5.1. Greenhouse Costs 

Three different designs of low-cost, low-tech Quonset or "hoop" houses were 

studied. The first was a design offered by the Cooperative Extension Service from 

Rutgers State University of New Jersey. The greenhouse plan was based on 21 ft (6.3 m) 

long, Va inch (1.91 cm) galvam'zed water pipe custom bent into arches and secured to pipe 

sleeves set in concrete. The limiting factor in this design is the small diameter of the pipe 

and the short 21 foot (6.3 m) length, which restricts the greenhouse size to 14 feet (4.2 m) 

wide and only 7 feet (2.1 m) tall. Since the aeroponic growing units that would be going 

inside the greenhouse are nearly 5 feet (1.5 m) tall (to give the roots maximum space to 
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grow), this greenhouse was deemed too small for our purposes, and a cost analysis was 

not pursued. 

The second greenhouse considered was a "polar cold frame" greenhouse from 

Stuppy Greenhouse Structures, bic of North Kansas City, Missouri. This design is the 

lowest cost greenhouse (actually a cold frame) offered by Stuppy. This unheated 1920 

(172.8 m^) greenhouse with a single polyethylene film cover would provide sufficient 

space for the aeroponic production units, hi the desert southwest, it was decided that 

although cooling of the air was required, heating would either not be necessary or could 

be accomplished by heating the hydroponic nutrient solution rather than the ambient air. 

The greenhouse has 39-inch (0.98 m) high sidewalls, with a nine-foot (2.7 m) high peak. 

The greenhouse is 20 feet (6.1 m) wide and 96 feet (28.8 m) long. The sidewall height 

and greenhouse width were critical for the aeroponic growing units planned. The total 

cost of the greenhouse with cooling and polyethylene film amounted to $7,248. 

After purchasing the Stuppy Greenhouse kit, a vendor in Oklahoma was found 

who could provide a wider greenhouse at a lower cost. The vendor. Sunshine Nursery of 

Tahlequah, Oklahoma, desips and manufactures the greenhouses themselves out of 

galvanized pipe. The greenhouse measures 28 feet (8.4 m) wide and 98 feet (29.4 m) 

long, with no sidewalls, and a peak height of 14 feet (4.2 m) (see Figures 3.1 and 3.2). 

The sides can be rolled up to provide some passive cooling. One greenhouse was 

purchased without cooling or heating to evaluate the feasibility of using one of these 

frames in southern Arizona either as a winter coldfirame, a year-round greenhouse with 

passive heating and cooling, or as a shadehouse> 
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This last greenhouse was used for further cost analysis. The 98 foot long 

greenhouse could be broken into two 28 foot (8.4 m) wide by 44 foot (14.7 m) long units. 

These "half' greenhouses provide 1,232 square feet (111 m^) of floor space. Ownership 

and operational costs for all the parts and inputs are summarized below in Table 3.3, with 

a detailed list appearing in Appendix 2. The costs are estimates based on retail prices. 

Table 3.3. Estimated costs for 1,232 sq ft greenhouse with 
aeroponic growing systems. * 

Ownership costs 
Greenhouse Structure $ 1,196.64 

Misc $ 866.09 
Aeroponics $ 2,443.43 
Total fixed $ 4,506.16 
costs 

Operational costs 
$ 701.00 

Total greenhouse costs 
$ 5,207.16 

* Compiled by the author, 2000. 

It is possible that other low-cost heating and cooling systems may be effective in 

aeroponic production of root crops. Shade cloth may provide cost-effective cooling, 

particularly for forest under-story species that prefer lower light levels. Heating the 

nutrient solution may permit extended growing seasons in unheated greenhouses during 

spring and fall. These unconventional systems of environmental control would need to be 

carefiiliy tested and evaluated for each crop and each location. 



Figure 3.1. Low-cost greenhouse frame from Sunshine 
Nursery. Photo by G. Quiroga, 2000 

Figure 3.2. Litemal view of Sunshine greenhouse frame. Photo by G. 
Quiroga, 2000 
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3.3.5.2. Greenhouse Returns 

The estimated returns from a 1,232 square foot (111 m^) greenhouse using 

aeroponic growing systems were based on current wholesale prices and estimated yields 

and planting densities for target crops. Those estimates are listed in Table 3.4. 

The fresh raw materials command a wide range of returns on the market. The 

different planting densities, yields, and growing times also contribute to the range of 

revenues for the crops studied. Gearly, any individual grower would prefer to grow 

Echinacea angustifolia root, yielding $47,666.88 per year per greenhouse over the red 

clover flowers, which yield only $2,648.16. This is part of the challenge for a wholesale 

buyer, who needs a variety of crops so that a full line of products can be offered to the 

consumer, and supports the idea of developing marketing cooperatives, where the 

growers' revenues are pooled and can be spread across a range of crops (Cobia, 1989). 

On the other hand, it may be unfeasible to use aeroponic and greenhouse horticultural 

techniques for such low value crops as nettle leaf, which might be produced more 

economically by conventional field culture. Aeroponics is likely to be economical only 

for the higher-value crops, such as Echinacea and black cohosh. A more complex model 

of pooling co-ops, called "multiple pools" could permit separate pools of growers based 

on whether they utilize aeroponic methods (with its higher associated costs), or 

conventional field agriculture (Cobia, 1998). 
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Table 3.4. Estimated returns for selected crops. 
Price per 

pound 
(fesh)** 

Estimated 
yield (pounds 
per 1,232 sq 

ft greenhouse) 
per year* 

Estimated 
revenues per 
greenhouse 
per year* 

Estimated 
number of 
months to 
harvest* 

Nettles leaf $ 1.40 1,986 $ 2,780.57 4 
Echinacea 
angustifolia root 

$ 12.00 3,972 $47,666.88 9 

Echinacea 
purpurea root 

$ 8.00 3,972 $ 31,777.92 9 

Burdock root $ 3.00 2,207 $ 6,620.40 6 
Skullcap leaf $ 4.00 1,986 $ 7,944.48 6 
Black cohosh 
root 

$ 5.00 2,979 $ 14,895.90 9 

Red clover 
flowers 

$ 5.00 530 $ 2,648.16 9 

Valerian root $ 5.00 2,979 $ 14,895.90 9 
Yellow dock root $ 3.00 3,972 $ 11,916.72 6 
* Estimates made by author, 2000 
** Current prices estimated for fresh raw material (wet weight) 2000 

Tables showing the cumulative cash position over the first year of operation were 

developed for the two pooling cooperatives (see Tables 3.5 and 3.6). These tables do not 

factor in the costs of labor and management, but rather, show the projected returns for the 

labor provided. The total cash costs associated with construction and operation of the 

greenhouses are presented in a calendar format that demonstrates the time required to 

breakeven and the expected cash position at the end of twelve months' operation. 

The crops chosen for the two co-ops were based on the author's experiences, 

estimating the growing time required for each crop in low-tech, passive greenhouses 

without active heating or cooling systems. The northeastern Oklahoma cooperative 

involves nine growers producing nine different herbal root, leaf, and flower crops during 
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the spring, summer, and fall seasons. The southern Arizona cooperative, on the other 

hand, included nine growers but only Hve crops (more than one grower would be 

producing the same crop). The growing season for southern Arizona spanned the fall, 

winter and spring seasons, avoiding the heat of the desert summer. 

The differences in the cumulative cash positions of the two co-ops after twelve 

months of operation are notable: $92,125 and $12,297 for the northeastern Oklahoma and 

southern Arizona co-ops, respectively. These differences are attributable to the selection 

of crops assigned to the two co-ops. Obviously, it is imperative that the grouping of crops 

for pooling be selected carefully, because a pool with too many low-value or low-

yielding crops could lead to very low returns for all the members. In these examples, each 

grower in the Oklahoma pool could expect patronage refunds of approximately $10,000 

annually (minus the overhead needed to operate the co-op, and not including any 

incentives or discounts for quality differences). Members of the Arizona cooperative, on 

the other hand, could only expect $1,300 (minus the adjustments for overhead and quality 

aspects). 

3.3.5.3. Breakeven 

Based on the estimated costs and returns discussed above, projected breakeven 

values were estimated for the mne-member cooperatives in Oklahoma and Arizona. The 

breakeven point was calculated in both pounds of harvest and average price per pound, 

weighted for the different yields for each crop grown by the members of the co-op. 



Tri)|e 3.S. Cumulative cash position for • coopcntive of nine growos m noctbeastcm OUahaau 
to bceikeven of toul cish fixed A virishlc cosis (excluding Ubof and manaaemou inpulsy Time leauiren for co-op 

inonih of production 

N.E, OklalMwn gmMiMiad 
Nettles 
B. angusiifolia 
B. puipurea 
Burdodc 
Skullcap 
Black cohosh 
Red clovn 
Valerian 
Yellow dock 

montMy UtW 
laoothlv rrvmu<i 

780.57 
$47,666.88 
S31.777.92 

S6.620.40 
$7,944.48 

S14.89S.90 
SZ648.I6 
S14.89S.90 

SI 1.916.72 
^229.57 

S2<i.4gl.60 
420,94I.7S 

SO.OO 
4918.81 

SO 00 
•S3.0264I 

SO 00 
-S23754 

SO.OO 
•S238.73 

SO.OO 
-S239.92 

SO.OO 
$241 12 

S2.7*0.57 
.$228.42 

SO.OO 
.S98.3I 

SI 11.884.76 
44,596.29 

SO.OO 
418,024.65 

SO.OO 

awmMivt nub 
pMitiwKif co^ S92.I25.42 447.745.45 •S47.984.17 448.224.09 •S45.6B4.64 445.913.07 419.661.03 $43.S62.69 444.481 SO 447.50791 418.024.65 S22.620.93 

Table 36. Cumulative cash position for a cooperative of nine gftmrn in souihon Anzona 
Time required for co-op to breakeven of total cash fixed & variable cosu fexcludinn labor and manatsoiiqn inputo^ 

S. Ariuma irrtnltMUn 
Nellies 
Nettles 
Burdock 
Burdock 
Skullcap 
Skullcap 
Red clover 
Yellow dock 
Yellow dock 

•MHMMydtbl 
•MmlMv tavcnuw 

SZ78057 
SZ780S7 
S6i620.40 
S&620.40 
S7.944.48 
S7.944.4g 

$11,916.72 
Sn.916 72 

-S241.39 
$0.00 

4242.59 
$37.33906 

457.11 
$0.00 

S57.40 
$23,833.44 

SS.11803 
$000 

$237 80 
SO 00 

.$238.99 
SO.OO 

4240.18 
$0.00 

43I.S88.20 
$0.00 

41,605.00 
$000 

49,01232 
$0.00 

448.51853 $11.42206 411.479.17 SI2.296.87 442.205.52 -$47.32355 •$47.56017 447.797 97 $48,036.96 $48,277 14 440.600.52 $9,012.32 
key: •^••iconstnictiantimc immaa cullivation time 
see Appendix 3 for data supporting the cumulative cash position tables. Tables compiled by author, 2001 

O 
VO 
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The fixed costs associated with the greenhouse structure and aeroponic units were 

distributed over five years using a straight-line depreciation method. Therefore, the total 

fixed cost of $4,506.16 was distributed over five years for an annual fixed cost of 

$901.23. Annual "variable costs" of $701.00 were estimated and factored into the total 

costs for each year of operation. 

The expected breakeven point would fall within the first year for both 

cooperatives in the model. Specifically, the projected breakeven price would be $0.59 

per pound (average price for all crops), or 2,512 pounds of fiesh product (wet weight) for 

the nine growers in the Oklahoma co-op model, and $0.69 or 4,905 pounds of fresh 

product for growers in the Arizona co-op model. 

The breakeven values were based on budgeted prices and expected yields. 

However, if those prices or yields were to increase or decrease, the net revenue for the 

co-op and the breakeven values would fluctuate accordingly. In order to demonstrate the 

effect of changes in price or yield on revenues and breakeven points, sensitivity tables 

were developed for each co-op (see Tables 3.7 and 3.8). These tables are useful in 

showing that if, for example, a 25 percent decrease in yield was experienced in Oklahoma 

for all the crops grown (perhaps due to extended cool, cloudy weather), then combined 

net revenues could be expected to drop from $126,690.64 to $91,412.96 for the group of 

nine growers in the co-op. The breakeven price would increase from $0.59 to $0.78 per 

pound under the same conditions. Equivalent budgets for net revenues and yields can also 

be estimated for fluctuations in price fiom these sensitivity tables as well. 



Table 3.7. Seniitivity off returni* to labor and managemcBt with vrytng yields and price* for northeatteni Oklahoma model 

N.E, Oklahoma 

co-op 

fixed costs^* per 
greenhouse 

variable costs*** 
per greenhouse 

budgeted total annual 
earnings per co-op 

budgeted net annual 
earnings per co-op 

$901.23 $701.00 $141,110.74 $126,690.64 
weighted avg prices ->• 75% 90% base weighted price 110% 125% breakeven per co-op 

% bugeted $4.31 $5.17 $5.74 $6.32 $7.18 in avg. price i)er lb. 
yield (lb») Return to labor and management for co-op ofnine growers at specified prices and yields 
75% 18,438 $65,046.89 $80,903.41 $91,412.96 $102,106.89 $117,963.41 SATS 

90*/. 22,125 $80,940.28 $99,968.11 $112,579.57 $125,412.29 $144,440.11 sa.65 
base yield 24,384 $91,535.88 $112,677.91 $126,690.64 $140,949.22 $162,091.25 sa.59 

llOV* 21,042 $102,131.48 $125,387.71 $140,801.72 $156,486.15 $179,742.38 S(K53 
125% 30,730 $118,024.87 $144,452.41 $161,968.33 $179,791.55 $206,219.08 $0.47 

breakeven per co -op in lbs 3,346 2,7i9 2,512 2.2S2 2,0OS 

Table 3.8. Sensitivity off returns" to labor and management with vaiying yields and prices for southern Ariiona model 

S. Arizona co-op 
fixed costs* • per 

greenhouse 
variable costs*** 
per greenhouse 

budgeted total annual 
earnings per co-op 

budgeted net annual 
earnings per coH>p 

$901.23 $701.00 $61,246.64 $46,826.55 
weighted avg prices -> 75% 90*/. base weighted price 110% l2S'/m breakeven per co-op 

% bugeted $2.21 $2.65 $2.94 $3.23 $3.68 in avg. price per lb. 
yield (lbs) Return to labor mid mamgemenlfor co-op of nine growers at specified prices and yields 
75% 15,624 $20,109.27 $26,983.89 $31,514.89 $36,045.89 $43,076.76 $0.92 
90% 18,749 $27,015.14 $35,264.69 $40,701.89 $46,139.09 $54,576.13 $0.77 

base yield 20,832 $31,619.05 $40,785.22 $46,826.55 $52,867.89 $62,242.37 $0.69 
110% 22,915 $36,222.97 $46,305.75 $52,951.22 $59,596.69 $69,908.62 $0.63 
125% 26.040 $43,128.84 $54,586.54 $62,138.21 $69,689.88 $81,407.99 $0.55 

breakeven per co •op in lbs 6,525 5,442 4,905 4,464 3,919 
* Returns based on yield estimates made by author, 2000. Tables compiled by author, 2000. 
** Fixed, or ownership costs calculated based on depreciated value over five years operation. 
*** Variable, or operational costs based on projected annual costs. 
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3.3.6. Presenting Concept to Potential Participants 

Estimating the level of interest among potential participants was vital before any 

additional work could be done. It was anticipated that the interest level would be high. 

The lower risk associated with becoming a supplier to an established company appealed 

to many potential growers. The researchers were aware that potential growers might be 

apprehensive about a new company, as well as reluctant to consider a new technology 

(aeroponics). There was also concern that the concept of commercializing healing herbs 

(even ones popular in the mass market) might offend traditionalists in some indigenous 

cultures. This concern was never openly expressed by the potential growers surveyed, but 

the researchers did address the concem by suggesting that those medicines considered 

sacred should be kept within the circle of tradition and not be conunercialized, however, 

if revenue could be generated for families by growing herbs already popular in the 

market, then why should those who first discovered the plants' uses be excluded from the 

financial returns? It is likely that there will always be some individuals, both native and 

non-native, who are not in favor of commercializing herbal medicine. Fortunately, there 

appear to be far more who value new crops and are excited about finding new channels 

for their products. 

In November 2000, Guillermo Quiroga traveled to Oklahoma and presented the 

proposed economic development model to groups of potential growers and current IDA 

participants. A multimedia presentation was developed, consisting of a video, computer 

presentation, written materials and a working aeroponic model. 
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The eleven-minute video included an introduction to the company and concept, 

and an overview of the natural product market and trends in herbal sales. Aeroponic 

production techniques were shown, with Dr. Merle Jensen, Professor of Plant Sciences at 

the University of Arizona providing a brief discussion on the role of cultivation 

technologies in meeting rising demand. Dr. Stephen Cornell, Director of the Udall Center 

for Studies in Public Policy at the University of Arizona, spoke on the critical need for 

diverse economic development in bidian country. Mr. Danny Lopez, a member of the 

Tohono O'odham Nation working with the Tohono O'odham Conununity Action 

Program in Sells, Arizona provided an eloquent viewpoint on the role of farming in 

Indian traditions. Mrs. Dolores Flores, a traditional healer and elder in the Pascua Yaqui 

community and the Pascua Yaqui Health Center, Tucson, Arizona, commented on the 

different traditions of Native Americans and herbal medicines, and the difficulties in 

obtaining some of the traditional plants. Mr. Angelo Joaquin, Executive Director of 

Native Seed SEARCH, a non-profit seed saving organization in Tucson, spoke briefly on 

the need to continue utilizing traditional crops and herbs so the knowledge and 

germplasm is not lost. Finally, Mr. Felipe Molina, a member of the Pascua Yaqui tribe 

working with the Native Seed SEARCH Diabetes Project, addressed the growing health 

problems of diabetes among Native American populations, and the role of traditional 

diets and foods in maintaining healthy lifestyles and active cultural traditions. 

After the introductory video, Quiroga presented the development model, 

explaining how the IDA program could provide assistance to qualifying tribal members 

who wanted to become growers/suppliers to the company but couldn't afford the 
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expected start-up costs. Printed materials about the company and the herbal dietary 

supplement industry were distributed and a small tabletop model showing an aeroponic 

growing system was demonstrated. The aeroponic model was built following suggestions 

from several Native Americans who observed that, in general, people living in traditional 

cultures give new technologies more credibility if they can see the technology working, 

bi other words, images and video were not as tangible as an operating model. The 

aeroponic model did generate substantial interest and provide a focus for questions and 

dialogue. 

Presentations were made to five different audiences, ranging from S to 20 people 

in each. Three of the presentations were to IDA participants, and two were to the tribal 

farmer's organization, the Cherokee Small Farm Project. An exit survey was developed 

in cooperation with Dr. Stephan Cornell, Director of the Udall Center for Research in 

Public Policy at the University of Arizona (See Appendix 4). Thirty surveys were 

returned, with 90 percent stating they were interested in becoming a grower through the 

program. All respondents had access to land, water, and electricity appropriate for 

greenhouse production. Ninety percent (27 of the 30) were willing to work as part of a 

cooperative, and to be paid though the grower cooperative. 

The next set of questions in the survey addressed the issue of IDA eligibUity. 

Only 33 percent (10 of 30) thought they would qualify for the IDA program. This 

demonstrated to the researchers that tying the economic development model so closely 

with the IDA program was excluding many families who might not qualify for IDA funds 

either because they ate not currently employed, or their income is too high, or they 
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simply do not want to wait the two to three years required to complete the IDA training 

program. Therefore, because of this survey, the researchers are planning to broaden the 

scope of the model to include non-IDA participants. 

The last set of questions concerned the expectations the respondents had for 

annual proHts. One hundred percent of respondents to this set of questions said they 

would be interested in being a supplier if they could make, annually, $10,000 or more 

above costs. 95 percent would do it for $7,500 over costs, 94 percent would participate 

for $5,000 over costs, but only 44 percent would consider it for $2,500, and 20 percent 

would work for $1000 profit per year. 

Although this survey was not large enough to be statistically relevant, it did 

provide a sense of the level of interest among those who attended the presentations, and 

their profit expectations. Most importantly, it demonstrated that most respondents were 

enthusiastic and knew others in the conununity who would be interested in knowing 

about the project. 

3.4. Supply Channel Research Conclusions 

Use of a personal asset matching and traimng (IDA) program as a tool for 

assisting low income rural families in accumulating the capital they need to become a 

supplier to a private company proved to be feasible and very popular. The administrators 

of the IDA programs, both at the two tribes and at the two non-profit organizations 

interviewed, were very supportative of a private company becoming involved in the IDA 
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program. Some changes and additions to the programs would have to be made in order 

for a private company to participate as a sponsor, including; 

• IDA administrators would need to expand the program to accept additional 

matching funds from a third party; 

• recruitment methods for participants interested in becoming suppliers should 

be directed toward groups likely to have access to land appropriate for 

horticulture, such as farmers' organizations, rural community groups, etc.; 

• the training requirement would have to be increased to include horticultural 

sessions, and company staff would need to be included in the training program. 

It became evident that not all potential growers were eligible for the IDA 

program, and that the model should be expanded to include all who were seriously 

interested in growing the crops. The idea of grower cooperatives, consisting of both IDA 

and non-IDA participants, addresses several of the issues. Cooperatives are conunon in 

agricultural commodities, particularly fruits and vegetables where diverse crops can be 

marketed as a group more effectively than individually. 

Grower cooperatives that pool revenues would even out the compensation and 

time required for various crops to mature (Cobia, 1989). For example, burdock can be 

harvested after only Hve months of growing time, but Echinacea requires nine months in 

aeroponics (two to three years in Held agriculture), and other crops might require up to 

two years in the greenhouses, or five years in the field. the same vein, the various 

crops have different market value, ranging from $4.00 per pound for fresh skullcap leaf to 

$12.00 per pound for fresh Echinacea root. With such diverse crops, it is likely that most 
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growers would want to produce the fastest-growing or highest-value crops, creating a glut 

of one product when the company actually required an even production of many 

products. Therefore, if the company could contract with a cooperative to produce a 

certain group of products over a period of time, then the cooperative could disperse the 

earnings in some proportional way, accounting for the growing time to harvest and the 

market value of the product. Additionally, the cooperative could reduce costs by buying 

materials and supplies in bulk, and diversify the crops to reduce risks of loss due to 

disease or weather. Finally, with a variety of growing techniques, including Held 

horticulture, greenhouse culture, hydroponics and aeroponics, the marketing cooperative 

could acconunodate a flexible economic structure to suit the needs of various growers. 

Goals for future research in this area include marketing the plan to other tribes 

and Native American conununities as part of an implementation phase. These research 

and development steps may lead to creation of new market opportunities for the 

grower/suppliers who might then expand into other crops such as cut flowers, culinary 

herbs, traditional foods and fresh vegetables. These types of opportunities do not 

currently exist in sufficient quantity for this economically disadvantaged segment of the 

rural American population. 
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4. IDENTIFYING THE MARKET 

The herbal dietary supplement market saw rapid growth in the 1990's, with 

previously obscure herbs such as St. John's wort and Kava becoming household words. It 

has only been since the early 1990's, however, that market trends in this poorly identified 

segment of the natural products industry have been monitored. Few market studies are 

publicly available prior to 1996, and there is still confusion on how some studies 

categorize herbal products. For example, in 1999 the American Herbal Products 

Association included herbal teas in its annual report, however, several other industry 

surveys chose not to, considering teas as food (Brevoort, 1999). The US International 

Trade Commission tracks only the import and export of ginseng separately from other 

herbs and spices, all others are grouped together as "crude vegetable substances, not 

elsewhere enumerated" (US International Trade Commission, 1983). Even these values 

may not be accurate, as it is conunon practice to under-report the value of imported 

agricultural products to customs agents. 

It is generally agreed, however, that the market has slowed considerably in 2000. 

Market statistics compiled by Information Resources Inc., of Chicago, Illinois, 

representing only food stores, drug stores, and mass marketers, report that sales for herbal 

supplements fell IS percent during the year 2000 (Blumenthal, 2001). These statistics do 

not reflect the segment of consumers who purchase herbal supplements at high-volume 

warehouse buying clubs, convenience stores, natural foods stores, or through multi-level 

marketing. Sales figures for these markets are even more difficult to estimate. 
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As difficult as it is to estimate the market size for this industry, there are some 

numbers available. HerbalGram, the American Botanical Council's quarterly publication, 

published market overviews compiled by Peggy Brevoort in 1996 and again in 1998. 

Annual retail sales for "botanical medicines" were estimated to be approximately $1.6 

billion in 1994, rising to $3.87 billion in 1998 (Brevoort, 1998). Even the relatively 

conservative Journal of the American Medical Association published a survey conducted 

in 1997 by Harvard Medical School estimating that out-of-pocket expenditures (those not 

coveted by insurance companies) for herbal products to be $5.1 billion annually. This 

Hgure may include body care products not included in the other surveys (Eisenberg, et 

al., 1998). 

4.1. Marketing Research Approach 

In 1999, a research grant from the USDA was awarded to Guillermo Quiroga and the 

author to investigate the size, demographics, and decision-making processes of 

consumers of selected herbal dietary supplements that were traditionally used or have 

been adopted for use by various Native American tribes. 

The researchers set up three fundamental questions for the research. The questions are 

generally relevant to all businesses (using different semantics) but they also relate to 

assessing and developing marketing opportunities for Native American products in 

general, and a private company's herbal products in point. The three fundamental 

questions were: 

• How well can a Native American brand compete in the natural products industry? 
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• What positioning strategy should the brand take? 

• Do Native American herbal supplement products gain value because they are 

Native American in origin and marketed by a Native American company? 

The PI then proposed three intuitively derived generalities that would add support to 

the main premise that the Native American Indian image and history adds value to 

products that are native to the Americas and traditionally grown, processed, used, and 

marketed by Native Americans. These generalities guided the research and marketing 

approach. 

The generalities were: 

• Native Americans, although not homogeneous, are collectively a unique and 

distinct cultural group in the US; 

• certain images are held to be intrinsically related to Native American culture by 

non-Indians; 

• Native Americans are universally acknowledged as a distinct culture group, 

giving them (and their traditional items) an unmeasured degree of "brand identity." 

Using basic marketing methodology, the researchers developed a research hypothesis: 

Given the above three generalities. Native American images and 

information, combined with marketing intelligence, will add value to 

the proposed line of herbal supplements in a way that may positively 

influence consumer purchase behavior. 
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4.2. Marketing Research Goals 

The goal for this marlcet study was to gain knowledge firom primary and 

secondary research into the feasibility of competitively marketing herbal supplement 

products that are native to the North American continent. 

More specifically, the results of this research project proves feasibility of using 

methods that imply, depict or suggest images of Native American culture and identity to 

help deHne a certain differential value of Native American products over similar 

products. The author feels further research in development and commercialization could 

lead to sigm'ficant improvements in marketing Native American agricultural products that 

are traditional, employ positive imagery of Native American culture and promote 

authenticity of products inherent to Native Americans. 

The following oudines the methodology, the implementation of the work plan, the 

outcomes of the research, and the significance of the outcomes in proving feasibility of 

the study objectives. 

4.3. Materials and Methods 

Quantitative research was performed using The Hartman Group's (THG) extensive 

1998 proprietary, nationally representative database of43,000 households of US 

consumers listed in the herbal supplement category, bi addition, qualitative focus group 

research was performed with targeted consumers who were exposed to stimuli that would 

o^er insight into purchase decision-making, product selection criteria, and the influences 

of Native American images. 
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4.3.1. Preparing Research Tools 

The inunediate task was to develop a specific set of research questions. The resulting 

discussions led to a strategy for THG's project team. THG's project goals were defined 

as follows: 

• Establish a potential market size estimate for the brand (based on eight test 

products); 

• Provide an initial assessment of the distribution channel strategy; 

• Establish a demographic profile for the target market consumer; 

• Research the selection criteria used by the target consumer in selecting herbal 

supplements; 

• Evaluate the test sample labels based on the target consumers' selection criteria; 

• Investigate the resonance of the brand attributes with the target consumers. 

After approving the six project goals, the PI and members of the research team 

established and prioritized a list of tasks that needed to be accomplished prior to 

conmiencement of the contractor's research. Those tasks are listed in order below: 

• Product list - establish the final Ust of test products that will be used in the research. 

• Price category - determine where the test products will compete in the market 

("Premium" or "Standard"). 

• Product packaging parameters - choose bottle size, composition, color, and 

information presentation. 
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• Packapne and label designs - design the labels for the test samples including the 

necessary images that would differentiate them as Native American. 

• Focus group selection - establish the selection criteria for prospective members of 

the qualitative research (focus groups). 

4.3.2. Testing Product Selection 

Native American Botanies' business strategy is stated in its positioning statement, 

which is "Native American Herbs by Native Americans" This implies that only herbs that 

are native to the American continents will be offered, and they will be produced, 

manufactured, and marketed by Native Americans. This dictated, therefore, that research 

be performed using only herbs that were traditionally used or adopted for use by Native 

Americans. The researchers included some popular products, as well as two less familiar 

herbs, yerba mansa (Anemopsis califomica) and helonias {Chamaelirium luteum) because 

of their ethnobotanical signiHcance. This decision became problematic, however, and 

resulted in changes when quantitative analysis was performed using the existing Hartman 

Group's database. The initial product line is listed in Table 4.1. 

Table 4.1. bitial proposed product line. 

Echinacea Echinacea angustifolia 
Oshi Ugusticum porteri 
American ginseng Panax quinquefolius 
Skullcap Scutellaria laterifolia 
Helonias Chamaelirium luteum 
Raspberry leaf Rubusidaeus 
Yerba mansa Anemopsis califomica 
Burdock Arctium lappa 
Black cohosh Cimicifuga racemosa 
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4.3.3. Proposed Price Categories 

With the above herbs identified as the initial test products, the next research objective 

was to determine whether the initial product line was appropriate for marketing to the 

proposed target market. Initially, two lines of products were proposed for testing: 

"Premium" and "Standard." 

uiiiiai rLciiiiuiu 
(collectible) packaging. Artwork by Leonard pjgure 4.2. Initial proposed labels for 
Ghana and Daniel Leon "Standard" line of products. 

"Premium" - The premium line was planned to be a collectible type of product that 

would be offered in sealed reusable cases, boxes, daily pillboxes, or seven day medi-

chests adorned with quality Native American art, information about the company, its 

socially conscious ethic. Native American suppliers, and culturally relevant historical 

information and native languages (see Figure 4.1). 

"Standard" -The Standard line was planned as a simple version, consisting of the 

"generic" white or colored plastic bottles or opaque cardboard containers with minimal 

but sufficient information about purity and contents. This marketing concept was 

Photos by author, 1999. 

••nnjM.iwcwilo"''' 
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designed to determine whether the company name and logo alone was attractive and 

projected Native American images to prospective consumers (see Figure 4.2). 

The Premium line was to be "premium priced," whereas the Standard line would be a 

competitively priced line, attractive to price-sensitive consumers. Both would conform to 

the guidelines set forth by the Dietary Supplement Health and Education Act of 1994 

(DSHEA). After evaluating competitors' products, the researchers decided to eliminate 

the standard line since it did not contribute value to proving feasibility of this research. 

After further exploratory research, especially from analyzing various competitors' brands 

as well as cost and price analysis, the researchers and consultants transformed the 

Premium line firom a "collectible" type container to a more standard format with 

collectible appeals. The size was matched to the most popular competing brands using 

lOOcc and 120cc sized bottles. 

4.3.4. Testing Packaging Samples 

In order to further research effective test packaging, a search was made for a vendor 

where image designs, once determined, could be developed and printed. The researchers, 

working with consultants, developed a comprehensive list of research areas that would be 

used to determine which would be most appealing when placed in front of the target 

consumers. Key decisions included how the research line of products would be presented 

and what type of "point of purchase" design would be developed for on-shelf or tabletop 

display. Exploratory competitor research was performed through numerous visits to 

various retail vendors in Tucson, Arizona and perusal of competitor product displays at 
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industry trade shows. Travel to the National Nutritional Foods Association (NNFA) trade 

show helped develop a list of areas to be addressed prior to further research into the 

"final" product test samples to be used for this research project. Over 25 samples of 

competitor products were collected and important information was gathered from raw 

material suppliers, packaging and labeling manufacturers, and marketing researchers. 

The selection and choice of appropriate images for test sample labels became 

problematic early on. The selection of appropriate artwork started with important 

research into determining what type of Native American image would be most 

identifiable as Indian and most acceptable to the target consumer as well as culturally 

acceptable and respectful to Native Americans. Efforts were made to develop a library of 

appropriate resources for label art for the planned products. The researchers decided that 

each product should convey an image that has a definite, visual connection to the product 

as well as its Native American element; therefore, each herbal product should have a 

different image for its label. Also, using an individual piece of art for each product would 

best differentiate the company's products on the store shelf. 

In a search for appropriate imagery, an outreach to artists was done to see if existing 

art could be "borrowed or loaned" for qualitative research purposes. A list was purchased 

from Atlatl Die., a national service organization for Native American arts based in 

Phoenix, Arizona, and a request letter was sent to over four hundred Native American 

artists and photographers. The desired response was 30 to SO copies of existing original 

artwork, of which possibly 10 or so could serve for the development of three to six 

sample test labels for this research. 
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The request for appropriate art was not successful. Twelve artists sent over 140 

samples of their art in various forms. Of the art submitted, only three had appropriate 

content, of which one was not available in any usable formats. All the art samples were 

retumed to the artists. Consultation with Native American art experts in Arizona and New 

Mexico suggested that the only way to obtain the "right" piece for each product would be 

to contract with artists to produce specific pieces for each product. This was unfeasible 

under the current budget and time constraints. 

The decision at that time was to seek assistance from a local vendor. Fourth World 

Design, who would loan samples of its proprietary Native American art for the test 

samples and print the test labels. A set of five labels was prepared for the first prototypes. 

The frve samples exhibited a variety of formats, offering a range of maximum to minimal 

Native American imagery and information (see Figure 4.3). 

Figure 4.3. First designs for sample labels 
Graphic art by G. Dawavendewa, 1999. 
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From these first designs, new labels were developed based on the former "Premium" 

design using original pieces of art incorporating some kind of floral images combined 

with traditional Native American images on a generic plastic bottle container. Three 

products, American ginseng, Echinacea, and black cohosh were selected for the "revised" 

product test samples. The art was loaned by the graphic artist for use in the qualitative 

research and compared more favorably to the collected product samples of direct 

competitors. The product line seemed to fit with research that found consumer brand 

loyalty to be weak and consumers gravitating toward products that imply authenticity, a 

key concept in relation to perception of Native American images. Furthermore, the test 

samples were developed to evaluate both brown and white plastic bottles (see Figure 4.4). 

Figure 4.4. Revised line of 
product test labels. 

lUCK. COHOIH.'̂  [iu» COHOtH ICHINACIA 

Other vehicles for conveying information to the consumer were explored as well. 

Test samples of "hanging tags" that provided limited information about the company 

were considered (see Figure 4.S). Inserts, which could be packaged inside boxes with the 

product, provided more room for information and artwork (see Appendix S). The inserts 

appeared to be a good mecham'sm for getting die maximum amount of information to the 

consumer at a reasonable cost, and differentiated the product line from competitors. 
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Figure 4.5. Hanging tags on bottles 

4.3.S. Focus Group Selection 

With all the preliminary preparation completed, the researchers arranged for the 

contract consultant to begin work on the qualitative portion of the consumer preference 

research. Prior to beginning this research, the company identified a target market that was 

predominately female, middle-aged andof higher education and income levels. THG's 

contract was to focus on this market and determine, with reasonable confidence, if the 

target market had a predisposition or inclination toward purchasing an herbal supplement 

that exhibits attributes related to Native American origins, traditions, or experiences. 

Three focus groups were planned. The location chosen for the focus group research was 

the Denver, Colorado metropolitan area because the area has numerous herbal 

supplement manufacturers, health food stores and a large herbal supplement consumer 

population. Together with THG's staff and a sub-contracted research group, the PI 

outlined specific criteria for recruitment of the focus group participants. The recruitment 

criteria required participants to: 

• be a current user of herbal supplements; 

• be between 30 and 70 years of age; 
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• have some college education; 

• be not involved in advertising, marketing or herbal supplement business; 

• have not participated in any focus groups in last six months; 

• use a variety of methods or channels to purchase herbal supplements; and 

• have some knowledge or familiarity with Native American culture, heritage or 

traditions. 

Of the three focus groups, two of the groups were comprised of nine participants and 

one was comprised of six participants, ranging from 30 to 69 years of age. Approximately 

75 percent of the participants were female. A majority of the panelists were Caucasian 

and four claimed to have Native American ancestry. There was one African American on 

the panel. All participants had at least some college education. The sessions were audio 

taped and the PI and lead THG researcher listened and watched through a one-way 

mirror. THG's focus group moderator employed an ethnographic-style interviewing 

technique where, instead of leading participants along a series of pre-determined 

questions about the main themes of interest to the client, she allowed the group to speak 

in their own words and to freely associate their collective thoughts. This methodology 

allowed for a more in-depth understanding of how consumers perceive and talk about 

their shopping behavior and how these are related to the proposed Native American 

products. 
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4.3.6. Focus Group Consumer Research Findings 

The moderator led the groups through four areas of discussion, which were: 

• Brand Differentiation - Focused discussion on how consumers choose current 

brands 

• Socially Conscious Shopping - Deconstructed consumer decisions about buying 

products that have links to "greater good" issues, 

• Perceptions and Resonance of Native American Culture - Focused discussion on 

issues of authenticity, quality, image of Native American products 

• Attitudes Toward the Brand 

4.3.6.1. Brand Differentiation - The Brand Selection Process 

The focus group participants were asked to imagine themselves in a health food or 

vitamin store, standing in front of the supplement section. A shelf set with 5 bottles of 

different brands of Echinacea herbal supplements (including the research Echinacea test 

sample) were revealed on the table (see Figure 4.6). The moderator explained that all the 

products was in the same price range, then asked respondents to write down which of the 

bottles they would select and how they go about choosing. The first reaction to the shelf 

set was almost unanimous. Participants expressed their common feeling about being 

overwhelmed by choices. 
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Figure 4.6. Focus group 
sample assembly. 

The discussion that followed regarding the selection process for herbal supplements 

was very similar in all three groups. The following are some generalizations made from 

this part of the session: 

• These shoppers spend a great deal of time reading labels. 

• When selecting products off the shelf, brand per se is not an important criterion. 

• Panelists looked for a varieQr of information in evaluating the products. 

• Some panelists focused on whether the product was a standardized extract or not. 

• The packaging of the product was a factor in how panelists selected products. 

Many respondents explained that they would seek the advice of someone working in 

the store to help them select the product that was right for them. Others agreed that there 

is often a fair amount of research and consultation with friends, pharmacists, store clerks, 

internet, and magazines that occurs surrounding the actual purchase of any herbal 

supplement. 

The moderator then asked the groups which product seemed to be the most 

"authentic" to them. Several people explained that both the Native American Botanies 

and HerbPharm brands seemed to be the most authentic, the former being rooted in 
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cultural traditions of Native Americans, and the latter as looking and feeling more 

"scientific/no-fluff." In general, authenticity was based more on appearances and brand 

image than on the facts presented on the bottle. However, while a brand's perceived 

authenticity may draw the consumer to consider the product, it does not ensure its 

purchase. Panelists studied all the products, looking for particular information (e.g. 

dosage, extraction process, etc.) and made selections based on that, rather than the 

perceived authenticity of the product. When asked whether they use a similar process in 

selecting herbal supplements other than Echinacea, respondents proclaimed a unanimous 

"Yes." 

4.3.6.2. Socially Conscious Shopping 

THG's moderator sought feedback from the focus group participants about whether 

they shopped for products or services in which a portion of the money being spent went 

toward "the greater good." The intent of this part of the session was to get respondents to 

talk about their attitudes and behaviors conceniing purchases that contribute to such 

things as the economies of local conununities, charity organizations, and other social 

causes without giving away the specific details of the product being tested. This method 

of questioning allows the respondents to be mote honest in their behaviors as opposed to 

giving socially desirable answers to questions of this nature. 

The following are some generalizations made from this part of the session; 

• Socially conscious shopping was not "top of mind" to these consumers. That is, 

they admit to not specifically seeking out a product with some added social benefit. 
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However, many respondents explained that, with all else being equal (price, quality, 

convenience), they would purchase a product or service that contributed to something 

they believed in. 

• With regard to the effectiveness or authenticity of charitable programs, panelists 

were skeptical about the actual amount of proceeds received by beneHciaries of these 

programs. Panelists were very pragmatic about the potential for businesses to exploit 

consumers using these types of programs. Because of this, simplistic messages about the 

qualities of a charitable program are insufficient. For the panelists to be swayed in their 

purchasing, they require the details (e.g. percent of proHts being passed on to the 

beneficiaries) behind the program. 

• These consumers claim to want "the facts" about how dieir purchase will benefit 

the intended group or organization. 

It was very clear in all of the focus groups that these participants want to have a clear 

understanding of "the story" surrounding a socially conscious purchase. With many of 

them feeling vulnerable to "being scammed," they have to feel convinced that their 

purchase will benefit others. When asked how they may team about "the story," 

responses ranged from "60 Minutes stories," to "local newspapers," "magazines," "in> 

store clerks," "pharmacists" and "in-store pamphlets next to products." 

4.3.6.3. Perceptions of Native Americans in the US 

bi order to uncover the focus groups' resonance to Native Americans in the US, the 

moderator asked focus group participants "what comes to mind when you think about 
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Native Americans in the United States?" Again, the intent of this line of questioning was 

to have respondents speak freely about their images and thoughts about Native American 

culture without specific reference to the test product. This allows the respondents to be 

more honest in expressing their beliefs as opposed to giving socially desirable answers to 

questions of this nature. At this point the panelists still had not been informed of the 

company's socially responsible business model, which makes the panelists' responses 

even more important when considering the viability of the brand. 

The following are some generalizations made from this part of the session: 

• The majority of respondents held the belief that Indians have been treated unfairly 

in American society. Many talked about how terrible it is that Indians have been 

forced to live on reservations, typically on the worst quality land in the country. 

• There was general awareness of the high level of poverty and alcoholism, the lack 

of higher education and skills, and the economic reliance on gambling on 

reservations. 

• Most acknowledged their awareness of the inaccurate images of Indians portrayed 

historically in this country. Many supported the reclamation of tribal lands and 

rights. 

• A number of respondents described how Indian culture is much more "in-tune" 

with the earth and has traditional knowledge of how to use medicinal herbs for 

healing. 
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• Almost all respondents agreed that art is a well-known and respected element of 

Indian culture, and probably one of the most visible connections the mainstream 

society has to Indian culture. 

When asked about what they could do to help the economically depressed situation 

on tribal lands, the majority of respondents had feelings of ineffectiveness. Several 

suggested that it is important to do more than just "give hand-outs." The participants 

were well-aware of the depressed state of Indian economies and the rich cultural heritage 

Native Americans have to offer. Although a passion of activism seemed to be expressed 

by the respondents, there were no clear ideas about how to actually effect changes. 

Photos by author, 1999. 

Figure 4.8. Test samples of outer 
packaging (boxes) 

Figure 4.7. Test samples of point-of-
purchase display unit with package boxes 
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4.3.6.4. Attitudes Toward the Brand 

The discussion finished with a targeted conversation regarding Native American 

Botanies' brand of herbal supplements. Respondents were shown a counter-top point of 

purchase unit with the three test samples of packaging boxes; black cohosh, Echinacea, 

and American ginseng (see Figure 4.7) and asked to talk about their first impressions. 

The following are some generalizations made from this part of the session: 

• There were many positive responses to the point-of-purchase unit. The majority of 

participants seemed to like the use of the boxes (see Figure 4.8), specifically 

acknowledging the impressive artwork. 

• When asked to talk further about the packaging, respondents explained that the art 

could be smaller and the name of the brand should be larger. Several panelists who 

were well versed in Native American culture and artwork noted that the artwork 

should be more varied (by tribe and artist), and that the Hopi style may not be 

recognizable to many consumers. 

• Other suggestions made with regard to the test labels included: state the expiration 

date, usage information, and more specifics about the company with regard to level 

of Native involvement in the ownership and manufacturing process. 

• Most participants suggested that the bottles should be made out of brown glass 

rather than plastic, and put in boxes made out of recycled materials. 

• Participants suggested that some additional information be included, either on the 

label, box, insert or on a display. This included: a map of the source of the herbs and 

an explanation of the freeze-diied process. A couple people suggested that 
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photographs of elders, children and the growing process on reservations be shown to 

"humanize" the product. 

Respondents were told the details about the company mission and asked to explain 

how much of the story they would need to know before making a purchase. Answers 

varied in this regard, but many seemed satisfied with what they saw already. However, in 

reference to the previous elements of the sessions, it would seem that the story of the 

company should be made clear, on the packaging, as well as through other 

communication channels. It was not enough to say that the company was owned by 

Native Americans, some panelists were still skeptical about how that would benefit other 

Native Americans outside of the immediate owners. While the brand's position statement 

"Native American Herbs by Native Americans" caught their attention, they wanted 

details of the company and how it would carry out its mission to overcome their 

ingrained skepticism. 

hi summary, the majority of respondents were highly supportive of the brand and 

several asked how soon it was going to be available on the market. In the final group, 

some even suggested line extensions for the brand, including T-shirts, calendars, and 

posters displaying the art on the packaging. 

4.3.7. Quantitative Research 

THG utilized its extensive, proprietary databases based on surveys of43,000 

households (US Consumer Use of Vitanuns, Minerals, and Herbal Supplements: VMHS 

Phase One and VMHS Phase Two) to pull out quantitative data about the proposed line 
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of products and the market. The database research findings are broken down into three 

distinct categories of information: (1) distribution of Native American Botanies' product 

users within channels, (2) potential market share analysis for specific products and (3) 

target consumer demographic information. 

4.3.7.1. Market Channel Verification 

Since it was the intention to market the products directly through the health food store 

(HFS) channel, THG focused its database research toward verifying this as the best 

introductory strategy. Both the researchers and THG agreed that the attractiveness of this 

channel is based on a number of factors, including the more committed and educated staff 

working in these retail outlets, a higher level of interest and understanding of herbal 

products by channel customers and the social ethics that tend to characterize this 

distribution channel. All of these factors support using this distribution channel for the 

initial launch. 

THG sought to consider the overall consumer market for this channel as well as 

compare it to other traditional channels (see Table 4.2), described below; 

• Consumer Direct (CD) - includes direct sales through mail/catalogue and Internet 

• Food, Drug, and Mass market (FDM) - includes grocery supermarkets, drug 

stores, mass merchants (e.g. Walmart) and club stores (e.g. Costco) 

• Health Food Stores (HFS) - includes natural food stores, vitamin/supplement 

stores (e.g. GNQ and natural food supermarkets (e.g. Whole Foods) 

• Other - includes all other channels not otherwise defined. 
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Table 4.2. Herbal* market c lannel groups & market share (1998)**. 
Channel Group 12 Month Sales 

(thousands of dollars) 
Market Share 

(percent) 
Total $1,865,000 100 
CD $737,856 40 

FDM $618,391 33 
HFS $317,187 17 
Other $191,988 10 

* Herbal includes all herbal products derived from natural plants. Non-plant based 
supplements, such as Glucosamine and Chondroitin, are not included. 
**Information retrieved from THG proprietary databases, VHMS Phase I & Phase II. 

THG research found that approximately 17 percent of the market share for the 

selected herbs is held by the HFS channel. This equals over $317 million of the 

estimated $1.9 billion market THG estimated in 1998. 

4.3.7.2. Potential Market Share 

The proposed product mix that the researchers initially selected presented an 

analytical problem. Sales data for the proposed products were drawn from THG's 

database in two ways. The primary method relied on the product having a sufficient 

sample size in the database to generate statistically meaningful sales figures. This was the 

method used for Echinacea, goldenseal, black cohosh and ginseng. In the case of 

Echinacea, the researchers originally planned to look at two different species of 

Echinacea, however THG's database did not break out the different species; only one 

combined estimate of potential market sales is provided for all species of Echinacea. The 

same situation was encountered for the potential market estimate for the American 

ginseng product. THG's database had information only on all species of ginseng. 
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Surrogates had to be used for other products because of insufficient market data. 

These surrogates were chosen based on the reasons consumers would use die product. 

An appropriate surrogate product was one that consumers used to treat the same 

conditions for which the research product would be used. The surrogate products are 

listed in Table 4.3. 

Table 4.3. Surrogate products used for secondary research. 
Research Product Primary THG's 

Reason For Use Surrogate Product 
Oshi Cold/Flu Echinacea 

Skullcap Anxiety Kava kava 
Yerba mansa Cold/Flu/Arthritis Goldenseal 
Red raspberry Female Tonic Dong quai 

Helonias Female Tonic Dong quai 
Burdock Liver Dysfunction Milk thistle 

THG developed a potential market estimate based on the proposed product line, 

using surrogates, within the HSF distribution channel (see Table 4.4). The sales data for 

the individual products are comprised of three separate variables used to calculate total 

sales: purchase occasions, average number of containers purchased per occasion, and the 

average price paid per container. Multiplying these three variables together produced a 

total sales estimate. 

These sales Hgures represent sales through all distribution channels for the entire US. 

For the research brand, to be introduced in the HFS channel with a focus on health food 

stores and health food supermaricets, projections were provided for distribution channel 

sales with a 5 percent market share target. The total potential market for the initial line of 
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research products distributed through health food and vitamin and supplement specialty 

stores was estimated to be greater than $3,000,000 annually. 

Using surrogates for the proposed Native American Botanies products provided the 

best estimate of potential market share. However, attributing the specific data for the 

surrogate products, such as the average price, to research products may be misleading. 

Actual prices for the research products within the different distribution channels may be 

either higher or lower than the average price derived ftom the database for the surrogate 

products. 

Table 4.4. Potential market estimate within the HSF channel (1998). * 
(Figures in thousands of dollars) 

Native American Botanies 
Brand 

Proposed Products 

Total 
Potential 

Sales 
All 

Channels 

Total Potential 
Sales 

Selected HFS 
Distribution 

Channels 

5% Potential 
Sales 

Selected HFS 
Distribution 

Channels 
Echinacea (all varieties) and 
osha 

$118,700 $22,553 $1,128 

American ginseng 
(Ginseng) 

$130,396 $19,559 $978 

Skullcap 
(Kava kava) 

$32,709 $5,888 $294 

Goldenseal $27,219 $5,988 $299 

Red raspberry 
(Dong quai) 

$8,256 $1,981 $99 

Burdock 
(Milk thistle) 

$26,509 $6,627 $331 

Black cohosh $17,637 $4,586 $229 

Total Market Potential $361,426 $67,183 $3,359 

*Mormation retrieved ftom THG proprietary databases, VHMS P lase I & Phase D. 
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4.3.7.3.Consumer Demographics 

THG's database contains a wealth of consumer demographic data on the primary 

purchasers and users of herbal supplements. The demographic tables include 

comprehensive data on the herbal supplement category users and on specific product 

users. The demographic data categories include: 

Geography • Education 

Income • Employment 

Household Data • Occupation 

Market Size • Health Club Membership 

Marital Status • Race 

Head of Household Data 

THG's demographic data is expressed as a percentage of the total users, providing a 

measure of the relative share of users each variable represents within the category. For 

example, for the geographic category there are nine distinct regions established by the US 

Census. THG data used these regions to subsegment overall users. 

The preliminary research estimated that the majority of users of the proposed initial 

product line are women, 35 years of age or older with above average income and some 

college education. THG's consumer demogrs^hic data for both the overall herbal 

supplement market and for each of the proposed products supports the researchers' 

choice of this target. While there is a wide range of customers in the market, women 

purchase over 70 percent of all herbal supplements, bi terms of the consumers who use 

specific company products, the demognqshic profile is less skewed, but women still make 

up a majority of the users. 
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In summary, the results of THG's database research lent support to the current 

marketing plan for its proposed new brand of herbal supplement products in terms of the 

distribution channels into which die products will be introduced, and the target 

customers. THG suggested, however, that the company might be limiting potential sales 

by focusing exclusively on the HFS distribution channel in the long run. While initial 

distribution through the HFS channel is justiHed and feasible as the company establishes 

operations, THG reconunended complimenting the HFS distribution network with 

distribution through the consumer direct distribution channel (representing 42 percent of 

herbal sales). Consumer direct distribution channels (e.g. direct sales) offer many of the 

advantages of the HFS channels, such as committed and educated sale force and more 

personal relationship with the customer. With the compelling marketing strategy behind 

the brand, distribution through one of these additional channels could provide significant 

additional sales for the company. This distribution expansion could be self-supported, 

but could also be attained through strategic partnerships or co-marketing arrangements. 

Considering the initial distribution plan utilizing HFS, the potential market for the 

brand, assuming a S percent market share, is approximately $3,300,000. This figure is 

derived from existing market sales of comparable products sold in the US market and 

does not take into account any assumptions about Native American Botanies' products 

garnering significant additional sales because of compelling brand identity. The 

researchers propose to do extensive research in the future to assess the resonance of the 

brand with herbal supplement consumers. The results of THG database research will aid 

in making a more accurate estimate of the market potential. 



145 

4.4. Marketing Research Conclusions 

The principal conclusion reached from this study is that the Natural Foods Industry is 

an appropriate venue for Native American agricultural products. The research also 

confirmed that the marketing approach proposed by the company is acceptable to the 

target market. However, care must be taken to assure the consumer that the company and 

products are authentic, and sufHcient information about the company and products must 

be readily available. 

These conclusions could be transferred to other agricultural products as well. 

Although herbal dietary supplements are a major segment of the nahiral products 

industry, other products marketed through this channel, such as unprocessed foods, 

convenience foods, body care products, and craft items could be explored as potential 

channels for Native American agricultural products. If the same marketing strategy is 

adopted, however, the same care must be taken to assure authenticity and provide the 

consumer with information about the product and company and establish a strong 

connection to Indian country. 

Future research will need to be done in order to produce prototypes and test the 

resonance of the Native American imagery in the natural products industry. More 

accurate data based on actual prototypes, rather than surrogate products, are needed to 

project confidently the size of the market and the value of the Native American brand 

identity. Issues of product quality, competition, price, distribution capacity, and supply 

must also be researched. This compilation of information could then be used to increase 

market share or even create new markets for Native American agricultural products. 
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5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Economic botany is inherently an interdisciplinary science. Research in this field 

generally investigates a new crop's physiology, ecology, and potential for 

conunercialization (Wickens, 1990). The focus is usually restricted to a specific species 

or group of closely related species. This approach is a time-proven and in-depth 

evaluation of the potential of a new crop. However, that is not the approach this author 

used in the research presented here. Instead, models for a new horticultural production 

system, innovative supply-chain development and niche marketing of value-added 

products were explored that could be adapted and applied to different crops and 

situations. This is a very applied approach to the complex challenge of commercializing 

new crops and developing new markets for agricultural products. 

S.l. Summary 

An interdisciplinary, three-pronged approach was used to evaluate the feasibility 

of applying new, innovative production and marketing techniques to various crops sold in 

the herbal dietary supplement market. The specific aims of this research included the use 

of horticultural, economic development, and marketing research as follows: 

1. Designing and testing a modified aeroponic horticultural system suitable for 

small- and large-scale conunercial production of raw materials for the herbal 

dietary supplement and phytophannaceutical industries. 

2. Verifying that the products and production methods are culturally and 

economically acceptable to Native American tribes and individuals as economic 
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development opportunities, incorporating the Individual Development Account 

(IDA) program as a means for increasing start-up capital for low-income 

participants. 

3. Determining whether a market exists that would support the proposed 

marketing ^proach, and developing strategies to secure a reasonable market 

share. 

All three of these aims proved feasible for the crops evaluated. A summary of the 

results is outlined below: 

Horticultural research • The aeroponic growing system was successful in 

providing proof of concept that aeroponics is a viable production method for root crops, 

using burdock as a model crop. Significantly larger biomass production of burdock's 

above-ground parts was measured compared to the soilless medium controls. There were 

no significant differences observed in biomass yield or phytochemical yield of the roots 

of plants grown in aeroponics as compared to those grown in the soilless medium 

controls in this study. However, the variability in the concentration of the phytochemical 

marker compound was found to be significantly lower in the aeroponically grown plants 

than the controls, indicating that aeroponics might be a desirable method for production 

of consistent raw materials for the herbal supplement industry as well as the 

phytopharmaceutical industry. 

Raw material SUDDN: developing economic opportunities in Native American 

communities - The crops and aeroponic production methods were found to be culturally 
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acceptable to the two Native American tribes and various individuals surveyed. The 

concern that tribal communities might reject the concept of supplying products that have 

held such important value in their culture was not substantiated. Results of this research 

found the opposite- that potential growers, tribal administrators, and community elders 

saw value and worth in returning to horticultural endeavors, and recognized the need for 

introducing innovative economic development opportunities as well as new horticultural 

technologies into the conmiunity. In fact, although the researchers had originally only 

targeted low-income families as potential suppliers, we were impressed by the number of 

people with higher incomes who expressed interest in becoming suppliers, not just for the 

supplemental income, but because they supported the mission of the project and wanted 

to participate. 

In addition, the use of the IDA program as a vehicle for assisting low-income 

individuals in accumulating start-up capital and learning the basics of personal flnancial 

management Ht very well into the model. The EDA programs already require a series of 

training sessions in Hnancial planning, so additional technical training in horticulture 

could easily be incorporated into the program. &i tribal IDA programs, an economic 

development department oversees the administration of the program, thereby providing 

an infrastructure, as well as matching funds for the program. Both IDA program 

administrators and participants embraced the concept of small-scale growers becoming 

raw material suppliers for a private company marketing herbal supplement products. 

Herbal dietary supplement market research - A sufficient market was found to 

exist for a line of traditional herbal dietary supplement products produced and marketed 
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by Native Americans as a unique Native American brand. The research conHrmed that, 

assuming a 5% market share, there is a potential $3.3 million annual market available for 

a company that successfully markets its products to the identified target consumer. 

Strategies for securing that market share include: 

1. Use of unique, original, authentic art on the packaging that clearly identifies 

the product as Native American. 

2. Provision of information about the cultural and traditional uses of the product, 

connecting the consumer to the product in a unique way. 

3. Use of outside promotional exposure, such as news coverage, magazines, and 

word of mouth, in order to validate the brand in the consumers' minds. This 

strategy proved easily attainable, with a 13-page feature article in the American 

Botanical Council's HerbalGram (issue #51, Spring 2001) highlighting the 

artwork and artists commissioned to create original images of Native Americans 

collecting and using herbs for the product packaging and labels. 

S.2. Conclusions 

In light of the successes summarized above, it is tempting to conclude that the 

models proposed here for the production and marketing of herbal crops have not only 

proved to be feasible but might be readily transferable to other new crops. However, due 

diligence must be applied in transferring these models. Certainly, aeroponics would be 

technically feasible for many crops, and might be economically feasible if they command 

a high enough price to cover the additional expenses associated with the technology. Just 
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as certainly, IDA programs and grower cooperatives could be utilized for assisting low-

income individuals in accumulating the capital needed to enter other agricultural maricets, 

such as nursery and bedding plants, specialty crops, or small farm animal production. 

And it is conceivable that a Native American brand could conmiand a premium price in 

other markets besides the herbal dietary supplement segment of the natural products 

industry. However, careful evaluation at each step is warranted. 

Burdock proved to be a good model crop for this initial aeroponic growth study, 

producing ample biomass and strong taproots in a very short period of time. The use of 

chlorogenic acid as a marker compound was reasonable based on the previous discussion 

(see Section 2.4.2.). Ideally, the biologically active components are the best to quantify 

once they have been identified and are available as reference standards. Any future 

studies using burdock as a model should Hrst determine at what stage of the plant's 

growth the overall phytochemical production is highest, and design the experiment based 

on that data, bi this way, the phytochemical content may be more in line with the 

conmiercial products tested. 

The merits of aeroponic technology are clear. Aeroponic systems permit easy 

harvesting of root crops that are often very difficult to harvest from conventional field 

horticulture. It is conceivable that multiple harvests of roots could be made from 

perennial crops, something that is not possible in conventional soil-based horticulture. All 

industries are concerned with quality control and product purity, but the health care and 

pharmaceutical industries have cited botanical raw material impurity and inconsistency as 

one of their top concerns, and a major obstacle to integrating the use of botanical 
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products in conventional healthcare. Therefore, any horticultural production method, such 

as aeroponics, that can improve the purity of the raw materials by assuring freedom from 

adulteration by roots of weed plants or foreign materials would be a significant 

improvement for the industry. The possibility of increasing product consistency as a 

result of the controlled root zone in the aeroponic system would make standardization 

and dosing of the products much easier. These two beneHts, along with the greater access 

to the roots and the decreased labor required to harvest the raw material, make aeroponics 

a very attractive production method for new crops in this industry. 

However, there are some issues that should be clearly articulated. Aeroponics is a 

highly technical system that inherently includes significant risks. Unfortunately, 

hydroponics and other types of greenhouse production systems have a history of very 

high failure rates (Jensen & Collins, 1985). Not only does aeroponics require more 

technical skills than most conventional horticultural systems, but it also requires a 

consistent supply of electrical power and properly prepared nutrient solution. The 

recirculating liquid nutrient solution puts the crop at a higher risk for susceptibility to 

fast-moving pathogens that can destroy the crop in a very short time. The greenhouse 

itself requires construction and maintenance skills. And although the labor requirements 

ate low, the crops must be monitored daily, or even several times per day. The 

phytochemical yield of the plant materials tested in this experiment was disappointing. 

Hopefully, the yields can be improved with more research, however this should be 

unequivocally determined before production is scaled up. 
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Transferring technology from an academic research setting into industry is one 

thing, but integrating that technology across numerous small farm enterprises is yet 

another challenge. By utilizing an existing program that incorporates small business 

development training, asset building, and risk management, the likelihood of successful 

transfer of the technology is greatly improved. The model developed here uses the IDA 

program, matching individuals' personal savings to non-profit or tribal funds and, if 

available, corporate or federal funds to increase the assets available to the IDA participant 

so they can become new crop suppliers at a lower personal risk. This economic model 

also includes the development of small grower marketing cooperatives to further reduce 

risk for the grower while solving a very tough problem for the buyer: that is, getting a 

wide assortment of crops, each with a different monetary value, in the specific volumes 

needed. By distributing the revenues across all growers in the pool, both high-value and 

the lower-value crops could be grown for a uniform return. Quotas and bonuses would 

provide grower incentives. The cooperative would also provide an infrastructure within 

which growers could share information locally in a non-competitive environment, as well 

as be a centralized organization with whom the buyer of the products can communicate. 

There are some concerns associated with the supply channel model, nevertheless. 

The IDA programs have been very successful in attracting and retaining participants for 

the homeownership, home rehabilitation, and higher education programs. However, they 

have been less successful at filling the entrepreneur and small business programs. This 

may be partly because the hurdle of preparing a business plan is too great for potential 

participants who have limited business experience and education. Presumably, the private 
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company entity that, in this model, is matching the funds and contracting with the 

growers to buy the crops could provide boilerplate business plans that would circumvent 

this hurdle. Even so, it is possible that not enough IDA participants could be found to 

supply the company with all the raw materials it needs. Another concern is the risk of 

relying on low-income IDA participants to be suppliers for horticultural crops that might 

require a commitment of several years' time and operational monies. The reality of 

living under the strain of limited financial resources requires flexibility in order to deal 

with the inevitable difficult times. This risk should certainly not preclude the involvement 

of low-income growers as suppliers. In fact, this entire dissertation was developed in 

hopes of identifying opportunities for exactly these same individuals. A close relationship 

between all members of the marketing cooperative, as well as with the IDA program staff 

and corporate representatives would be imperative in order to provide guidance and 

support to financially at-risk growers so that months of crop production are not lost in a 

desperate decision based on short-term financial difficulties. 

Through value-added processing, packaging, and branding, agricultural products 

can be distributed to niche markets, with more benefits returning to the producer 

communities than if the raw materials are sold as conunodities on the open market. In this 

research, branding was studied in relation to Native Americans, but any producer group 

could develop a marketing identity that adds value and recognition to its products. 

Examples include the "Buy Local" campaign for vegetables, Eurofresh brand greenhouse 

tomatoes. Hatch chilies and Florida orange juice. 
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The marketing research presented here has some issues that should be reiterated. 

Much of the quantitative research on market size and demographics was performed using 

surrogate products since no data was available for the actual herbs being tested. These 

surrogates may not reflect the actual market size for the test products and the use of 

surrogates should be avoided in future research. However, the qualitative research 

involving the focus groups was very enlightening and provided valuable insight into 

consumers' perceptions and intended buying habits. It does not provide any data on 

consumers' actual buying behavior, however. The focus groups suggested that consumers 

were looking for more background information about the products and the company 

selling the products. It would be interesting to know how much of that type of 

information is actually absorbed by the consumers, or whether they rely more on 

promotional materials and word of mouth than published materials. 

5.3. Reconunendations 

As mentioned earlier, research and commercialization of new crops, particularly 

high value specialty crops, should be approached in an interdisciplinary manner. The 

research presented here was not an exhaustive study by any means, and there are several 

areas that still require fiirther research. Some reconunendations for further work are listed 

below: 

1. Improve the aeroponic system design - The design of the aeroponic system used in 

this research will requite some modification before it is scaled up to a commercial level. 
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The use of PVC pipe and PVC-coated chicken wire for the structural frame may not 

survive several years of heavy use. And although the white-on-black co-extruded 

polyethylene mulch film is an effective and inexpensive dnqie to prevent transmission of 

light and control die nutrient spray, it does not provide any thermal insulation for die 

sensitive root zone. Therefore, during times of high heat or low temperatures, the ambient 

air of the greenhouse may need to be heated or cooled. If the mulch film were replaced 

with materials that provide better insulation, then the root zone temperatures might be 

modified in a more cost-effective way than regulating temperatures throughout the entire 

greenhouse. Finally, the subterrain nutrient reservoirs are not practical on a larger scale, 

and a new design incorporating a larger collection tank and multiple aeroponic units 

linked together will need to be developed. 

2. Evaluate crops with different growth habits in aeroponic systems - The burdock 

plants used in this research project were chosen because the fast growth of the deep tap 

root and rosette of the first year's growth was well suited to the system. However, not all 

crops for the herbal supplement market demonstrate such convenient plant architecture. 

Plants with tap and Hbrous root systems lend themselves well to the aeroponic system. 

However, more shallow-rooted rhizomes may present serious challenges in how the 

plants are secured to the aeroponic frame and how new aerial growth is allowed to come 

through the mulch film. Black cohosh {Cimic^ga racemosa) is a good example. The 

horizontal rhizomes produce multiple aerial shoots and the entire "footprint of the plant 

may cover a square foot area in a relatively short period of time. Such a plant could not 
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be secured in the wire mesh using rockwooi cubes, as was the case with the burdock 

plants. For plants with roots that form horizontal growth habits, either a pervious cover to 

the aeroponic unit needs to be developed, or an alternative management system must be 

developed. Plants with heavy storage roots or tubers may need additional "below-ground" 

supports so the plants are not pulled into the unit by the weight of their roots. Buffalo 

gourd (Cucurbitafeotidissima) is an example of a relatively small plant in the wild with a 

storage root the can weigh several kilograms. 

Crops with aerial parts that do not have compact growth habits would present a 

challenge as well. Tall crops and vines can be secured to overhead wires using vertical 

string and clips designed to support stems without girdling them. Plants with a spreading 

nature, such as some ground covers, may not thrive in a system where the spreading 

stems cannot root. 

3. Develop an automated harvesting system - The possibility of obtaining multiple root 

and shoot harvests fh)m perennial plants in aeroponic systems is very compelling. In 

scaling up the aeroponic production system, an automated system where the plants can be 

"sheared", and the cut roots fall directly into a collection vessel or conveyer, thereby 

further reducing labor, would be ideal. Since these aeroponic units were designed so the 

inclined growing surfaces could be raised to inspect and harvest the roots, designing a 

method of automating the harvest would not be that much more difficult. 



157 

4. Monitor phytochemistry of plant parts throughout the life of the crop and under 

various nutrient levels-Vie variability seen in the concentrations of the phytochentical 

make-up of commercial herbal products can be due to several factors, or a combination of 

factors, such as genetic diversity in the plant population, horticultural techniques, harvest 

and postharvest handling, the plant parts incorporated into the product, or the presence of 

adulterants (Lazarowych & Pekos, 1998). Basic horticultural management methods, such 

as irrigation and integrated pest management, can equalize some of the variation resulting 

from environmental influences. Cultivation can also allow the producer to assure that all 

plants are the same age and originate from the same source of genetic material (e.g. seed, 

cuttings, or tissue culture plantlets). However, even under the best cultivation practices 

or controlled environments, variability may still be a problem. This variability causes 

problems when trying to produce a consistent product that can be administered in a 

therapeutically controlled manner. One approach to compensating for variability of the 

raw material is phytochemical monitoring throughout the life of the crop. 

The quantity of the phytochemical yield of the roots in this study was 

disappointing, but further studies where successive sampling of the plant tissue 

throughout the life of the crop would provide valuable information about the optimum 

time for harvesting. In addition, manipulation of the nutrient salt concentration in the 

solution or changes in the spray cycles of the aeroponics may have a positive effect on 

the phytochemistry of the plant. Advanced techniques, such as elicitation of particular 

secondary metabolites or continuous extraction of root exudates might also be possible 

with further research. 
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5. Develop HPLC fingerprint method for semi-quantitative analysis of quality- The 

quality analysis and standardization of herbal raw materials and products are hotly 

debated topics (Brinker,1999; Schultz, Hansel, & Tyler, 1998). Chromatographic 

techniques such as HPLC, thin layer chromatography (TLC), gas chromatography (GC), 

and capillary electrophoresis (CE) have been used for identity tests (Lazarowych & 

Pekos, 1998). Spectroscopic methods such as infrared (IR), nuclear magnetic resonance 

(NMR), and ultra-violet-visible (UV-vis) are also useful for identification of pure 

compounds isolated from herbal extracts. DNA fingerprinting is an excellent technique 

for identification of particular plant species and possible adulterants. However, the most 

conunon technique for quality analysis of plant material and extracts is HPLC. There are 

several different strategies for qualitative and quantitative analysis by HPLC: 

• monitoring and adjustment of an extract based on the concentration of a single 

marker compound; 

• monitoring and adjustment of an extract based on the concentration of a group 

of compounds; 

• semi-quantitative chromatography based on the size of unknown, but 

characteristic peaks in the HPLC profile; or 

• qualitative comparison of batches of material to a reference sample in order to 

monitor changes in the make-up of the mixture. 

The monitoring and adjustment of an extract based on the concentration of a 

single marker compound should be based on knowledge of the efficacy of that compound 

or closely related compounds (Schultz, Hansel, & Tyler, 1998). Unfortunately, marker 
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compounds are often merely characteristic compounds that are found in high 

concentrations in the plant part being tested, with little knowledge of the correlation 

between the marker and efficacy of the plant extract. It may be more effective to monitor 

and adjust an extract based on the concentration of a group of constituents, such as the 

three flavonoid aglycones and five terpene lactones used as marker compounds in Ginkgo 

biloba (Brinker, 1999). This method is particularly useful when there is litde information 

about the relationship of the identified constituents to the efficacy of the product, or to 

other compounds, which may or may not be known (Schultz, Hansel, & Tyler, 1998). 

Semi-quantitative chromatography can be used to measure the peak size of 

unknown, but characteristic peaks in the HPLC proHle. This is conunonly done during 

method development of analytical protocols for specific herbal preparations. This 

technique could be incorporated into quality contirol protocols when the isolation and 

identification of characteristic peaks in a preparation is impractical. Although the size of 

the unknown peaks are calculated at a particular wavelength, this approach should also 

include three-dimensional profiles of the chromatogram or mass spectra of die 

compounds responsible for those peaks to assure that different compounds are not eluting 

at the same time, thereby complicating the chromatographic profile. 

Qualitative evaluation of HPLC chromatograms involves comparing the 

chromatographic profile of samples to a reference (certified) sample in order to detect 

differences in the phytochemical profile. This technique can be very useful in detecting 

adulteration from other plant species. It is also useful when evaluating herbal blends, 

common in many traditional medicines (Saiki, Yamaura, Ohnishi, Hayakawa, Komatsu, 
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& Nunome, 1999) or for verification of the specific species of plant material, such as the 

many closely related Echinacea species (Lazarowych & Pekos, 1998). 

6. Further investigate Individual Development Account programs - None of the IDA 

programs smdied in 2000 were particularly successful at atti^ting and retaining 

participants interested in investing their savings in a small business enterprise, even when 

that savings could be matched to increase its asset value. It is not known if all IDA 

programs are facing the same problem, or if some programs have developed outreach and 

training materials that are successfully taking participants through tiie small business 

development program. Without a successful IDA program, the plan for assisting low-

income families in becoming suppliers would be much more difficult. 

7. Research agricultural marketing cooperatives that utilize pooling systems- There are 

very few examples of successful agricultural marketing cooperatives the incorporate 

product pooling of growers' harvests to sell the crops and distribute the revenues. This is 

especially true when the crops represent such a diverse range of species, products, 

management skills, time to harvest, and monetary value. An equitable model of how the 

revenues would be distributed to the cooperative members and how productive members 

are rewarded for their efforts needs to be developed. 

8. Explore options for local processing methods - One way of increasing revenues to 

growers is to add value to the crop before it leaves the farm gate or local cooperative. 
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Many growers of herbal crops ate processing the crop right at the farm by drying or 

extracting the plant material, and some are even developing farm brands and distributing 

products through direct selling to the consumer. The logistics of transporting fresh 

product from the farm to the processor without loss of quality adds risk and expense. If 

farm-based or local cooperative-based processing facilities could be incorporated into the 

model design, then higher returns might be realized by the growers. The burdock used in 

this research was processed using lyophilization (freeze-drying), a very capital-intensive 

and technically challenging process. However, simple air-driers might be appropriate for 

small cooperatives to consider. Local processing of raw materials would reduce shipping 

costs, possibly permit more flexibility in harvest schedules, and certainly reduce loss due 

to spoilage during transport. 

9. Test the value of the Native American brand on other agricultural products- There is 

a vast range of products popular in today's market that can be traced back to Native 

American and indigenous people: chewing gum, chocolate, tobacco, cotton, rubber, many 

herbs and spices, body care product ingredients such as jojoba, and specialty vegetable 

crops such as blue com and certain varieties of potato and squash. Many of these 

products could be marketed within the natural products industry in such a way as to 

command a competitive advantage and brand identity. However, the research presented 

here indicated that simple marketing tactics are not enough to persuade savvy consumers 

to buy the products just because they have a Native American brand name - the customer 



162 

also requires authenticity and assurance that their purchase is supporting a company that 

is what it claims to be. 

10. Test the introduction of new products to the market - The Native American brand 

provides a very good vehicle for introducing new products to the market that may not be 

successful under other brand identities. With sufHcient information about the product and 

how it has been used traditionally, the consumer may be compelled to sample something 

new if they can understand the product in a historical context. 

The ten reconmiendations listed above point to the need for further research. 

Indeed, this author cannot, with good conscious, advise growers to build greenhouses and 

plant new crops in this innovative technology without investigating it in much more 

detail. The market potential for herbal products branded as "Native American" does 

appear to be substantial. 

This research does indicate that the potential to produce clean, consistent herbal 

raw materials using aeroponic technology is high, and programs like the IDA matched 

savings program may allow low-income Native Americans to accumulate sufficient 

investment capital to purchase and construct the necessary structures. Finally, with 

catefiil attention to consumer perceptions of the company and products, an authentic 

Native American brand of products might secure a large enough market share to compete 

successftiUy and distribute revenues back to the people who first discovered the valuable 

uses of these plants; the original economic botanists. 
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Appendix I. Burdock Biomass and Phytochemical Data 

Aeroponic Replicate 1 (East -Biomass and phytochemical data 

Sample ID 

Biomass yield of 
above-ground 

parts (dry weight) 
(g) 

Biomass yield 
of roots 

(dry weight) 
(g) 

Concentration chlorogem'c 
acid (//g per g dry root) 

Al-Ol 54.0 23.7 « 

Al-02 35.5 12.3 30.1 
Al-03 58.2 24.4 * 

Al-04 34.7 12.1 31.4 
Al-05 49.3 24.1 33.1 
Al-06 53.3 23.8 36.1 
Al-07 55.2 18.4 33.6 
Al-08 49.9 18.9 * 

Al-09 44.3 21.5 32.3 
Al-lO 51.2 20.3 33.6 
Al-Il 67.3 28.7 * 

AM2 42.5 15.3 36.0 
Al-13 56.2 26.3 34.8 
Al-14 53.5 20.7 * 

AM5 46.2 17.6 * 

Al-16 45.3 21.2 
AUl? 64.4 25.8 • 

Al-18 67.6 32.8 37.0 
Al-19 45.0 15.6 36.4 
Al-20 23.1 15.3 * 

Al-21 58.8 28.6 * 

Al-22 22.8 8.1 34.2 
Al-23 32.5 13.5 * 

Al-24 26.5 10.7 * 

Al-25 30.5 10.4 34.8 
Al-26 30.5 12.9 * 

Al-27 32.2 14.4 * 

Al-28 29.5 8.2 * 

Al-29 23.0 8.0 33.6 
Al-30 30.7 9.4 26.0 

Means 43.8 18.4 33.5 
Standard 
deviations 

13.4 6.7 2.8 

* sample not tested 
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Appendix 1. Burdock Biomass and Phytochemical Data 

Aeroponic Replicate 2 (West) - Biomass and ph] irtochemical data 

Sample ID 

Biomass yield of 
above-ground 

parts (dry 
weight) (g) 

Biomass yield 
of roots 

(dry weight) 
(g) 

Concentration chlorogenic 
acid (/ig per g dry root) 

A2>31 47.8 18.6 26.4 
A2.32 59.9 21.0 * 

A2.33 41.1 19.4 * 

A2-34 44.4 13.5 23.6 
A2-35 45.7 31.7 * 

A2-36 59.6 26.0 * 

A2.37 33.8 12.4 
A2.38 63.4 26.4 29.4 
A2-39 76.2 30.2 * 

A2-40 26.2 16.1 * 

A2-41 50.7 36.5 34.5 
A2-42 86.1 35.2 * 

A2-43 53.7 23.3 * 

A2^ 55.6 17.5 30.4 
A2^5 59.0 29.8 * 

A2^6 46.2 29.3 30.2 
A2-47 46.2 25.7 56.4 
A2-48 45.2 14.4 38.3 
A2-49 31.0 12.2 32.3 
A2-50 52.7 27.1 * 

A2.51 55.6 29.8 31.8 
A2-52 43.5 18.6 28.5 
A2.53 32.5 15.0 28.7 
A2-54 33.1 13.9 * 

A2-55 46.0 17.7 * 

A2.56 37.1 19.5 28.6 
A2-57 33.1 12.3 30.7 
A2.58 34.2 13.3 26.9 
A2.59 34.8 13.6 * 

A2-60 47.0 26.8 * 

Means 47.4 21.7 31.8 
Standard deviations 13.3 7.4 7.7 
* sample not tested 
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Appendix 1. Burdock Biomass and Phytochemical Data 

Soilless medium Replicate 1 (West) - Biomass and phytochemical data 

Sample ID 

Biomass yield of 
above-ground 

parts (dry 
weight) (g) 

Biomass yield 
of roots 

(dry weight) 
(g) 

Concentration chlorogenic 
acid (/ig per g dry root) 

Sl-Ol 28.9 28.8 • 

Sl-02 34.1 17.2 34.4 
Sl-03 27.9 17.9 * 

Sl-04 24.6 19.3 25.4 
Sl-05 26.6 20.2 32.2 
Sl-06 31.2 31.3 * 

Sl-07 24.0 19.2 * 

Sl-08 31.9 15.5 34.4 
81-09 34.0 14.6 35.4 
Sl-10 33.1 25.0 
Sl-ll 27.1 14.7 * 

Sl-12 45.9 32.7 38.1 
Sl-13 18.6 15.9 * 

Sl-14 34.4 18.5 * 

Sl-15 35.8 13.5 33.4 
Sl-16 31.6 19.0 35.0 
Sl-17 35.1 20.1 36.9 
Sl-18 56.1 34.2 * 

Sl-19 21.9 23.5 25.7 
Sl-20 26.8 22.4 32.1 
Sl-21 26.9 19.8 * 

Sl-22 35.3 22.6 27.5 
Sl-23 32.5 20.0 * 

Sl-24 33.9 27.1 * 

Sl-25 27.0 26.2 29.4 
Sl-26 18.7 9.9 * 

Sl-27 27.7 21.3 * 

Sl-28 30.3 25.1 27.4 
Sl-29 27.2 29.5 * 

Sl-30 21.5 20.7 35.6 

Means 30.4 21.7 32.2 
Standard deviations 7.4 5.8 17.0 
* sample not tested 
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Appendix 1. Burdock Biomass and Phytochemical Data 

Soilless medium Replicate 2 (East) - Biomass and [ihytochemical data 

Sample ID 

Biomass yield of 
above-ground 

parts (dry 
weight) (g) 

Biomass yield 
of roots 

(dry weight) 
(g) 

Concentration chlorogenic 
acid (/ig per g dry root) 

S2-31 24.0 14.4 26.8 
S2-32 26.1 17.1 * 

S2-33 26.7 18.3 * 

82-34 24.0 13.7 * 

S2-35 27.9 17.9 32.8 
S2-36 32.2 18.1 32.2 
S2-37 42.7 18.6 30.3 
S2-38 22.8 12.4 * 

S2-39 33.7 13.9 * 

S2-40 29.7 21.9 26.3 
S2-41 23.4 12.3 23.2 
S2-42 40.2 22.3 26.9 
S2-43 38.5 19.2 • 

S2-44 29.3 15.5 * 

S2-45 37.4 19.4 26.9 
S2-46 32.7 13.8 * 

S2-47 30.3 21.8 27.9 
S2-48 30.8 21.8 * 

S2-49 29.9 20.5 29.7 
S2-50 28.4 16.0 * 

S2-51 39.3 27.3 25.4 
S2-52 21.8 9.7 * 

S2-53 31.2 25.2 28.2 
S2-54 38.7 21.9 * 

S2-55 40.6 24.7 32.4 
S2-56 28.3 17.8 * 

S2-57 29.2 14.2 34.5 
S2-58 33.9 26.4 95.3 
S2-59 21.3 23.7 * 

S2-60 32.8 15.5 * 

Means 30.9 18.6 232 
Standard deviations 5.9 4.5 17.5 
* sample not tested 
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Appendix 2. Qnwihoun coilcwailishML 
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0.23 40 S 9.20 
5.S7 2 s 11.94 
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360.00 1 s 360.00 
20.00 3 s 60.00 
6ja 1 s 6.86 
6J2 1 s 6.82 
5.2S 2 s 10.58 
7.18 2 $ 14J6 

250.22 1.5 $ 375J3 
R*l*lea(t S 866.00 
• unit 

0.50 50 8 $ 200.00 
0J2 4 8 $ 10.24 
0.88 16 8 S 112.64 
ia9i 9 8 s 785.52 
0.02 20 8 s 3.20 
0.18 6 8 t 8.64 
0.20 18 8 s 26.80 
0.12 27.7 8 s 26.59 
0.31 9 8 s 22J2 
0.74 4 8 s 23.68 
0.63 16 8 s 80.64 
1J0 2 8 s 28J0 
0J3 172.5 8 s 455.40 
0.72 30 8 s i7&eo 
0J8 5 8 s 34.40 

14.96 1 8 s 11ft60 
ai9 32 8 s 48.64 
0.90 8 8 s 57.60 
0.1S 55 8 s 68.00 
a73 16 8 s 93.44 
0J6 4 8 s 30.72 
2.11 2 8 s 33.78 

HtUICOIt $ 2,443.43 
TolalfiXMlCMll S 4,506.16 
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Appwtdb 3. CaleaMion tpcMdihMl tor cumnMIm eaik poiMon IiMm 

fixadcoits -$4,506.16 Flmd coals eaieulaladbaaad on onayaarolaparatfcin (not amortizad ovar flvayaan) 

varcoals -1701.00 
Intataat 0.50% 
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coats var costs lor co-op daU tor co-op (SS+intafast) (or co-op peaMoii 

N.E. OklaheiM graanlwuaaa 

mol 4 - -$18,024.65 $0.00 •$18,024.65 $0.00 •$18,024.65 

mo2 1 - -$4,50&t6 •$80.12 •$4,596129 $aoo •$22.62a83 

mo 3 4 4 •$20,828.65 -$113.10 -$20,941.75 $0.00 •$43,562.69 

mo 4 - 1 •$701.00 -$217.81 •$918.81 $0.00 •$44,481.50 

moS - 4 -$2,804.00 -$222.41 •$3,026.41 $0.00 •$47,607.91 

mo 8 - - $0.00 -$237.54 -$237.54 $0.00 -$47,745.45 

mo 7 - - $0.00 -$238.73 •$238.73 $0.00 •$47,984.17 

mo a - - $0.00 -$23«.S2 •$239.ge $0.00 -$48,224.09 

mo 9 - - $0.00 -$241.12 •$241.12 $2,760.57 -$45,684.64 

mo 10 - - $0.00 -$228.42 •$228.42 $0.00 -$45,913.07 

moll  - - $0.00 -$22B.S7 -$229.57 $26,481.60 •$19,661.03 
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I 
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mo 1 2 -$9,012.32 $0.00 •$9,012.32 $o.ool •$9,012.32 

mo 2 7 •$31,543.13 •$45.06 -$31,588.20 $o.ooi -$40,600.52 

mo 3 - 2 •$1,40^00 •$2oaoo •$1,605.00 $o.xl •$42,205.52 

mo 4 - 7 -$4,907.00 •$211.03 -$5,118.03 $o.ooI •$47,323.55 

mo 5 - $aoo •$236.62 -$236.62 $o.aol -$47,560.17 

mo 6 - $0.00 -$237.80 -$23760 $0.00 -$47,797.97 

mo 7 - $0.00 •$238.99 -$238.99 $0.00 -$48,036.96 

mo 6 - $0.00 -$240.18 -$240.18 $0.00 -$48,277.14 

mo 9 - $0.00 -$241.39 -$241.39 $0.00 -$48,518.53 

mo 10 - $0.00 -$242.59 -$24&sg $37,339.06 -$11,422.06 

moil - $0.00 -$57.11 -$57.11 $0.00 -$11,479.17 

mo 12 - $0.00 •$57.40 •$57.40 $23,833.44 $1%2$$J7 

Tolato -$4<4M.M •$3,011.17 •$4847S.63 $•1,17X80 
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Native American Botanies' 
Grower's Survey 

Cherokee Nation, Tahlequah OK 
^ton* 

1. Given what you know about Native American Botanies, are you interested in becoming a grower? 

2. If you answered no, why not? 
Costs too much 

Requires too big a time commitment 

Don't want to do this kind of work 

Can't make enough money doing this 

Other reason (please say what it is) 

3. Do you have access to enough space to grow the crop, which requires approximately an eighth of 
an acre of level land per greenhouse? Yes No 

4. Do you have access to water on that land? Yes No 

5. Do you have access to electricity on that land? Yes No 

6. [s the electricity reliable, 24 hours a day, year round? Yes No 

7. Would you be willing to work as a member of a cooperative? Yes No 

8. Would you be willing to be paid through the cooperative? Yes No 

9. Do you think you qualify for the IDA program? Yes No 

10. If you are IDA eligible, are you willing to go through that program, which takes one or two years, 
before you become a grower? Yes No 

11. We're interested in how much money you feel you would have to make, above costs, for it to be 
worthwhile to you to become a grower. 

If you could make $10,000 or more a year above costs doing this, would it be worthwhile to 
you to become a grower? Yes No 

If you could make $7,500 a year above costs? Yes No 

If you could make $5,000 a year above costs? Yes No 

If you could make $2,500 a year above costs? Yes No 

If you could make $1,000 a year above costs? Yes No 

12. Do you know anyone else, who is not at this meeting, who you think would be interested in 
becoming a grower? Yes No 

13. Ifyes, how many such people do you know? 

Yes No 
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Appendix 5. Prototype package inserts. 
Graphic art by G. Dawavendewa, 1999. 
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Appendix 6. List of Acronyms 

APIA Assets for Lidependence Act of 1998 

ANOVA Analysis of variance 

BIA Bureau of Indian Affairs 

CAPTC Community Action Program of Tulsa County, Tulsa, Oklahoma 

CD Consumer Direct (sales) 

CFED Corporation for Enterprise Development located in Washington, 
DC 

CITES Convention of bitemational trade in Endangered Species 

DSHEA Dietary Supplement Health and Education Act of 1994 

EC Electrical conductivity 

FD&C Food, Drug and Cosmetic Act of 1958 

FDA US Food and Drug Administration 

FDM Food, Drug, and Mass market 

FNDI First Nations Development bistitute, located in Fredericksburg, 
Virginia 

GMPs Good Manufacturing Practices 

HFS Health Food Stores 

HHS US Department of Health and Human Services 

HPLC High Performance Liquid Chromatography 

IDA Individual Development Accounts 

NAB Native American Botanies Corporation, 
PO Box 44287, Tucson, AZ 85733 

NCCAM National Center for Complementary and Alternative Medicine, 
part of the National Institutes of H^th 
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Appendix 6. List of Acronyms (continued) 

NFT Nutrient Film Technique, a type of non-aggregate hydroponics 

NIH National Institutes of Health 

NU Nutritional Laboratories, International located in Lolo, Montana 

nm nanometers 

010 Oklahomans for Indian Opportunity, located in Norman, 
Oklahoma 

PAL L-Phenylalanine ammonia lyase 

PI Principal fovestigator 

PTFE Teflon® PTFE resin is a polymer consisting of tetrafluoroethylene 
monomers which display nearly universal chemical resistance 

PVC Polyvinyl chloride, used in manufacture of rigid plastic pipe 

SBIR Small Business ^novation Research -grant program administered 
by several federal agencies 

THG TTie Hartman Group, located in Bellevue, WA 

US United States 

USDA United States Department of Agriculture 

VMHS Vitamins, Minerals, and Herbal Supplements 
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