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The Commercial 

Marijuana Revolution 
 

A SEA CHANGE FOR BETTER OR WORSE 

The early twenty-first century is a watershed period, witnessing an astonishing 

transformation of the status of high-THC cannabis from an entirely black market 

industry to considerable “legiti- macy.” The 11th edition (2012) of Merriam-

Webster’s Collegiate Dictionary defines “legitimate” as “(1): to give legal status or 

authorization to; (2): to show or affirm to be justified; (3): to lend authority or 

respectability to.” This chapter discusses marijuana from the point of view of (1), 

i.e., as a legal- ized commodity. Whether cannabis commercialization is “justified” 

(sense 2) or is “respectable” (sense 3) remains a matter of controversy. Although 

many are inflexibly opposed to any softening of current cannabis legislation, there 

is a growing viewpoint that marijuana prohibition has been a multitrillion dollar 

failed social experiment and needs to be replaced with a rational management 

approach. This chapter is mainly concerned with managing the factors that bear 

on maximizing benefits while minimizing risks associated with commercialized 

marijuana—but in the real world rather than an idealistic context. Life is frequently 

a choice between flawed alternatives, necessitat- ing management of the winds of 

change by adapting to their direction. 

The term “cannabusiness” (“cannabiz” for short) is often encountered 

currently, indicating commerce in medical and/or recreational cannabis. However, 

in the recent past, the term has also been employed to include the industrial hemp 

industries, which were discussed in detail in earlier chapters. 

The legalization of marijuana commerce is occurring only in certain locations, 

but the fact that this includes some states of the United States, the leader in 

establishing commercial trends, sug- gests that this trend will continue. Indeed, 

there is a veritable tidal wave of new legal commercial activities related to 

cannabis. Growth in medical and recreational aspects concerning cannabis is so 

explosive that the developing commerce has been described as a lucrative “green 

gold rush.” Despite persisting stigma and legal concerns attached to marijuana, 

investment capital is rapidly being directed to the authorized medical cannabis 

industries and even to the developing recreational white market. Marijuana has 

become increasingly available without significant restrictions in some places, and 

resulting quasi-legal activities have often resulted in extensive confusion among 

law enforcement, businesses, and consumers. Clear regulations need to be based 

on consideration of the best public health interests of society at large. 

This chapter addresses the commercial and associated regulatory aspects of 

both medical and recreational cannabis. Although significantly different 
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considerations apply, from a business per- spective, the two areas are becoming 

intertwined. Production of marijuana is much the same, whether for medical or 

recreational usage, and there are common concerns about security, regula- tions, 

business models, safety, and consumer acceptance. Moreover, as discussed later 

in this chap- ter, the potentially much more profitable recreational market is the 

long-term target of many who have invested in the development of medical 

marijuana. 
 

COMMERCIAL OBSCURATION OF THE DISTINCTION 

BETWEEN MEDICAL AND RECREATIONAL MARIJUANA 

Chapter 12 discussed the nonmedical (largely recreational) use of marijuana, and 

Chapter 13 reviewed the medical aspects. The distinction between medical and 

recreational  use  is  straightforward: 
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recreational cannabis is employed to get high, while medical cannabis is used to 

get healthier. Other mind-affecting substances are similarly used, but like 

marijuana, until recently, the recre- ational usage remains entirely illegal (later in 

this chapter, opioids and laughing gas are discussed as guiding parallel 

business/regulatory examples). Prescription pharmaceuticals are potentially quite 

toxic and so require highly qualified professionals to recommend, formulate, 

dispense, and some- times also to administer, and cannabis is increasingly being 

recognized as deserving of such status. However, in many jurisdictions, allegedly 

“medical” marijuana is being peddled in establishments (debatably labeled as 

“dispensaries”) by advisers with about the same limited credentials as clerks in 

“health food” establishments. Much worse, as noted next, some doctors are clearly 

betraying their profession by aiding those who simply wish to use marijuana 

recreationally. 
 
 

Physician GatekeePers for hire to Provide LeGaL access to PseudoPatients 

A questionable aspect of the establishment of medical marijuana dispensation in 

some jurisdictions is the virtual authorization of bogus “patients” with fictitious or 

marginal conditions to determine their own consumption protocol—i.e., to self-

medicate (Hazekamp and Pappus 2014; Figure 15.1). In this laissez-faire environment, 

one of the less savory employment niches that has appeared with the increas- ing 

popularity of medical marijuana is the need for prescriptions (or “recommendations” 

or “approv- als,” depending on local regulations) from medical professionals, simply 

to obtain material. While most physicians are ethical and will not prescribe 

marijuana without justification, there are some who are incentivized simply by the 

opportunity for lucrative fees. In several of the U.S. states that have authorized 

medical marijuana, it has been embarrassingly clear that the bar to obtain scripts for 

marijuana is very low and that many in perfect health have been authorized to smoke 

pot for trumped-up illnesses. This is evident by studies in California showing that 

“patients” at medical marijuana clinics are overwhelm- ingly young white men 

experienced in the use of recreational marijuana (Reinarman et al. 2011). Regan 

(2011) wrote that “California doctors have the latitude to prescribe marijuana for 

pretty much anything. Although California law suggests doctors recommend 

marijuana for patients over the age of 18 who are suffering from a specific set of 

diseases, the law also includes a provision allowing pot for ‘any other illness for which 

marijuana provides relief.’ So the reality is, anyone who wants pot can get a ‘recom- 

mendation’ for marijuana. Headaches, anxiety, trouble sleeping, you name 

it…recommending marijuana has become a thriving business in and of itself, as the 

multitude of doctors’ advertisements in the back 
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FIGURE 15.1 Medical marijuana malpractice. Prepared by B. Brookes. 
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of the pot magazines’ ‘yellow pages’ suggest. Doctors typically charge a $200 

consultation fee, and I’ve never heard of anyone being denied a recommendation. 

There are currently an estimated four hundred thousand medicinal marijuana 

patients in the state.” Caulkins et al. (2012) described marijuana doctors as follows: 

“The physicians who write most of the recommendations openly advertise, promising 

not to diagnose and treat illness but simply to provide a recommendation. Some even 

advertise that the visit  is free unless it results in a recommendation. Others have 

advertisements, or even storefronts, that list a range of conditions for which they will 

write marijuana recommendations. It’s hard to take this seriously as the practice of 

medicine.” 
 
PrescriPtion druGs vs. over-the-counter herbaLs 

In Chapter 13, the debate between medical use of purified pharmaceutical 

chemicals and crude (herbal) drugs was presented, and it was argued that herbal 

drugs in the hands of qualified pro- fessionals can be as effective as pure drugs 

that can only be obtained by prescription. However, unlike prescribed pure drugs, 

which are necessarily best managed by highly educated and experienced 

personnel, numerous herbal preparations, such as echinacea, garlic, ginkgo, gin- 

seng, and valerian, are typically dispensed by clerks who are personable and 

enthusiastic but often dangerously uninformed. There are emerging markets for 

both prescription and over- the-counter marijuana, and this is another important 

factor muddying the distinction between medicinal and recreational cannabis. 

From an investment perspective, there are very few enterprises as lucrative as 

the pharmaceuti- cal industry. This is because patented products (or 

manufacturing processes contributing to them) that are either uniquely effective 

or popular can result in enormous long-term profits. Traditional herbal 

preparations (raw plant materials) cannot be patented but can often earn 

appreciable revenues from sales in health food stores and outlets for over-the-

counter (nonprescription) drugs and use by alternative health practitioners as well 

as those who subscribe to self-medication. Herbal marijuana, however, is in a class 

by itself, currently and for the foreseeable future much more popular and prof- 

itable in the burgeoning medicinal marijuana herbal sector than the patented 

formulations presently offered by pharmaceutical companies. “Cannabinoid-

based medication—mainly based on delta- 9-tetrahydrocannabinol (Δ9-THC) and 

cannabidiol (CBD)—has not been able to significantly reduce the worldwide use of 

[herbal] cannabis as a medicine. Cannabis seems…on the one hand too potent to 

be regulated as an herbal (or alternative) medicine, on the other hand too herbal 

to be regarded as conventional medicine” (Hazekamp and Pappus 2014). 
 

THE EVOLUTION OF PHYSICIAN ACCEPTANCE OF MEDICAL CANNABIS 

Chapter 13  details research on medical aspects of cannabis, summarizing majority 

opinions on  the merits of marijuana in treating numerous illnesses. Regardless of 
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the assessments of medi-    cal researchers (who, like all scientists, sometimes have 

exaggerated evaluations of the adequacy of their findings), practicing clinical 

doctors tend to be very conservative and reluctant to adopt new treatments 

without very convincing evidence. The community of physicians who actually treat 

patients represents the most critical filter limiting the success and failure of 

medicinal marijuana, not just as therapy but as the subject of commerce. 
 
softeninG of MedicaL oPPosition 

Despite the current vociferous opposition to medical use of marijuana by many 

physicians, Adler and Colbert (2013) reported on the surprising result of a survey 

of medical professionals (New England Journal of Medicine 2013). Readers were 

asked to vote on two opposing positions: (1) Marijuana should be used medically 

“only when conservative options have failed for fully informed patients treated in 

ongoing therapeutic relationships” or (2) “there is little scientific basis for 

physicians to 
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endorse smoked marijuana as a medical therapy.” The majority (76% of 1446 

votes, mostly from North America) were cast in favor of marijuana. 
 
Medicine by PoPuLar vote 

Pharmaceutical companies incessantly advertise their wares on the popular 

media, clearly to per- suade patients to influence their doctors to prescribe them, 

although physicians are obviously much more qualified than their patients to 

choose the most appropriate therapies. In the case of therapeu- tic forms of 

cannabis, physicians are often being overwhelmed by the enthusiasm of patients 

to be treated with cannabis. Moreover, the demand for legislation allowing 

medical cannabis to be avail- able in some jurisdictions has been determined not 

primarily by medical opinion but by popular demand. Although in theory, the 

wisdom of legalizing medical marijuana should be evaluated prin- cipally by the 

medical profession, in practice, prevailing societal demand is proving to be 

determina- tive, a phenomenon that has been termed “medicine by popular vote” 

(Voth 2001; Bostwick 2012). 
 

PROFIT-DRIVEN VS. HEALTH-DRIVEN MEDICAL MARIJUANA 

While business people and sometimes even corporations can be extremely ethical 

and conscientious, there is perhaps an inevitable amorality to most profit-

centered ventures. Already, some newly cre- ated medical marijuana 

establishments are peddling their wares with the same exaggerated rhetoric by 

which cars and detergent are advertised. As noted in Chapter 13, normal human 

stress has been excessively medicalized, contributing to an epidemic of mood-

altering drugs, and some physicians are adding marijuana to the list of needless 

prescriptions. At present, governmental regulations are highly restrictive in most 

jurisdictions, limiting the possibility of harm. All things considered, mari- juana is 

so prevalent that if it were seriously toxic in the limited amounts it is usually 

consumed, its harm for the majority of adults would have been revealed by now. 

Nevertheless, wisdom dictates that a great deal of caution needs to be exercised 

with respect to both personal and societal health issues as marijuana becomes 

increasingly legitimatized. 
 

PATIENT FINANCIAL REIMBURSEMENT 

The cost of medicines, in the main, is eligible for subsidization from public and 

private insurance systems. Medical marijuana and cannabinoid-based 

pharmaceuticals (to say nothing of parapher- nalia) could be eligible under 

insurance schemes, although many will find the very idea curious.  A basic problem 

is distinguishing actual patients from those posing as such to obtain recreational 

drugs, and this issue is not easily solved since marijuana intergrades between a 

genuine medicine and a recreational intoxicant. Unfortunately, many real patients 

live on small budgets, and because of the lack of funds to purchase sometimes 
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expensive pharmaceutical-grade marijuana and cannabi- noid drugs, those 

without insurance may feel forced to buy unreliable street material. Philanthropy 

in the private sector is limited (except for public relations purposes), and a common 

response when a costly medicine is in large demand is for nongovernmental 

organizations and/or the state to achieve savings by large-scale purchases. At 

present, medical marijuana “clubs” are popular in some places, contributing to 

limiting costs. Perhaps, unlike any other substance, the threat of street-available 

marijuana remains a brake on cost inflation of herbal marijuana. 
 

MEDICAL VS. RECREATIONAL MARIJUANA MARKETS 

Medical marijuana inherently suggests the nobility of the medical profession, while 

recreational mari- juana has its roots in the illicit, evil, and dangerous underworld. 

Medical marijuana is now authorized in many countries and is produced according 

to stringent quality standards. In principle, exactly the same material can be 

employed as recreational marijuana, albeit far fewer locations authorize this at 
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present. Although most investment in cannabis is ostensibly in the field of medical 

marijuana, there is widespread realization that for most companies, the profit 

potential is much larger in the area of recreational marijuana. Accordingly, major 

players are strategizing to invest in medical marijuana with the long-term goal of 

expanding into a recreational market. Recreational marijuana has a negative image 

that can dissuade investment, so one tactic (“serious and studious”) that is 

advantageous is to associate the company with legitimate medical research, 

pharmacological representatives, and bona fide medical dispensers and to create 

or sell products with at least some proven efficacy. Companies of this nature tend to 

market marijuana strains with very conservative names. The opposing strategy is to 

target an audience that views recreational marijuana sympathetically (even if it is 

only available in the form of medical marijuana). Such companies tend to offer 

marijuana strains with ostentatious street names, a variety of edibles, smoking 

apparatus (especially bongs), and T-shirts with psychedelic logos. Companies 

specializing in medical marijuana are resentful of those promoting recreational 

marijuana aspects, since it degrades the seriousness of the industry. 
 

THE ROLE OF “BIG TOBACCO” 

Smoking has been widely practiced for centuries (Figure 15.2), but at least in Western 

nations, tobacco is a dying industry, the result of its horrific effects on human 

health. Smoking tobacco is estimated to kill six million people worldwide annually 

(Barry et al. 2014). Tobacco  companies are anxious  to diversify into more viable 

products (notably, for a period there were attempts to extract proteins from 

tobacco leaves to prepare edible “tobacco burgers”). Facetiously, the concerns 

regarding dangers to human health and the repugnant aspects of peddling a 

socially condemned product that would repel many potential investors might 

actually be attractive to the tobacco sector. For years, there has been suspicion that 

tobacco-based interests have been examining the possibility of investing in legiti- 

mized herbal marijuana production and distribution. Given its expertise in 

producing nicotine-based smoking products and paraphernalia, the tobacco 

industry is well preadapted to establishing “Big Marijuana.” “Legalizing marijuana 

opens the market to major corporations, including tobacco compa- nies which have 

the financial resources, product design technology to optimize puff-by-puff delivery 

of a psychoactive drug (nicotine), marketing muscle, and political clout to transform 

the marijuana market” (Barry et al. 2014). The recent consumer emphasis on 

vaping tobacco rather than smoking 
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FIGURE 15.2 Classical illustrations of tobacco smoking. Left: “Smoking club” (public domain illustration) from 

Fairholt, F.W., Tobacco, Its History and Associations, Chapman and Hall, London, U.K., 1859. Right: Boy 

dressed in a Napoleonic military costume, smoking a pipe (nineteenth century American trade card). Photo by 

oaktree_brian_1976 (CC BY 2.0). 
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it is perfectly aligned with the same trend for marijuana. Very large scale, as 

exemplified by corpo- ratization, may well be a prerequisite to future success of the 

recreational marijuana industry, and certainly tobacco corporations have the size, 

capitalization, and perspective to dominate a free-market marijuana-based 

economy. The tobacco industry is old and conservative, which may explain its low 

profile to date on the subject, but there is evidence of its attention to marijuana 

(Barry et al. 2014), and it would not be surprising for tobacco interests to be 

surreptitiously venturing into cannabis. 
 

PROFESSIONAL NICHES IN THE DEVELOPING MARIJUANA BUSINESS SECTOR 

The illicit marijuana market has spawned legitimate or at least quasi-legal 

employment for many. Of course, the millions of individuals who have been caught 

running afoul of the law have needed legal representation, and monumental 

investment has gone into policing and imprisonment. On the borders of legality, 

stores specializing in hydroponics, lights, and similar cultivation equipment 

required to grow the plants have benefitted, as have “headshops,” organizers of 

marijuana festivals, and writers specializing in counterculture publications. These 

profitable fringe activities have con- vinced many that legalized marijuana can be 

developed by rebels and misfits. 

However, legalized marijuana production and marketing are definitely not 

industries to be pursued by amateurs. Much more so than most other business 

activities, there are very demand- ing needs to prepare extensive applications 

for approval, to keep accurate records, to tolerate inspections, and to regularly 

file detailed reports. Working with several aspects of marijuana can be 

dangerous, both from the criminal element and by inadvertently failing to 

comply with often ambiguous regulations. There are stringent requirements 

best satisfied by dedicated pro- fessionals. Many are finding employment in 

ancillary services allied to the emerging marijuana industry (Figure 15.3) or are 

simply  benefitting indirectly from it  (Figure 15.4).  Particularly in demand are 

commercial property and leasing managers, insurance specialists, security 
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FIGURE 15.3 Occupations that have become associated with the rise of authorized medical and/or recre- 

ational marijuana. Prepared by B. Brookes. 
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FIGURE 15.4 An example of indirect benefits (in this case, to a junk food store) from the authorized mari- juana 

industry. Prepared by B. Brookes. 

personnel, financial and banking institutions, legal advisers, tax specialists, 

accountants, pub- lic relations and advertising representatives, horticulturalists, 

retailers, and media-savvy Web designers. With the expansion of professionals 

dedicated to facets of the marijuana industry, there is a parallel need for the 

establishment of trade associations and advisory councils to ensure that 

production and sales follow best practices and that ethical standards are 

maintained. 
 

OPPOSITION TO COMMERCIALIZATION OF RECREATIONAL MARIJUANA 

Any venture into the commercialization of marijuana needs to take account of the 

persisting social, moral, scientific, and political opposition. A century of 

prohibitionist policies and a negative image mean that many, indeed most, 

investors are likely to shy away from involvement. 
 
MedicaL oPPosition to recreationaL Marijuana 

The most important source of opposition to recreational marijuana is a substantial 

proportion of the med- ical profession. The following statement succinctly summarize 

concerns (also see Chapters 12 and 13): 
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“Owing to limited funding and study opportunities, marijuana and health 

professionals and policymakers do not yet know the full scope of the effects 

of marijuana use; however, the evidence demonstrates that the regular 

consumption of marijuana does increase the risk of physical and mental 

health problems… The general consensus among substance abuse pro- 

fessionals is that underage marijuana use can be both dangerous and 

addictive. Studies show that teenagers’ use can lead to negative physical, 

psychological, and behavioral consequences, such as chronic cough and 

bronchitis, memory deficits, and a loss of up to 8 points in I.Q. Additional 

public health issues… as a result of legalization include… acute health effects 

from contaminated marijuana products, the safety of edible marijuana 

products, accidental poisoning of young children from edible products, use 

among pregnant and breast-feeding women, secondhand smoke… substance 

abuse, potential impaired driving.” 
 

(Hickenlooper 2014; the governor of Colorado, a state which contradictorily has 

authorized not just medical but also recreational marijuana) 
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PoLiticaL oPPosition to recreationaL Marijuana 

In most of the Western world, marijuana remains a prohibited drug, often with 

exceptions for medi- cal usage. Most governments are hostile to changing the 

status of cannabis, continuing to devote large resources to antimarijuana 

education and law enforcement. However, in several countries, court decisions 

based on personal rights, and referenda, have led to softening of laws restricting 

marijuana. In Canada, the government was elected in 2015 on a policy of 

authorizing the use of rec- reational marijuana. In the United States, the national 

government remains opposed to recreational use, although initiatives in some 

individual states have led to recreational marijuana becoming available. 

As reviewed in earlier chapters, a majority of scientists and the public now 

accept that marijuana is not as deleterious as once believed, although not without 

significant harm, and that reformation of legislation is desirable to permit 

regulated usage. The governments of many nations have sponsored studies of the 

wisdom of laws limiting the use of marijuana (and indeed of other “drugs of 

abuse”), based particularly on harm potential, but these analyses have usually 

been hesitant to make decisive recommendations, although often reinforcing the 

view that marijuana legislation requires updating and emphasizing that further 

research is necessary. The fundamental issue to be addressed is how permissive 

or restrictive revised legislation should be. 

 
badMouthinG the coMPetition 

Curiously, many developing sectors of the nascent marijuana industry are very 

critical of each other, an obvious badmouthing of the competition in order to 

protect market share. For example, small dispensaries are horrified at the 

prospect that chain drug outlets could dominate retail aspects; medical 

dispensaries are opposed to the legalization of recreational marijuana because it 

reduces their profit potential and cheapens their image; and pharmaceutical-

based companies, interested   in cannabinoid drugs, see cheap mass-produced 

herbal cannabis as a severe limitation on future profits. Probably the most ironic 

objection to legitimizing marijuana is by the criminal trade, which faces the 

prospect of losing a substantial part of its drug-based income. 
 

GROWING SOCIETAL ACCEPTANCE OF RECREATIONAL MARIJUANA 

In a democracy, public opinion is the final arbiter of all issues, not scientists, 

politicians, or any other influential representatives of the people. It has been 

estimated that about 4% of the world’s population consumes cannabis annually 

(Leggett 2006). However, in some countries, the major-  ity of young people have 

smoked it, and there are strong indications of growing social acceptance and 

cultural normalization. As noted later, recreational marijuana is quite freely 

available in the Netherlands without fear of legal consequences, but this is very 
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unusual. The critical development that is being closely observed is recent 

establishment of recreational marijuana industries in states like Colorado and 

Washington. This is regarded as a large-scale social experiment, and given the 

importance of the United States in influencing modern trends, it is possible that 

the results could either stimulate or discourage wider acceptance in the Western 

world. A key analysis of the pos- sible future of recreational marijuana is provided 

by Galston and Dionne (2013). They note that in less than a decade, public opinion 

has shifted dramatically toward support of marijuana legaliza- tion and that 48% 

of Americans have personally used marijuana. Furthermore, a slim majority of 

Americans believe that it is less harmful than alcohol to individuals and society (by 

contrast, over 75% accept medical marijuana as beneficial). However, Galston and 

Dionne note that although sup- port for legalization is growing, a substantial 

number of Americans are strongly opposed, and those who are in favor of 

legalization do not consider consumption harmless but rather view criminaliza- 

tion as harmful. Indeed, in Western countries, there has been a general trend to 

decriminalize drug abuse. Galston and Dionne concluded that “Over the long run, 

the attitudes of Americans…on the 
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question will be shaped by whether the various experiments with legalization, 

decriminalization, and the use of marijuana for medical purposes are deemed 

successes or failures.” 
 

THE NEED FOR CAUTION IN LEGITIMIZING RECREATIONAL MARIJUANA 

Any material that produces a euphoric state will be used to excess by some 

individuals. Alcohol and tobacco, which are physically addictive for many, have had 

devastating effects on human health. “Indeed, if alcohol were a newly formulated 

beverage, its high toxicity and addiction potential would surely prevent it from 

being marketed as a food or drug” (Gable 2006). Sugar, which is also 

psychologically addictive, is responsible for much of the current obesity epidemic. 

Clearly, some addictive substances are so dangerous that extreme efforts are 

justified to prevent or reduce their usage, at least in most circumstances, but just 

as clearly, in a free society, a majority of adults cannot be prevented from choosing 

to consume what they wish. The issue that needs to be resolved is what level of 

loosening of control over cannabis is advisable. 

While this book is not intended to judge the wisdom of increasing authorized 

consumption of marijuana, either for medicinal or recreational purposes, it would 

be remiss to ignore the likelihood that some people are likely to be harmed. As 

discussed in Chapter 12, cannabis can produce anxi- ety, panic, and even paranoia 

in naïve users and anxious subjects and has significant potential for inducing 

psychological harm in adolescents and people with serious psychological 

vulnerabilities or suffering from mental illness. As also discussed in Chapter 12, 

cannabis additionally has potential to lower performance in handling equipment 

and automobiles and in conducting activities demand- ing alertness and manual 

“In a free and democratic society, which recognizes fundamentally but not 

exclusively the rule of law as the source of normative rules and in which 

government must promote autonomy as far as possible and therefore make 

only sparing use of the instruments of constraint, public policy on 

psychoactive substances must be structured around guiding principles 

respecting the life, health, security and rights and freedoms of individuals, 

who, naturally and legiti- mately, seek their own well-being and development 

and can recognize the presence, differ- ence and equality of others.” 
 

Report of the Canadian Senate special committee on illegal drugs (2002) 

http://www.parl.gc.ca/content/sen/committee/371/ille/rep/summary-e.htm 
 

“For the first time in the more than four-decade history of polling on 

marijuana issues, a Pew poll in 2013 showed that a majority of people in the 

United States supported legalization. The sharp contrast between the 

growing support for legalization, which outstrips the percentage of the 

population currently using marijuana, must reflect some degree of a rejection of 

paternalism… some portion of the population must be rejecting the 

paternalistic decision of regulators to remove a person’s autonomy when it 

comes to choosing to use marijuana.” 
 

Friedman (2014) 

http://www.parl.gc.ca/content/sen/committee/371/ille/rep/summary-e.htm
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dexterity, so inappropriate use could contribute to accidents and lowered 

productivity. Some additional issues are discussed in the following. 
 
chronic consuMPtion 

Based on surveys in several countries, it appears that about 14% of illicit cannabis 

users consume marijuana daily (Leggett 2006). In the United States, about 12% of 

drinkers report imbibing eight or more alcoholic drinks in the past week—averaging 

more than one per day. In both cases, such high 
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consumption is related to concerns about negative health effects. Often, regular 

usage of an inebriating drug is correlated with development of tolerance or 

insensitivity, so that higher amounts need to be consumed in order to achieve the 

same psychological state. Accordingly, the drive to consume in regu- lar users can be 

exacerbated. Whether one’s social drug is marijuana or alcohol, it appears that a 

very high proportion of usage (and potential profits) is concentrated in fairly small 

subpopulations. About half of alcohol profits come from one-quarter of alcohol 

drinkers, and one wonders about the sincerity of “Big Alcohol” advertising that their 

customers should “drink responsibly.” A very large proportion of booze and virtually 

all cigarettes are consumed by addicts. In the same vein, Werb et al. (2012) esti- 

mated that over 90% of illicit cannabis in British Columbia was purchased by daily 

marijuana users. The relative harm of marijuana, tobacco, and alcohol is frequently 

debated, but there is agreement that excessive usage of drugs is undesirable, and 

adding marijuana to the set of legal social drugs may be particularly hazardous for 

those with a propensity to develop very high usage. 
 
effects of increased avaiLabiLity of authorized cannabis 

Increased allowable usage of marijuana is occurring especially in North America. 

Although autho- rization of medical usage, as well as decriminalization and 

permitted recreational usage, are very recent and by no means universal, there 

have been several studies of the associated social and medi- cal effects. This 

information is relevant to business aspects because of the associated challenges 

faced by the cannabis industry in the future—in persuading the public, politicians, 

the medical profession, and indeed other business interests of the legitimacy of 

cannabis commercial activities. 

Effects on Prevalence of Usage 

Gorman and Huber (2007), on the basis of arrest and emergency hospital data, 

concluded that “consistent with other studies of the liberalization of cannabis laws, 

medical cannabis laws do not appear to increase use of the drug.” In a study of 

adolescent usage, Lynne-Landsman et al. (2013) found that medical mari- juana laws 

“have not measurably affected adolescent marijuana use in the first few years after 

their enact- ment. Longer-term results, after MMLs are more fully implemented, 

might be different.” Nevertheless, in U.S. states with medical marijuana laws, rates of 

marijuana usage increased (Cerdá et al. 2012; Harper et al. 2012). However, whether 

liberalization of laws causes increased usage is unclear. Cerdá et al. (2012) noted that 

“Future research needs to examine whether the association is causal, or is due to an 

underly- ing common cause, such as community norms supportive of the legalization 

of medical marijuana and of marijuana use.” From a commercial perspective, 

increased usage is desirable simply to increase the customer populations, but from a 

public health perspective, the opposite is often true. 
 

Effects on Health 
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Cerdá et al. (2012) found that marijuana abuse/dependence was more prevalent in 

states with relaxed availability of marijuana, but suggested that this was accounted 

for simply by higher rates of use. As noted in the next section, it is conceivable that 

if marijuana becomes more available legally, the usage of more deleterious 

substances (debatably including alcohol) might decrease because of substitution. 

Effects on Crime Rate 

By definition, if marijuana becomes legal, the crime rate will drop! Indeed one 

might predict that overdosing on other illicit substances might decrease if 

marijuana became more accessible legally. Contrary to expectation that the 

legalization of marijuana for  medical purposes poses a danger    to public health 

in terms of exposure to violent crime and property crimes, Morris et al. (2014) 

found no evidence of increased crime in 11 states that had authorized the 

establishment of medical marijuana dispensaries. Similarly, Shepard and Blackley 

(2016) found that “There is no evidence of negative spillover effects from medical 

marijuana laws (MMLs) on violent or property crime. Instead, we find significant 

drops in rates of violent crime associated with state MMLs.” However, Chu (2014) 

observed that medical marijuana authorization was associated with greater 

arrests for 
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unauthorized (recreational) usage. Kepple and Freisthler (2012) found that the 

density of medical marijuana dispensaries seemed unassociated with crime rates 

and suggested that measures dispen- saries take to reduce crime (such as 

doormen and video cameras) may deter offenders. 
 

FINANCIAL GUESTIMATES OF THE POTENTIAL MONETARY 

VALUE OF RECREATIONAL MARIJUANA 

Black market commodities are highly inflated in cost, but nevertheless, the value 

of the illicit mari- juana market is staggering. Gettman (2006) stated: “Domestic 

marijuana production has a value  of $35.8 billion, more than corn and wheat 

combined, easily making it America’s largest and most lucrative cash crop.… 

Marijuana is the top cash crop in 12  states, one of the top 3 cash crops in  30 

states, and one of the top 5 cash crops in 39 states. The domestic marijuana crop 

is larger than cotton in Alabama, larger than grapes, vegetables and hay combined 

in California, larger than pea- nuts in Georgia, and larger than tobacco in both 

South Carolina and North Carolina.” 

Miron and Waldock (2010) estimated that, in the United States, about $9 billion 

would be gained annually from legalizing marijuana, due to savings in government 

expenditures of enforcement of marijuana prohibition. 

In 2012, more than 300 economists, including three Nobel laureates, signed the 

following peti- tion, suggesting that legalization of marijuana, combined with 

taxation, could produce the equiva- lent of about $14 billion in revenue for the 

U.S. government: 
 

An Open Letter to the President, Congress, 

Governors, and State Legislatures 

We, the undersigned, call your attention to the attached [2005] report by Professor Jeffrey A. Miron, The 

Budgetary Implications of Marijuana Prohibition [http://www.prohibitioncosts.org/mironreport/]. The 

report shows that marijuana legalization – replacing prohibition with a system of taxation and regulation 

– would save $7.7 billion per year in state and federal expenditures on prohibition enforce- ment and 

produce tax revenues of at least $2.4 billion annually if marijuana were taxed like most consumer goods. 

If, however, marijuana were taxed similarly to alcohol or tobacco, it might generate as much as $6.2 

billion annually. 

 
Economist Stephen Easton (2009) wrote (in “Bloomberg Business/Debate Room” 

blog, not available): 
 

The current prohibition on marijuana consumption exactly parallels the 1920s alcohol prohibition… like 

booze during Prohibition, this substance, marijuana, is the easy revenue of organized crime, con- 

tributing tens of billions of dollars to growers, who commit a variety of bad acts both at home and abroad. 

How much money is made from this single illegal substance? In fairness, nobody knows for sure… total 

spending on marijuana may add up to $45 billion to $110 billion a year. What about possible tax revenue? 

From Canada we’ve learned that the production cost of [government-sponsored] marijuana is roughly 33¢ 

a gram. [Costs are higher, as noted later.] Currently, U.S. marijuana consumers pay at least $10 per gram 

retail for illegal marijuana. If the cost of retailing and distribution is the same as for legal tobacco 

cigarettes, about 10¢ a gram, then selling the (legal) product at exactly the same price as on the street 

today ($10 per gram) could raise $40 billion to $100 billion in new revenue. Not chump change. 

Government would simply be transferring revenue from organized crime to the public purse. 

 

http://www.prohibitioncosts.org/mironreport/
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These descriptions of the size of the illegal and potentially legal marijuana 

industry for the United States are subjective and have been strongly disputed for 

several years. A principal point  of contention is that the negative costs (for 

example, from intoxicated driving) are not considered. Moreover, because of the 

criminal, clandestine nature of most trade in marijuana at present, it is extremely 

difficult to evaluate the quantities of cannabis produced, trafficked, and 

consumed— traditional parameters of a market analysis. Despite these 

limitations, almost certainly potentially gigantic revenues are possible. Table 15.1 

suggests possible comparative potential global earnings 
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TABLE 15.1 

Estimates of Potential Annual World Economic Value 

of Categories of Cannabis sativa 

Category Value 

Ornament Thousands 

Phytoremediation 10s of thousands 

Biomass 100s of thousands 

Fiber 10s of millions 

Oilseed 100s of millions 

Pharmaceuticals Billions 

Medical herbal marijuana 10s of billions 

Recreational marijuana 100s of billions 
 

 

from both industrial and drug kinds of cannabis—estimates that necessarily are 

subject to very large errors. 

While the current explosive interest in marijuana legitimization (whether 

exclusively for medi- cine, a general decriminalization, or even comprehensive 

legalization) is being driven by sincere libertarians and believers in its potential 

medical benefits, financial considerations are often deter- minative in human 

affairs (put simply, “money talks”). Benefits from marijuana taxes to local gov- 

ernments may be as high as 100%, reflective of the tendency to impose heavy “sin 

taxes” on morally questionable commodities (often tolerated on the grounds that 

the funds will be used for noble purposes such as school and hospital 

construction). The ultimate economic impact of partial or complete legalization 

cannot be reliably predicted. Most marijuana is traded on the illicit market, and 

how this relates to a future legal market is uncertain. Nevertheless, there is a 

general consensus that medical marijuana is a multibillion dollar enterprise, and 

the value of recreational marijuana could be astronomical (Table 15.1). 

The “Drug War” insofar as it has involved marijuana has clearly been very costly 

to the public purse, with huge expenditures dedicated to law enforcement (Duke 

1995; see Collins 2014 for an extensive analysis of the drug war). Incarcerating 

many individuals for infractions involving mari- juana not only involves 

considerable overhead costs but also removes them as potentially productive 

citizens during their imprisonment and often subsequently limits the 

employability of ex-convicts. Moreover, prohibition of any commodity demanded 

by a segment of society has huge costs result- ing from criminal activities, such as 

street violence, bribery of public officials, tax avoidance, and health problems. 

Nevertheless, it is simplistic to think that removing the marijuana black market 

will substantially lower societal costs: it is possible that should criminals no longer 

be able to benefit from trade in marijuana, they will simply turn to other illicit 

commodities that are equally or even more deleterious to society. 
 

ECONOMIC EFFECTS OF LEGITIMIZING RECREATIONAL 

MARIJUANA ON THE ILLEGITIMATE MARIJUANA INDUSTRY 
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For good or evil, regions that have been centers of production and trade in illicit 

marijuana will suffer economically should legalization occur. Producers of illegal 

marijuana range from small- scale cottage industry (often conducted by students 

or “mom and pop” entrepreneurs) to large-scale operations sponsored by 

organized crime. The distortion on local economies can be spectacular, affecting 

a wide range of businesses, especially those selling expensive goods and services. 

In northern California’s Emerald Triangle (overlapping Humboldt, Mendocino, and 

Trinity counties), it has been estimated that marijuana accounts for up to two-

thirds of economic activity in the region, and property values have become highly 

dependent on their marijuana-growing potential 
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(Regan 2011). As a result, “there are an awful lot of young people driving BMW’s, 

Mercedes, and tricked-out trucks. Local fast-food restaurant owners complain 

they can’t find high school students willing to work in their restaurants because 

there’s so much more money to be made in the mari- juana trade” (Regan 2011). 
 

COSTS OF PRODUCTION OF MARIJUANA 

Chapter 14 presented information on the production of medical marijuana 

indoors, and in particu- lar documented yields on an area and harvest basis (keep 

in mind that indoor cultivation typically produces four harvests annually). To 

summarize the key production efficiency data presented in Chapter 14, the 

literature indicates that yields (indoor production, weight/area) usually range 

from about 250 to about 500 g/m2/harvest, with four harvests expected annually. 

Leaving aside the special costs for security, if marijuana could be produced 

outdoors like hemp, the cost of production would be dirt cheap. Gieringer (1994) 

stated that “In an untaxed free market, can- nabis ought to be as cheap as other 

leaf crops. Bulk marijuana might reasonably retail at the price of other medicinal 

herbs, around $0.75–$1.50 an ounce. Premium cured and manicured sinsemilla 

buds might be compared to fine teas, which range up to $2 per ounce, or to pipe 

tobacco, which retails for 
$1.25–$2.00.” (These figures are unrealistically low, as noted in the following 
paragraphs.) 

The cost of marijuana is substantial when grown in greenhouses (with or 

without supple- mental lighting), but given that ornamentals and vegetables are 

often grown out-of-season in greenhouses, marijuana could equally be 

produced relatively cheaply.  The cost is  magnified at least 10 times when 

marijuana is produced indoors with just artificial lighting, as is usually done 

currently. The major cost factor is electricity, particularly for lighting, but also 

for climate control. Stringent security requirements at present usually dictate 

indoor growing with no or very limited natural light, but should greenhouse 

cultivation be permitted, the cost of produc- tion would diminish substantially, 

and should outdoor growth be allowed, the costs would decrease dramatically. 

Economies of scale in production of cannabis are discussed by Hawken and 

Prieger (2013), who point out that large-scale operations (at least 200 m2 or several 

thousand square feet) are much more efficient than small-scale facilities, and 

volume discounts for large consumers of electricity may also be significant. They 

also note that when the goal is production of trimmed buds, trimmers may 

constitute about 50% of total labor (although machine trimming can lower the 

burden). Capital investment costs in physical facilities are discussed by Caulkins 

(2010) and Hawken and Prieger (2013). Except for the special requirements for 

security, the facilities necessary are comparable to what is needed for indoor crops 

in general, although medicinal plants are a more reasonable basis for comparison 

than are flowers or vegetables. 
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Hawken and Prieger (2013) indicate that marijuana can be produced under 

artificial illumination for  approximately $2.00 to $2.25 per gram, the costs 

decreasing when investments are prorated  for longer periods and for about half 

these figures when produced in greenhouses (using mostly natural light). Retail 

costs for medical marijuana usually range from $10.00 to $20.00 per gram. In the 

United States, black market (illicit) marijuana averages about $13.00/g. In some 

jurisdictions, licensed medical marijuana is available at cheaper prices than the 

illegal street counterpart! 

In Canada, production costs have been claimed to be as low as U.S.$2.20 per 

gram, employ-  ing natural light greenhouses, which, as noted previously, are 

substantially more economical than growth rooms using artificial light (Koven 

2015). 
 

ELEMENTARY BUSINESS HAZARDS: WILL THE “POT 

BOOM” BECOME A “POT BUBBLE?” 

There is phenomenal enthusiasm for investment in marijuana, the market 

amusingly described by phrases such as smoking hot, high trade, mind-blowing 

profit, growth industry, budding 
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business, and green gold rush. Many expect that just as dot.com billionaires 

were created dur- ing the computer revolution, so marijuana moguls are in line 

for great wealth (Figure 15.5). It  is well to be reminded that most new market 

commodities go through a life cycle, with several phases. Figure 15.6 illustrates 

in a hypothetical fashion the relationship of profitability and time for many new 

(especially patent-free) products in a free market economy, the situation  that 

prevails for most traditional marijuana products, especially herbal forms. Phase 

1 is the period of investment in research and development, necessary to bring a 

new product to the  point of profitability (most new products in fact do not 

survive this foundational period). Most classes of recreational marijuana and 

associated paraphernalia are well beyond phase 1, but many forms of 

pharmaceutical preparations are very new or being researched. During phase 2, 

the market expands, along with profitability. Phase 3 is a stable period of 

profitability, at the end of which decline in profits occurs (phase 4). The most 

common cause of the decline in profitability is copycat competition from those 

who have observed the profitability of the item. 
 
 
 

FIGURE 15.5 Private sector investment in the exploding legalized marijuana industry is rapidly producing 

fabulous wealth, as in the early growth period of the dot.com Internet barons. Prepared by B. Brookes. 
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FIGURE 15.6  Simplified product life cycle, showing the phases of profitability frequently associated with  
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new market offerings. See text for descriptions of the four phases and how they relate to the developing mari- 

juana industry. 
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The more lucrative a given product becomes, the faster competition develops. A 

frequent con- sequence of such competition is oversaturation of the market, the 

generation of surpluses, and business failures of those who remained dependent 

on the sale of the once-profitable item. Developing new products (phase 1) is 

extremely risky but offers the greatest potential rewards because the inertia from 

having a large head start may allow one to rapidly capture a large pro- portion of 

the potential market and to hold that market for a long period. New 

pharmaceutical products, new manufacturing processes, and new applications, 

most of which are associated with intellectual property rights, are the riskiest but 

potentially the most profitable aspects of the marijuana industry. Provided that 

competition is still limited, the safest strategy is copying the example of those who 

recently established marijuana businesses centered on production, 

manufacturing, and distribution of herbal and extracted forms of marijuana based 

on public domain techniques. The most common mistake is belated investment in 

a popular commodity that has demonstrated sustained high profitability but for 

which the market is rapidly becom- ing oversaturated. In some areas of Los 

Angeles, medical marijuana dispensaries outnumber McDonald restaurants (more 

than 1000 dispensaries are claimed to be present in the city), and such 

proliferation of “pot shops” has developed in several North American cities (Figure 

15.7), including Vancouver, British Columbia. 

The laws of supply and demand and market timing ultimately determine 

profitability, and legal marijuana as a commodity is in the enviable position of 

having limited supply and enor- mous potential demand. However, this situation 

invites competition, rapid overinvestment, and the generation of an oversupply 

resulting in a depression of the market. In this regard, the his- tory of Cannabis 

sativa introduction in Canada for industrial hemp is instructive. Authorization to 

grow licensed industrial hemp began in 1998. For several years thereafter, 

hundreds of licenses were acquired, mostly by idealistic individuals with limited 

experience in farming 
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FIGURE 15.7 The marijuana dispensary bubble. Top: Before; bottom: after. Prepared by B. Brookes. 
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and business. The result was widespread crop and business failures, 

bankruptcies, and an enor- mous glut of hempseed and hemp fiber that 

depressed the market, making industrial hemp unprofitable in the country for 

years. A parallel situation has developed in Canada for medical marijuana. The 

production of medicinal marijuana was authorized by just one major company 

in Canada from 2002 to 2013. As of 2015, any company satisfying rather 

demanding regula- tions can produce medical marijuana, and there have been 

more than 1000 license applications (although only a few dozen have been 

approved). The frenzy of new entrants was accompanied by marijuana 

companies issuing stock offerings, and the resulting giant marijuana stock 

bubble that was formed in 2014 collapsed in the same year (Koven and Pett 

2015). However, with the election of a new government expected to authorize 

recreational marijuana, cannabis has once again become a hot commodity in 

the Canadian marketplace. 

In the United States, there has been a frenzy of stock offerings in marijuana 

companies, and as of 2016, there have been associated reports of plummeting 

stock values. The British firm GW Pharmaceuticals, specializing in compounded 

cannabinoid extract preparations, is quite exceptional in its success (reportedly 

valued at $2 billion) and its stock offerings have been very profitable. 
 

POSSIBLE SCENARIOS OF SUCCESS OR COLLAPSE 

OF SECTORS OF THE MARIJUANA MARKET 

herbaL 

Law enforcement agencies have often assigned a value of $1000.00 to a single 

marijuana plant. While this is an exaggeration, it is clear that on the black market, 

marijuana has a very large value. Even when produced legally, marijuana is an 

exceptionally valuable commodity. The National Institute on Drug Abuse, the only 

federally legal supplier in the United States, charges researchers 

$1525.00 per kg, or $7.00 per joint (Reardon 2015). The elevated price is necessary 

because pro- duction costs are very high (primarily because of the high costs of 

security and indoor production and the need to conform to quality standards). The 

very high price for the U.S. national supply of marijuana is artificial, a result of a 

tightly controlled market. In reality, marijuana plants can be grown and turned 

into product very cheaply, a circumstance in which the possibility of a market 

crash exists should regulations permit free competition. 

At present, growing marijuana (even for personal consumption) is almost 

universally illegal, and this very strongly inhibits home cultivation. However, 

should recreational marijuana become widely available, it is likely that attitudes 

toward personal cultivation of plants will change. Were home cultivation to be 

widely permitted, it could drastically curtail commercial market demand for herbal 

forms of the plant, or at least suppress profitability. One may well ask why people 

do not grow their own tobacco plants, but this is probably because preparing high-
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quality tobacco is a very demanding art and science, while almost any dummy can 

raise a pot of pot, especially since equip- ment for cultivation is accessible via the 

Internet and from “grow-shops.” Moreover, a very high percentage of cannabis 

growers cultivate the plant not primarily for profit but for enjoyment and ideology 

(Hammersvik et al. 2012). According to Leggett (2006): “With the possible 

exception of some amphetamine-type stimulants, cannabis is the only drug where 

the entire market chain, from production to consumption, can be contained in a 

single individual.” 
 
extracts 

There are numerous financial risks associated with the development of new 

pharmaceuticals, par- ticularly those based on plant extracts (see Whittle and Guy 

2004 for an analysis of issues related to cannabis). Nevertheless, pharmaceutical 

extracts and formulations based on extracts represent a particularly promising 

sector of the medical marijuana industry. Indeed, for decades, governments 
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and the medical profession have been sympathetic to the idea of completely 

replacing herbal mari- juana with pure chemicals for medical purposes (a 

movement termed “pharmaceuticalization of marijuana”). While some 

proprietary products seem promising, none has reached the status of a 

breakthrough drug, and like all ventures, the possibility exists of market failure. 

Moreover, non- patented extracts can be prepared relatively easily, leading to the 

possibility that products intended for the medical market could face cheap 

competition. Candidly, extracts for use in vaporizers for the recreational market 

may represent the most profitable new market niche, but like tobacco-based 

vaporization, social pressure may limit usage (at least in public). 

Why Not Harvest CBD from Hemp? 

CBD represents a particularly promising investment opportunity. As detailed in 

Chapter 13, it has more promise for treating illnesses than any other cannabinoid, 

including THC. Since it is non- intoxicant, it has little of the abuse potential of THC 

(although it can be converted to THC, as noted in Chapter 11, there is little practical 

danger of this being done illicitly). CBD is the chief cannabi- noid of hemp, which 

can now be cultivated very cheaply outdoors in most countries. Indeed, CBD can 

be harvested as a “waste product” from the remains of harvesting hempseed. 

There is a high demand for CBD, which currently is being obtained from expensive 

indoor cultivation, because of legal requirements. Common sense dictates that 

current legal constraints to harvesting CBD from hemp should be removed, and 

the hemp industry permitted to harvest CBD and indeed other non- intoxicant 

cannabinoids. Cheaply produced CBD would, however, be disastrous for those who 

have invested in its production from expensive indoor plants. 
 
synthetics 

One of the very disturbing aspects of illicit drugs of abuse is synthetic designer 

drugs, which peri- odically are introduced, usually with very harmful results (see 

Chapter 12). Whether harmful or benign, the possibility exists that a new drug will 

capture the public’s attention, diverting interest from marijuana, and 

disappointing those who have invested heavily in it. Synthetic preparations of THC, 

while expensive and often considered to be less effective than conventional 

marijuana, may one day represent competition for C. sativa for medicinal 

purposes, much like synthetic (artificial) vanilla has largely replaced vanilla from 

the vanilla plant. 
 
GeneticaLLy enGineered Cannabis sativa 

Many of the world’s major crops have been genetically engineered, and 

transformed cultivars are becoming increasingly dominant. Genetic engineering is 

controversial and is a roadblock to mar- keting in some countries, especially in 

Europe. Both low-THC (industrial hemp) and high-THC (marijuana) forms of C. 
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sativa are symbolically viewed by many as representative of freedom from the 

unreasonable constraints of the power brokers of society, including the 

international corpora- tions that now dominate modern agriculture. As noted in 

Chapter 11, a gene controlling THC syn- thesis has been transferred to a tissue 

culture of tobacco, so that if precursors are fed to the culture, it will transform 

them to the acidic form of THC. This suggests that tissue or cell cultures could  be 

employed for the biotechnological production of cannabinoids in the future 

(Sirikantaramas et al. 2007; Zirpel et al. 2015). The possibilities of genetically 

engineering C. sativa go far beyond simply producing “Frankenpot”—“super 

plants” (facetiously illustrated in Figure 15.8) could be produced with 

extraordinary abilities with respect to size, longevity, growth rate, tolerance to 

diseases, pests, climate, soils, odor, taste, and novelty (for example, plants that 

glow in the dark). There have been fears that some of the very high-THC strains 

now in circulation were generated by genetic engineering (Cascini 2012). However, 

the possibilities of creating novel life forms go beyond plants—as noted 

previously, tissue cultures can be a basis for producing a desired canna- binoid, 

and valuable chemicals can also be biotically generated by transformed 

microorganisms 
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FIGURE 15.8 A hypothetical genetically engineered cannabis plant. Prepared by B. Brookes. 

 

such as yeasts in giant vats. The opposition to genetic engineering has been mostly 

unsuccessful in preventing its advance, and it is certain that C. sativa will be 

transformed, if not already achieved. Some crops are now dominated by 

transformed cultivars, and this has generated winners and losers in the 

marketplace. There would seem to be a strong possibility that this pattern will also 

develop for marijuana. 

 
MARKETPLACE CONSTRAINTS RELATED TO “CHEAP HIGHS” 

coMParative costs of Pot and booze 

While it may appear indelicate, cost is a major constraint to intoxication. Most 

people cannot afford expensive wines and liquors, and many find that their love 

(or addiction) for the intoxicant of their choice is a major financial drain. The price 

of cannabis is very low in most countries, even by comparison with other illegal 

drugs (Stockwell et al. 2010).  “In producer countries in  the developing world, it 

is sometimes cheaper to get ‘high’ on cannabis than it is to get drunk on beer” 

(Leggett 2006). Prices in the United States are comparatively expensive, but 

nevertheless,   a casual user can become intoxicated for less than $5.00, which is 

remarkable when one consid- ers that black market prices for illegal drugs are 

highly inflated. Moreover, cannabis is widely produced by individuals for their 

own personal use, cutting down costs. Additionally, marijuana  is a remarkably 

social drug, frequently shared, so that some contribute very little to its purchase. 
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Because marijuana is so cheap to produce and buy, it suggests that large amounts 

would have to be sold to be profitable, which is probably not a constraint for 

recreational marijuana (already very profitable as a black market commodity). On 

the other hand, those faced with buying expen- sive medical marijuana or 

pharmaceuticals may consider purchasing much less expensive street- available 

material. 
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coexistence of bLack and White Markets 

Expensive products sold in the legitimate marketplace are frequently also available 

illicitly at much cheaper prices, as a way of avoiding taxes or license fees, because 

they are cheaply produced coun- terfeits or because they are stolen. Governments 

view legalized marijuana as an opportunity to collect large taxes on all aspects of 

the industry, and the resulting inflated prices are likely to incentivize continued 

existence of the underground economy for cannabis. In the case of marijuana, illicit 

material is supplied both by organized crime on an industrial scale and by small 

entrepreneurs on a cottage industry basis. The illicit trade in alcohol involving 

moonshine (illegal production of high-proof distilled spirits) and bootlegging 

(illegal transportation or smuggling of alcoholic bever- ages) provides a parallel 

example of an intoxicant that is much more expensive legally than illegally. Black 

markets do provide employment and generate economic activity, but the costs in 

law enforce- ment and health costs associated with inferior products can be 

significant. Until cures for dishonesty and greed are discovered, the illicit market 

in marijuana is likely to continue. 
 

ABSENCE OF FOREIGN COMPETITION FOR AUTHORIZED MARIJUANA 

Marijuana, as well as many other inebriating drugs, is illicitly transported across 

borders. Most marijuana is in fact a black market commodity, and its geographical 

production is governed by interregional competition. Because herbaceous forms 

of marijuana are very bulky, odorous, and easily detected, most illicit marijuana is 

locally produced today or at least rarely crosses more than one border. In the past, 

however, the United States was mostly supplied by foreign sources—Mexico from 

the 1930s to the mid-1970s, Colombia during the 1980s, and appreciable 

importation from British Columbia subsequently. 

Medical marijuana could in theory be authorized for export and import, but at 

this time, it rarely crosses country borders, except in the European Union; Italy, 

Finland, Germany, and Switzerland import products from the Dutch program. 

Most states prefer to maintain close control over produc- tion, quality, and 

distribution, so medical marijuana is almost entirely produced domestically. The 

possibility exists, however, that in the future, much cheaper foreign production 

costs could greatly alter the advantage to producers of having an exclusively 

domestic market. Presumably Morocco, which has been a significant supplier for 

Europe, could develop a large legal market for the conti- nent, and Mexico and the 

Caribbean could similarly be major suppliers for the United States and Canada. At 

present, there are very large investments in cannabis production underway in 

developing nations, where costs are low, on the speculation that importation into 

rich Western countries will be possible. Transportation costs for bulk herbal 

materials are appreciable, so imports of high-THC preparations, particularly 

extracts, are likely to be the leading forms of imported marijuana. 
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CONSUMER TRENDS 

At present, vaporizers (allowing smoke-free consumption), concentrates 

(decreasing the amount of material required), and edibles are in high demand in 

U.S. medical marijuana dispensaries. There is developing interest in 

pharmaceuticals based on particular cannabinoids, particularly the extra- 

ordinarily versatile CBD. 
 

MARKET PRODUCTION MODELS: BIG VS. SMALL-SCALE BUSINESSES 

A “cottage industry” is a small business managed from a residence, typically a part-

time operation run by one or two individuals with incomes of less than $100,000. 

“Small-scale industry” refers to operations with limited physical facilities centered 

in one or a few cities, typically with dozens of employees and generating millions 

of dollars in income. “Big business” operations typically have hundreds of 

employees, often are international, and generate much larger incomes. Illicit 

marijuana 



408 Cannabis: A Complete Guide 
 

 
 

 
 

is currently generated in huge quantities at all three scales: at the cottage industry 

level, by small- scale gangs, and by large cartels. What levels of production are 

appropriately authorized in a legal market? Large-scale operations of most 

commodities have advantages of scale, and the capital and resources to ensure 

quality and safety, but habitually restrict their product range to the most profit- 

able items (as do the major beer and liquor companies). Small-scale businesses 

are well known to provide the bulk of business employment and often provide 

specialty products (as do microbrewer- ies). Cottage industry production of 

marijuana is very unlikely to be conducted as safely as regulated industries, but is 

so easy and common that whatever regulations and laws are enacted, it will con- 

tinue (legally or not). Governments tend to prefer restricting production to large 

operations, which are much easier to monitor. Over time, one can expect that 

smaller operations will be authorized, especially if costs of authorized products 

are so high that the black market industry remains large. 
 

MARKET OUTLET FORMATS 

There are too few models of legal marijuana distribution to evaluate the 

comparative impacts, both positively and negatively. There is considerable concern 

that “wild west legalization” and accompa- nying rampant commercialization may 

be damaging, and so there is often a belief that public health requires tight control 

of production, distribution sales, and marketing. The following discussion 

examines basic alternatives. Extremely restrictive distribution systems could 

involve monopolis- tic “nanny state” or designated corporate control, but various 

degrees of marketing freedom are conceivable. 
 
state MonoPoLy vs. Private sector 

Regulated control of production and/or delivery of marijuana could be based 

primarily or exclu- sively on (1) government monopoly, either as a designated 

function of government employees or assigned to one private sector company 

(the jurisdiction could be an entire country or a political subdivision); (2) an 

oligopoly (a market structure in which a few firms dominate), but unlike some 

oligopolies, which also permit many small firms, just a few large firms meeting 

“The debate over how to legalise cannabis tends to assume that for-profit 

commercial enter- prise is the default option. Legalising cannabis on the 

alcohol model may, however, be the second-worst option (behind only 

continued prohibition); commercialisation creates an industry with a strong 

incentive to promote heavy use and appeal to minors through aggressive 

market- ing. No system of legal availability is likely to entirely prevent an 

increase in problem use. But pioneering jurisdictions should consider 

alternative approaches including non-profit regimes and state monopoly. 

Both sides of the legalisation debate should acknowledge that the ques- tion 

is complex and the range of uncertainties wide. Such modesty, alas, is in short 

supply.” 
 

Kleiman and Ziskind (2014) 
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stringent require- ments are usually authorized (the current model in Canada); or 

(3) independent growers and dealers on a free market basis, with minimal 

requisites. 

Generally, two basic models are common for herbal medical marijuana 

dispensation (assuming both source and patient are licensed). On the one hand, 

the firm that produces the material from plant to package directly provides it to 

the patient, either by courier or at a central dispensing clinic. On the other, 

dispensing is by a retailer, which could be as large as a drug store chain or as small 

as an individual physician. Private sector distribution could be restricted to very 

large suppliers (this has been referred to as the “Marlboro-ization of marijuana”) 

or left to develop in the free mar- ket, with the result that there will be many 

small sources. Both the monopolistic and free market 
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alternatives have developed in the Netherlands: pharmaceutical-grade herbal 

marijuana is available from a single state-authorized supplier on a prescription 

basis, but the widespread acceptance of street-available marijuana and its sale in 

private retail outlets represents a free-market distribution system (that is rarely 

accepted elsewhere in the Western world). Despite the existence of only one 

authorized national medical marijuana supplier in both the Netherlands and the 

United States, most medical marijuana is purchased from other sources in these 

countries. Until recently, only one national medical marijuana supplier was 

authorized in Canada, and once again, most authorized patients purchased their 

supplies from other sources (mostly  small legal growers designated by  the 

patients). One cannot avoid noticing that governmental attempts to supply 

commodities on a monopoly basis are rarely competitive with the private sector. 

Gettman and Kennedy (2014) argue that production, sale, and marketing of 

cannabis should be left to the free market, with minimal governmental control, 

because “Marijuana, as a commodity for production, has unique attributes that 

distinguish it from alcohol and tobacco. It is relatively easy to grow and does not 

require industrial processing. Marijuana can be produced anywhere by just about 

anyone. It is grown throughout the country, in backyards, closets, attics, 

basements, and warehouses. While little technology is needed to grow marijuana, 

ample technology to maximize production and yield are widely, legally, available. 

This is a considerable factor in why prohibition has failed to control the production 

of marijuana. This will also be a considerable factor in the suc- cess or failure of 

any alternative regulatory regime.” 
 
“Weed bars” 

Once a euphoric substance becomes legalized, public consumption in dedicated 

dispensing estab- lishments becomes a possibility. In the Netherlands, perhaps the 

world’s most permissive country with respect to recreational marijuana, supplies 

can be purchased and consumed in so-called “cof- fee shops” (more appropriately 

termed pot cafés or hash bars; Figure 15.9). The prospect that mari- juana could 

be similarly consumed in Starbucks-like outlets seems remote at present in most 

nations 
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FIGURE 15.9 “Coffee shop” (a euphemism for marijuana bar) in Amsterdam, illustrative of the permissive- 

ness of retailing marijuana in the Netherlands. Photo by Bachrach44 (released into the public domain). 
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but is within the realm of possibility. In most cities, purveyors of cannabis can be 

expected to be as welcome as porn shops, strip joints, and even houses of ill 

repute. The likelihood is that frequently zoning will be similar to that afforded 

bars, with the possibility of being forbidden near schools, churches, and perhaps 

city centers and tourist areas. Indeed, a study of the placement of dispensa- ries 

in California showed that they were located in areas with higher rates of poverty, 

just outside city boundaries, often near alcohol outlets (Morrison et al. 2014). 

Unfortunately, marijuana-based dispensaries may often be confined to the 

seediest part of town. 
 
Pot restaurants 

Weed bars, discussed in the previous paragraph, are rather parallel in nature to 

conventional bars, where food offerings are rarely substantial. Weed bars in the 

Netherlands are mostly devoted to smoking and vaping, not onsite consumption 

of edibles. However, it may be anticipated that the recent growing interest in 

marijuana edibles may eventually spawn their consumption in dedicated 

premises. Cannabis-infused food, like alcoholic beverages, has a special attraction 

because it satis- fies not just a desire for euphoria but also provides the pleasures 

of taste, odor, and hunger satia- tion. Coincidentally, both alcohol and cannabis 

are powerful social lubricants, and so cannabis has the potential of displacing 

some of the usage of alcohol in the hospitality industries. Legalization of 

recreational marijuana, where it has occurred, has been a strong stimulus to an 

associated pot edibles industry, involving mostly common desert items like 

brownies, sweet beverages, and can- dies. At present, edibles are being marketed 

in dispensaries and boutiques, but one can anticipate that they may also be 

offered in restaurants, which could offer THC-laced haute cuisine. Of course, just 

as with alcohol, excessive consumption of cannabis could generate hazards and 

liabilities when customers become excessively “baked.” A difficulty with the idea 

of consuming cannabis edibles in commercial establishments is that the effects 

from digestion are substantially slower, less predict- able, and longer-lasting than 

pulmonary absorption. Eating increases stomach contents, affecting the rate of 

THC assimilation, contributing to the unpredictability of how long and how 

intensely the effects of the THC consumed will persist. Nevertheless, given that 

restaurant operators and patrons have learned how to safely accommodate onsite 

alcohol consumption, it is conceivable that the same may be true for cannabis 

edibles. 
 
hoMe deLivery (“Weed on WheeLs”) 

While the concept may seem odd given the persisting illegality of purchasing 

marijuana from street vendors, there are advantages to services that transport 

cannabis products to residences on a demand basis. In some cities, home delivery 

of alcohol is available, and apart from the possible issue of encouraging alcoholism, 
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this can reduce the incidence of driving under the influence, at least  for those who 

remain at the place where the beverages are received. A marijuana edibles 

delivery service, modeled on pizza delivery (Figure 15.10), could be particularly 

attractive for patients who are too debilitated to cook for themselves, combining 

provision of healthy food (like “meals on wheels” programs) in combination with 

therapeutic cannabis. Indeed, home delivery of pharmaceu- ticals to those who are 

house-bound is an established practice, and this model can be followed for medical 

cannabis. In several U.S. states, dispensaries frequently offer a delivery service for 

medi- cal marijuana, occasionally under names like “Speed Weed,” “Foggy Daze 

Delivery Service,” and “Your Friendly Neighborhood Drug Dealer.” Indeed, many 

cannabis-based retail businesses prefer to operate exclusively as a mobile service, 

as this avoids the necessity of establishing a storefront, which currently usually is 

an expensive and cumbersome exercise. Given the stigmatized nature of 

marijuana and its attraction to criminals, home delivery vehicles presumably 

would best be incon- spicuous, although some enterprising entrepreneurs may 

prefer garishly decorated vans. There are areas of the United States that have 

enacted “dry laws” to prevent medical marijuana dispensaries from being 

established, and such “pot deserts” deny ready access to medical cannabis to 

residents. 
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FIGURE 15.10 Cannabis home delivery. Prepared by B. Brookes. 
 

Cannabis delivery services would seem to represent a reasonable compromise, 

satisfying the wishes of local areas to prevent the presence of marijuana retail 

outlets, while still allowing convenient availability. In many areas of the United 

States, there is considerable legal conflict about what is and isn’t permissible with 

regard to cannabis delivery, and investing in this field will remain somewhat 

hazardous until regulatory policies become established. 
 

ADVERTISING 

Advertisers are well aware that promoting their wares in the mass media is not 

merely a way of educating customers, but a determinant of profitability. They are 

of course not primarily interested in public health; rather, the motivation is to 

maximize profits, build market share, and induce as many consumers as possible 

to purchase the products. Because of the inevitable likelihood that unfettered 

advertising of medical (and even recreational) marijuana will persuade many who 

should not consume the substance, there is strong pressure to prohibit all 

marijuana advertising. However, the Internet is impossible to control completely, 

and market representatives are highly skilled at bringing their company’s products 

to public attention. There is particular concern regarding how marijuana 

advertising affects adolescents (D’Amico et al. 2015). Limitations on advertising for 

alco- hol, tobacco, gambling, and indeed on pharmaceuticals provide guidelines on 

how marijuana adver- tising may be constrained in the future. Advertising on 

medical marijuana dispensation by private companies is currently banned in 

Canada. Advertising for the government-regulated pharmacy sales in Uruguay is 

also banned. Advertising of marijuana in the United States is covered to an 
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uncertain extent by federal regulations covering television, the mail, and 

interstate commerce, and this has raised uncertainties about what is occurring in 

states that have permissive rules. In Colorado and Washington, advertising has 

been relatively unfettered. At the minimum, glossy enlarged photos  of glistening 

buds are featured; more provocatively, scantily clad models recline amidst 

encircling plumes of colorful smoke. This is reminiscent of how the tobacco 

industry “targeted women, chil- dren, and vulnerable groups by associating 

smoking with images of freedom, sex appeal, cartoon characters, and—in the 

early days—health benefits” (Richter and Levy 2014). 
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POTENCY AS A DETERMINANT OF SALES RESTRICTION 

Control of production and sales of alcoholic beverages provides an interesting 

parallel example of how an inebriant substance is marketed in relation to 

concentration. In some jurisdictions, sales of high-alcohol beverages are entirely 

government controlled, while in others, distribution is in the hands of the private 

sector. Of course, there are restrictions based on age and customer sobriety. Low-

alcohol content (beer, cider, and wine) are sometimes permitted in certain stores 

(e.g., super- markets), while high-proof beverages (liquors) are occasionally 

confined to designated outlets. It seems uncertain whether a similar system based 

on strength of the intoxicating ingredient could  be devised to separate sales of 

low-THC herbal marijuana and high-THC hashish. Most stores are free to sell 

dealcoholized or very low-alcohol beverages; conceivably low-THC/high-CBD 

medical marijuana is conceptually similar. (At present, high-CBD hemp, despite 

lacking genuine intoxicant ability, is treated in much of the world as falling under 

the same laws that govern high-THC mari- juana.) The most important restriction 

should deal with purified extracts or synthetic cannabinoids (and their precursor 

chemicals), since concentrated preparations can be especially dangerous. In a 

similar vein, pure alcohol (widely employed for industrial and scientific research) is 

usually subject to rigid licensing and monitoring. There has been consideration 

given in several countries (notably the United Kingdom, Uruguay, and the 

Netherlands) to having a regulatory framework that consid- ers the percentage of 

THC in cannabis (Freeman and Swift 2016), but this has not yet resulted in a system 

of distribution on the basis of potency. 
 

THE AGE OF MAJORITY—A PROBLEMATICAL DETERMINANT 

OF SALES AND CONSUMPTION RESTRICTIONS 

Cannabis consumption in numerous places is rampant among children (Chapter 

12), and indeed,  an alarming number of adolescents have become Illicit dealers. 

In the light of this, it is somewhat academic to address the issue of attempting to 

limit availability to the very young. Nevertheless, the issue is of considerable 

importance. 

The “age of majority,” indicative of transition from legal minor status to 

adulthood, generally varies from 18 to 21. As noted in Chapters 12 and 13, the 

greatest harm potential of cannabis appears to be consumption by the young, 

defined as ranging up to 25 years of age. Because a proportion of young people 

between the conventional age of majority and 25 years seem significantly 

susceptible to brain impairment from cannabis usage, the minimum age for legal 

consumption is problemati- cal. As with other privileges accompanying the age of 

majority, young people are eager to take full advantage of their legal status, and it 

is very difficult to conceive that they would accept restrictions to the ripe old age 

of 25 insofar as recreational cannabis is concerned. However, the medical profes- 
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sion needs to take account of the relative inadvisability of utilization until this age 

is reached. 
 

LEGAL CONSIDERATIONS 

cautions 

Production, distribution, and usage of marijuana are governed by different 

legislations according to region, and indeed, policies are evolving rapidly. For the 

possible development of medical and/ or recreational marijuana, it is important to 

appreciate the legal status of marijuana locally. In  some countries (notably 

Indonesia, Malaysia, Iran, Singapore, and United Arab Emirates), penalties are 

severe, especially for trafficking, and may include death. Many countries (including 

Canada, Denmark, Germany, Spain, the Netherlands, New Zealand, the United 

Kingdom, and the United States) allow marijuana to be used for medical purposes. 

The precise regulations governing can- nabis in areas where it is currently 

authorized are often complex and often periodically undergo changes. 

Authorization to produce, prescribe, sell, and employ medical marijuana 

(occasionally 
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also recreational cannabis) differ considerably depending on political region. As 

with other complex laws and regulations governing substances and activities that 

are subject to extreme penalties, even when transgressions occur innocently, it is 

sometimes too easy to run afoul of requirements or to be accused of such. 

Accordingly, anyone entering into business aspects related to marijuana needs to 

be thoroughly aware of the rules and to understand potential pitfalls. It is probably 

also true that given the possible danger of accidental exposure to legal 

prosecution (to say nothing of the hazards from the criminal element), engaging in 

the developing marijuana commerce requires courage. 

“Compassion clubs” providing marijuana to sick people have often run afoul of 

the law, and those selling marijuana in for-profit establishments need to be 

particularly cautious because they will not be viewed as sympathetically. “Pot 

speakeasies” are regularly established by brave (or foolish) entrepreneurs, testing 

the tolerance of the police and local government. Frequent tactics of such 

ventures include claims that the establishment is a “club” or “clinic” not subject to 

local regula- tions. Often, customers are required to sign long waivers absolving 

the business of health and legal consequences. Such testing of the boundaries of 

current laws governing cannabis reflects not only uncertainties about the 

tolerances of society and the political system but also a conviction that the future 

will be considerably more permissive. 
 
internationaL treaties 

At the beginning of the twentieth century, international conferences concerned 

with the damage associated with opium use laid the groundwork for later 

international sanctions against harmful plant-based drugs (Mead 2014). More than 

a dozen international agreements dealing with psychoac- tive substances were 

signed. These were combined in the United Nations Single Convention Treaty on 

Narcotic Drugs of 1961. This obligated signing countries to enact controls on 

cannabis, while allowing certain activities to proceed with restrictions. Cannabis 

and its products were defined as “narcotics with a high potential for abuse and no 

accepted medicinal value.” THC was not character- ized until 1964, so early 

legislation did not use it as a legal criterion. The laws that countries agreed to 

establish were subsequently modified by two international treaties: the 1971 U.N. 

Convention on Psychotropic Substances and the 1988 U.N. Convention against 

Illicit Traffic in Narcotic Drugs and Psychotropic Substances. The agreements 

require countries that are signatories to prohibit numer- ous activities concerned 

with marijuana and its constituents but allow exceptions, particularly for medical 

purposes. Just how much discretion individual countries may exercise in these 

respects has been argued (Mead 2014). Room (2014) states that, while medical use 

is allowed under the conven- tions, legalization of recreational marijuana (as in 

Uruguay and the states of Alaska, Colorado, Oregon, and Washington) 

contravenes the 1961 Single Convention on Narcotic Drugs, as well as the 1988 
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Convention. Room concluded that “The world is now saddled with drug treaties 

which are not fit for purpose.” Leggett (2006) noted that “Signatories to a range 

of international drug control treaties have agreed that cannabis should be deemed 

an illicit drug. Despite these agreements, many States have, in various ways, 

relaxed their controls over cannabis. Even where these changes do not amount to 

a breach of the treaties, there appears to be a divergence in spirit between 

international agreements and individual State action. This discontinuity has not 

been addressed at an interna- tional level and thus international efforts to address 

cannabis have also fallen by the wayside.” Rodman (2015) discusses the need for 

reform of the United Nations treaties dealing with cannabis. 
 

LEGAL MODELS 

the netherLands 

The Netherlands, for several decades the center of economic development of high-

THC cannabis, is uniquely permissive with respect to marijuana. Beginning in 1976, 

penalties for cannabis were softened, and eventually retail outlets 

euphemistically termed “coffee shops” were allowed to sell 
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small amounts of marijuana. Although cultivation and supply are technically 

limited to a national supplier and usage to prescriptions, enforcement is nominal 

or weak, and the situation has been described as “de facto legalization.” 
 
united states 

The United States is not only the world’s largest consumer of herbal marijuana, it 

is also highly influential in establishing public policies in the Western world. “Since 

the 1970s, the national trend has moved toward decriminalization, increased 

social acceptance, and legalization for medical use. Today, more than half the 

states in the United States have decriminalized the possession of small amounts 

of marijuana, approved it for medical use, or legalized it completely. Numerous 

other states—both liberal and conservative—are considering legalization, 

indicating that the recreational use of marijuana is no longer a partisan issue” 

(Hickenlooper 2014). Although the federal U.S. government still prohibits 

marijuana, it has not blocked states from legalizing it for medical or recreational 

purposes, provided that a number of conditions are met (such as preventing 

distribu- tion to minors and not allowing diversion to states where marijuana is 

still illegal). The states of Washington and Colorado legalized the recreational use 

of marijuana in 2012, authorizing com- mercial cultivation, processing, and sales 

to adults, who are allowed to possess up to 1 ounce (28 g) for personal use. In 

Colorado, up to six plants can be cultivated by individuals. California’s lack of 

appreciable restrictions on medical marijuana has been said to represent de facto 

legalization for recreational purposes. 
 
uruGuay 

Uruguay became the first country to legalize the recreational use of marijuana in 

2014. Individuals can purchase up to 40 g/month from registered pharmacies, 

cultivate up to six plants producing up to 480 g annually, or join a club that has the 

same personal limits. 
 
other countries 

Recreational usage is prohibited by law in almost all Western countries. Medical 

usage is permit- ted in many countries, generally with strict conditions. In some 

cases, there is just one authorized supplier, the government itself or a designated 

private company. In other cases, there are private sector suppliers. Some 

countries like Spain allow organizations (“clubs”) to dispense marijuana to its 

membership. Sometimes, individuals are authorized to cultivate a small personal 

supply. 
 

PATENTS 

An “invention” is “a new product or process that solves a technical problem” 

(WIPO 2010). Some inventions are improvements on previous solutions. Patents 
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are exclusive rights granted for inven- tions. Patents are provided by governments, 

giving inventors rights over copying, using, distribut- ing, or selling their 

inventions, for a specific period (typically 20 years). Before a patent is issued, an 

inventor must provide convincing evidence that the new invention is (1) useful, (2) 

novel, and 

(3) not so obvious that others could have easily deduced it. Inventions are a major 

part of “intellectual property,” but to be profitably commercial, other aspects of 

intellectual property such as copyright, trademarks, and industrial design are 

often required. Because marijuana has been used for thou- sands of years, it is 

often difficult to discern when a given form or process employed to produce it is 

patentable. 

There have been several patents relating to the biochemistry of the 

cannabinoids. Especially interesting is Patent 6630507: Cannabinoids as 

antioxidants and neuroprotectants, filed by the U.S. government in 1999, rather 

ironically since at the time, it vehemently opposed cannabis and viewed 
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it as a substance utterly without medical value. The patent was based on findings 

of Aiden Hampson and Julius Axelrod (a Nobel Prize-winning neuroscientist), who 

discovered that CBD showed prom- ise in limiting neurological damage in patients 

with Alzheimer’s disease and Parkinson’s disease and in those who have suffered 

a stroke or head trauma (Barcott and Scherer 2015). 

In Chapter 12, considerable information was provided on the production of resin 

powder, a high- THC form of cannabis. Equipment for production of cannabis resin 

powder traces to (1) ancient techniques and apparatus that evolved in Asia during 

past centuries, (2) techniques and apparatus invented during the past half century 

in the drug subculture of Western countries, and (3) tech- niques and apparatus 

invented during recent decades by merchants servicing the drug subculture of 

Western countries. Because the technology and apparatus developed for the 

preparation of can- nabis resin powder were invented largely in the 

counterculture and indeed often constitutes “drug paraphernalia,” intellectual 

claims are problematical. There are conflicting patent claims as to who invented 

and/or adapted apparatus and techniques for wet and dry sieving production of 

purified, high-THC preparations of the secretory glands (these two basic classes were 

described in Chapter 12). The techniques and apparatus (or at least similar 

apparatus) may have been used for decades, per- haps even for centuries. 

Moreover, the intellectual property issue is uncertain because the equip- ment 

and techniques have been largely utilized in an illegal or at least legally 

problematical setting. Mila Jansen of the Netherlands and the company she 

established have been particularly significant sources of equipment for production 

of cannabis resin powder (Jansen and Teris 2002). 

A variety of modalities for administering cannabinoids are available or may be 

produced in the future. Commercial utilization of equipment and techniques to 

produce authorized cannabis preparations needs to consider the potentially 

problematical nature of intellectual property claims. The added-value potential of 

proprietary drug derivatives of the cannabinoids and drug-delivery systems is 

huge. The British firm GW Pharmaceuticals has been very active in the 

development of cannabis technologies, both extracts and in herbal forms, which 

are advertised as providing the con- sumer with a more efficient delivery system 

(more THC, less tar, etc.) and therefore greater safety. Other firms as well are 

researching cannabinoid delivery systems. The long-term significance of such 

patented technological developments, which could make obsolete the use of 

medicinal mari- 
juana as currently supplied, needs to be examined. 

As described in Chapter 13, noncannabinoid compounds that are naturally in 

herbal marijuana, particularly terpenes and flavonoids, may augment the 

therapeutic effects of cannabinoids. In prin- cipal, there is no reason to restrict the 

composition of a marijuana-based formulation to compounds that are naturally in 

the plant, and one can foresee the marketing of imaginative combinations of 
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ingredients. Moreover, just as the tobacco industry has marketed cigarettes with 

flavorants, humec- tants, and other materials to improve organoleptic qualities, 

one can foresee the same for marijuana. The extent to which given formulations 

constitute intellectual property may be open to debate. 

There are numerous cultivars or biotypes of crops that have been created 

through genetic engi- neering, and the documentation of the genome of C. sativa 

(Van Bakel et al. 2011) stimulated inter- est in exploiting its genes. Russo (2011b) 

commented: “It is certain that the production of genetically modified organism 

(GMO) cannabis plants would provoke tremendous controversy among consum- 

ers, and that battles over patents and breeding rights would be obvious sequelae 

of such a devel- opment. Any individual or corporation anticipating dipping their 

toes into such an endeavor may expect to encounter a veritable regulatory 

minefield while attempting to license such a product.” 
 

OPIUM POPPY AS A BUSINESS MODEL FOR MARIJUANA PRODUCTION 

Opium poppy (Papaver somniferum L.) provides an instructive example of how the 

world has made compromises in order to grow a plant for both drug and nondrug 

products (Small 2010). Reminiscent of how C. sativa has been altered by humans 

into three different categories of plant (fiber, oilseed and drugs), so P. somniferum 

has been domesticated into three different groups of plants: drug cultivars, 

oilseed/condiment cultivars, and ornamentals. Most people are unaware that 

the source 
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of poppy seeds commonly used on bakery products is the opium poppy, exactly 

the same species that produces opiate drugs such as heroin. Indeed, the very same 

plants are often the source of both condiments and drugs. As noted in the 

following, most people are also unaware that ornamental poppies, often 

cultivated on their property, are frequently opium poppies, and that opium poppy 

grows wild in numerous areas. 

Like C. sativa, the opium poppy has become established as a weed throughout 

much of the world. The species is believed to grow wild in the Mediterranean 

region, from the Canary Isles eastward, but is found as an escape from cultivation 

in fields, roadsides, and waste places in scattered localities almost everywhere, 

including North America. However, unlike governmental attempts to eradicate 

wild “ditchweed,” there have not been any significant efforts to exterminate the 

wild-growing poppies. While millions have been prosecuted for cultivation or 

possession of marijuana forms of 

C. sativa, almost no one has run afoul of the law because they grow ornamental 

opium poppies. Opium poppy seeds for growing the plants are widely available in 

stores and from seed supply firms, but dealers are virtually never charged with 

traffic in narcotics. As noted in the next paragraph, orna- mental opium poppies 

do not have as high a potential for harm as do selected drug strains, but they still 

do possess opiate constituents. The tolerance for opium poppy cultivation 

exhibited by society in general and law enforcement in particular stands in stark 

contradiction to the intolerance of can- nabis cultivation. It demonstrates that the 

mere cultivation of potentially dangerous drug plants is not necessarily dangerous. 

However, it cannot be disputed that some plant-derived drug substances are 

dangerous, and in the history of human civilization, opium has been the most evil 

(Figure 15.11). Crude opium is typi- cally just the hardened latex (milky sap) of the 

unripe fruit (capsule) of the opium poppy. Opium contains a mixture of many 

constituents, including the alkaloids morphine and codeine. Morphine is normally 

the most abundant alkaloid present in opium. Opium has traditionally been 

obtained by making incisions into the nearly ripe poppy capsules 10–20 days after 

flowering. In cooler climates, incisions do not seem to result in good exudation of 

latex, and mature capsules are simply collected for chemical extraction. Morphine 

is often extracted from the capsules of oilseed cultivars after  the seeds have been 

harvested, although drug cultivars are more productive. The capsules of some 

ornamental forms of opium poppy have less than 1% opiate alkaloids, while those 

of drug cultivars 



425 The Commercial Marijuana Revolution 
 

 

(a) (b) 
 

FIGURE 15.11 The evil side of opium poppies. (a) An opium poppy field in Afghanistan. Notice that the cap- 

sules have been slit longitudinally, and the exuded latex has turned brown. Photo (public domain) by Davric. 

(b) An artist’s conception of an opium den in France. Source (public domain): Cover of Le Petit Journal, July 

5, 1903. 
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(a) (b) 

 

FIGURE 15.12  The good side of opium poppies. (a) A field of opium poppies cultivated for pharmaceuticals in 

North Dorset, England. Photo by Marilyn Peddle (CC BY 2.0). (b) A vial of medicinal morphine. Photo (public 

domain) by Stickpen. 
 

can have more than 20%. The opium of some selected pharmacological varieties 

is more than 25% by dry weight. 

Opiate alkaloids are harvested from cultivated opium poppies for medicinal use 

(Figure 15.12) as well as for illicit narcotics. As a source of drugs of abuse, the opium 

poppy has caused more human pain than any other plant, but as a source of 

medicines, it has relieved more human pain than any other plant. Morphine is 

considered to be the most important analgesic used for severe pain. While it is the 

premier medication for agonizing pain and suffering, it has high potential for 

addiction, and so it is strongly regulated. Heroin, which is produced by chemical 

conversion of morphine, acts rela- tively rapidly to produce euphoria and is a chief 

illegal drug of abuse. The widely used pain reliever codeine is also produced by 

chemical conversion from morphine. 

Just as it is possible to cultivate low-THC “industrial hemp” cultivars that have 

virtually no abuse potential, it is possible to grow poppy cultivars for certain 

medicinally important opiate alkaloids that have very limited potential of 

abuse. Some selected varieties of the opium poppy produce opium with 

virtually no morphine. Opium poppies that do not produce morphine are 

considered to be much less dangerous and in some jurisdictions are allowed to be 

cultivated with relatively limited oversight. Some varieties of the thebaine poppy 

(also known as Iranian poppy and scarlet poppy), Papaver bracteatum Lindl., can 

produce appreciable morphine, but this poppy has generally been cultivated for 

the production of two other alkaloids, codeine and thebaine. Some varieties of 

this species have low amounts of morphine and almost the only opiate alkaloid 

present is the nonnar- cotic thebaine. As with low-morphine opium poppy, 

thebaine poppies are allowed to be grown in some jurisdictions where the 

cultivation of normal opium poppy is forbidden or allowed only under stringent 

conditions. Because the chief commercial product of opium poppies is codeine 

(as noted previously, produced by chemical conversion from morphine), the 
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thebaine poppy has been con- sidered to be a desirable substitute for the much 

more dangerous opium poppy (thebaine can also be easily converted to 

codeine). Thebaine poppy is increasingly being grown in Western countries. 

Medicinal poppies are grown outdoors, not in glass houses. There are several 

advantages to growing plants indoors, especially medicinal plants; nevertheless, 

not only poppies but also almost all other cultivated medicinal plants (indeed, 

almost all crops) are in fact grown outside because it is very much cheaper to do 

so. Indeed, the only critical reason to produce cannabis indoors is for security. 

In the long-term, the fear of cannabis that still dictates most policies concerning 

its pro- duction is likely to lessen to the point that medicinal C. sativa will be 

grown mostly outdoors, as 
nature intended. 
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Viewed in the context of developing C. sativa, the opium poppy industry 

demonstrates that even dangerously addictive species can be managed for the 

good of society by enactment of sensible policies. 
 

LAUGHING GAS AS A BUSINESS MODEL FOR MARIJUANA PRODUCTION 

Laughing gas (nitrous oxide, N2O) is a well-known, respected anesthetic and 

analgesic in surgery and dentistry. It is often employed as an oxidizer in rocket and 

racing car fuels. It is also used as  an aerosol spray propellant, such as in whipped 

cream canisters and cooking sprays. Beginning    in the nineteenth century in 

Britain, laughing gas became a party drug (Figure 15.13),  and it is  still employed 

recreationally to produce a pleasant giddiness and orgasm-like euphoria (Lynn et  

al. 1972), effects related to its opiate-like abilities (Gillman and Lichtigfeld 1994). 

Depending on jurisdiction, laughing gas is unregulated or somewhat regulated (for 

example, availability may be restricted to adults or to licensed professionals). 

Nonmedical use is occasionally subject to legal 
 
 

 

FIGURE 15.13  Prints (public domain) showing the recreational usage of laughing gas. Top:  A satirical  picture 

(published in 1830) of chemist Sir Humphrey Davy administering laughing gas to a woman. Davy popularized 

the use of laughing gas as a party drug. He also invented the miner’s lamp and became president of the Royal 

Society of Great Britain. The other man pictured is Sir Benjamin Thompson (“Count Rumford”), American-
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born British physicist and inventor. Bottom: A view of a laughing gas party in a doctor’s office (pub- lished in 

1820). Notice the large flask at left containing nitrous oxide gas, which was traditionally produced by heating 

the (dangerously explosive) mineral ammonium nitrate. 
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penalties but is rarely treated seriously. There is a general consensus that the harm 

potential of nitrous oxide is limited (at least directly to people; this greenhouse gas 

is thought to be a significant contributor to atmospheric pollution). 

Comparing laughing gas to marijuana may appear to be a stretch, since nitrous 

oxide is accepted as a valuable medical material with limited recreational harm 

potential. However, Myles et al. (2007) indicate that it has been found to have 

some deleterious effects after surgery, and Cousaert et al. (2013) point out that 

laughing gas is one of the commonest inhalant drugs of abuse among the young. 

Breathing in pure nitrous oxide has led to death by oxygen deprivation (Zuck et al. 

2012). In any event, laughing gas has been tested as a freely available substance in 

the public marketplace for over two centuries, while marijuana has almost 

universally been subject to extremely severe restric- tions. It is at least conceivable 

that in the long-term, marijuana will be as normalized a business commodity as 

laughing gas. 
 

THE GREAT IRONY: FROM COUNTERCULTURE DRUG 

TO MASS-MARKETED COMMODITY 

The Hippie (hippy) subculture, which championed the huge expansion of marijuana 

during the mid- 1960s and 1970s in the United States and eventually in much of 

the world, was a countercultural movement that defiantly rejected the mores of 

mainstream American life. In essence, smoking mari- juana symbolized 

repudiation of capitalism, conventional values, and state-mandated regulation  of 

pleasurable drugs. Many of the same idealistic rebellious youth who once 

espoused a life free  of greed and hard work have been transformed into money-

grubbing cannabis entrepreneurs with MBAs, firmly rooted in the profit-based 

establishment they once despised (Figure 15.14). Today, marijuana is becoming 

one of capitalism’s most promisingly lucrative developments, and mari- juana is 

increasingly being defended (albeit with reservations) by physicians, politicians, 

and even police—the most conservative professions of society. 
 

THE CANNABIS ROADS TO HEAVEN AND HELL 

the Precautionary PrinciPLe in reLation to coMMerciaL deveLoPMent of cannabis 

As discussed in Chapter 13, the “precautionary principle” is a respected way of 

managing the sus- pected risk(s) of causing harm to the public or to the 

environment, in the absence of scientific con- sensus that the action or policy is 

not harmful. This approach places the burden of proof that the issue under 

consideration is not harmful on those advocating or tolerating the activity in 

question. 
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FIGURE 15.14 Transformation of the idealistic hippie generation to capitalism. Prepared by B. Flahey. 
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The precautionary principle has been cited as a justification for the prohibition of 

recreational drugs, including marijuana. In its extreme application, the 

precautionary principle leads to reluctance to alter the regulatory status quo. 

However, societal demand for change in the status of cannabis has developed such 

momentum that inaction is no longer a choice. Prohibition of alcohol consumption 

in the United States, followed by widespread scofflaw contravention, a tidal wave 

of protest, and eventual political reacceptance of booze, is eerily analogous to 

what is happening with respect to marijuana. 

Historically, commerce has been conducted with considerable freedom, with 

limitations imposed only after significantly deleterious results become evident 

from a product or practice. In effect, busi- ness activities have been considered 

innocent until proven guilty, a situation that can be catastrophic when a product 

becomes extremely popular but proves to be dangerously defective (as evidenced 

by recent massive recalls of automobiles). It seems certain that legalized marijuana 

will become extremely popular (indeed, exceeding the popularity of illegal 

marijuana), and given the consensus that marijuana is not risk-free, there is 

evident need for caution in formulating new regulations. 
 
reasonabLe reGuLatory risk ManaGeMent 

Fundamental innovations and changes that affect many people almost invariably 

have unintended results, and there is always concern about negative spinoff. 

Governments are responsible for enact- ing wise regulatory landscapes 

maximizing the availability of safe, effective products while con- trolling abuse 

potential with constraints that are acceptable to the majority of society. Income 

from taxes, stimulation of employment, and control of health costs are chief 

governance considerations. The models of control of production, sale, and 

consumption of cannabis products outlined in this chapter are currently being 

tested in various jurisdictions, and the comparative risks and benefits of these 

frameworks are not yet clear. The natural tendency of governments is to retain 

centralized control of production and distribution, but governmental constraints 

inevitably seem to inflate costs, and this is certain to encourage a substantial black 

market distributing cheaper but unsafe material. It is essential that, over time, 

regulatory frameworks evolve and adapt, presumably becoming more permissive, 

as experience dictates. 

Private sector business has thrived throughout history, and where there has 

been an unquench- able demand, it has always been met, legally or not. 

Capitalism best serves society when restraints are minimal, but sufficient, to 

minimize abuse and harm. Unfortunately, free-market capitalism, by its nature, 

cannot be relied on, either to proactively address health and safety issues or to 

redress negative developments. Nevertheless, it is to be hoped that leadership 

within the business communi- ties will exercise the caution and responsibility 

necessary to minimize the problems that will occur. It is impossible to predict 
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with certainly whether the present momentum popularizing both medical and 

recreational marijuana will continue. The degree and manner of the future 

availabil- ity of cannabis ultimately are matters for society to constrain through 

its democratic institutions. Nevertheless, marijuana seems destined to become 

an important medication, for the betterment of mankind, and a legal social 

inebriant for the masses, for better or worse. The commercial prospects of both 

medical and recreational cannabis appear to be extraordinarily profitable both 

for the pri- 
vate and public sectors. 

 
CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN BEHAVIOR 

• In 1996, the Adidas shoe company introduced the “hemp shoe,” a model with the upper 

portion made of hemp (Figure 15.15). The U.S. White House Office of National Drug 

Control Policy severely criticized the company and asked it to withdraw the shoe from  the 

marketplace. In denying the request, Adidas president Steve Wynne replied, “I don’t believe 

you will encounter anyone smoking our shoes any time soon.” 
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FIGURE 15.15 A pair of classic Adidas hemp shoes. Photo by Janne Toivoniemi (CC BY 2.0). 

 
• During Japan’s feudal era, merchants carried gold, silver, copper, and iron coins with square 

holes in the centre so that they could be carried on strings of hemp. 

• In colonial America, citizens of several colonies were required by law to grow hemp. In 

1682, the Virginia legislature made hemp fiber legal tender for up to one-quarter of all 

debts. Similar laws were enacted in Maryland in 1683 and Pennsylvania in 1706. By 1810, 

hemp was Kentucky’s major crop and was also used as money. 

• American presidents George Washington (1732–1799) and Thomas Jefferson (1743–1826) 

encouraged the growing of hemp. However, both lost money trying to grow the crop. 

• The “Goldilocks price” for marijuana is a compromise that governments legislating can- 

nabis sales need to consider. (The “Goldilocks principle” states that something should fall 

within certain margins, neither too large nor too small.) The price should not be too low (to 

avoid spurring consumption), nor too high (to undercut the black market). 

• In Morocco, “the amount of land area dedicated to producing one gram of hashish is at 

least 25 times greater than that needed to produce one gram of cannabis herb outdoors” 

(Leggett 2006). While there is value added in such production, because of the extensive 

labor and processing involved, the profit margin is much too small to justify producing 

hashish rather than herbal marijuana. It appears that tradition and a reliable demand for 

Moroccan hashish in Europe is responsible for continuation of the hashish trade, despite 

this not making economic sense. 

• In 2014, what has alleged to be the first medicinal marijuana-related TV ad (from 

MarijuanaDoctors.com) aired on Comcast-owned channels such as Fox, CNN, ESPN, 

Comedy Central, AMC, and Discovery in Chicago and New Jersey (viewable at http:// 

www.brandingmagazine.com/2014/03/05/worlds-first-major-medicinal-marijuana-tv-ad/). 

• One of the most effective of modern marketing techniques is to associate a product with  a 

famous personality known to be associated with it. Legendary singer-songwriter Willie 

Nelson is a longtime proponent and enthusiast of marijuana, perhaps only secondary to 

comedy duo Richard “Cheech” Marin and Tommy Chong. In 2014, Nelson announced 

plans to produce his own brand of marijuana (“Willie’s Reserve”) and to establish a chain 

of dispensaries. 

http://marijuanadoctors.com/
http://marijuanadoctors.com/
http://www.brandingmagazine.com/2014/03/05/worlds-first-major-medicinal-marijuana-tv-ad/
http://www.brandingmagazine.com/2014/03/05/worlds-first-major-medicinal-marijuana-tv-ad/
http://www.brandingmagazine.com/2014/03/05/worlds-first-major-medicinal-marijuana-tv-ad/
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FIGURE  15.16  Statue (by Alvin Marriott) of Bob Marley in Kingston, Jamaica. The names of celebrities   

like Marley are being associated commercially with cannabis products. Photo by Avda (CC BY SA 3.0). 

 

• Another example of the brand power of a famous name is provided by Jamaican reggae 

icon Bob Marley (Figure 15.16), who was a vocal advocate of marijuana before his death in 

1981. In 2014, Privateer Holdings, a New York equity firm investing in the legal cannabis 

industry, acquired the rights from the Marley family to use his name to label a variety of 

products, including “heirloom Jamaican cannabis strains.” According to Forbes’ annual list 

of dead celebrities’ earnings, in 2014, Marley was the ninth highest paid dead celebrity, 

making $20 million, more than Marilyn Monroe or John Lennon. Since cannabis is illegal 

federally in the United States, there could be problems in registering a brand name associ- 

ated with prohibited usages. 
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16 Sustainability 

“Sustainable” has become the byword for human long-term utilization of physical 

and energy resources in ways that do not degrade living things, habitats, 

ecosystems, and planetary resources such as the atmosphere, water, soil, and 

landscapes. Unsustainable agriculture, mostly related to crops, is the principal way 

that people harm the world. The cannabis plant has quite extraordinary 

significance in mankind’s current attempts to create a more sustainable world, and 

this chapter deals with the considerations that make it useful in many respects for 

increasing sustainability, although less so in other ways. 
 

THE REPUTATION OF THE CANNABIS PLANT FOR SUSTAINABILITY 

For several decades, industrial varieties of Cannabis sativa have been touted as 

phenomenally beneficial for the environment and biodiversity, admittedly 

particularly by  individuals  some- times considered to be “Fringe Greenies” by 

those with limited sympathy for environmental issues. Nevertheless, hemp has 

become the world’s leading crop symbol of sustainable agriculture. Although the 

benefits of growing hemp have been greatly exaggerated in the popular press and 

by hemp entrepreneurs, C. sativa is nevertheless exceptionally suitable for organic 

agriculture and is remarkably less “ecotoxic” in comparison to most other crops. 

There are considerable ecological and sustainable advantages, as presented in this 

chapter, but there are also some disadvantages, particularly with respect to the 

illicit cultivation of marijuana. 
 

HOW MAJOR CROPS HARM THE WORLD AND WHY 

CANNABIS SATIVA CAN BE BENEFICIAL 

Humans have modified plants since the beginnings of agriculture about 13,000 

years ago, so that they will be more useful and productive. Such modification has 

almost invariably weakened the resistance of the plants against stresses, 

necessitating protective measures. Crops are particularly affected by biotic 

stresses from “pests” in the broad sense, including animals (especially insects, 

slugs and snails, mites, nematodes, rodents, and birds), plant pathogens (viruses, 

bacteria, and fungi), and weeds. These diminish crop growth and deteriorate 

stored harvests, reducing produc- tivity by as much as 40% (Flood 2010). Measures 

to compete against harmful organisms have resulted in the widespread use of 

pesticides, which have been very harmful to the natural world. In parallel, 

measures to compensate for such abiotic stresses as soil infertility and lack of 

moisture have resulted in the massive use of fertilizers and the profligate 

consumption of water. Invariably, mechanized or factory agriculture today uses 



 

huge amounts of fossil fuels. All of these strategies have drastically deteriorated 

the landscape and atmosphere of the world. Crops that minimize “agricultural 

inputs” (pesticides, irrigation, energy) can contribute substantially to reducing 

eco- logical damage. 

Agriculture today is dominated by about a dozen major crops grown as huge 

monocultures, i.e., as continuous plantations with just a single species. The huge 

expenditures of water, herbicides, pesticides, fungicides, bactericides, fertilizer, 

and fossil fuels result in chemical pollution of soil, water, and the atmosphere and 

displacement or destruction of native animals, plants, and soil organ- isms. 

Fortunately, it is possible to find less ecologically damaging crops, and C. sativa is 

extremely promising in this regard, as discussed in this chapter. 
 
 

405 
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Simply adding a new crop, like C. sativa, to those being grown can be beneficial. 

The topic    of “crop diversification” deals with the addition of crops to those 

currently cultivated in a region. There may be economic benefits (such  as 

increased profitability, new markets, and cushioning  the effects of crop and 

market failures of the crops that have been grown), but there are also possible 

ecological benefits. Growing many crops (although in some respects less efficient 

than dependence on a small number of major monocultures) can lessen the 

attractiveness of farms to pests and diseases and may even provide niches for 

some wildlife. However, some crops are more beneficial than others to the natural 

world, and, as noted later in the chapter, hemp is remarkably advantageous. 
 

COMPARATIVE ENVIRONMENTAL FRIENDLINESS 

OF CANNABIS SATIVA AND OTHER CROPS 

Figure 16.1 compares the environmental compatibility of Cannabis crops (fiber, 

oilseed, and mari- juana) and 21 of the world’s major crops, based on more than 

two dozen criteria measuring the eco- logical friendliness of crops (see Montford 

and Small 1999a,b for details). Oilseed and fiber forms 
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FIGURE  16.1  A comparison of the biodiversity friendliness of selected major crops and three C. sativa   crops 

(fiber, oilseed, drug) based on 26 criteria (after Montford, S., Small, E., Global Biodivers., 8, 2–13, 1999; and 

Montford, S., Small, E., J. Int. Hemp Assoc., 6: 53–63, 1999). 
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of C. sativa were found to be exceptionally compatible with the environment. Illicit 

drug forms were less friendly to nature, but as described later, this is because of 

the practices of irresponsible growers. 
 

BIOCIDE REDUCTION 

Agriculture makes heavy use of biocides (pesticides, fungicides, and herbicides), 

which can be extremely detrimental to biodiversity. Although conscientious 

attempts are generally made to local- ize application, accidental drift of biocides 

can be harmful to nontargeted organisms (for exam- ple, fish in nearby streams) 

and soil organisms (such as earthworms) near the area of application. Innocent 

resident animals and plants often cannot escape exposure, nor can visiting 

pollinators, birds, and other foragers. Toxic biocides threaten the survival of some 

species and sometimes even poison humans. Although various techniques (most 

importantly organic agriculture, integrated pest management [IPM], and genetic 

engineering) offer means of decreasing biocide use, most crops are dependent on 

heavy application of biocides, particularly pesticides and herbicides. Crops that are 

naturally resistant to pests and weeds are therefore very important in reducing 

damage to biodiver- sity. Cannabis sativa is known to be significantly resistant to 

most harmful organisms and rarely requires protective treatment. Indeed, the 

most valid claims for the environmental friendliness of hemp relate to its very 

limited need for agricultural biocides. 

Fields intended for hemp cultivation are still conventionally cleared of weeds 

using herbicides, but so long as hemp is thickly seeded (as is always done when it 

is grown for fiber), the rapidly developing young plants normally shade out 

competing weeds that appear subsequently. Young, growing plants that are more 

widely spaced (as is typically done for production of hempseed and marijuana) are 

less able to smother out weeds and may require mechanized weeding, which is 

wasteful of fuel. 

Cannabis sativa is remarkably resistant to insects (Figure 16.2). However, the 

degree of immu- nity to attacking organisms has been greatly exaggerated, with 

several insects and fungi special- izing on hemp. In very damp (e.g., maritime) 

environments, fungi can cause severe damage (Van der Werf et al. 1996), and 

should the plant become much more widely cultivated than at present, it is likely 

that significant pest problems will develop. Nevertheless, the use of pesticides and 

fungicides on hemp is usually unnecessary, although introduction of C. sativa to 

regions where it has not been grown for many years should be expected to attract 

pests. 
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FIGURE 16.2  Grasshopper on hemp. Grasshoppers and their orthopteran relatives (crickets and locusts)  rarely 

damage the foliage of C. sativa. Indeed, few insects significantly harm the species, so the use of insec- ticides 

is very rarely required. 
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USING UP SURPLUS MANURE 

As discussed in Chapter 3, C. sativa is naturally adapted to soils where animal 

excrement has accumulated—i.e., sites with considerable nitrogen. Although the 

weedy form of the species is known to be capable of surviving on poor soils with 

limited nitrogen, to maximize production, input of fertilizer high in the element is 

needed. Hemp is extraordinarily well adapted to the use of manure as a nitrogen 

source. Unfortunately, most hemp is grown using conventional synthetic fertil- 

izers, which are environmentally damaging. Livestock production inevitably 

produces large stores of manure, and C. sativa has the potential of using up these 

surpluses. Properly managed, manure can be far friendlier to the environment 

than synthetic fertilizers, which (1) require the expenditure of fossil fuels to 

manufacture, (2) reduce soil organism biodiversity, (3) tend to be overused, result- 

ing in eutrophication (overfertilization) of waterways, and (4) produce significant 

amounts of atmo- spheric pollutants and greenhouse gases. (Runoff from manure 

can be as damaging to biodiversity as runoff from inorganic fertilizers, so that the 

use of manure is not problem-free.) 
 

MISCELLANEOUS ENVIRONMENTAL ADVANTAGES 

There is widespread concern over the depleting supply of fossil fuels (coal, 

petroleum, peat), as well as the environmental degradation associated with 

transporting them (such as caused by oil tanker spills), and the atmospheric 

pollution generated from burning them. As discussed in Chapter 10, 

C. sativa is a candidate for biomass production. Plants that generate biomass can 

be used as ethanol fuel sources, and in some cases, this may alleviate problems 

associated with the use of fossil fuels. However, at this time, the prospects for C. 

sativa in this regard seem limited, mostly because the technology for transforming 

cellulosic plant tissues to fuel alcohol is expensive. As discussed in Chapter 8, the 

species is also a candidate for biodiesel production. Casas et al. (2005) analyzed 

the life cycle value and carbon economy of hemp biodiesel but did not find clear 

environmental benefits. Similarly, Van der Werf (2004) concluded that hemp was 

comparable to wheat and sugar beet with respect to relative contributions of 

polluting substances emitted to the atmosphere and resources employed. 

Although the price of hemp oil is too expensive at present for it to be used as 

biodiesel, this is a possibility in the future (Figure 16.3). 

Drug and oilseed types of C. sativa (to a much lesser extent, fiber cultivars) are 

very high value crops in terms of productivity per unit area. Such crops tend to 

increase local wealth and indirectly 
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FIGURE 16.3 Biodiesel produced from hempseed oil as a possible aid to reducing environmental problems 

associated with burning fossil fuels. Prepared by B. Brookes. 
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decrease pressure on the environment and habitats since a smaller acreage needs 

to be farmed to produce a reasonable income. 

Like most crops, at least while they are growing, Cannabis can reduce the supply 

of weed seeds in the soil (since an established crop outcompetes weeds), control 

soil erosion, and aerate the soil. 

The deep roots of Cannabis are efficient at water uptake from lower soil levels, 

which may be ecologically desirable in some circumstances. For example, crops 

with shallow roots can exacerbate salinization of soils by bringing salt from shallow 

layers to the surface, but deeper-rooted plants can sometimes avoid this difficulty. 

Also, where water is only available at depth, its utilization from deeper parts of the 

soil can prevent excessive drying of the surface of the soil. 
 

ENVIRONMENTAL DISADVANTAGES 

As with almost all crops, there are significant environmental impacts associated 
with growing 
C. sativa (Van der Werf and Turunen 2008). 

Where natural rainfall is limited, C. sativa must have moderate irrigation to be 

productive, espe- cially during early growth. Irrigation can greatly alter ecosystems 

and is especially detrimental to indigenous plant species that are adapted to dry 

areas. Accordingly, irrigation is a key consideration of the extent to which a crop 

can be considered environmentally friendly. Agriculture is respon- sible for 70% of 

the world’s fresh water consumption (Heywood 1996), and chronic shortages are 

developing in many countries, so the need for irrigation is a significant limitation. 

Indirect harmful effects of irrigation include possible soil salinization and pollution 

from run-off. 

Current market forces tend to pressure farmers to narrow the diversity of crops 

and livestock produced. Modern agriculture and plantation forestry are highly 

productive but constitute artificial, low-diversity ecosystems. Today, much of the 

world is occupied by vast monocultures, particularly cereals (notably wheat, 

barley, oats, rice, corn, millets, and sorghum), which are so very highly 

domesticated that they require heavy inputs of energy and agrochemicals and are 

therefore rather environmentally unfriendly. Also, such systems are very 

susceptible to climate variations and out- breaks of pests and pathogens. Large 

monocultures, by their nature, exterminate local habitats and their constituent 

wild species. Industrial hemp (for fiber and oilseed) is most efficiently grown as a 

large-scale monocrop, and so it tends to add to the environmental burden in the 

same way as other large field crops. 

Agriculture is a heavy user of fossil fuels for tilling, planting, harvesting, and 

processing. Such consumption generates atmospheric gases contributing to 

climate change. Cannabis sativa does not have advantages in most of these 

respects by comparison with other crops. Textile crops (as exemplified by fiber 

hemp) and oilseed crops (such as oilseed hemp) are associated with exten- sive 

extraction and processing machinery, which in turn necessitate mined resources, 
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including fuels. Hemp oil can be prone to rancidity, requiring refrigeration to 

prolong quality, which requires energy. However, much of the energy expenditure 

of agriculture is concerned with the manufacture and application of herbicides, 

pesticides, fungicides, and chemical fertilizers. As noted previously, Cannabis crops 

require lower use of these agrochemicals than most other crops, and this factor 

tends to lower overall energy consumption costs. As noted later, several products 

made with hemp (such as insulation and hemp-lime concrete) contribute to 

conservation of energy, and some hemp products simply require less energy to 

make, or to transport (because they are light). 

Minimum tillage, the practice of planting seeds or seedlings in fields that have 

received little or no plowing (indeed, sometimes directly into stubble or sod), is a 

promising agricultural technique that minimizes soil disturbance and reduces 

expenditure of fossil fuels. For the relatively few crops that can be raised with 

minimum tillage, it is an admirable practice for making agriculture more 

sustainable and less damaging to the environment. Unfortunately C. sativa 

requires a well-prepared seedbed, and minimum tillage is inappropriate. 

Cannabis sativa is rich in bioactive chemicals (of course, this is why marijuana is 

of interest), and decaying plants can produce toxic residues in the soil. Traditional 

water retting of hemp to 
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FIGURE 16.4 Painting titled “Hanfeinlegen” by Theodor von Hörmann (1840–1895) showing traditional  

water retting in Europe (public domain—http://www.imkinsky.com/). 

 
 

extract the fiber (described in Chapter 7; Figure 16.4) is notorious for polluting 

waterways, killing fish, and producing intolerable odors. Environmental 

regulations in Western nations prevent such obsolete technology, which 

unfortunately continues to be practiced in Eastern Europe and Asia. 
 
Saving TreeS 

Wood fiber (from trees) and synthetic fiber (from petroleum) dominate the fiber 

market (Chapter 7), but ecological and economic concerns about depleting forests 

and petroleum have increased interest in using natural fibers as primary or at least 

supplemental raw material. In recent decades, the pulp and paper industry has 

been criticized for negatively affecting the environment by deforestation, 

replacing old-growth forests with tree plantations, pollution of air and land 

(including the produc- tion of toxic and mutagenic wastes by chlorine bleaching), 

and high energy use. To an extent, these problems have been alleviated by paper 

recycling, sustainable management of natural and planted forests, and adopting 

less harmful processing technologies. Interestingly, Silva Viera et al. (2010) found 

that for pulp and paper usage, wood (from eucalyptus trees) had less overall 

negative environ- mental impacts than hemp (hardly surprising, since trees can 

grow with virtually no agricultural inputs and minimum care). Wood remains the 

cheapest source of fiber and wood is likely to remain dominant, but as discussed 

in the following, the use of C. sativa as a source of fiber may reduce the damage 

associated with forestry. 

The most widespread claim for environmental friendliness of C. sativa is that it 

has the potential to save trees that otherwise would be harvested for production 

of lumber and pulp. Several factors appear to favor increased use of wood 

http://www.imkinsky.com/
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substitutes, especially agricultural fibers such as provided by hemp (Figure 16.5). 

Deforestation, particularly the destruction of old growth forests, and the world’s 

decreasing supply of wild timber resources are today major ecological concerns. 

Agroforestry using tree species is one useful response but nevertheless sacrifices 

wild lands and biodiversity and is less preferable than sustainable wildland 

forestry. The use of agricultural residues (e.g., straw bale construction) is an 

especially environmentally friendly solution to sparing trees, but material limita- 

tions restrict use. Nevertheless, agricultural residues often provide a cheap 

material that otherwise might simply be burned, contributing to air pollution. 

Another chief advantage of several annual 
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FIGURE 16.5 Hemp fiberboard. Photo by Elke Wetzig (Elya) (CC BY SA 3.0). 
 

fiber crops over forestry crops is relative productivity, annual fiber crops 

sometimes producing of the order of four times as much material per unit of land. 

Still another important advantage is the precise control over production quantities 

and schedule that is possible with annual crops. In many parts of the world, tree 

crops are simply not a viable alternative. “Three billion people…live in areas where 

wood is cut faster than it grows or where fuelwood is extremely scarce” (World 

Commission on Environment and Development 1987). “Since mid-century, lumber 

use has tripled, paper use  has increased six-fold, and firewood use has soared as 

Third World populations have multiplied” (Brown et al. 1998). Insofar as hemp 

reduces the need to harvest trees for building materials or other products, its use 

as a wood substitute tends to contribute to preserving forests. Hemp may also 

enhance forestry management by responding to short-term fiber demand while 

trees need to grow for many years to reach their ideal maturation. In areas 

depleted of natural stands of wood, annual crops such as Cannabis can be efficient 

sources of agricultural fibers to replace forestry products and therefore preserve 

trees (Montford and Small 1999a,b; Small 2012). In developing countries where 

fuelwood is becoming increasingly scarce and food security is a concern, the 

introduction of a dual-purpose crop such as hemp to meet food, shelter, and fuel 

needs may contribute significantly to preserving biodiversity. 
 

BIOREMEDIATION 

Some crops are notable for their tolerance of and ability to absorb substantial 

amounts of heavy metals and so serve for “phytoremediation.” Preliminary work 

in Germany (noted in Karus and Leson 1994) suggested that hemp could be grown 

on soils contaminated with heavy metals, while the fiber remained virtually free 

of the metals, but as noted in the following, there is now consider- able evidence 

that C. sativa can absorb heavy metals and thereby decontaminate soil and water. 

Baraniecki and Mankowski (1995) observed that hemp can reduce the soil content 

of copper, zinc, and cadmium; Loeser et al. (2002) recorded accumulation of zinc, 

cadmium, and nickel; Piotrowska- Cyplik and Czarnecki (2003) observed 

accumulation of zinc, copper, and nickel; and Angelova et al. (2004) noted the same 

for lead, copper, zinc, and cadmium. Koznlowski et al. (1995) observed that hemp 
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grew very well on copper-contaminated soil in Poland (although seeds absorbed 

high levels of copper). Baraniecki (1997) found similar results. Mölleken et al. 

(1997) studied effects of high con- centration of salts of copper, chromium, and 

zinc on hemp and demonstrated that some hemp culti- vars have potential 

application for growth in contaminated soils. Shi and Cai (2009) recorded hemp 

absorbing substantial cadmium. Pejic et al. (2009) found that waste hemp fiber 

could be employed to remove lead, cadmium, and zinc ions from contaminated 

water. Petrová et al. (2012) demonstrated that chelating agents could be used to 

improve extraction of metals by hemp. Mihoc et al. (2012) found that hempseed 

seems susceptible to excessive accumulation of metals. Accordingly, it would seem 

unwise to grow hemp as an oilseed on contaminated soils. However, polluted 

habitats might be suitable for a fiber or biomass crop. In fact, Eerens (2003) 

found that hemp could be grown 
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economically for fiber in an effluent disposal site. However, Linger et al. (2002) 

warned that edible and clothing uses of hemp grown on heavy metal 

contaminated soil are inadvisable. Nevertheless, for many nonedible applications, 

particularly construction materials, products made with hemp that has 

accumulated heavy metals are probably safe. Campbell et al. (2002) found that 

hemp was useful for treating soil contaminated with two polycyclic aromatic 

hydrocarbons, chrysene and benzo(a)pyrene. The possibility of using hemp for 

bioremediation deserves additional study (Griga and Bjelková 2013). 
 

Wildlife  SupporT 

Cannabis sativa is plagued by bird predation, which takes a heavy toll on seed 

production. The seeds are well known to provide extremely nutritious food for 

both wild birds (see Chapter 8 for examples of wild bird species on wild hemp) and 

domestic fowl. Hunters and birdwatchers who discover wild patches of Cannabis 

often keep this information secret, knowing that the area will be a magnet for 

birds in the fall when seed maturation occurs. Upland game birds in the Midwest of 

the United States have been observed to utilize wild hemp as cover for nesting and 

foraging (Vance 1971). 

Increasingly in North America, plants of various species are being employed to 

revegetate and maintain landscapes, especially to provide habitat and food for 

wildlife, most notably for wild birds. The seeds of C. sativa are nutritious and 

extremely attractive to birds, and were it not for its repu- tation, wild hemp could 

be planted for the benefit of wildlife. Cannabis sativa has not yet been seriously 

considered for this purpose. However, the species is not an aggressive weed and 

certainly has great potential for being used as a wildlife plant. Of course, such 

usage is forbidden in North America, current policies requiring the eradication of 

wild hemp wherever encountered. 
 

ENVIRONMENTALLY FRIENDLY COMMERCIAL PRODUCTS 

Today, there is a search for novel materials that address societal concerns and 

regulations regarding the environmental costs associated with products. A “green 

image” has economic value, and con- versely, a negative environmental reputation 

is a liability (of course, it is often difficult to determine which information 

presented in advertising is factual and which is merely promotional). As stated by 

Fletcher et al. (1995), industrial hemp has a large devotional following because of 

its green image and its products seem to be almost self-promoting. Market 

segmentation for ethically produced goods and growing support for biodegradable 

and natural products have led to a wide range of new industrial hemp products 

being developed. 
 

Hemp vS. CoTTon 

In the last several decades, synthetic fibers (particularly polyester) have come to 
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dominate the tex- tile fiber market (as illustrated in Figure 7.1).  Synthetic fibers are 

largely made from petroleum  and so contribute to the depletion of fossil energy 

resources. Accordingly, many environmentally conscious consumers favor textiles 

made from natural fibers. The natural fiber market is dominated by cotton, 

considered by many to be the bête noire of all environmentally damaging crops 

because of its huge consumption of pesticides, fertilizers, and water (Soth et al. 

1999; Small 2013b; Figure 16.6). In the European Union (EU), where legislation has 

strongly favored both natural fibers and sustainable crops, hemp has been 

significantly subsidized. Another consideration is the “locavore” ideal of producing 

crops close to home. By this credo, hemp is preferable in temperate regions to the 

use of tropical and semitropical fibers like cotton, which need to be imported. It 

must be conceded, however, that synthetic fibers and cotton are dominant 

because of cost and quality considerations, and despite its environmental and 

ethical advantages, hemp is unlikely to develop more than a niche fabric market. 
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FIGURE 16.6 Former floor of the Aral Sea in Uzbekistan, central Asia, showing abandoned ships in a toxi- cally 

polluted wasteland, caused by draining rivers feeding the sea in order to irrigate cotton and overusing pesticides 

and fertilizers. The Aral Sea was once the world’s fourth largest inland body of water but is in a desert area and 

exists only because it is fed by rivers. This is one of the world’s most tragic examples of the destructive effects 

of unsustainable agricultural practices and one of the greatest environmental catastrophes ever recorded. Photo 

taken in 2011 by S. Kluger (CC BY 3.0). 

 
reCyClabiliTy 

As noted in the following,  in contrast to many products manufactured from 

traditional plastics  and metal, hemp biocomposites can be much more recyclable. 

Plastics made with hemp fiber (described in Chapter 7) are one of the products 

touted as having great potential to increase sustain- ability while reducing 

environmental damages. Singha et al. (2011) summed up the advantages of fiber-

hemp-based composites as follows: “Sustainability, ‘cradle to grave’ design, 

industrial ecol- ogy, eco-efficiency, and biocompatibility are the guiding principles 

of development of new genera- tions of materials. Lignocellulosic reinforced 

composites are the materials of the new paradigm. The use of biodegradable and 

environment friendly plant-based fibers in the composites reduces waste disposal 

problems, environment pollution, and ecological concerns. Light weight, 

decreased wearing of machines, low abrasiveness, as well as an absence of health 

hazards during processing, application, and upon disposal are added advantages 

of these composites. Also these fibers can be incinerated, are CO2 neutral (when 

they are burned), and because of their hollow and cellular struc- ture, perform 

well as acoustical and thermal insulators.” 
 
Carbon SequeSTering 
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The ecology of carbon cycling is of great concern today because combustion and 

other activi-   ties contribute to carbon-based greenhouse gases and climate 

change. The ecological value of 
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manufactured products is determined in part by the extent to which they 

sequester carbon (i.e., capture and store carbon compounds, thereby preventing 

release of carbon-based greenhouse gases to the atmosphere). Since plastics have 

long life cycles, bioplastics sequester carbon for long periods, which is 

environmentally beneficial. “Cradle-to-grave” analyses of energy expenditure and 

carbon sequestration suggest that hemp (indeed many natural fibers) is valuable 

in these respects (Haufe and Carus 2011a,b; Piotrowski and Carus 2011; Ip and 

Miller 2012). However, as noted later, the indoor production of marijuana is 

associated with astronomical production of carbon dioxide that contributes to 

atmospheric pollution. 
 

THermal  inSulaTion  produCTS 

Insulation to regulate temperature is an extremely important way of reducing 

energy consump- tion and thereby limit damage to the terrestrial and 

atmospheric environments and biodiversity. As noted in Chapter 7, hemp-straw-

reinforced materials have excellent insulating properties and can replace 

conventional brick, cement and wood, vapor barriers, insulation, and plaster 

board    in buildings. Hemp is also useful for producing insulation (e.g., Figure 16.7). 

Thermal insulation products are the second most important sector of the hemp 

industry of the EU (Carus et al. 2013). These are in demand because of the 

alarmingly high costs of heating fuels, ecological concerns about conservation of 

nonrenewable resources, and political-strategic priorities about the depen- dence 

on current sources of oil. Thermal insulation is a market segment that is growing, 

and hemp insulation products are increasing in popularity. Although hemp fiber is 

suitable for insulation (Kymäläinen and Sjöberg 2005), in the EU, glass and mineral 

wool (rock wool) insulation cost one-quarter to one-half as much as hemp 

insulation. The attraction of hemp insulation products  is that they are 

nonirritating to installers, have notable moisture flow and heat-retaining char- 

acteristics, and are appealing to customers who view hemp as an ecologically 

superior choice, regardless of cost. 
 

eroSion  ConTrol  blankeTS 

Sometimes referred to as “environmental blankets,” these ground-covering, 

biodegradable mats are designed to prevent soil erosion along steep highway 

banks and prevent soil slippage. They stabilize new plantings and natural 

vegetation, which grow through the mats, developing root systems that retain the 

soil. Hemp erosion control mats have been manufactured in Europe and Canada. 
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FIGURE 16.7 Hemp fiber batt insulation. Photo by Christian Gahle, nova-Institut GmbH (CC BY 3.0). 
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STATE SUBSIDIZATION OF INDUSTRIAL HEMP—GOOD OR BAD? 

The major crops of most rich countries are usually subsidized by direct grants or 

indirectly through supports for research, needed materials, or transportation. 

Additional support is often available in the form of protectionist policies. While 

such state sponsorship protects domestic producers against international 

competition and encourages local business and employment, it promotes 

inefficiency. By its nature, agriculture is the world’s leading source of 

environmental damage, and therefore, agricultural subsidies can be especially 

environmentally damaging. Especially galling is subsidiza- tion of corn (maize) 

ethanol production in the name of environmental sustainability, despite doing 

more harm than good (see, for example, Conca 2014). (Cannabis has limited 

prospects for use as an ethanol source; Barta et al. 2010.) 

As a comparatively minor crop, C. sativa has not received a great amount of 

subsidization, and indeed, expensive security requirements have put it at an 

economic disadvantage. Nevertheless, the EU has been a leading promoter of 

agricultural subsidies for crops that are thought to benefit the environment, 

particularly those that can produce biofuel and bio-energy, and for decades, C. 

sativa has been a major beneficiary of this policy. Without substantial subsidization 

in Europe, the start-up capital that was necessary to establish the hemp industry 

in the 1990s would not have been avail- able. In recent years, however, 

subsidization has decreased substantially, particularly because the European 

industrial hemp industry has been based mostly on fiber, which has not proven to 

have notable growth potential and is significantly limited competitively without 

financial support. As of 2012, the EU eliminated most of the subsidies for hemp. 

In Canada, limited subsidies (both national and provincial) have been provided 

to the industrial hemp industry (legalized in 1998) to encourage the development 

of novel hemp enterprises, improve processing technologies, and develop new 

hemp cultivars for the Canadian environments (Salentijn et al. 2015). In contrast to 

Europe, the Canadian hemp industry has been mostly centered on oilseed, a 

natural “fit” since Canadian agriculture is based on cereals and oilseeds (i.e., 

“grains”), and no crop (including hemp) is grown significantly for fiber. Indeed, as 

made clear in several chapters of this book, the future of industrial hemp lies much 

more in oilseed usage rather than in fiber applica- tions. Nevertheless, the 

Canadian government subsidized the establishment of a large decortication plant 

(Parkland Industrial Hemp Processing) for hemp stems, which was established in 

Gilbert Plains, Manitoba, in 2013. 

As reviewed in this chapter, industrial hemp has many genuinely admirable 

features contributing to sustainability, as well as a few attributes that are 

somewhat troubling. Compared to most crops currently being subsidized, C. sativa 

is relatively deserving of support. 
 

ENVIRONMENTAL COST OF INDOOR PRODUCTION OF MARIJUANA 
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Because of security concerns, marijuana is often grown indoors. There are a few 

environmental advantages of growing crops indoors. Such cultivation is invariably 

extremely efficient, with a much higher yield per unit area occupied compared to 

field crops, so this reduces pressure to find agri- cultural lands in a world that has 

almost run out of unused arable land. As with all crop cultivation, water (which is 

scarce) and fertilizers (which tend to pollute) are consumed, and waste materials 

are generated, but these are relatively easy to control in the confined space of a 

greenhouse. Pests and diseases always accompany crops, but at least in a 

greenhouse, they are easy to locate and control, especially using nonchemical 

techniques. 

Indoor cultivation does have several significant environmental costs. Wearing a 

T-shirt embla- zoned with a slogan like “Save the world: smoke dope” ignores the 

reality that marijuana is not entirely benign to the planet. Glass houses or at least 

transparent roofs take advantage of natural sunlight, but frequently, marijuana 

“grow rooms” are completely artificially illuminated. Extremely high energy 

expenditure is required to produce marijuana indoors, primarily because of the 

need for lighting, but also to provide ventilation (to assist temperature control for 

living plants and for drying 
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harvested marijuana), heating/cooling for climate control, and cool storage (to 

prevent deterioration of the product). Mills (2012) reported that 1% of the entire 

energy consumption of the United States is dedicated to the production of indoor 

marijuana, equivalent to $6 billion annually. Building materials to house marijuana 

production facilities are expensive to purchase but are also costly in that energy 

was required for their construction. All factors considered, a very large 

expenditure of energy and consequent “environmental imprint” is associated with 

the indoor cultivation of marijuana. 

Indoor production of marijuana is also associated with the production of carbon 

dioxide, which acts as a greenhouse gas contributing to climate change. Much of 

the electrical energy utilized results in CO2 production, and often, fuels are burned 

directly in support of greenhouse operations, releasing CO2. Mills (2012) calculated 

that 1 kg of marijuana produced indoors is associated with the release of 4600 kg 

of CO2 emission to the atmosphere, equivalent to operating 3 million cars for a 

year. Occasionally, CO2 is injected into grow rooms to increase photosynthesis and 

yields, and this also contributes to atmospheric pollution. However, since 

productivity is increased, the overall car- bon footprint of introducing CO2 may 

actually decrease negative environmental impacts (BOTEC Analysis Corporation 

2013). 

BOTEC Analysis Corporation (2013) is a report of the environmental costs of 

producing mari- juana for a legal market in Washington State. Several observations 

in the report are worth noting. It was pointed out that indoor lighting carried out 

during the night period is relatively  efficient  and would have a smaller deleterious 

effect on climate than lighting during daylight hours, when there is high demand 

for electricity. It was noted that although the environmental costs of cannabis 

production are substantial, they are significantly less than associated with other 

activities such as large-scale agriculture, mining, metallurgy, and other industries. 

As in all indoor plant production requiring lighting with high-intensity discharge 

bulbs, there is an environmental cost associated with the nonrecyclable bulbs 

containing mercury and other toxins. 
 

ECOLOGICAL DAMAGE FROM IRRESPONSIBLE 

ILLEGAL CULTIVATION OF MARIJUANA 

“Grow-ops” (grow operations, known as “cannabis factories” in the United 

Kingdom) are often located in suburban houses modified with stolen electricity to 

power lighting, ventilation, and irri- gation systems (note Figure 16.8). 

Irresponsible and incompetent installations have resulted in heat, 
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FIGURE 16.8 Police in England raiding a grow-op. Photo by West Midlands Police (CC BY SA 2.0). 
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moisture, and electrical shorts ruining or burning down houses. Preparation of 

hashish by butane extraction has produced explosions and fires. 

Illicit outdoor operations are frequently carried out in plots hidden in forested 

areas (Figures 16.9 and 16.10). Using public lands is motivated in part by the threat of 

forfeiting assets that are present when using personal residences for production. 

Those who establish plots and visit them only to maintain and harvest the plants have 

been called “guerrilla growers.” The illegal cultivation of cannabis in preserved 

wildlands is extremely deleterious to biodiversity and its supporting habitats (U.S. 

Senate Committee on Agriculture, Nutrition, and Forestry 1988; Montford and Small 

1999a, 1999b; Mallery 2011). Regrettably,  illicit marijuana producers usually have  

little respect for  delicate ecosystems. Garbage  is dumped in national parks (Figure 

16.11), and groundwater and creeks are contaminated with pes- ticides, herbicides, 

and spilled fuel carried to the sites to run diesel generators. Diesel production of 

electricity produces considerably more greenhouse gases than the relatively low-

carbon electricity used 
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FIGURE  16.9  Illegal marijuana grow site in the White River National Forest near Redstone, Colorado   (plants 

being removed for destruction in the top photo). Discovered in 2013, the plantation contained 3375 plants, with 

an estimated value of $8.4 million (based on a value of $5500 per kilogram and an estimated yield of 0.45 kg of 

processed material per plant). Photos (public domain) by the U.S. Forest Service. 
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FIGURE 16.10 Left: Aerial view of illegal marijuana grow site in 2008 in the Cleveland National Forest, California. Photo (public domain) by U.S. Drug Enforcement 

Agency. Right: U.S. Forest Service using a helicopter in 2010 to remove marijuana plants from a grow site in the Arapaho–Roosevelt National Forest, Colorado (public 

domain photo). 
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FIGURE 16.11 Garbage and debris left at a marijuana grow site in the Shasta-Trinity National Forest in 

California. Photo (public domain) by U.S. Forest Service. 
 

conventionally (“diesel dope” is a pejorative phrase descriptive of marijuana 

produced using diesel energy). In California, rodenticides are often used to prevent 

small mammals from destroying illegal marijuana plants. Rats consume the poison, 

and then northern spotted owls, fishers, foxes, and bobcats eat the rats and become 

sick. Thompson et al. (2014) documented the considerable deleterious effects of 

rodenticides on fishers in California as a result of illicit marijuana plantations. 

An additional negative result of the widespread clandestine cultivation of 

marijuana is that it stimu- lates law enforcement personnel to use chemical 

eradication at extremely toxic levels so as to ensure that there are no surviving 

plants (although herbicides are often of limited effectiveness for plants taller than 

about 60 cm). Paraquat has been widely applied to illicit Cannabis plantations in 

Mexico (Figure 12.13b). A recent study of illicit marijuana cultivation in California 

(Bauer et al. 2015) observed that outdoor plants at a density of about one per 

square meter were consuming 22.7 L of water per plant per day. So extensive was 

water withdrawal from rivers in northern California that marijuana culti- vation 

was using up 50% more water than all residents combined in San Francisco. This 

threatened fish and other aquatic species, particularly federally listed salmon 

and steelhead trout, as well as 
sensitive amphibian species, in the drought-prone state. 

Because of constant searching for illicit plantings of marijuana, plantations tend 

to be small, growers often establishing several gardens in separate areas. Large 

monocultures of agricultural crops as grown in most of the temperate world are 

very productive but are environmentally harm- ful because they exclude almost all 

plants and animals from a region. Small “cottage gardens,” as widely grown in 

tropical areas, are much friendlier to the environment because they permit survival 



 

in the natural areas between the crops. Curiously, the small, well-separated 

marijuana gardens that are frequent in some locations are not entirely without 

redeeming value, because they avoid the negative effects of large monocultures. 
 

THE DANGEROUS CONCEPT OF EMPLOYING BIOWEAPONS 

TO ELIMINATE MARIJUANA PLANTS 

In the last several decades, the idea of using natural pests, parasites, and diseases 

to eliminate ille- gally cultivated plants has surfaced. Biocontrol agents for 

destroying or controlling a given plant 
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species can be identified by systematically searching for the natural parasites of 

the species as  well as its closest relatives (McPartland and Nicholson 2003). The 

U.S. Department of Agriculture (2004) conducted unsuccessful studies from 1999 

to 2004 to find insects that could be employed to destroy marijuana. The use of 

fungi as “mycoherbicides” to control marijuana plants has also been proposed 

(Hildebrand and McCain 1978; McCain and Noviello 1985; Tiourebaev et al. 2001). 

In fact, there have been attempts to genetically engineer fungi to destroy drug 

plants, including mari- juana, as well as ruderal hemp (Baloch et al. 1974; McCain 

and Noviello 1985; McPartland 1997a; Committee on Mycoherbicides for 

Eradicating Illicit Drug Crops 2011). Fusarium oxysporum is a fungal pathogen that 

produces fusarium wilt disease in over a hundred plant species. It includes sev- eral 

physiological forms known as formae speciales (singular: forma specialis, 

abbreviated f. sp.), one of which is a specialist on Cannabis: F. oxysporum f. sp. 

cannabis. When employed to kill weeds, it is sometimes called “Agent Green.” 

McPartland and West (1999) reviewed problems asso- ciated with use of this, 

noting that such new pathogens would inevitably endanger hemp cultivation, to 

say nothing of wild hemp, which constitutes a reservoir of genes for the 

improvement of hemp. These authors also raised the prospect that once 

pathogens are released into the environment, muta- tion and recombination with 

native fungi could produce new strains of virulent transgenic patho- gens that 

could endanger crop plants. The possibility of employing microorganisms as 

weapons is particularly controversial. Natural pests have sometimes proven to be 

useful biocontrol agents for various pest organisms, and with appropriate research 

prior to release, the risk of unforeseen con- sequences can be minimized. 

Unfortunately, microbes, including fungi, are exceptionally difficult to control. 

They can evolve much faster than higher organisms like insects (which are the main 

biocontrol agents), and once released, they cannot be recaptured. Eliminating an 

entire species (and perhaps its relatives) from a region can require very widespread 

distribution of the control agent and represents an experiment with natural 

ecosystems that is dangerous. 
 

SUSTAINABILITY DEPENDS ON USING SUSTAINABLE METHODS 

In conclusion, it should be stressed that irrespective of the inherent advantages 

and disadvantages of C. sativa from the perspectives of sustainability and 

environmental friendliness, the impacts of cultivation of Cannabis depend on the 

agricultural, processing, and manufacturing practices employed. While it is 

possible to produce and process plants employing sustainable practices, not all 

growers do so. Processing and manufacturing of both industrial hemp and 

marijuana also have environmental costs, which can be controlled to at least 

some extent. So while C. sativa can be employed to reduce environmental 

damage, this can only be achieved by conscientious human effort. 
 



 

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN BEHAVIOR 

• The energy needed to produce indoor marijuana for a single joint could power a 100-W 

light bulb for 25 hours and would generate 1.5 kg of polluting CO2 emissions (Mills 2012). 

• The energy required to produce one marijuana joint is about equal to the requirement to 

manufacture 18 pints of beer (Mills 2012). 

• Hawken (2007) noted “…we cannot save our planet unless human kind undergoes a wide- 

spread spiritual and religious awakening.” Fortunately, religions are playing roles in advo- 

cating for ecological sustainability. Polytheistic and naturalistic spiritual traditions have 

long exhibited profound respect for nature and are natural supporters of environmental- 

ism. Buddhism’s tenets of reincarnation and karma require respect for plants, animals,  and 

their habitats. Hinduism too has profound respect for life and the need to cherish the earth. 

Indigenous people everywhere are deeply tied to the welfare of their native lands. By 

contrast, monotheistic religions have been less obvious supporters of issues concerned with 

ecological conservation of land and living things, but in recent times, this is changing. 
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The Vatican has recently set an excellent example, installing solar panels on 

its 10,000-seat main auditorium building, arranging to reforest land in 

Hungary to offset Vatican City’s carbon emissions and urging protection of 

the environment in a number of major addresses by Pope Benedict. 
• As pointed out in Chapter 7, hemp fiber has been employed to produce strong, lightweight 

plastic used in car bodies, contributing to sustainability by virtue of reducing the use of 

fossil fuels that contribute to atmospheric pollution. In addition to hemp, fiber from other 

crops is being investigated as a possible component of plastic car bodies. One of the most 

interesting projects is being conducted by ketchup maker H.J. Heinz in conjunction with 

the Ford motor company, other manufacturers, and the World Wildlife Fund—members  of 

the Bioplastic Feedstock Alliance, whose goal is to use waste agricultural materials to 

produce useful plant products. Heinz harvests over two million tons of tomatoes annually, 

and while some of the residue is fed to livestock, most of the refuse is wasted. To date, the 

use of tomato waste, left after the pulp has been extracted to produce ketchup, hasn’t 

resulted in a plastic strong enough for car bodies. 



 



 

 

 

17 Germplasm Resources 

DEFINITION OF GERMPLASM 

“Germplasm” is material that can be used to reproduce or propagate organisms 

of any kind. This can include living creatures, their reproductive sex cells, or 

nonsexual (“somatic”) parts or struc- tures that can be employed to reconstitute 

the original organisms. Germplasm of economically significant plants mostly 

includes either or both of (1) living plants in nature or in special cultivated 

collections and (2) viable seeds preserved in climate-controlled conditions. 

Infrequently (because  it is expensive and technologically difficult), viable plant 

material of special significance is main- tained as living or frozen tissue or cell 

cultures. 
 

IN SITU VS. EX SITU CONSERVATION OF WILD GERMPLASM 

The diversity of wild plants is ideally preserved by allowing them to grow in their 

natural undis- turbed habitats (Figure 17.1), where the often considerable range of 

genic variation can continue to exist. Unfortunately, human domination of the 

planet is degrading or exterminating habitats that support wild species. In some 

cases, wild areas are reserved to allow the organisms to continue to survive. 

Alternatively, selected individuals of species that are highly threatened with 

extinction are sometimes cared for by people in nonnatural circumstances (parks, 

arboreta, institutional gardens, zoos, and the like). Preservation in natural habitats 

has come to be categorized as in situ conserva- tion, preservation outside of such 

habitats as ex situ conservation. In situ conservation is usually far less costly and is 

capable of maintaining much more genic diversity than is possible with ex situ 

conservation, which necessarily is based only on selected samples. The normally 

small samples of material kept in collections are subject to mutations and 

accidental hybridization during periodic replication and loss of alleles of genes that 

occurs naturally when reproduction occurs in small populations, so over time ex 

situ collections tend to become less representative of the original wild population. 

For flowering plants such as Cannabis sativa, both in situ and ex situ conservations 

are important, as discussed further in this chapter. 
 

PRIVATE OWNERSHIP OF GERMPLASM VS. LONG-TERM 

CONSERVATION IN PUBLIC COLLECTIONS 

Domesticated crops (land races or cultivars) have a kind of “natural” existence in 

agro-ecosystems, mostly in cultivated fields and in the hands of farmers and the 

agricultural industry, and a kind of “unnatural” existence in special long-term 

biorepositories such as gene banks and botanical gardens. However, distinctive 



 

crop variants usually have a much shorter life expectancy than distinctive wild 

plant variants. Because new cultivars regularly replace old cultivars and land races, 

the only way to maintain the range of germplasm in land races and old cultivars, 

over the long-term, is to conserve them in special ex situ collections. Experience 

has shown that governmental and nonprofit institu- tions are far more likely to 

conserve germplasm over many years, by comparison with the private sector. 

Most collections maintained by governments will not be used for many years. The 

point of preserving them is to allow research to explore their usefulness over 

decades, indeed over centuries. By contrast, in business, the “shelf life” of 

materials that have lost their current utility is necessarily limited. The ethical way 

for the private sector to rid itself of germplasm that is not of further finan- cial 

interest is to deposit it in long-term public germplasm banks (gene banks). 

Unfortunately, the private sector is motivated primarily by the profit potential of 

its property and accordingly wishes 
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FIGURE 17.1 Wild Cannabis growing as a weed at the foot of Dhaulagiri massif, Nepal. Such free-living plants 

are invaluable sources of genetic variability that can be employed to breed improved cultivars. Photo by Arne 

Hückelheim (CC BY SA 3.0). 
 

to keep some seed stocks out of the hands of competitors, so without regulations 

requiring contribu- tions to public repositories, considerable germplasm is 

destined for extinction. Just as patents and other forms of intellectual property 

are time-limited (Chapter 15), it should be possible for govern- ments to insist that 

valuable germplasm in the hands of the private sector should be made available 

to society after a reasonable period of exclusive ownership. As noted in this 

chapter, there is a great need for germplasm of C. sativa to be preserved, and it 

would be tragic if the large collections held by business interests were not 

maintained for the long-term welfare of everyone. 
 

WORLD GENE BANK SITUATION 

At present, there are approximately 1750 plant gene banks in over 100 countries, 
storing more than 
7.4 million germplasm accessions (Food and Agriculture Organization [FAO] 2010). 

Major gene banks include those in Canada, China, Germany, India, Japan, Russia, 

South Korea, the United Kingdom, and the United States. Although all of the 

world’s plant species, especially those that  are rare or endangered, are eligible for 

deposit in gene banks, in practice, most gene banks are dedicated to crop 

germplasm. Modern gene banks conduct several key activities: they ensure that 

acquired material is authoritatively identified and record collection data; they 

examine seeds for purity and viability; and they preserve material under 

appropriate conditions, regenerating seeds every few years to ensure continuing 

viability. Frequently, there are associated research programs, often involving 

characterization of the accessions. Normally, gene banks distribute material to 

each other and to researchers. 

England’s Millennium Seed Bank (Figure 17.2), appropriately labeled a “seed 

bank” rather than a “gene bank,” is dedicated to collecting all plant species, and 



 

in this respect is unlike most long- term seed collections, which are usually 

dedicated to crops and their wild relatives. In 2008, one accession of C. sativa was 

listed (FAO 2016; Table 17.1). 

Plant breeders and researchers employ the accessions in gene banks as raw 

material for plant breeding and for basic biological research, and naturally, the 

importance of a particular crop deter- mines how many accessions are deposited. 

The most important crops, especially the cereals, have the largest numbers of 

accessions. Seed collections of the major crops are often duplicated in dif- ferent 

gene banks as a security precaution against the destruction of a particular gene 

bank. 
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FIGURE 17.2 The Millennium Seed Bank building in Wakehurst Place Garden, West Sussex, England. The associated Millennium Seed Bank project is an interna-  tional 

effort that has collected seeds of over 33,000 plant species, representing about 11% of the world’s plants. A particular effort is made to collect seeds of species in danger 

of extinction. Seeds are sometimes available by negotiation. Photo by Patche99z (CC BY 3.0). 
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FIGURE 17.3 The Svalbard Global Seed Vault, a secure seed collection in an abandoned coal mine on the 

Norwegian island of Spitsbergen in the remote Arctic, providing a continuously frozen environment. Seeds  of 

crops are stored at −18°C, and if the electrical supply fails, the permafrost keeps temperatures at no higher than 

−3.5°C. Almost 900,000 seed samples of more than 5000 different species have been deposited. The facility is 

expected to grow to become the world’s largest collection of seeds of crops, with a capacity to store about five 

million samples. Known as “the doomsday vault,” the purpose is to back up important crop germ- plasm in 

other seedbanks that could be destroyed by disaster. Unlike conventional seed banks that exchange seeds with 

numerous individuals and other institutions, only the depositor seed banks have access to their materials. Left: 

Containers of seeds stored on shelves. Public domain photo by NordGen/Dag Terje Filip Endresen. Right: 

Entrance. Photo by Bjoertvedt (CC BY 3.0). 

 

The Svalbard Global Seed Vault (Figure 17.3) is particularly concerned with crops 

and their wild relatives but is a backup facility for other institutions. In 2009, it 

contained three accessions of 
C. sativa (FAO 2016; Table 17.1). 

 
SEED STORAGE IN GENE BANKS 

Ninety percent of material stored in plant germplasm banks is in the form of seeds 

(Pritchard and Nadarajan 2008). However, some tropical species with so-called 

“recalcitrant” seeds, which do not tolerate freezing and/or drying, require more 

complicated methods for conservation. The seeds of some species can remain 

viable under ambient conditions for decades, rarely for centuries, but those of 

most plants will not germinate after a few years, unless preserved under 

conditions of low tem- perature and/or humidity. Under cold storage, the 

otherwise short-lived seeds of some species will last decades, others for hundreds 

of years, lower temperatures tending to prolong viability. Many seeds can be 

maintained in liquid nitrogen at its boiling point of −196°C (as in Figure 17.4). 
 

CLONAL STORAGE IN GENE BANKS 

Some very valuable root or tuber crops (e.g., cassava, potato, sweet potato, taro, 

and yam), fruit crops (e.g., apple, banana, cranberry, date, hop, orange, pear, and 
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strawberry), nut crops (e.g., hazel- nut, hickory nut, macadamia, and walnut), and 

indeed many others are mostly propagated vegeta- tively, and living clones are 

maintained in special gardens. All of the preceding species mentioned are 

perennials (although yams are grown as annuals), and long-lived plants are 

naturally adapted  to vegetative reproduction, hence to being propagated as 

clones. Cannabis sativa is an annual, 



428 Cannabis: A Complete Guide 
 

 

 
 

FIGURE 17.4 Ultracold cryopreservation laboratory of the Agricultural Research Service, USDA. Materials 

are stored long-term in “cryovats” of liquid nitrogen. (Public domain photo.) 
 

normally reproduced by seed, but many annuals can easily be maintained as 

clones by the use of hormones that stimulate cuttings of the plant to root (in a 

sense, cloning an annual plant turns it into a perennial). Plants that humans have 

judged merit propagation as clones are generally outstanding in some desired 

respects and indeed are often hybrids exhibiting heterosis (hybrid vigor). Since all 

plants established from a clone share the same genetic makeup, they are 

extremely uniform in per- formance. The main disadvantage is that genetic 

uniformity makes clones very susceptible to the possibility that a mutant disease 

can become disastrously effective. While the agricultural depart- ments of many 

nations maintain numerous clonal cultivars, clones of drug strains of Cannabis are 

being maintained almost exclusively by the private sector and by research 

institutions. Cannabis clones are rarely provided in commerce or shared in 

research circles in the same way as propagating material of potatoes, apples, and 

many other crops. 
 

CELL AND TISSUE STORAGE IN GENE BANKS 

Living materials are sometimes preserved as continuously propagated cell cultures 

(i.e., they are maintained as single cells or proliferating cells not organized into 
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tissues) or as tissue cultures, which can be employed to grow innumerable 

identical plantlets (Figure 17.5). Animal tissues (principally semen, ova 

[unfertilized eggs], and embryos) of very valuable livestock are now often stored 

cryogenically in liquid nitrogen, and some gene banks today similarly conserve 

apical meristems (growing points or “buds”) of some species. Pollen grains also 

can be maintained 
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FIGURE 17.5 Plants raised from tissue cultures being grown by the USDA. Photo by Lance Cheung. (Public 

domain photo.) 
 

long-term under cold storage. These advanced biotechnological methods are in 

use for C. sativa by some private firms assembling genetic collections, and usually, 

the information is guarded as intellectual property. The U.S. Department of 

Agriculture (USDA) has supported research into the conservation of marijuana 

clones as shoot cultures and “synthetic seeds” (Lata et al. 2012;   see Chapter 4). 
 

CORE COLLECTIONS 

Long-term storage of seeds (for decades or more) is expensive because it requires 

stringent control of temperature and, often, humidity. Seeds lose viability over 

time even under controlled storage, and periodic regeneration (typically once 

every one to three decades) to grow a new batch of seeds is also expensive. 

“Genetic erosion” is the loss of alleles (variations of genes) or of allele combina- 

tions, and this commonly occurs because some new cultivars become so popular 

that old cultivars (along with their unique genes) are lost. To combat this loss of 

potentially useful breeding material, gene bank managers have tried to maintain 

many different and large samples of the varieties and landraces of a crop. 

However, this is costly. In recent years, attempts have been made to identify “core 

collections”—made up of selected key accessions that represent the bulk of the 

genetic variation of a species present in a germplasm collection—so that demands 

by researchers for seeds will be more limited, reducing the need to generate seeds 

of many of the accessions. Core collections have not been prepared to date for C. 

sativa. 
 

THE IMPORTANCE OF N.I. VAVILOV 

More than any other individual, the Russian geneticist and agronomist Nikolai 

Ivanovich Vavilov (1887–1943; Figure 17.6) was responsible for persuading the 

world about the importance of col- lecting and preserving germplasm that can be 

used by breeders to create new crops and improve old crops. He is widely 

considered to have been the foremost plant geographer. He pioneered theo- ries 

concerning centers of origin of cultivated plants and developed concepts 

regarding the origin of crops (Vavilov 1926a, 1992) that are still widely respected. 
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In the 1930s, the bureaucrat T.D. Lysenko (1898–1976), a pseudo-scientist whose 

ideology suited the totalitarian, communist Soviet Union and its dictator Joseph 

Stalin (1879–1953), challenged Vavilov’s ideas. At great personal risk and 

demonstrating extraordinary intellectual honesty, Vavilov tried to defend his 

scientific conclu- sions, but this resulted in his imprisonment in 1940 (Figure 1.14) 

and death in 1943. Lysenko’s ideas led to the discredit of Soviet genetics, the failure 

of Soviet agriculture, and in no small way to the end of the Soviet Union. Vavilov’s 

studies considerably clarified the nature of wild Cannabis, and it is fitting that the 

largest and most important germplasm collection of C. sativa now resides in the 
N.I. Vavilov Institute of Plant Industry, which commemorates his achievements. 
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FIGURE 17.6 N.I. Vavilov (1887–1943), illustrious Russian/Soviet geneticist and germplasm collector. He made 

several significant reports on variation of Cannabis. He also deposited many seed collections in the crop 

germplasm gene bank of the N.I. Vavilov Institute of Plant Genetic Resources in St. Petersburg, which was 

named in his honor and contains the world’s largest collection of preserved seedstocks of Cannabis. 

(a) 1977 U.S.S.R. postage stamp showing Vavilov (public domain photo). (b) Monument honoring Vavilov at 

the Poltava Agricultural Experiment Station, Ukraine (photo by Batsv, CC BY SA 3.0). (c) Enormous ceramic 

tile mural honoring Vavilov, at the Kuban seed bank, Russia (photo by E. Small in 1982). 

 

SEED STORAGE CONDITIONS FOR CANNABIS SATIVA 

Almost all material of C. sativa conserved long-term is in the form of seeds. The 

longevity of Cannabis seeds is known to decrease fairly rapidly, to about 75% after 

two years of storage in a sheltered but otherwise uncontrolled climate, a level that 

is generally considered too low for com- mercial planting. The literature regarding 

factors influencing seed longevity was reviewed by Small and Brookes (2012). Small 

and Brookes (2012) also experimentally examined the interactions of temperature, 

humidity, and an oxygen-free environment as they affected seed longevity of 

industrial cultivars, drug strains, and ruderal plants. Progressive lowering of the 

temperature (from 20°C to 

−80°C) increased seed longevity, so did progressive lowering of moisture content 

(from 11% to 4%). A high moisture content (11%) at room temperature was fatal to 

all of the seeds examined within 18 months (fungi generally attack the seeds when 

they are so moist). Either reducing the temperature to at least 5°C or reducing the 

seed moisture content to at least 6% had a huge beneficial effect on maintaining 

seed viability. Additional reduction of temperature, but not additional reduction 

(a) (b) 

(c) 
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of moisture content, had a small supplementary beneficial effect. 

Small and Brookes (2012) found that storage under nitrogen gas (i.e., in an 

oxygen-free environ- ment) had no effect on longevity. The seeds of C. sativa are 

known to be appreciably impermeable to air, as evidenced by the observation that 

the seed oil oxidizes (becomes rancid) with distressing 
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rapidity once extracted (so preservation in cold, dark conditions is required for 

commercial pur- poses). The presence of the antioxidant vitamin E in the seeds 

also provides protection against the deleterious effects of oxygen. These 

considerations likely explain why exclusion from oxygen did not improve seed 

germination. 
Small and Brookes (2012) made the following practical recommendations regarding 
storage of 

Cannabis seed (for more detailed information, see Chapter 7): 
 

• For long-term germplasm banking of C. sativa seed in a viable state for up to a decade, a 

moisture content of 6% coupled with a storage temperature of −20°C, is sufficient. 

• For periods of more than a decade of storage before seed is regenerated, lower moisture 

content and temperature are appropriate. 

 
THE CHALLENGE OF PREVENTING POLLEN CONTAMINATION 

OF CANNABIS SATIVA GERMPLASM 

As detailed in Chapter 4, C. sativa pollen is produced in prodigious quantities and 

is carried by the wind for very long distances. In Canada and Europe, an isolation 

distance of 5 km is required for the production of seed that is to be used to produce 

industrial hemp crops (although Small and Antle 2003 found that the amount of 

pollen distributed downwind was about six times the amount distrib- uted 

upwind). Ensuring that weedy or clandestine plants are not present for a distance 

of 5 km is very challenging outdoors. Accordingly, renewing seeds of large 

collections of C. sativa in gene banks, outdoors or even in greenhouses not isolated 

from outdoor pollen, is very difficult. For this reason, it is wise to preserve C. sativa 

seeds in gene banks for very long terms before renewal is required. 

In the Gatersleben (Germany) gene bank, one of the world’s finest, a distance 

of 80 to 100 m between different populations has been deemed sufficient for 

reproducing seed of small plots (100 plants/accession), provided that no large 

hemp fields are in proximity, wind direction is favorable, and hedges provide some 

protection (personal communication, Axel Diederichsen). 
 

THE SHAMEFULLY INADEQUATE STATE 

OF GERMPLASM PRESERVATION OF CANNABIS SATIVA 

As discussed in the following, germplasm resources for C. sativa are quite 

unsatisfactory. As expressed by Watson and Clarke (1997): “The last 60–70 years 

have been disastrous for the Cannabis gene pool, and many local landraces, the 

result of hundreds of years of selection for local use, have been lost because of 

Cannabis eradication, neglect on the part of agricultural officials and industry, anti-

Cannabis propaganda and the general trend (until recently) to reduce industrial 

hemp breeding and research.” At present in North America, there are no 

conventional public gene banks from which one can obtain material for scientific 

study and technological development or in which one can deposit valuable 
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germplasm for potential long-term exploitation. As detailed in the follow- ing, gene 

bank resources for C. sativa are largely in a small number of European institutions, 

and they are limited in extent and availability. 
 

THE GERMPLASM IMPORTANCE OF WILD-GROWING CANNABIS SATIVA 

All cultivated plants originated from wild plants, and for numerous of these, 

including most major crops, either the wild ancestors or close relatives still exist 

in nature. As discussed in Chapter 18, wild-growing plants of C. sativa are likely 

mostly or entirely escapes from cultivation that have re-evolved adaptations to 

wild existence. The wild plants represent a natural reservoir of genic variation that 

serves for the improvement of cultivars. Cultivars have always been selected for 

char- acteristics desired by people, and this narrows their range of genetic variation 

and makes them more 
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susceptible to environmental and biotic stresses. Genes from the wild plants can 

be bred into cul- tivars to toughen them against stresses, as well as improve 

agronomic and product characteristics. 

Cannabis sativa is of Old World  origin and has been present in Eurasia for  many 

thousands   of years. As noted in Chapter 3 (dealing with the ecology of wild-

growing plants), uncultivated 

C. sativa is found growing in a very wide range of habitats in Eurasia. Such plants 

have evolved adaptations to the very different circumstances of these habitats and 

consequently harbor an enor- mous range of genic variation. In response to the 

worldwide condemnation of marijuana in the twentieth century, there have been 

some efforts to eliminate wild-growing plants in certain areas of Eurasia, but the 

attempts have been insignificant. Accordingly, Old World wild plants of C. sativa 

represent an extremely valuable genetic resource. 

By contrast with the general tolerance of wild-growing C. sativa in most of 

Eurasia, there have been concerted efforts to eliminate the wild plants of North 

America. Wild North American hemp is derived mostly from escaped European 

cultivated hemp imported in past centuries. Hemp was introduced to North 

America in Port Royal, Acadia (Nova Scotia), in 1606. It was a popular crop in 

Eastern and Central Canada during the eighteenth and nineteenth centuries, but 

by the mid-1930s, production had ceased, except for a brief revival during World 

War II. Wild Canadian hemp is concentrated along the St. Lawrence and lower 

Great Lakes (Small 1972b), where considerable cul- tivation occurred in the 1800s. 

In the United States, wild hemp is best established in the American Midwest and 

Northeast, where hemp was grown historically in large amounts. Decades of 

eradica- tion have exterminated many of the naturalized populations in North 

America. In the United States, wild plants are rather contemptuously called “ditch 

weed” by law enforcement personnel. However, the attempts to destroy the wild 

populations are short-sighted because they are mostly low in tetra- 

hydrocannabinol (THC) and are not employed as a source of marijuana. Mehmedic 

et al. (2010) analyzed 1371 confiscated U.S. samples that they termed “ditch weed” 

collected from 1993 to 2008, and the mean THC concentration was only 0.4%. 

However, no information was provided that the samples actually were ruderal, 

and they employed the term ditch weed simply to classify low-THC collections. 

Wild North American plants have undergone many generations of natural 

adaptation to local conditions of climate, soil, and pests, and accordingly, it is safe 

to conclude that they have genes that are invaluable for the improvement of hemp 

cultivars. Nevertheless, present policies in North America still require the 

eradication of wild hemp wherever encountered. 
 

THE GERMPLASM IMPORTANCE OF LANDRACES OF CANNABIS SATIVA 

The term landrace (land race) refers to populations of domesticated plants that 

were selected over many generations by farmers in a region. Landraces stand in 
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contrast to cultivars (although occa- sionally landraces are treated as cultivars). 

Both landraces and cultivars have some genetic and phenotypic (morphological 

and/or physiological) distinctiveness. Cultivars are usually the product of 

concerted (often consciously directed) selection, in recent times mostly by plant 

breeders; land- races are usually the product of relatively unsophisticated (but 

often remarkably effective) selection by farmers. Cultivars usually have a quite 

narrow genetic base, corresponding with a narrow range of variability and a 

narrow range of adaptation to stresses. Landraces usually have a much wider 

genetic base, corresponding with a broader range of variability and a broader 

range of adaptation to stresses, especially to the local environmental conditions 

and biotic agents where they were selected. Cultivars are currently named 

according to a formal code of nomenclature (Brickell et al. 2009), while landraces 

are often given local names or may simply not have  been named. Prior     to the 

twentieth century, farmers almost exclusively grew landraces; by the end of the 

twentieth century, advanced (“Westernized”) farming of major crops has become 

substantially based on the use of crop cultivars, most of which are replaced in a 

decade or two by more advanced cultivars. However, third world/developing 

nations often continue to grow landraces. In many cases, cultivars for tropical and 

subtropical conditions have simply not been bred, and only landraces are 

available. Landraces and cultivars are both important as material from which new 

cultivars are created, but 
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since landraces have a much broader range of genetic variation corresponding 

with adaptation for desirably agronomic characteristics, they are of much greater 

value in the long run. The loss of a cultivar can mean that a decade of effort by a 

plant breeder has been lost; the loss of a landrace can mean that centuries of 

effort and perhaps irreplaceable genes have been lost. Because agriculture is 

increasingly abandoning landraces (and indeed older cultivars) of most crops, 

critically important germplasm is facing extinction unless preservation efforts are 

made. As noted in this chapter, con- servation of industrial hemp landraces is very 

inadequate. 
 

CHINESE GERMPLASM OF CANNABIS SATIVA 

Land races of fiber hemp from China represent the oldest cultivated forms of C. 

sativa, perhaps trac- ing back for thousands of years. Genetic studies of these are 

limited. By contrast, land races from Europe are more recent, many probably 

dating back at least hundreds of years. 

Because of the genetic distinctiveness of C. sativa in China and its cultivation 

there for mil- lennia, Chinese domesticated variants of the species are of special 

importance. Wang and Wei (2012) surveyed the availability of C. sativa cultivars 

and land races in China, noting that a general decline in growing hemp in recent 

times was resulting in an alarming reduction in germplasm. Most Chinese cultivars 

are dedicated to fiber production, but some are used for oilseed and others are 

dual purpose. In regard to China, Salentijn et al. (2015) wrote: “Hundreds of hemp 

landraces have been established. Examples are Liuan HuoMa and Liuan HangMa 

from Anhuiprovince, Laiwu DaMa and Laiyang DaMa from Shan Dong province, 

Gushi KuiMa in Henan province, Wenxian DaBaiPi in Hebei province, Liuzhi DaMa 

in Guizhou province, and DayaoDaMa and Weishan DaMa in Yunnan province. 

Industrial hemp cultivars in China include YunMa 1, YunMa 2, YunMa 3, YunMa 4, 

YunMa 5 (all of which are widely cultivated in China) and the less frequently 

cultivated LongDaMa 1, JinMa 1, WangDaMa 1, and WangDaMa 2.” According to 

Salentijn et al. (2015), “Large collections of germplasm resources have been 

collected and maintained in the Yunnan Academy of Agricultural Sciences, which 

comprise approximately 350 accessions with a good rep- resentation of fiber/seed 

hemp groups.” 
 

WORLD GENE BANK COLLECTIONS OF CANNABIS SATIVA 

The FAO compiles gene banks holdings. Based on FAO (2016), there were a total of 

1530 accessions (including duplicates) of seeds of C. sativa, almost all from Europe 

(Table 17.1). 
 

EUROPEAN “NATIONAL COLLECTIONS” OF CANNABIS SATIVA 

While hemp has been cultivated in Asia and South America for centuries, it is 

basically in Europe that germplasm banks have made efforts to preserve hemp 
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seeds for the long-term. 

Germplasm collections of C. sativa have been assembled in the principal 

European nations in which industrial hemp was cultivated in the late twentieth or 

early twenty-first century (Tables 17.1 and 17.2). These are a mix of public and 

private collections, and the availability of seeds for use  by those unaffiliated with 

the institutions varies, as indicated in Table 17.2. Compared to the very extensive 

preserved collections of most major crops, there are disturbingly few collections 

of seeds of C. sativa (Van Soest et al. 1993). 
 

The VaViloV insTiTuTe ColleCTion 

The N.I. Vavilov Institute of Plant Genetic Resources in St. Petersburg (formerly 

Leningrad), Russia, has by far the largest germplasm collection of hemp of any 

public gene bank, with about 500 collec- tions, although in the past, it had 

accumulated 1400 accessions (Grigoryev, undated). Detailed infor- mation on the 

majority of hemp accessions of the Vavilov Institute can be found in Anonymous 

(1975; 
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TABLE 17.1 

FAO Compilation of World Gene Bank Collections of Cannabis sativa 

Number  of 

Accessions 

 
 
 

Number  of 

Accessions 

Country Gene Bank (Location) in Gene Bank in Country 

Austria AGES Linz—Austrian Agency for Health and Food Safety (Linz) 

Office of the Styrian Regional Government, Department for Plant 

Health and Special Crops (Wies) 

Bulgaria Institute for Plant Genetic Resources “K. Malkov” 

(Sadova) 

3 4 

 
1 

 
35 35 

Czech 

Republic 

Agritec Research, Breeding and Services Ltd. (Sumperk) 14 14 

Ecuador Departamento Nacional de Recursos Fitogenéticos y 

Biotecnologiad (Quito) 

France Collection Nationale Céréales à Paille, Unité expérimentale du 

Magneraud, Groupe d’Étude et de contrôle des Variétés et des 

Semences (Sainte Pierre-d’Amilly) 

Germany Genebank, Leibniz Institute of Plant Genetics and Crop Plant 

Research (Gatersleben) 

Hungary Fleischmann Rudolph Agricultural Research Institute, 

University of Agricultural Sciences (Kompolti) 

3 3 

 
18 18 

 
 

51 51 

 
25 142 

Institute for Agrobotany (Tápiószele) 117 

India National Bureau of Plant Genetic Resources (New Delhi) 19 19 

Italy CRA-Centro di Ricerca per le Colture Industriali (Bologna) 26 61 

CRA-Centro di Ricerca per le Colture Industriali (Rovigo) 35 

Japan Department of Genetic Resources I, National Institute of 

Agrobiological Sciences (Tsukuba) 

10 10 

Norway Safety Base Collection of NORDGEN (Svalbard) 3 3 

Poland Plant Breeding and Acclimatization Institute (Blonie, 6 6 

Radzikow) 

Romania Agricultural Research Station Secuieni-Neamt (Secuieni) 46 141 

Suceava Genebank (Suceava) 92 

Russian 

Federation 

University of Agricultural Sciences and Veterinary Medicine 

Timisoara (Timisoara) 

N.I. Vavilov All-Russian Scientific Research Institute of Plant 

Industry (St. Petersburg) 

3 

491 491 

Slovakia Plant Production Research Center Piestany (Piestany) 27 27 

Slovenia Crops and Seed Production Department, Agricultural 

Institute of Slovenia (Ljubljana) 

Spain Comunidad de Madrid. Universidad Politécnica de Madrid. 

Escuela Técnica Superior de Ingenieros Agrónomos. Banco de 

Germoplasma (Madrid) 

Gobierno de Aragón. Centro de Investigación y Tecnología 

Agroalimentaria. Banco de Germoplasma de Hortícolas 

(Montañana) 

Instituto Nacional de Investigación y Tecnología Agraria y 

Alimentaria. Centro Nacional de Recursos Fitogenéticos (Madrid) 

3 3 

 
3 11 

 
 

1 
 
 

7 

Sweden Nordic Genetic Resource Center (Alnarp) 3 3 

(Continued) 
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TABLE 17.1 (CONTINUED) 

FAO Compilation of World Gene Bank Collections of Cannabis sativa  

 

 
Country Gene Bank (Location) 

Number  of 

Accessions in 

Gene Bank 

Number  of 

Accessions 

in Country 

Turkey Plant Genetic Resources Department (Izmir) 52 52 

Ukraine Institute of Bast Crops (Hlukhiv) 373 435 

Ustymivka Experimental Station of Plant Production 62  

(S. Ustymivka)   

United Millennium Seed Bank Project, Seed Conservation 1 1 

Kingdom Department, Royal Botanic Gardens, Kew (Wakehurst   

Place)   

Total  1530 

Source: Based on FAO, The World Information and Early Warning System on Plant Genetic Resources for Food and Agriculture. 

http://www.fao.org/wiews-archive/wiews.jsp, 2016. At the FAO website (http://www.fao.org/wiews 

-archive/wiews.jsp), click on the extreme left box on the top, “PGR.” In the drop-down menu, click on “Germplasm,” enter “Cannabis,” 

and click on all the search parameters offered. Click on “Search” or “Report.” Depending on institution, details regarding accessions 

may be available. 

Note: Some accessions duplicate each other, notably between the Russian Federation and Ukraine, which in many cases originated from the 

same collections. 

 
 

TABLE 17.2 

Summary of European “National Collections” by Bas et al. (2010), Based on a 2006 Report 

Country Institution Number of collections Availability 

Czech Republic AGRITEC Ltd. 13 (including 11 modern 

cultivars) 

“Available for users free of charge.” 

Germany Leibniz Institute of Plant 

Genetics and Crop Plant 

Research, Gatersleben 

38 “Available for distribution.” 

Hungary Research Centre for 

Agrobotany, National 

Institute for Agricultural 

Quality Control 

Italy Istituto Sperimentale per le 

Colture Industriali 

114 (including 77 landraces 

from Hungary) 

 

 
98 (mainly of Italian origin, 

included breeding lines and 

research crosses) 

“Available for distribution.” 
 
 

 
Material transfer agreements required 

for seed distribution. 

Netherlands Plant Research International, 

B.V., Wageningen 

200 accessions “The collection is available for 

users, with a charge of £450 per 

accession.” 

Poland Plant Institute of Natural fibres 131 collections No information 

Romania Agricultural research stations 

(ARS) 

ARS-Lovrin: 43 cultivars 

ARS-Secuieni: 33 lines 

No information 

 

Source: Bas, N., Pavelek, M., Maggioni, L., Lipman, E., Report of a Working Group on Fibre Crops (Flax and Hemp). First meeting, June 14–

16, 2006, Wageningen, the Netherlands. Bioversity International, Rome, Italy, 2010. 

Note: These collections are a mix of public and private (privatized) institutions. The most important European collection, at the Vavilov 

Institute, was not included, but is discussed later in this chapter. Compare Table 17.1 (which has more recent information for some 

institutions, but does not report some of the information provided here). 
 

http://www.fao.org/wiews-archive/wiews.jsp
http://www.fao.org/wiews-archive/wiews.jsp
http://www.fao.org/wiews-archive/wiews.jsp
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FIGURE 17.7 Frequency histograms of THC concentration in germplasm collections of the Vavilov Institute, St. 

Petersburg. Left: 167 accessions examined in Small, E., Marcus, D., Econ. Bot., 57, 545–558, 2003; and Small, 

E., Marcus, D., Econ. Bot., 58, 329, 2004, with 43% having THC levels >0.3%. Right: 278 accessions reported 

in Anonymous, Catalogue of the Global Collection of VIR. Issue 162, Fiber Crops, Vavilov Institute, Leningrad, 

USSR, 1975, with about 55% having THC levels >0.3%. 

 
 

also see Table 17.3). Budgetary problems in Russia have endangered the survival of 

this invaluable collection. Maintenance and seed generation issues for the Vavilov 

hemp germplasm collection are discussed in a number of articles in the Journal of 

the International Hemp Association (e.g., Clarke 1998b; Lemeshev et al. 1994, 1995; 

Kutuzova et al. 1996, 1997). 

It is particularly disappointing that more than half of the Cannabis accessions of 

the Vavilov Institute develop THC levels that exceed 0.3% (Small and Marcus 2003; 

Figure 17.7) and that there is evidence that the genetic purity of accessions has 

been compromised by hybridization (Hillig 2004b). Nevertheless, the value of this 

collection for future breeding remains outstanding, and every effort needs to be 

made to find new funding to preserve it. 
 

The GaTersleben ColleCTion 

The Gatersleben gene bank of Germany, the second largest public gene bank in 

Europe, has a much smaller Cannabis collection compared to the Vavilov 

collection, with less than 60 acces- sions. Information on the Gatersleben gene 

bank is available at http://www.ipk-gatersleben.de/en 
/genebank/. 

 

NORTH AMERICAN PUBLIC GERMPLASM COLLECTIONS OF CANNABIS SATIVA 

The acquisition of germplasm of C. sativa in public institutions of North America 

has been rig- orously discouraged to date. My own collections of close to 1000 

accessions, prepared for the Canadian Department of Agriculture, were 

necessarily destroyed following completion of the studies in which they were 

employed, and there are no accessions currently maintained for public access in 

Canada as of the writing of this book. The situation in the United States is 

comparable. In 1971, for my cultivation experiments in Ottawa, I received a 

F
re

q
u

en
cy

 

F
re

q
u

en
cy

 

http://www.ipk-gatersleben.de/en/genebank/
http://www.ipk-gatersleben.de/en/genebank/
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collection of 57 accessions of 

C. sativa from the USDA (analyses on these are in Table 4 in Small and Beckstead 

1973a). These had been conserved from a USDA fiber breeding program that was, 

perhaps surprisingly, still in progress in the early 1950s (Feaster 1956a,b). In the 

late 1990s, requests for seeds resulted in the response that no seeds of C. sativa 

were maintained by USDA, and indeed, all such seeds had to be destroyed. 

Whether low-THC (“hemp”) material still exists in the hands of the USDA is an open 

question. In 1971, I received several high-THC accessions from the U.S. National 

Institute 
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of Mental Health program of marijuana investigation centered at the University of 

Mississippi (Oxford) (see Table 1 in Small and Beckstead 1973a). Official 

intergovernmental requests for seeds in 2005 went unanswered. Based on 

publications from the Mississippi group (see cited publications of M.A. ElSohly and 

colleagues), a range of high-THC strains are in the possession of the U.S.  National 

Institute on Drug Abuse. 
 

GERMPLASM COLLECTIONS AND THE FUTURE OF INDUSTRIAL HEMP 

As pointed out in this chapter, there are relatively limited germplasm collections 

of C. sativa, and those pertaining to industrial hemp are mostly in Europe. There 

are also collections in China, which are much less available to other countries. 

Because industrial hemp is regaining its ancient status as an important crop, a 

number of private germplasm collections have been assembled in recent decades 

for the breeding of low-THC cultivars as commercial ventures (for examples, see De 

Meijer 1998; De Meijer and Van Soest 1992; Man’kowska and Grabowska 2009). 

Commercially produced breeding lines are treated as intellectual property, and of 

course, these are available only on a restricted basis, if at all, while cultivars 

associated with these programs are marketed. 
 

Germplasm resourCes for fiber 

Almost all of the publically available germplasm resources for industrial hemp, 

discussed in this chapter, relate to cultivars and land races that have been used 

entirely or primarily for fiber, and these are in European germplasm banks. 

Unfortunately, European cultivars seem to have a rela- tively narrow genetic base. 

According to an analysis by De Meijer (1995a), the four dozen or so hemp cultivars 

of Europe, registered at that time, trace their heritage mostly to just a few local 

landraces. The Italian cultivar Carmagnola, the oldest landrace of Italy, has 

contributed parentage to many European cultivars. Chinese germplasm is not well 

represented in Europe, and as noted previously, interest in fiber hemp in China 

may be waning. 
 

Germplasm resourCes for oilseed 

As discussed in Chapter 8, C. sativa has been grown historically mostly for fiber, 

with the result that there are almost no landraces dedicated to oilseed 

production available, and only in very recent times have cultivars dedicated to 

oilseed been bred. There may not even be extant land races of the kind of hemp 

oilseed strains that were once grown in Russia. The most pressing need of the 

hempseed industry is for the breeding of more productive oilseed cultivars. Most 

fiber strains (cultivars and land races) have relatively low seed production, and 

most hemp germplasm has certainly not been selected for oilseed characteristics. 

At present, most available registered cultivars are unsuitable for specialized 
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oilseed production. To be competitive with the major oil- seeds, hemp should 

produce approximately 2 tonnes/ha; at present, 1 tonne/ha is considered aver- 

age to good production. Doubling the productive capacity of a conventional crop 

would normally be considered impossible, but it needs to be understood just how 

little hemp has been developed as an oilseed. There is therefore a desperate need 

to examine the germplasm of  C. sativa in  order to find genes to improve oilseed 

hemp. Wild plants of C. sativa have naturally undergone selection for high seed 

productivity and are a particularly important potential source of breeding 

germplasm. 

Curiously, marijuana strains have potential for providing genes to breed oilseed 

cultivars. Drug varieties have been selected for very high yield of flowers and 

accordingly produce very high yield of seeds. Drug strains have been observed to 

produce more than a kilogram of seed per plant, so that a target yield of several 

tonnes per hectare is conceivable (Watson and Clarke 1997). Of course, the high 

THC in drug strains makes these a problematical source of germplasm. 
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Germplasm  resourCes  for  essenTial  oil 

As discussed in Chapter 9, essential oil is a very minor economic product of C. 

sativa, and indeed, the essential oil components (terpenes) are available far more 

cheaply from other crops. Nevertheless, biotypes grown for other purposes (fiber, 

oilseed, or marijuana) sometimes have desirable terpene profiles and have 

occasionally been used for the purpose of harvesting essential oil. It is likely that 

future research will characterize some populations as possessing outstanding 

essential oil traits (indeed, private pharmaceutical firms likely already possess such 

strains), and hopefully, these will be deposited eventually in a public germplasm 

repository. 
 

GERMPLASM COLLECTIONS AND THE FUTURE 

OF MEDICINAL AND RECREATIONAL MARIJUANA 

In the distant past, C. sativa was unregulated, and numerous marijuana landraces 

were selected. Many of these are still being grown in Asia, although law 

enforcement has reduced cultivation in most areas. Some Central Asian marijuana 

landraces were distributed to Africa, Southeast Asia, and the Americas, where 

local landraces were selected. With the explosion of interest in marijuana that 

began in the 1960s, landraces were employed in Western nations (notably in the 

Netherlands and the United States) by clandestine illicit breeders. During the last 

several decades, illicit breed- ers utilized most of the techniques available to 

scientific breeders and created a wide range of strains. Hundreds of named strains 

are currently distributed in the illicit and medical marijuana trades. Thus, an 

impressive range of germplasm variability exists for marijuana forms of C. sativa, 

albeit mostly in a state of illegality. Not surprisingly, the world’s public gene banks 

currently do not (or at least do not make it public that they) possess marijuana 

germplasm. Rarely, collections of marijuana strains have been made by 

governmental organizations for research and for law enforce- ment purposes, 

most notably by the National Institutes of Health at the University of Mississippi 

(Oxford). 

Marijuana germplasm is almost entirely in the possession of the private sector. 

Over 100 com- mercial firms, especially in the Netherlands (Figure 17.8), created 

or assembled collections of strains, and these have been marketed internationally 

(substantially illicitly to date) through the Web. A guide to many of these is at 

http://marijuanaseedbanks.com/ (also see “High-THC Strains” in Chapter 11 for a 

list of books describing strains). Especially in North America, marijuana strains are 

now offered by purveyors of medicinal marijuana, the legality of such transactions 

differing depending on jurisdiction. In Canada and in some U.S. states, numerous 

strains have been allowed to acquire legal status for medicinal purposes. The 

scientific status of marijuana strains available either in the illicit trade or from 

licensed medicinal sources is very uncertain. (An exception is Medisins, a 

http://www.marijuanaseedbanks.com/
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medicinal cultivar registered in 1998.) The extent to which named medicinal 

strains are genuinely different, and just what their differences are, is unclear. 

Documentation concern-  ing these strains is mostly unreliable and suspect. Sawler 

et al. (2015) found that strain names accompanying materials that they had 

acquired “often do not reflect a meaningful genetic identity.” Literature produced 

by those in the illicit trade is commonly available but is unreliable on aspects 

dealing with breeding and genetics. Commercial companies involved with 

medicinal marijuana are obviously retaining information for their own commercial 

motives. Some authorized sellers simply provide new names to materials that they 

have acquired under older names. Companies engage in exaggerated claims in 

order to inflate the value of the material they market, so determination of the 

characteristics of strains is problematical. 

Notwithstanding the uncertain scientific status of most marijuana strains, both 

those in the illicit trade and those available legally from authorized sources 

constitute a vast reservoir of material that is potentially useful, either directly for 

experimental and medicinal applications or for starting material for selecting or 

breeding material suitable for medicinal applications. The principal con- cern is 

that there is currently no attempt to collect and preserve germplasm of marijuana 

forms of 
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FIGURE 17.8 Storefronts of commercial “seed banks” in Amsterdam. These so-called seed banks mostly furnish 

marijuana seeds. Top: A store of the Sensi Seed Bank organization, which has been said to be “perhaps the largest 

supplier of cannabis seeds in the world” (Hazekamp and Fischedick 2012). Photo by Sergio Calleja (CC BY SA 

2.0). Bottom: Photo by Eric Borda (CC BY ND 2.0). 
 

C. sativa in public institutions for long-term research and development, in the manner 

that all other legitimate economically significant crops are treated. 
 

DATABASES 

Databases providing information on germplasm holdings in gene banks are critical 

to locating valu- able breeding material. 
 

indusTrial hemp 

Several of the largest public industrial hemp germplasm collections are associated 

with basic data- bases (providing information such as site of origin, collector, year 

of collection, and whether ruderal or a cultivar). Most collections today are backed 

up by information databases, the private collections 
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generally restricting access. Bas et al. (2010, based on a 2006 meeting) presented 

a proposal to pre- pare a comprehensive database for C. sativa accessions, but 

subsequently, little had been initiated (Pavelek and Lipman 2011, based on a 2010 

meeting). 
 

mediCinal and reCreaTional Cannabis 

With the proliferation of private firms offering medicinal strains, online 

information for  many     of these is presented at their websites, although a genuine 

database does not seem to be avail-  able. Mighell et al. (2013) provide details of 

the potential usefulness and nature of a strain reg- istry. “Leafly,” a notable online 

guide to strains, is at https://www.leafly.com/. Another guide to marijuana strains 

is GM. 2015. A-Z Strain Reviews. Grow Marijuana. http://grow-marijuana.com 
/strain-reviews. 

 
GUIDE TO THE MOST COMMONLY GROWN INDUSTRIAL HEMP CULTIVARS 

Plant breeders frequently prefer to employ crop cultivars rather than wild plants 

or even land races as starting material because cultivars are already highly refined. 

This can be short-sighted, as wild plants and primitive land races often contain 

useful genes that have not been preserved in cultivars. Nevertheless, currently 

available industrial hemp cultivars that have been licensed for cultivation in the 

European Union and Canada have all been demonstrated to have limited THC (see 

Chapter 11), and so breeders have little concern that their use in creating new 

cultivars will produce forms that are too high in THC to be grown legally. Table 17.3 

provides basic information on most of the cultivars recently and currently grown 

in the Western World. The majority of these are currently available and their 

identification is highly reliable. 

There are many additional cultivars or land races (often considered to be 

cultivars) that are grown, depending on whether permitted in given countries. 

Sometimes, these are known to exceed the THC limits that are commonly 

accepted in the European Union and Canada. However, often, particular old 

cultivars or land races are available only in germplasm collections or from private 

individuals, and the nature and identification of the material are frequently 

unreliable. I have often grown plants from seeds from different sources, identified 

as the same land race or cultivar, and discovered that they have produced quite 

different plants. Although such material may be mis- identified and/or hybridized, 

it can still be valuable as sources of breeding germplasm. The same  is true for so-

called “common seed,” which refers to relatively undefined seeds from a region 

that have been generated in an uncontrolled fashion (with respect to parentage) 

from local plants (for example, “Swissmix,” a dioecious seed stock of Swiss origin 

grown for fiber). DNA-based genetic analysis has the potential of clarifying the 

identity and history of C. sativa, so the lack of reliable characterization should not 

eliminate given collections from consideration as germplasm sources. As noted 

https://www.leafly.com/
http://www.grow-marijuana.com/strain-reviews
http://www.grow-marijuana.com/strain-reviews
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previously, identification of a core collection is a way of narrowing down large 

collections to a much smaller sample representing the range of genetic variation. 
 

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN BEHAVIOR 

• During the Second World War, the population of the Soviet Union often had to tolerate 

extreme shortages of food. This was particularly true during the Siege of Leningrad (now 

St. Petersburg). Curators of N.I. Vavilov’s seed bank in Leningrad could have pillaged the 

edible seeds in the collection to survive, but some heroically endured starvation rather than 

do so. 

• The largest and most important germplasm bank in the world is the U.S. National Plant 

Germplasm System, under the control of the USDA. This has more than 500,000 collec- 

tions numbered consecutively starting with P.I.1 (“Plant Introduction 1”), which was cata- 

logued in 1898. The collection P.I.1 is a cabbage variety introduced from Russia. 
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TABLE 17.3 

Guide to Registered Industrial Hemp Cultivars in the European Union, Approved Cultivars in Canada, and OECD Cultivars Certified   

as Low in THC, All for 2015 

 Country of Origin   Registered in Approved in  

Name or Association Sexual Typea
 Purposeb

 European Unionc
 Canadad

 OECD Certifiede
 

Alyssa Canada Female predominant Dual  × × 

Anka Canada Monoecious Dual  × × 

Antal Czech Republic/ 

Hungary 

  ×   

Armanca (=Bialobrzeskie?) Romania Dioecious Seed ×  × 

Asso (=Férimon) Italy Dioecious    × 

Beniko Poland Monoecious Dual ×  × 

Bialobrzeskie (Białobrzeskie) Poland Monoecious Dual ×  × 

Canda Canada Monoecious Seed  × × 

CanMa Canada Dioecious Seed  ×  

Cannacomp (Kannakomp) Hungary Dioecious  ×  × 

Carma Italy Monoecious  ×  × 

Carmagnola (landrace) Italy Dioecious  × × × 

Carmen Canada Dioecious Dual  × × 

Chamaeleon Netherlands Female predominant  ×  × 

CFX-1 Canada Dioecious Seed  ×  

CFX-2 Canada Dioecious Seed  ×  

Codimono Italy Monoecious  ×  × 

Crag Canada Dioecious Dual  × × 

CRS-1 Canada Dioecious Seed  ×  

CS (Carmagnola Selezionata) Italy Dioecious  × × × 

Carma Italy Monoecious  ×   

Dacia Secuieni Romania Monoecious  ×  × 

Debbie Canada Monoecious Seed   × 

Delores Canada Monoecious Dual  × × 

Delta 405 Spain Monoecious  ×  × 

(Continued) 
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TABLE 17.3 (CONTINUED) 

Guide to Registered Industrial Hemp Cultivars in the European Union, Approved Cultivars in Canada, and OECD Cultivars Certified   

as Low in THC, All for 2015 

 Country of Origin   Registered in Approved in  

Name or Association Sexual Typea
 Purposeb

 European Unionc
 Canadad

 OECD Certifiede
 

Delta-llosa Spain Monoecious  ×  × 

Deni Canada Monoecious Dual  × × 

Denise Romania Monoecious Dual ×  × 

Diana Romania Monoecious Dual ×  × 

Dioica 88 France Dioecious  ×  × 

Epsilon 68 France Monoecious  ×  × 

ESTA-1 Canada Dioecious Seed  ×  

Fasamo Germany Monoecious Dual  × × 

Fedora 17 France 50% female, 50% 

monoecious 

 ×   

Fedrina 74 France Monoecious   ×  

Felina 32 France Monoecious  ×  × 

Felina 34 France Monoecious Dual  × × 

Ferimon (Férimon) Germany Monoecious  × × × 

Fibranova Italy Dioecious  × × × 

Fibriko Hungary Female predominant?   ×  

Fibrimon 24 France Monoecious   × × 

Fibrimon 56 France Monoecious   ×  

Fibrimor Italy Dioecious    × 

Fibrol Hungary Monoecious Dual ×  × 

FINOLA (=FIN 314) Finland Dioecious Seed × × × 

Futura 75 France Monoecious  ×  × 

Georgina Canada Dioecious   × × 

Grandi Canada  Seed  ×  

GranMa Canada    ×  

Helena Serbia Dioecious Dual?   × 

(Continued) 
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TABLE 17.3 (CONTINUED) 

Guide to Registered Industrial Hemp Cultivars in the European Union, Approved Cultivars in Canada, and OECD Cultivars Certified   

as Low in THC, All for 2015 

 Country of Origin   Registered in Approved in  

Name or Association Sexual Typea
 Purposeb

 European Unionc
 Canadad

 OECD Certifiede
 

Hempnut (=X59, which see)       

IDA Canada Monoecious    × 

Ivory Netherlands Monoecious  ×   

Joey Canada Monoecious   × × 

Judy Canada     × 

Jutta Canada Monoecious Dual  × × 

Katani Canada  Seed  ×  

KC Dora (=KC Dóra) Hungary Monoecious  ×  × 

KC Virtus Hungary Monoecious  ×  × 

KC Zuzana Hungary Monoecious  ×  × 

Kompolti Hungary Dioecious  × × × 

Kompolti Hibrid TC (Kompolti 

Hybrid TC) 

Hungary Dioecious  × × × 

Kompolti Sargaszaruf
 Hungary Dioecious   ×  

Lipko Hungary Monoecious  ×  × 

Lovrin 110 Romania Dioecious  × × × 

Marcello Netherlands Monoecious  ×   

Markant Netherlands Monoecious  ×   

Monoica Hungary Monoecious  ×  × 

Novosadska Serbia Dioecious    × 

Petera Canada Dioecious   × × 

Picolo Canada  Seed  ×  

Rajan Poland   ×   

Santhica 23 France Monoecious  ×  × 

Santhica 27 France Monoecious  ×  × 

Santhica 70 France Monoecious  ×  × 

      
(Continued) 

4
4

2
 

C
a

n
n

a
b
is: A

 C
o

m
p

le
te

 G
u

id
e

 



 

 
 
 
 
 
 
 
 

 

TABLE 17.3 (CONTINUED) 

Guide to Registered Industrial Hemp Cultivars in the European Union, Approved Cultivars in Canada, and OECD Cultivars Certified   

as Low in THC, All for 2015 

 Country of Origin   Registered in Approved in  

Name or Association Sexual Typea
 Purposeb

 European Unionc
 Canadad

 OECD Certifiede
 

Secuieni jubilee Romania Monoecious  ×  × 

Silesia Poland Monoecious   × × 

Silistrenski Bulgaria Dioecious    × 

Silvana Romania Dioecious Dual ×  × 

Szarvasi Hungary Monoecious  ×  × 

Tiborszállási (Tiborszallasi) Hungary Dioecious Dual ×  × 

Tisza Hungary Monoecious  ×  × 

Tygra Poland Monoecious Dual ×  × 

UC-RGM Canada Monoecious   × × 

Uniko Bg
 Hungary Unisexual female Dual × × × 

USO 11 (=Yuso 11 = 

Zolotonoshskaja 11 = 

Zolotonosha 11) 

Ukraine Monoecious   ×  

USO 14 (= 

Yuzhnosozrevayushchaya 

Odnodomnaya 14 = JSO-14 = 

Yuso 14) 

Ukraine Monoecious Dual  ×  

USO 15 (=Zolotonosha 15) Ukraine Monoecious   ×  
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TABLE 17.3 (CONTINUED) 

Guide to Registered Industrial Hemp Cultivars in the European Union, Approved Cultivars in Canada, and OECD Cultivars Certified   

as Low in THC, All for 2015 

 
Name 

Country of Origin 

or Association 

 
Sexual Typea

 

 
Purposeb

 

Registered in 

European Unionc
 

Approved in 

Canadad
 

 
OECD Certifiede

 

USO 31 (=Juso 31 = JSO-31 = 

Yuso 31) 

Ukraine Monoecious Dual × ×  

Victoria Canada Dioecious   × × 

Wielkopolskie Poland Monoecious  ×   

Wojko Poland Monoecious  ×  × 

X59 (Hemp Nut) Canada Dioecious Seed  ×  

Yvonne Canada Monoecious Dual  ×  

Zenit Romania Monoecious  ×  × 

a “Monoecious” means at least a substantial proportion of the plants are monoecious; many may also be female predominant, but male plants are absent or rare in the generation (F1 or close 

to it) that is commercially marketed as the pure variety or hybrid variety. 
b All cultivars are grown for fiber, unless otherwise stated. Where clear information is available, “seed” indicates usage primarily for seed, and “dual” indicates substantial use for both oil- 

seed and fiber. 
c European Commission Plant Variety Database—hemp (2015): http://ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search//public/index 

.cfm?event=SearchVariety&ctl_type=A&species_id=240&variety_name=&listed_in=0&show_current=on&show_deleted=. 
d Approved Canadian hemp cultivars for 2015: http://www.hanfplantage.de/wp-content/uploads/2015/04/LOAC_2015_EN_-_Health_Canada_-_List_of_approved_Cultivars_Cannabis 

_Sativa.pdf. 
e Organization for Economic Co-operation and Development (OECD) List of Varieties eligible for seed certification: http://www.oecd.org/tad/code/Crucifers-and-other-oil-or-fibre-species 

.pdf (hemp cultivars certified as being low in THC). 
f Chlorophyll-deficient mutant of Kompolti, employed in research. 
g A hybrid cultivar: F1 is unisexual-female; F2 segregates 30% male. 
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http://www.ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search/public/index.cfm?event=SearchVariety&ctl_type=A&species_id=240&variety_name&listed_in=0&show_current=on&show_deleted
http://www.ec.europa.eu/food/plant/plant_propagation_material/plant_variety_catalogues_databases/search/public/index.cfm?event=SearchVariety&ctl_type=A&species_id=240&variety_name&listed_in=0&show_current=on&show_deleted
http://www.hanfplantage.de/wp-content/uploads/2015/04/LOAC_2015_EN_-_Health_Canada_-_List_of_approved_Cultivars_Cannabis_Sativa.pdf
http://www.hanfplantage.de/wp-content/uploads/2015/04/LOAC_2015_EN_-_Health_Canada_-_List_of_approved_Cultivars_Cannabis_Sativa.pdf
http://www.oecd.org/tad/code/Crucifers-and-other-oil-or-fibre-species.pdf
http://www.oecd.org/tad/code/Crucifers-and-other-oil-or-fibre-species.pdf
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• “Biopiracy” refers to unilaterally adopting for  profit, without permission, recognition,   or 

compensation, the materials or knowledge of the (usually indigenous) people of a region. 

Historically, germplasm of and traditional knowledge about most crops (including 

Cannabis) have simply been “stolen” and transferred from their areas of origin to much 

richer countries where the plants have been cultivated profitably. The 1993 Convention  on 

Biological Diversity provided recommendations intended to benefit financially poor 

regions possessing valuable germplasm and traditional knowledge. Over 90 countries   are 

signatories to the anti-biopiracy Nagoya Protocol, a part of the UN Convention on 

Biological Diversity. While noble in intent, identifying and penalizing examples of biopi- 

racy have been controversial. Unique biotypes of industrial and medicinal Cannabis, as 

well as clever techniques of cultivation, processing, and product development and usage, 

originate from indigenous people of several poor regions of the world. Should users of can- 

nabis be required to provide compensation? 



 



 

 

 

Botanical Classification 

and Nomenclatural 

Issues 
 

Given that Cannabis sativa is the world’s most controversial plant from the 

perspectives of the law and medicine, it should not be surprising that there have 

also been profound disagreements with respect to its taxonomy (scientific 

classification). This chapter examines C. sativa in the light of the criteria that 

botanists employ to classify plants like it, in which variation deserving to be catego- 

rized has been brought into existence by both nature and humans. As has been 

documented in this book, C. sativa occurs widely in nature as free-living 

populations adapted to local climates, as well as domesticated kinds differentially 

selected for fiber in the stem, a multipurpose oil in the “seeds” (achenes), or an 

intoxicating resin secreted by pin-sized epidermal glands. The variation pattern of 

C. sativa is complex, but the causes of variation are clear and provide guidance for 

an appropriate interpretive classification scheme. The following relatively 

extensive presentation of classification theory and practice is required because, 

with the exception of how living populations of the human species Homo sapiens 

should be classified (note Figure 18.1) and how extinct relatives in the genus Homo 

should be interpreted (Figure 18.2), no other species has generated so much 

misunderstand- ing, argument, and contradictory literature. 
 

THEORETICAL CLASSIFICATION ISSUES 

Biological classification (taxonomy or systematics) is based on scientific evaluation 

of characters and genes of organisms, which are employed to assess their 

similarities or evolutionary relation- ships, to construct a sort of (usually 

hierarchical) organization chart that efficiently reflects rela- tionships, and 

provides unequivocal names for all of the groups within the system. At least, this 

is the sort of technical definition that one would find in a modern textbook. In fact, 

people have been classifying and naming plants and animals as long as there have 

been people because it’s impor- tant (often a matter of life or death) to be able to 

recognize distinctive creatures, what group they belong to (because other 

members of the group may also have useful or dangerous features), and to have 

unambiguous names (to help identify the organisms and recall information about 

them). Much biological classification is intuitive, and often, a young child can 

classify some groups as well as a modern taxonomist using sophisticated modern 

tools. However, there are subtleties and complicated issues that make some 

classification issues very difficult. Almost all of the time, the world is content to 

18 



 

leave such classification problems to the academics, since it doesn’t seem to 

matter to the daily lives of most people. However, the classification of Cannabis is 

an exception—indeed, the issue has been debated more in the public sphere than 

the classification of any other plant, and understanding the conflicting views is 

important to the welfare of society. 
 
Scientific claSSificationS often Differ 

Classification of organisms is often controversial because nature presents an 

extraordinary range of variation patterns, so that a “one-size-fits-all” or “cookie-

cutter” approach is unwarranted. Also contributing to disagreement, there are 

several dogmatic schools of thought regarding assessment procedures and usage 

of various kinds of genetic information as bases for taxonomic systems. As  a 

result, there are often competing classification and naming systems for the same 

set of living creatures. Harlan and de Wet (1971) remarked, “The inconsistencies 

and lack of agreement among taxonomists dealing with the same materials are 

remarkable, to say the least, and are even more 
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FIGURE 18.1 “Races of mankind,” illustrating that despite the extensive geographically based biological 

variation among humans, we are all just one species. From Roe, E.T., Leonard-Stuart, C., Webster’s New 

Illustrated Dictionary, Syndicate Publishing Company, New York, 1911; photo by Sue Clark (CC BY 2.0). 

 
 

 

FIGURE 18.2 Reconstructions of extinct forms of the genus Homo, whose classification has been disputed. For 

comparison, males are shown (facial hair and pigmentation are often arbitrarily interpreted). (a) Homo habilis. 

Photo by Lillyundfreya (CC BY 3.0). (b) Homo erectus. Photo by Lillyundfreya (CC BY 3.0). (c) Homo 

floresiensis. Photo by Cicero Moraes et al. (CC BY 4.0). (d) Homo heidelbergenis. Photo by Tim Evanson (CC 

BY 2.0). (e) Homo neanderthalensis. Photo credit: Stefanie Krull, Neanderthal Museum, Picture Library, Talstr. 

300, 40822 Mettmann, Germany (CC BY 3.0). (f) Cro-Magnon man (early H. sapiens). Photo by Cicero Moraes 

(CC BY 3.0). Homo heidelbergensis and H. neanderthalensis are closely related to each other and have been 

considered to be subspecies of H. sapiens. 

(a) (b) (c) 

(d) (e) (f 

) 
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striking when the treatments of different crops are compared.” The following 

information is not intended to be a complete primer on classification theory but 

to highlight aspects that have trou- bled recent attempts to classify Cannabis. 

Additional considerations are discussed in Small (1979a, 1979b, 2015a). 
 
Scientific nameS are often ambiguouS 

American literary figure James Whitcomb Riley (1849–1916)  famously  wrote, 

“When I  see   a bird that walks like a duck and swims like a duck and quacks like 

a duck, I call that bird a duck.” However, defining (and consequently recognizing) 

a duck, or indeed most groups of living creatures that seem to merit a unique 

name, is frequently not as obvious as it seemed to Riley. Had Riley been an 

ornithological specialist on waterfowl, he would  have  learned that the 

swimming behaviors of  birds called ducks differ greatly among species, some 

ducks do  not walk like ducks (even if extant ducks do have webbed feet), and 

most ducks do not quack. Among many duck specialists, the inclusiveness of the 

word “duck” depends on recent evalua- tions of avian phylogenetic relationships 

(e.g., Johnson and Sorenson 1999). For example, whis- tling ducks (tree ducks; 

subfamily, Dendrocygninae of the duck, goose, and swan family of birds, 

Anatidae) are often considered to belong to tribe Dendrocygnini of the goose 

subfamily Anserinae. 

It may seem disturbing that one person’s duck may be another person’s goose 

or swan (note Figure 18.3), but as long as what is meant by the user of a word or 

phrase is understood, the terminology is useful for purposes of communicating 

information. Conversely, an ambiguous word or phrase hinders understanding 

when it is not clear what meaning is meant. The public and, indeed, most 

scientists have little appreciation of how ambiguous biological “scientific names” 

can be. As discussed in this chapter, names applied to Cannabis have been 

plagued with ambiguity. 
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FIGURE 18.3 Subtleties of identification, exemplified by Hans Christian Andersen’s The Ugly Duckling. As 

related in the familiar fairy tale, the ugly duckling (the small dark bird at bottom center), in fact a beautiful 

swan, is being persecuted by ducks, among which the egg from which it emerged was accidentally placed. As 

noted in the text, even when the aberrant duckling is identified as a swan, it may still be classified as a “duck.” 

Illustration (public domain) by T. van Hoytema, published in 1893 by C.M. van Gogh, Amsterdam. 
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geographical  uncertaintieS  complicate  interpretation  of  groupS 

All domesticated plants arose ultimately from wild ancestors, which may no longer 

be extant. Plants growing outside of cultivation are commonly said to be “wild,” 

but (as noted in Chapter 3) the term is ambiguous. Basically, a species is 

“indigenous” (or “native”) to a given geographical area if it reproduces there and 

is present in that location as the result of natural processes, without the influence 

of humans. (For rigorous analyses of the concept of indigenous status, see Ratcliffe 

1977 and Peterken 1981.) Contrarily, if a species has been transported 

(deliberately or not) to a location because of human activity and reproduces there 

without the assistance of humans, it is “introduced” (or “naturalized”). A 

nonindigenous species that occurs with some frequency in an area because it is 

often released or escapes, but does not persist indefinitely because of a lack of 

adaptation to that area, is said to be “spontaneous,” “adventive,” or “casual.” The 

chief difficulty with determining whether a species is indigenous or introduced is 

the time dimension. Of course, because of geologi- cal and climate changes during 

the billions of years of Earth’s history, most species migrated exten- sively. In many 

circumstances, indigenous status should be assessed starting with the end of the 

last ice age. However, determining the pre-recorded history location of some 

plants is very difficult and uncertain with respect to the possible influence of 

humans. Because the precise native homeland of 

C. sativa is unknown with any degree of confidence, and indeed the existence of 

truly wild forms of the species that have never been altered by contact with 

humans is also not known with confidence, traditional treatment in the manner 

that taxonomists categorize exclusively wild species with known primeval 

distribution ranges is doubtfully warranted. 
 

poSSible  relationShipS  among  WilD  anceStorS, DomeSticateS, anD  eScapeS 

Plants closely related to domesticated plants and growing outside of cultivation 

may be (1) ances- tors of the domesticates; (2) escapes from cultivation, either 

identical to the domesticates or altered by generations of selection for existence 

in nature; or (3) hybrids or introgressants (discussed later) between a wild relative 

and the domesticate. Often, a domesticate arises from a weedy wild spe- cies, and 

conversely, often, a weed arises from domesticated plants. When one can 

distinguish three phases: (a) domesticated crop(s), (b) ancestral or closely related 

(at least somewhat interfertile) wild plants that still have natural distribution 

ranges, and (c) weedy or ruderal relatives of the crop that interbreed with it, the 

assemblage is referred to as a “wild-weed-crop complex.” When only (a) and 

(c) can be distinguished, it is simply a “crop-weed complex.” Many crops like 

Cannabis exist in crop-weed complexes (Andersson and de Vicente 2010), with 

domesticated forms in cultivation, and related ruderal (weedy) forms growing 

outside of cultivation. The issue of whether all Cannabis plants growing outside of 
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cultivation are derived from escapes from cultivation, or whether some of these 

are free of genes altered by humans, cannot be conclusively settled with available 

information (in some respects, it’s like trying to prove a negative). Some botanists 

have recognized wild-growing Cannabis as constituting taxonomic groups at one 

or more ranks (the most widely used nomencla- tural epithets for these are 

kafiristanica, ruderalis, and spontanea), which is also contentious and is examined 

later. 

The point of view taken in this book is that no persuasive evidence has been 

documented that there are truly wild populations of C. sativa (pristine genetically, 

never having been altered by human selection, and having natural distributions). By 

no means are cultivated plants lacking wild ances- tors unusual: there are 

hundreds of domesticated plants known only in cultivation. Like Cannabis, many 

other ancient important crops are also thought to lack extant living relatives from 

which they originated directly (which is not to say that they lack living relatives). 

Examples of familiar crops for which direct living ancestors are believed (sometimes 

debatably) to be extinct include avocado (Persea americana), cassava (Manihot 

esculenta), corn (maize; Zea mays), eggplant (Solanum melongena), European plum 

(Prunus domestica), lemongrass (Cymbopogon citratus), onion (Allium cepa), peanut 

(Arachis hypogaea), rice (Oryza sativa, O. glaberrima), and safflower (Carthamus 

tinctorius). 
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claSSification  DifficultieS  Due  to  hybriDization 

Hybridization is a genetic combining of representatives of (at least) two different 

groups. Consider the entertaining quotation “if my grandmother had wheels, she’d 

be a bus” (or bicycle, wagon, or tractor), or the Italian counterpart, “If my 

grandmother had wheels, she would be a wheelbarrow,” expressions indicating 

frustration with someone’s excessive assumptions. Such extreme hybrids are 

difficult to conceptualize (Figure 18.4) but serve to point out that intermediacy 

between concepts challenges their separateness. Hybridization especially 

complicates classification of crop-weed complexes. In biological taxonomy, the 

term “hybrid” often covers more than simply entities that combine two entire 

genomes (F1 hybrids, i.e., the first-generation progeny generated between the 

pure parental kinds). The term “hybrid” is also frequently applied to a range of 

backcrosses (crosses between the original hybrid and a parent) and segregants 

(forms with assorted gene combinations based on additional crossing). In addition, 

introgression (gene flow from one population to another), a special form of 

hybridization, often occurs. Frequent hybridization and introgression between  

the cultivated and ruderal phases of crop-weed complexes, and sometimes also 

between these and related wild species, can make classification so difficult that 

the exercise becomes pointless or arbitrary. 

In a limited sense, every individual resulting from sexual union is a hybrid 

between its par- ents. However, biological classification is concerned not with 

individuals but with recognizing distinctive groups of individuals. No one has 

succeeded in hybridizing C. sativa with a species of any other genus in the 

Cannabaceae. However, more or less distinctive populations of C. sativa do 

hybridize readily with each other, obscuring differences, and so making the 

delimitation and identification of such populations as distinctive groups (whether 

labeled as strains, varieties, or even species) problematical. The issue of 

hybridization in C. sativa is examined additionally later. 
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FIGURE 18.4 Conceptual hybrid between a grandmother and a bus. Prepared by B. Brookes. 
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Stereotypical  thinking—a roaDblock  to  biological  claSSification 

The classification problems discussed previously regarding hybridization are allied 

to the issue of stereotypical thinking. Stereotypical thinking (better known in 

philosophical analysis as “typo- logical thinking”) is a mental set, or way of thinking 

about things, whereby objects are viewed as belonging to perfectly distinctive 

classes or categories (things are necessarily either this or that, but neither both 

nor something in-between). This is the way most people think most of the time 

and represents an efficient means of understanding the universe. Stereotypical 

thinking is acceptable so long as one has either fish or fowl, but when one is 

confronted with something which is neither but manifests attributes of both, a 

more sophisticated kind of conceptualization is necessary. Unless the reader can 

evade the mental straitjacket of stereotypical thinking, the true nature of biologi- 

cal classification in general, and the classification of Cannabis in particular, cannot 

be accurately understood. 

However, it is very difficult for many unfamiliar with the subtleties of biological 

classification to escape stereotypical thinking because conceptualization in terms 

of discrete entities is embedded in normal human psychology. We normally assign 

individuals to different classes, with no middle ground (philosophers refer such 

thinking to the “law of the excluded middle”). Children viewing animals in a 

farmyard readily perceive different classes of creatures but find a continuous 

variation pattern, such as that presented by the racially intermixed population of 

people in Hawaii, much more difficult to categorize. Like children, many 

individuals appear unable to conceptualize things except in separate classes, and 

unfortunately, such a rigid mental set precludes appreciation of bio- logical 

classification at the species level—the critical classification problem posed by 

Cannabis. Surprisingly perhaps, stereotypical thinking is common among scientists 

and not uncommon among professional taxonomists, although it is almost 

unknown in theoretically or experimentally oriented classification experts. The 

relationship of stereotypical thinking and biological classifica- tion is a complex 

topic and is dealt with in detail in Small (1979a, Chapter 1). 
 

claSSification  DifficultieS  Due  to  obliteration  of  populationS  by  humanS 

People often distribute crops to areas where they previously did not exist, 

providing opportunities for genetic exchange with related species and creating 

habitats (frequently weedy) where hybrids will survive. On occasion, the result is 

the extermination of the genetic differences between once distinct groups and 

their natural distribution ranges. For example, this has happened to alfalfa, a 

complex species in which the two major wild parents were once the distinct species 

Medicago sativa L. and M. falcata L. Over the last six millennia, both in cultivation 

and in nature, these parental lin- eages have hybridized so extensively that most 

plants everywhere are of hybrid origin, one can no longer identify the 
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overwhelming majority of plants as belonging to the original species, and so it is 

preferable to reduce the original rank of the parents to subspecies of one species 

(Small 2011b). The carrot species (Daucus carota L.) also illustrates how once 

distinct classes of domesticated plants can be homogenized. More than a century 

ago, there was a major class of domesticated carrot with purplish roots 

(dominated by anthocyanins) centered in Afghanistan; however, hybridization and 

preference for the familiar European orange carrot (the root pigments dominated 

by carotenes) have virtually eliminated the pure form of purple carrot, except in 

gene banks (Small 1978b). Cultivated assemblages are especially prone to losing 

their distinctness or simply becoming extinct (Jeffrey 1968), as their human 

masters’ needs and tastes change. In Cannabis, hybridization between the most 

distinctive variations has largely obliterated populational differences, especially 

between the two kinds of fiber forms and between the two kinds of marijuana 

forms. As noted later, the two kinds of fiber plants that have been recognized 

taxonomically have been widely hybridized, by legal breeders, because of the 

resulting heterosis (hybrid vigor), and the two kinds of marijuana plants that have 

been recognized have been widely hybridized (mostly illicitly) to provide for the 

different psychological states that many have come to appreciate and also to 

generate plants with 
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desired photoperiodic and size characteristics to meet local needs. Indeed, 

according to Clarke  and Merlin (2013), “hybrids have become the predominant 

form of drug Cannabis grown through- out Europe and the New World.” Hillig 

(2004b) concluded that most Cannabis accessions in the Vavilov Research Institute 

(St. Petersburg) germplasm bank (most of these are fiber land races), by far the 

world’s largest such collection, are of hybrid origin. Taxonomy is a practical 

activity, and when most individuals encountered are hybrids, this needs to be 

considered for classification purposes. This means that since the fiber (low-THC) 

populations of the world are being homog- enized by hybridization, they are 

doubtfully split formally into separate taxonomic groups. (The difference between 

formal and nonformal classification is examined later; formal classification   is 

indicated by exclusively Latin names, and nonformal, by entirely or partly non-

Latin names.) Similarly, since the marijuana (moderate- to high-THC) populations 

of the world are also being homogenized by hybridization, it also is inadvisable to 

split them into formal taxonomic groups. Just how to treat the fiber plants 

collectively and the marijuana plants collectively is examined later in this chapter. 
 
taxonomic Splitting anD rank inflation 

Biological classification frequently involves some degree of subjective assessment 

and arbitrary decision, and this is particularly evident at the species level. Darwin 

(1859) wrote, “I was much struck by how entirely vague and arbitrary is the 

distinction between species and varieties… I look at the term species as one 

arbitrarily given for the sake of convenience to a set of individuals closely 

resembling each other, and that it does not essentially differ from the term 

variety, which is given to less distinct and more fluctuating forms. The term 

variety, again, in comparison with mere indi- vidual differences, is also applied 

arbitrarily, and for mere convenience sake.” However, this should not be 

interpreted to mean that biological taxonomists lack standards and consistency 

with respect to what constitutes a “species.” As Darwin (1859) also commented, 

“various definitions…have been given of the term species. No one definition has 

satisfied all naturalists; yet every naturalist knows vaguely what he means when 

he speaks of a species.” Since Darwin’s time, it has become apparent that in 

practice, human psychology and motivations are important in determining how 

species are recognized, and these factors are discussed in this section. 

Even when they agree that a set of organisms is distinctive by virtue of shared 

traits, taxonomists often differ with respect to (1) whether formal nomenclatural 

recognition is even appropriate and 
(2) if appropriate, the rank that should be assigned (e.g. species or subspecies). Historically and to 

this day, some taxonomists (facetiously referred to as “splitters”) have a “liberal” approach, formally 

recognizing more groupings than would be accepted by most of their professional peers, and con- 

versely, some “lumpers” have a “conservative” approach, recognizing fewer groupings than most 

taxonomists consider appropriate (Figure 18.5). Taxonomic splitting is one cause of “taxonomic  
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inflation,” the generation of more scientific names than justified. 

Splitting is often accompanied by “rank inflation”—the elevation of groupings 

to a higher rank (especially to the species level) than justified (Figure 18.6). 

Taxonomic splitting and rank elevation are attractive to some scientists because 

these practices amplify the quantity and ranking of taxo- nomic groups for which 

they receive credit. However, overrecognition of some groups has resulted in 

distortion of the nature and significance of studies of biodiversity, ecology, and 

conservation (Chaitra et al. 2004; Padial and de la Riva 2006). 

Isaac et al. (2004) noted that populations assigned species rather than a lower 

rank are often regarded as more important and that “This encourages elevation 

to species rank of populations that need protection, regardless of whether there 

is scientific support for this status… Such inflation will be biased towards 

charismatic, large-bodied, rare and endangered forms…that attract high public, 

scientific and conservation interest.” Consistent with this motivation and the fact 

that Cannabis is one of the most charismatic of plants, Hillig (2004b) argued that 

formal recognition of Chinese fiber hemp as a separate taxon “may foster genetic 

conservation of this agronomically important group.” 
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FIGURE 18.5 “Splitters” (top row) tend to place variants into more groups; “lumpers” (bottom row) tend to 

assign the same material to fewer groups. Prepared by B. Brookes. 

 
 
 
 
 
 

 

FIGURE 18.6  “Rank inflation” is the tendency to enlarge (inflate) membership in the higher, more impor-  tant 

categories of a hierarchy by excessive promotion of those who properly should be assigned membership in 

lower categories. In this figurative representation (drawn by B. Brookes), an army has too many generals  in 

relation to the number of foot soldiers. As noted in the text, the rank of “species” is widely regarded as having 

much more importance than lower ranks, and some taxonomists deliberately elevate variations to spe- cies rank 

to emphasize the importance of their study material and consequently their own importance. While permissible, 

this distorts the relative status of such “species” and misleads science and society in regard to their nature and 

status. 

Splitter 

Lumper 
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FIGURE 18.7 Scale comparison of Pluto and the eight planets of the Solar System. Arguing that varieties within 

C. sativa deserve species status is reminiscent of the viewpoint that the “dwarf planet” Pluto deserves planetary 

status. To be consistent, the Earth’s moon, which is five times as large as Pluto, would also have to be classified 

as a planet. Photos by IStoleThePies (CC BY SA 4.0), Pluto added by B. Brookes. 

 

The tendency for humans to elevate some high-profile minor entities to the 

same status as major ones is illustrated by the debate over the former planet 

Pluto, which astronomers voted      in 2006 to demote to the status of a “dwarf 

planet” (note Figure 18.7). Although much smaller than the eight planets currently 

recognized (Pluto’s mass is less than a fifth of the Earth’s moon and less than one 

four hundredth of the Earth), there are many who argue that not only should 

Pluto regain its planetary distinction but also that some even smaller neighbors 

of Pluto should   be recognized as planets (Stern et al. 2015). What really matters 

is consistency—whether the discipline is biology or astronomy, the standards of 

the majority of professional scientists should be respected. 
 

THE SEMANTIC “LEGAL SPECIES” ISSUE (OR DRESSING 

UP A WOLF IN SHEEP’S CLOTHING) 

In the 1970s, a curious forensic debate was founded on splitting what had been 

widely under- stood up to that time as the species C. sativa into three species 

(called C. sativa in a narrow nonconventional sense, C. ruderalis Janischevsky, and 

C. indica Lamarck). In many Western countries, legislation governing illicit 

cannabis preparations defines the material as originating from “Cannabis sativa 

L.” Court cases prior to 1970 witnessed some defenses of individuals  accused of 

marijuana offences on the argument that the material in question came from one 

or more “legal species” of Cannabis (i.e., species in addition to C. sativa). This 

claim failed until 1971 because of the prevailing opinion (at least in the Western 

world) that there is only one spe- cies of Cannabis, C. sativa. However, in 1971, a 

court challenge was successful, based on the testimony of several botanists that 

there is more than one species of Cannabis. Subsequently, for a decade, the legal 

issue was raised in hundreds of courtrooms, especially in the United States and 

Canada. The ploy was successful because talented lawyers represented 

taxonomy as simply  a factual assessment of existential groups called species 

(hence expert witnesses were sufficient to decide the “facts”), whereas in reality, 

one taxonomist’s species is another’s variety. The issue eventually became moot 

as  judges  came to  realize that recognition of  more  than one  species of 
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Cannabis is based merely on splitting of C. sativa into several species and that 

taxonomic opinion on whether splitting is scientifically correct is irrelevant 

because the intent of legisla-  tion using the name “Cannabis sativa L.” was clearly 

to designate all forms of Cannabis (and certainly the marijuana forms, which 

many lawyers had speciously argued were exempt from  prosecution because 

they belonged to the “legal species” C. indica). In essence, the clever tac-   tic 

employed was to dress up a wolf (high-THC C. sativa) in the guise of a sheep (low-

THC C. sativa; see Figure 18.8). The history of the legal-taxonomic debate is 

detailed in Small (1974, 1975b,c,d, 1976, 1977, 1979a,b). 
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FIGURE 18.8 A wolf in sheep’s clothing. As discussed in the text, a widespread legal ploy in the 1970s was 

based on the proposition that some highly intoxicating kinds of marijuana were actually “legal species” not 

subject to the law. Prepared by B. Brookes. 
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FIGURE 18.9 Four of the 14 “Darwin finches,” exemplifying the natural evolution of species. The endemic 

Galapagos Island species studied by Charles Darwin are now appreciated to belong to four genera of tanagers 

(family Thraupidae), not to the true finch family (Fringillidae). Feeding behavior, enabling the birds to acquire 

different food resources, reflected particularly by beak characteristics, was critical to their adaptive radiation 

from a common ancestor into the different species. Bird drawings from Darwin, C., Journal of Researches into 

the Natural History and Geology of the Countries Visited during the Voyage of H.M.S. Beagle Round the 

World, under the Command of Capt. Fitz Roy, R.N. 2nd ed., John Murray, London, 1845. 
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DOMESTICATION COMPLICATES CLASSIFICATION 

Prior to 1970, there was essential unanimity that only one species of Cannabis 

merited recognition. Since then, virtually without exception, those who have 

espoused the recognition of more than one species of Cannabis have done so 

without addressing the theory and practices of classification of domesticates and 

their closely related wild populations. Without this background, it is not possible 

to understand clearly the merits of competing systems of classification of 

Cannabis. 

Charles Darwin (1809–1882), the father of evolution, coined the phrase 

“artificial selection” in the first edition of his work On the Origin of Species 

(Darwin 1859). He concluded that starting from a wild species, human selection 

could produce divergent breeds so spectacularly different that they mimicked 

related species produced by natural selection (compare Darwin’s analysis of wild 

birds of different species, Figure 18.9, and his analysis of domesticated birds of a 

single species, Figure 18.10). Darwin (1859) wrote: “There are hardly any domestic 

races, either amongst animals or plants, which have not been ranked by some 

competent judges as…distinct species.” Although he more clearly appreciated 

than anyone previously that classifications of domesticated and wild organisms are 

debat- ably comparable, Darwin did not explore the issue of appropriate scientific 

cataloguing of organisms originated by humans. As detailed in the following 

discussion, the so-called “species” of Cannabis that have been recognized are in 

fact domesticates (i.e., selections made by humans) or their related escapes, and 

accordingly, their recognition as conventional species, while permissible, is 

misleading. In common language, “domestication” often refers to taming of 

wild animals, i.e., habituating them to humans so that they are relatively 

manageable. In biology, domestication is the process of choosing individuals of 

a species that have characteristics making them useful to people, the 
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English carrier African owl 
 

FIGURE 18.10 Four of “Darwin’s pigeons,” exemplifying the artificial selection of variations desired by humans. 

The four breeds shown here originated from the wild rock dove or rock pigeon (Columba livia, center), the 

ancestor of all fancy and racing pigeons. Bird drawings from Darwin, C., The Variation of Animals and Plants 

under Domestication, Vol. 1., John Murray, London, 1868. 

English fantail English pouter 
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selection usually occurring over generations, so that the desired traits become 

genetically fixed. Almost all important species currently employed in agriculture 

or for other human purposes are domesticated (for examples, see Figure 18.11). 

Although the phrase “cultivated plant” is widespread and is often used to refer to 

domesticated plants, many cultivated plants are simply wild plants  that are 

cultivated, and the different concepts should not be confused. The term “cultigen” 

has been used to refer to domesticates in a broad sense but has been employed 

in such different ways (Spencer 1999; Spencer and Cross 2007a,b) that its use can 

be confusing. Cultigen can be used to refer to all or individually recognizable 

classes of cultivated plants of a given species that have been genetically altered by 

human selection. As discussed in this chapter, since the cultigens of Cannabis 

intergrade with each other and with widespread weedy forms, all classifications 

of C. sativa are necessarily inexact. Within a cultigen, landraces are (typically) 

geographical groups that have been unconsciously selected over long periods by 

traditional farmers, and cultivars are (typically) named selections produced by 

breeders or at least deliberately preserved by horticulturalists. 
 

 

 

(a) (c) 

(b) (d) 
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FIGURE  18.11  Examples of selection of extraordinarily diverse variations from a wild species. (a)  Gray   wolf 

(Canis lupus), the basic ancestor of dogs. Photo by Alois Staudacher (CC BY 2.0). (b) A selection of dog breeds 

(Canis lupus familiaris). From Roe, E.T., Leonard-Stuart, C., Webster’s New Illustrated Dictionary. Syndicate 

Publishing Company, New York, 1911. (c) Common pigeon (rock dove, Columbia livia), the basic ancestor of 

fancy pigeons. Photo by Sean MacEntee (CC BY 2.0). (d) Fancy pigeons. From an English poster showing 

Victorian breeds, published in 1891. 
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FIGURE 18.12 A “farmer” (ant) tending her “cows” (aphids). Such evolved caretaker-slave symbiotic rela- 

tionships between nonhumans shows that human domestication of C. sativa and other species is fundamen- 

tally like natural evolution. Photo by Stuart Williams (CC BY 2.0). 
 

Most domestication has been more or less unconscious, occurring over millennia 

(Zohary 2004). By contrast, deliberate breeding for desired characteristics has 

become important mainly during the last 100 years. Whether domestication is in 

some fundamental way different from natural selection has been the subject of 

debate (reviewed in Ross-Ibara et al. 2007). Domestication is usually conceived of as 

a form of “artificial” selection, which is true if one defines artificial selection as the 

result of human influence that alters the genetics of other species in ways that make 

them more useful to people. However, some (e.g., Darwin 1859; Darlington 1973) have 

argued that unconscious, i.e., nondeliberate, selective breed- ing by humans is as 

“natural” as the selection that occurs in nature. Domestication is, in fact, a form of 

evolution (which can be simply defined as the alteration of gene frequencies over 

time). Rindos (1984) stated, “Domestication clearly cannot be held to be an exclusively 

human-mediated phenomenon.” This is because man is not the only animal that has 

usurped the freedom of other species, caring for them but at the same time altering 

their genome so that they can be more efficiently exploited as a source of food. For 

example, wood wasps and over 40 species of ambrosia beetles cultivate fungi as food 

sources (they inoculate wood with a fungus which they consume after it has 

multiplied). Some ants and termites also cultivated fungi (see Rindos 1984 and Schultz 

et al. 2005 for references and additional examples), and there are also ant species 

that herd, protect, and breed mutualistic aphids and other homopterans (Hölldolber 

and Wilson 1990; Schultz and McGlynn 2000; Figure 18.12). In emphasizing that the 

contrast of “artificial selection” and “natural selection” is in fact an artificial 

distinction, McNeill (1998) stated “It is not good evolutionary thinking to suppose that 

man is not inescapably a part of the ecosystem.” 
 

A COMPARISON OF COMPETING CLASSIFICATION SYSTEMS FOR CANNABIS 
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Several botanists have contributed to clarification of the taxonomy of Cannabis in 

recent decades, notably, Small and Cronquist (1976), Small (1979a,b, 2015a), Hillig 

(2004a,b, 2005a,b), Hillig and Mahlberg (2004), McPartland and Guy (2004a), 

Clarke and Merlin (2013). Based on these studies collectively, the following groups 

of domesticated plants have been recognized as warranting par- ticular taxonomic 

attention (compare the postulated ancient Eurasian distribution ranges shown by 

the same numbers in Figure 18.13 and the key information given in Table 18.1A): 
 

1. Hemp plants domesticated for stem fiber (and to a minor extent for oilseed) in western Asia 

and Europe; cannabinoids low in THC and high in cannabidiol (CBD) (part of Small’s 

C. sativa subsp. sativa var. sativa, Hillig’s C. sativa “hemp biotype”) 
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FIGURE 18.13 Approximate  postulated  geographical  locations  of  ancestral,  predomesticated  C.  sativa and 

the four principal groups (1–4) domesticated more than a millennium ago and subsequently transported to 

other parts of the world. Table 18.1 provides summary information on the four domesticated groups and Table 

12.1 provides additional information on the two marijuana groups, 3 and 4. Hybridization, mostly during the 

last century, has obscured differences between the two fiber groups, 1 and 2 (generating hybrid group 5) and 

between the two marijuana groups, 3 and 4 (generating hybrid group 6). Detailed informa-    tion concerning 

the evolution, classification, and nomenclature of these groups is presented in this chapter. Prepared by B. 

Brookes. 
 

2. Hemp plants domesticated for stem fiber (and to a minor extent for oilseed) in East Asia, 

especially China; cannabinoids low to moderate in THC and high in CBD (part of Small’s 

C. sativa subsp. sativa var. sativa, Hillig’s C. indica “hemp biotype,” Clarke and Merlin’s 

C. indica subsp. chinensis) 

3. Marijuana plants domesticated in a wide area of south-central Asia for very high THC 

content; cannabinoids mostly or almost completely THC (part of Small’s C. sativa subsp. 

indica var. indica, Hillig’s C. indica “narrow-leaflet drug biotype,” the marijuana trade’s 

“sativa type”) 

4. Marijuana plants domesticated in southern Asia, particularly in Afghanistan and neigh- 

boring countries, for substantial amounts of both THC and CBD (part of Small’s C. sativa 

subsp. indica var. indica, Hillig’s C. indica “wide-leaflet drug biotype,” the marijuana 

trade’s “indica type”) 
 

In addition, two hybrid classes of cultivated plants have been widely generated: 

(5) between the two hemp groups (1 and 2) and (6) between the two marijuana 

groups (3 and 4). It should be under- stood that the hybrid cultivars or strains are 

not simply first-generation hybrids but represent various degrees of stabilized 

intermediacy, essentially representing all degrees of variation between the 

parental groups, so that there is continuous variation among hemp biotypes and, 

similarly, continu- ous variation among marijuana biotypes. 
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TABLE 18.1 

A Comparison of Taxonomic Concepts and Terminology for Cannabis Groupings 

A. Domesticated Groupings (Excluding Hybrid Groups) 

Classification System 

 
 
 
 

Principal Early 
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Small and 
 

Hillig 
 

McPartland and 
 

Clarke and 
 

Drug Trade 
 

THC 
 

CBD 

Eurasian Cultivation 
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Cultivars or 

Cronquist (1976) (2004a, 2005a) Guy (2004a) Merlin (2013) Terminology Content Content (See Figure 18.13) Strains 

C. sativa subsp. C. sativa “hemp C. sativa subsp. C. sativa subsp. – Low High 1 Fiber and oilseed 

sativa var. sativa biotype” sativa sativa (“narrow      

   leaf hemp”)      

 C. indica “hemp C. indica subsp. C. indica subsp. – Low to High 2 Fiber and oilseed 

 biotype” chinensis chinensis (“broad  moderate    
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C. sativa subsp. C. indica C. indica subsp. C. indica subsp. Sativa type High Low or 3 Marijuana 

indica var. indica “narrow-leaflet indica indica (“narrow   absent   

 drug biotype”  leaf drug”)      

 C. indica C. indica subsp. C. indica subsp. Indica type Moderate to Moderate to 4 Marijuana 
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SEMANTIC DIFFICULTIES CONCERNING SATIVA TYPE 

AND INDICA TYPE CANNABIS SATIVA 

Sativa type and indica type marijuana strains are contrasted in detail in Chapter 

12. Beginning with the rise of marijuana as the leading illicit counterculture drug in 

the 1960s and persisting to the pres- ent day with marijuana strains being 

marketed in the quasi-legal and legal medicinal markets, there has been a 

fundamental confusion in much of the popular literature over what the terms 

“sativa” and “indica” designate. Taxonomists have utilized the epithets sativa and 

indica to distinguish two taxa (taxonomic groups), the term “sativa” traditionally 

designating nonintoxicating hemp plants in contrast to the term “indica,” which 

has been used to designate marijuana plants. The marijuana trade, however, uses 

both “sativa” and “indica” as labels for different classes of marijuana plants and 

(contradictory to taxonomic tradition) uses the term “sativa” to designate plants 

with more intoxicating potential (i.e., very high THC content, low or no CBD 

content) and the term “indica” to designate plants with less but still substantial 

intoxicating potential (i.e., moderate THC content and moderate CBD content). 

Without appreciation of these contradictory usages, it is often impossible for 

botanists familiar with taxonomic terminology to understand the information in 

popular articles that use the terms “indica” and “sativa.” Indeed, the authors of 

some recent scientific publications clearly were confused about what the terms 

do and do not designate, and if professional scientists are confused, it is 

understandable that the general public is also uncertain. 
 

HOMOGENIZATION DUE TO GENE FLOW 

The domesticated groups of Cannabis mentioned previously are of Eurasian origin 

but, especially in the last several hundred years, have been transported to and 

cultivated in much of the world. In many regions, they have escaped, reevolved 

characteristics suited to wild existence, and established as self-perpetuating 

populations outside of cultivation. Because both domesticated and wild Cannabis 

populations are extremely widespread, interbreed spontaneously over vast 

distances, have a common diploid chromosome number (2n = 20), and possess no 

biological barriers to interbreeding (Small 1972a), wild-growing and domesticated 

plants exchange genes easily and extensively. In nature, one finds a complete 

spectrum of intermediate forms, demonstrating continuity of variation between 

wild and domesticated forms (Small 1975a). Sawler et al. (2015) found genetic 

evidence of intergrada- tion between the indica type and sativa type forms of high-

THC marijuana. Because domesticated selections are highly susceptible to gene 

influx from other domesticated selections and from wild- growing forms, to 

maintain their characteristics, they must be protected from “genetic contamina- 

tion.” Genetic infiltration into Cannabis from wild populations has not actually 

been demonstrated but has been confirmed in Humulus (Small 1980, 1981), the 
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very close relative of Cannabis, and there is no reason why the two should be 

different in this respect. Moreover, as with many other crops (and domesticated 

animals), the mutations selected by humans are usually advantageous to humans 

but disadvantageous to the plants, and unless stabilizing selection is practiced, 

natural selection can result in degeneration or reversion (sometimes termed 

“atavism”) of the genome, with wild character- istics appearing in cultivated plants. 

Patterns of gene change from various factors are summarized in Figure 18.14. The 

extensive intergradation that has resulted from interbreeding is the chief cause of 

classification difficulties. The following presentation is concerned primarily with the 

arrangement of the domesticated groups and wild populations into a classification 

and naming system. 

 
ALTERNATIVE TAXONOMIC AND NOMENCLATURAL TREATMENTS 

The professional taxonomic treatment of plants (indeed of all living things) is 

largely a standard- ized activity, involving three phases. The first phase is grouping 

(recognition of assemblages). The second phase is ordering of these assemblages, 

conventionally in a hierarchical system (like a series of smaller boxes within 

progressively larger boxes), involving fixed ranks (e.g., subspecies, species, 
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FIGURE 18.14 Patterns of gene flow, genetic stabilization, and genetic destabilization among wild and domes- 

ticated races of C. sativa. (1) Humans cultivate selections, principally for stem fiber, oilseed, and intoxicating 

resin. (2) Such selections retain their desirable characteristics only if maintained by stabilizing selection (shown 

here for simplicity only for the oilseed form). (3) In recent times, deliberate hybridization among oilseed and 

fiber kinds has generated valuable new selections. (4) In the absence of stabilizing selection, cultivated plants 

are likely to undergo populational genetic changes over several generations that are undesirable agriculturally 

(degenerative) since the highly selected characters of interest to humans are usually deleterious to the plants (for 

simplicity, such degeneration is shown only for the oilseed form). (5) Genes from cultivated plants may be 

released to the uncultivated gene pool. Selections may escape directly from cultivation and reestablish popula- 

tions outside of cultivation, or pollen from cultivated selections may fertilize wild plants (for simplicity, such 

gene escape is shown only for the oilseed form). (6) Pollen from uncultivated plants may fertilize a cultivated 

selection, reducing the desired characteristics of the latter (for simplicity, this is shown only for the oilseed form). 

(7) Pollen from cultivated plants with undesirable characteristics (e.g., from clandestine marijuana plants) may 

pollinate a cultivated selection (e.g., grown for fiber or oilseed), reducing the desired characteristics of the latter. 
 

genus, and family), although as noted later, there are other kinds of arrangements. 

The third and final phase is naming: the provision of appropriate nomenclature in 

an unambiguous manner that reflects the nature of the classification system. The 

possibilities differ somewhat according to the rules of current nomenclatural 

codes (for general information on nomenclatural codes for the principal kinds of 

organisms, see David et al. 2012). In the case of Cannabis, two botanical 

nomenclatural codes are particularly relevant, as well as noncodified classification 

systems, as discussed in the following. 
 
Cannabis aSSemblageS  aS  conventional  taxa 

Beginning with a code governing botanical nomenclature prepared in 1867, 

improved interna- tionally accepted versions have been published periodically. The 

latest is The International Code  of Nomenclature for Algae, Fungi, and Plants 

(ICNAFP; McNeill et al. 2012). This is the most respected and universally applied 

way of determining plant names (the third phase of taxonomic procedures 

mentioned in the previous paragraph). There is no impediment to treating groups 

that are completely or partly domesticated under this code. All groups that are 

recognized are assigned a par- ticular rank, and the Latin name (if not newly coined) 

is determined by examining all eligible names that correspond with the group that 

have previously been accepted and by reference to the rules of the 
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code to determine the single, correct name. The code specifies the conventions that 

must be followed for naming taxonomic groups, but different taxonomists can 

disagree about which individuals fall within given groups (i.e., the circumscription 

of groups) and about the hierarchical organization (i.e., ranks assigned to groups), 

and these disagreements can mean that a given plant may be identified “correctly” 

but differently by different taxonomists and that a given plant name can be 

interpreted 
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differently by different taxonomists. When a name has been used in different 

senses so extensively that it is a source of confusion, Article 57 of the ICNAFP 

provides for stabilizing usage of or simply abandoning that name. Certainly, there 

has been extensive confusion over how to use some of the species names 

associated with Cannabis, but no one has yet suggested that Article 57 be applied. 

Some traditional taxonomists (especially in Europe in the twentieth century) 

subcategorized important crop plants in very extensive, multilevel hierarchies, 

either formally (i.e., in strict con- formity with the botanical code) or quasi-

formally. Sometimes, hundreds of groups were recog- nized. Examples of 

categories that have been used are presented in Jirásek (1961); examples and a 

critique of excessively complex treatments are presented in Spooner et al. (2003). 

The eccentricity and unworkability of this approach led to efforts to find a 

standardized, simple way of classifying the variation within cultivated plants in 

relation to their wild relatives (but with limited success, as noted in the following 

discussion). 

A particular issue that has troubled plant taxonomists is how to categorize 

groups in which there are both wild and domesticated kinds using traditional 

formal categories. There have been many proposals. For example, Harlan and de 

Wet (1971) suggested that where both ruderal and domesticated races exist within 

one species, all of the ruderal races should be recognized as a col- lective 

subspecies, and similarly, all of the domesticated forms should be placed in a 

collective culti- vated subspecies. Similarly, Nesom (2011) treated apparent wild 

progenitors and their domesticated derivatives in the family Cucurbitaceae as 

separate subspecies of a given species. However, there is no agreed way of 

taxonomically separating domesticated plants and their close wild relatives and 

indeed very limited prospects for the adoption of a universal solution to this issue. 
 
Cannabis cultivar  aSSemblageS  aS  “groupS” unDer  the  cultivateD  plant  coDe 

Carl Linnaeus (1707–1778), the father of modern taxonomy, was aware that some 

species included domesticated forms differing from those found in nature. He was 

disinterested, indeed hostile,     to the expansion of his method of designating 

species by binomial names to domesticated plants (Hetterscheid et al. 1996). 

Notably, Linnaeus used Latin phrases (mostly with more than the two terms he 

standardly employed in binary species names) to describe 12 kinds of Brassica 

oleracea (Linnaeus 1753), which include wild plants as well as distinctive 

domesticated crops known as coles, cabbages, and kohlrabis (Oost 1989). (Today, 

Linnaeus’ cabbage-type groups have been assigned to the formal category 

varietas, a rank translated as variety [var.], although widely confused with the 

vernacular nonformal term “variety,” which is equivalent to the term “cultivar”.) 

As noted previ- ously, plant taxonomists have not reached a consensus on how to  
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classify plants in which there are both domesticated and wild representatives. 

Confronted by a growing body of plant names applied to cultivated plants, 

taxonomists created a special code using non-Latin or “fancy” names (Stearn 

1952). Since the middle of the twentieth century, domesticated selections of 

plants termed “cultivars,” which satisfy certain descriptive and publication 

requirements, have been the subject of a special, at least partly non-Latinized, 

code of nomenclature (International Code of Nomenclature for Cultivated Plants; 

ICNCP; latest edition: Brickell et al. 2009). The ICNCP provides the following 

definition: “A cultivar is an assemblage of plants that (a) has been selected for a 

particular character or combination of characters, (b) is dis- tinct, uniform, and 

stable in these characters, and (c) when propagated by appropriate means, retains 

those characters.” Article 9.1, Note 1, restricts the meaning of cultivar as follows: 

“No assemblage of plants can be regarded as a cultivar…until its category, name, 

and circumscription has [sic] been published.” (Webster’s Third New International 

Dictionary [Gove 1981] provides a more general definition of a cultivar: “an 

organism of a kind [as a variety, strain, or race] that has originated and persisted 

under cultivation.”) Cultivars as defined by the ICNCP can be of quite different 

nature (e.g., they may be hybrids, clones, grafts [i.e., combinations of species], 

chimeras [with genetically different tissues], and even plants that are distinct 

simply because they are infected by a microor- ganism), but frequently, many of 

the cultivars within a given species differ very little genetically 
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from each other. There are more than a hundred recognized cultivars of 

nonintoxicating forms of Cannabis, currently grown for fiber and/or oilseed (many 

are listed in Table 17.3). Only a hand-  ful of forms bred for authorized medicinal 

usage at present are regarded as cultivars under the ICNCP (there are also 

numerous breeding lines that are not afforded cultivar recognition). There are also 

over a thousand illicit or quasi-licit marijuana “strains” (or at least allegedly 

different strains) that are currently circulated in the black, gray, and medicinal 

marijuana trades (as noted earlier, Cannabis strains are biologically equivalent to 

cultivars, although not nomenclaturally). Many culti- vated plants of Cannabis are 

“land races”—populations domesticated in a locale, typically selected over long 

periods by unconscious (nonplanned, undeliberate) selection by traditional 

farmers, usu- ally adapted to local stresses, and often much more variable than 

modern cultivars. (In numerous crops, land races have provided the raw materials 

from which cultivars have been selected.) The ICNCP does not adequately address 

nomenclature for land races (unless they have been recognized as cultivars, which 

is quite infrequent) but does provide a context for classifying and naming culti- 

vars. There is no provision under the cultivated plant code for special recognition 

of uncultivated, wild (ruderal) plants, but it is understood that nomenclature for 

the wild phases of a species nor- mally falls under the comprehensive plant code 

(ICNAFP). As noted later, the ICNCP is mainly concerned with names of plant 

groups that differ mostly in minor ways (terms such as “biotype” or “strain” are 

usually applicable). Except for the “group” category discussed next, the ICNCP has 

not served to address the issue of names for major divisions of domesticated 

plants within species or species groups, nor how to distinguish such major 

divisions from related wild plants. 

The cultivated plant code (ICNCP) has been the subject of debate, particularly as 

it relates to the plant code applying to all plants (ICNAFP). There have been 

attempts to introduce a parallel term, “culton,” for the term “taxon” (see McNeill 

1998 for a critique). Mostly in the past, cultivars were some- times grouped in 

“convarieties,” a troublesome category because it has been used to indicate rank 

according to the comprehensive nomenclatural code for plants. A peculiarity of the 

ICNCP, pointed out by McNeill (2004), is that it does “not presume that desirable 

groupings are necessarily non-overlapping” (i.e., according to Article 3.4, a given 

cultivar can simultaneously belong to more than one group). 

A key feature of the ICNCP provides for recognition of “groups” of cultivars, 

allowing consider- able flexibility in their formation (“Criteria for forming and 

maintaining a group vary according to the required purposes of particular users”) 

but insisting that “All members of a Group must share the character(s) by which 

that Group is defined.” (A special group category, “grex,” applies only to 

horticultural hybrids of orchids.) The group concept is flexible in choice of 

characters serving to define membership (of course, there may be disagreements 

among specialists about which charac- ters should be the basis for group 
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recognition). Because the group concept of the cultivated plant code has only a 

single rank (really no rank), it does not provide for using taxonomic rankings as an 

indication of phylogenetic history. 

The group concept provides a simple, sound alternative way of labeling variation 

of domesticated forms in the genus Cannabis. It eliminates the need to consider 

rank; what various authors may have treated as species, subspecies, or varieties 

can be reduced to the same level. The four domesti- cated assemblages noted in 

Table 18.1A can simply be recognized as groups. There is considerable 

hybridization in Cannabis, which often makes identification problematical, but the 

same is true of most important domesticated plants. Groups that are hybrids 

between other groups can simply be recognized as separate groups. 

The following classification accounts for variations of domesticated forms of C. 

sativa, under the cultivated plant code, with synonymous terminology shown in 

parenthesis (the designation of groups by number is consistent in this chapter; cf. 

Figure 18.13 and Table 18.1). The same classifica- tion was presented in Small 

(2015a) but with different terminology. 
 

1. Cannabis European Hemp Group: Plants tracing to European and western Asian fiber and 

oilseed races, cannabinoids low in THC and high in CBD (part of Small and Cronquist’s 

C. sativa subsp. sativa var. sativa and Hillig’s C. sativa “hemp biotype”). 
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2. Cannabis Chinese Hemp Group: Plants tracing to East Asian fiber and oilseed races; 

cannabinoids low to moderate in THC and high in CBD (part of Small and Cronquist’s 

C. sativa subsp. sativa var. sativa, Hillig’s C. indica “hemp biotype,” and Clarke and Merlin’s 

C. indica subsp. chinensis). 

3. Cannabis High-THC Marijuana Group: Marijuana strains in which the cannabinoids are 

mostly or almost completely THC (part of Small and Cronquist’s C. sativa subsp. indica 

var. indica, Hillig’s C. indica “narrow-leaflet drug biotype,” and the marijuana trade’s  

“sativa type”). 

4. Cannabis THC/CBD Balanced Marijuana Group: Marijuana strains in which populations 

have substantial amounts of both THC and CBD (part of Small and Cronquist’s C. sativa 

subsp. indica var. indica, Hillig’s C. indica “wide-leaflet drug biotype,” the marijuana 

trade’s “indica type,” and C. indica of Schultes et al. 1974). 

5. Cannabis Hemp hybrids: A group of hybrids between groups 1 and 2. 

6. Cannabis Marijuana Hybrids: A group of hybrids between groups 5 and 6. 

 
crop-WilD  aSSemblageS  aS  nonformal  groupS 

“Formal” taxonomic treatment refers to the strict use of the categories and 

nomenclatural conven- tions for designating groups of organisms specified in at 

least one of the codes of nomenclature governing plants. “Informal” classification 

refers to organizational and naming systems that do not conform to one of the 

codes. 

A number of theorists of plant classification have espoused the view that 

classification of crop-wild complexes, in which there is at least some interbreeding, 

is preferably carried out informally (also note the discussion later of natural and 

artificial classification). There are endless definitions of “spe- cies,” no universally 

accepted criterion or criteria for this fundamental grouping, and considerable 

heterogeneity in the nature of groups that are called species. Nevertheless, the 

ability to interbreed and the actual degree to which interbreeding occurs are 

critical considerations in recognizing species of plants because gene exchange 

among populations tends to eliminate the differences that are employed to define 

species. The so-called “biological species concept” defines species on the basis of 

actual or potential breeding separateness (and clearly, on this basis, there is only one 

species of Cannabis). Above the biological species level, evolution is largely bifurcating 

(although there is debate about the degree to which hybridization among groups at 

the genus level and above has occurred), a pattern that is compat- ible with the 

hierarchical structure of conventional plant taxonomy. However, some systematists 

(e.g., Minelli 1993; Pickersgill et al. 2003) have concluded that variants below the 

biological species level (often classified as subspecies and varieties) are usually not 

generated in a hierarchical fashion, either in nature or in cultivation, and so using 

more than one infraspecific rank for crop-weed complexes, as has been commonly 

done in an attempt to reflect evolutionary patterns, is usually unjustified. 

Harlan and de Wet (1971), frustrated with the inconsistent treatment of crops 

and their closely related wild relatives, proposed a nonformal system of 

classification, which is in fact an elaboration of the biological species concept 

(Spooner et al. 2003). Their so-called “gene pool classification” recognizes (a) a 
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“primary genepool,” based on the crop and wild populations (whether or not rec- 

ognized as different species) that interbreed readily with it (Harlan and de Wet 

characterized their primary gene pool as equivalent to the traditional biological 

species concept); (b) a “secondary genepool,” made up of populations that can 

interbreed with the crop but only with some difficulty; and (c) a “tertiary 

genepool,” made up of populations that can interbreed with the crop but only 

with considerable difficulty (this group is the equivalent of a “coenospecies” in the 

terminology of Clausen et al. 1948). Harlan and de Wet further proposed a scheme 

of hierarchical subpartitioning using nonformal categories (i.e., independent of the 

codes of nomenclature). No one has succeeded in hybridizing C. sativa with any 

other species in the Cannabaceae, and all plants of Cannabis interbreed freely, so 

classification of Cannabis according to Harlan and de Wet’s concept is simple: all 

plants belong to the primary genepool of the one biological species, C. sativa. 
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Jeffrey (1968), consistent with his view that “cultivated plants differ from one 

another so greatly in their variation patterns that a formal system applicable to all 

is not only impossible but undesirable,” recommended a nonformal system of 

classification with a maximum of two hierarchical categories to classify cultivars 

and a new term (“subspecioid”) to separate the domesticated from the related 

wild-growing plants. Other schemes have been proposed to treat crop 

classification in ways that are distinctive from the conventional way of classifying 

wild plants (for examples, see Styles 1986; for reviews, see Hetterscheid et al. 1996 

and Hammer and Morimoto 2012). A comprehensive nonfor- mal classification 

system for Cannabis has not yet been proposed. 
 

OCCAM’S RAZOR IN RELATION TO THE EVOLUTION 

AND CLASSIFICATION OF CANNABIS 

Conventional biological classifications are, at least to some degree, scientific 

hypotheses theorizing that certain individuals deserve to be grouped together 

based on consideration of all or some of their characteristics. In scientific theory, 

Occam’s (Ockham’s) razor is a recommendation that expla- nations be as simple 

as possible, limiting unproven assumptions (Figure 18.15). (Einstein’s razor, 

variously phrased, holds that scientific explanations should be as simple as 

consistent with facts.) Stephen Hawking, in his classic A Brief History of Time, wrote 

“It seems better to employ the prin- ciple known as Occam’s razor and cut out all 

the features of the theory that cannot be observed.” The following are chief, 

unnecessary presumptions or assumptions that have contributed to confu- sion 

concerning the evolution and classification of Cannabis. 
 

1. Assertion: There are wild plants growing outside of cultivation that coincide with pre- 

domestication populations, and so these can be recognized as conventional taxa (species, 

subspecies, or varieties). 

Observations: There might be genuinely wild Cannabis plants that are 

completely or substantially unaffected by domestication, but no one has 

demonstrated their existence.   It is commonplace for crops that have been 

domesticated for very long periods to lack  any evidence of genuinely wild 

(not merely escaped-ruderal) extant ancestral populations. Given the long 

history, extensive distribution of Cannabis by humans and the ease of 

genetic exchange between cultivated and uncultivated populations, it is 

unlikely that unal- tered wild forms still exist. 
2. Assertion: The four basic domesticated groups of Cannabis were generated over past mil- 

lennia from different genuinely wild ancestral populations. 
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FIGURE 18.15 William of Ockham (ca. 1287–1347), Franciscan philosopher. Left: Razor photo by Fred the 

Oyster (CC BY 3.0). Right: Photo of a stained glass church window in Surrey, Ockham, England. Photo by 

Moscarlop (CC BY SA 3.0). 

“No more things 
should be presumed to 

exist than are 
absolutely necessary.” 

“Keep it simple, stupid” 
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Observations: This viewpoint is adopted extensively by Clarke and Merlin 

(2013), who assign formal scientific names to seven putatively wild 

ancestors (including the putative ancestor of all forms of Cannabis) of the 

four domesticated groups recognized in this review, while conceding that 

these are “either extant and unrecognized or extinct.” The far simpler and 

more likely explanation is that humans generated the domesticated groups 

from a single original wild species, as indeed is the case for innumerable 

domesticated plants. 
 

HOW MANY SPECIES OF CANNABIS MERIT RECOGNITION? 

In much of the literature debating the issue of how many species of Cannabis 

deserve recognition, the viewpoint that there are several species has been termed 

the “polytypic species” concept, and the view that there is just one has been called 

the “monotypic” view. This is simply a misinterpreta- tion of the term “polytypic,” 

which in taxonomy simply means that a group is composed of several elements 

(taxa or races). A polytypic genus has more than one species; a polytypic species 

has more than one infraspecific taxon, or is simply variable, containing more than 

one kind. A genus with more than one species is correctly described as 

polyspecific; a genus with just one species is monospecific. 

Much of the preceding discussion explains that the contention that there are 

several species of Cannabis is simply a semantic preference, not dictated just by 

scientific considerations, and that tax- onomists are familiar with such competing 

taxonomic interpretations. However, most taxonomists are suspicious of alleged 

species that are 100% interfertile, as are the putative species of Cannabis. More 

critically, when no one has provided a reliable means of morphologically 

distinguishing the proposed species, few taxonomists would accept their 

recognition. There is no supreme organiza- tion or authority that judges the 

comparative merit of given taxonomic treatments. However, com- peting 

taxonomies are judged by users, the most knowledgeable of which are those who 

prepare guides to the flora of regions. Today, virtually all authoritative floras 

recognize only one species  of Cannabis, C. sativa (see, for example, Qaiser 1973; 

Tutin  and Edmonson 1993;  Small 1997;  Wu et al. 2003), indicating that the 

designation of more than one species is inappropriate by contem- porary 

standards. Moreover, as stated by De Meijer (2014): “A monospecific concept…has 

implic- itly been adopted in virtually all, nontaxonomic, publications on Cannabis… 

The current pattern of Cannabis diversity is primarily due to intentional actions of 

humans and reflects a long, intense, and divergent process of domestication which 

has blurred any natural evolutionary pattern of diversity. It is even questionable if 

truly wild Cannabis still exists.” 

As discussed previously, the recognition of more than one species of Cannabis 

is typical of the overclassification of domesticated crops. Harlan and de Wet (1971) 

wrote about this problem: “Man has been very active in manipulating the  
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gene pools through repeated introductions or migrations, followed by natural or 

artificial hybridization. The germ plasm of domesticated plants has been 

repeatedly and periodically stirred. The environment provided has been artificial, 

unstable and often very extensive geographically. Selection pressures have been 

very strong, but biologically capricious and often in diverse directions. The end 

result is an enormous amount of conspicuous variation among very closely related 

forms. Faced with this situation, the traditional taxonomist tends to overclasssify. 

He finds conspicuous either-or characters, often without intermediates, and 

frequently bases ‘species’ on them. The characters may be controlled by one or a 

few genes and have little biological significance. Too many species and too many 

genera are named.” 

Based on multivariate statistical similarities of allozyme frequency, Hillig 

(2005a,b) separated European fiber plants from the three more easterly 

domesticated groups: the two marijuana groups and Chinese fiber plants. 

Additional but less clear support for this separation was found by examina- tion of 

terpene chemistry (Hillig 2004a) and cannabinoid chemistry (Hillig and Mahlberg 

2004), and the evidence was clearer for cultivated accessions than for ruderal 

ones. In these studies, Hillig assigned the European fiber plants to “C. sativa” and 

the three eastern groups to “C. indica,” noting that this had the unexpected effect 

of combining within C. indica the two marijuana groups and 
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Chinese hemp. Hillig’s data are valuable in indicating that there was probably in 

ancient times a genetic differentiation trend between the plants of western 

Eurasia (and consequently Europe) and those of eastern Eurasia. Likely, European 

hemp went through a genetic bottleneck as it was being selected from the more 

eastern plants. However, by evolutionary standards, this trend seems very minor, 

since not a single reliable character has been found to distinguish the western 

(European) and eastern kinds collectively, nor has a combination of morphological 

characters been suggested that could serve to separate them reliably, as is 

necessary in conventional plant taxonomic identification keys. Recent DNA 

evidence does indicate that at the molecular level, combined genetic loci may be 

usable to discriminate European hemp strains, indica type plants, and sativa type 

plants (Lynch et al. 2015; Sawler et al. 2015). The situation is perhaps analogous to 

human blood group geography, thought to have resulted from a combination of 

random drift and selection for disease resistance (Anstee 2010), and certainly not 

warranting formal taxonomic recognition. The information is, however, useful for 

tracing genetic relationships and identifying strains and cultivars. 
 

A RATIONALE FOR EMPHASIZING THE PRINCIPAL SELECTED 

CHARACTER COMPLEXES IN CLASSIFICATION 

Aside from groups resulting from hybrid origin or lateral gene transfer, it is usually 

assumed that organisms sharing a unique set of characteristics arose from a single 

ancestor. Indeed, the cladistics school of classification insists that recognized 

taxonomic groups must have a single origin and uses a phyletic pattern of 

bifurcating groups as the theoretical justification for hierarchical classification. 

However, adaptive gene complexes within taxonomic groups frequently appear to 

have arisen recur- rently, i.e., repeatedly, independently, and in parallel (e.g., Levin 

2001; Arendt and Reznick 2007). Many crops appear to have arisen repeatedly and 

independently within the same species (Diamond 2002). In the long course of 

history, fiber strains of Cannabis were probably selected indepen- dently in 

different geographic regions, and the same is likely true for marijuana strains, a 

phyletic pattern that is not hierarchical in organization and reflects the difficulty 

of classifying variation within many species. In arguing against the application of 

hierarchical classification below the spe- cies level, Jeffrey (1968) pointed out: 

“Similar selection pressures, operating on genetically similar but distinct lines, may 

evoke similar responses in those lines, giving rise to parallel variation, the 

homologous series of Vavilov, a phenomenon by no means confined to cultivated 

plants, but often exhibited by them to a marked degree.” This consideration 

complicates the classification of crop complexes because it means that critical 

aspects of the genome may be arrayed in complex ways within a group, and 

taxonomic recognition of this partitioning may be a debatable issue. 

In biological taxonomy, “natural classifications” (sometimes termed general 

classifications) are based on overall genetic similarities and/or phylogeny, while so-
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called “artificial” or “special- purpose” classifications are based on selected 

similarities of particular (practical) interest to people. Artificial classification is 

unrelated to the concept of artificial selection and is a phrase sometimes used 

pejoratively to indicate that the merit of such classifications is limited. It is often 

claimed that restricting the character base to only certain economic 

considerations means that the resulting clas- sification is not based on evolution 

and so not an acceptable basis for biological taxonomy. However, characteristics of 

domesticated organisms are the result of evolution, and when they are produced 

by strong selective pressures, they may merit special taxonomic consideration. 

This is important for classifying domesticated plants, particularly for Cannabis, 

because biological taxonomy is, above all, intended to convey information, and for 

useful plants like crops, the most useful information often resides in a particular 

aspect of the genome, not necessarily the entire genome. Characters or character 

complexes that are selected by humans are adaptive for domesticated plants, at 

least in the context of cultivation, and using such characters in recognizing taxa 

does constitute evolutionary classification. For Cannabis, my own classification 

summarized in the following is based on the recurrent selective pressures (and 

associated gene selection) for stem fiber or THC content (between groups of 

domesticated plants) and for achene retention or shattering (between wild and 

cultivated 
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Divergent 

plants). These principal selective evolutionary pressures on Cannabis are 

responsible for the genera- tion of the most obvious and important variation 

within the genus and are accordingly appropriate bases for taxonomic 

delimitation. 
 

A PRACTICAL AND NATURAL TAXONOMY FOR CANNABIS 

The following four-group taxonomic subdivision of Cannabis under the ICNAFP 

code (based on Small and Cronquist 1976) is an alternative to the six-group 

classification under the ICNCP code presented in the preceding. The key presented 

first divides the one species recognized into two groups on the basis of THC and 

CBD content. As noted in Chapter 11, the genetic determination of these 

compounds is probably under the partial genetic control of codominant alleles, 

and this may provoke the criticism that the division on the basis of predominant 

cannabinoid is essentially a “one-character taxonomy” (a rather pejorative phrase 

in classification science). Keys are, by their nature, simplifications of available 

knowledge and necessarily limit characters used for identifica- tion. As discussed 

in this book, there are in fact numerous trends that differ between plants of the 

hemp class and those of the marijuana class. 

As shown in Figure 18.16, divergent selection for high THC content and high stem 

fiber content represents a principal dimension of disruptive evolutionary forces 

that are responsible for differences in Cannabis. All plants domesticated for fiber 

tend to share a common set of selected characters (e.g., primary fiber constitutes a 

large percentage of the stem, CBD makes up a large percentage of the 

cannabinoids, THC rarely is present in large amounts, and the plants are 

photoperiodically adapted to flower in relatively high latitudes of the Northern 

Hemisphere), and all plants domesticated for intoxi- cating effect tend to share a 

different set of contrasting characters (e.g., secondary, not primary fiber 

constitutes a large percentage of the stem, THC makes up a large percentage of 

the cannabinoids, and photoperiodic adaptation is usually for relatively lower 

latitudes of the Northern Hemisphere). 

As shown in Figure 18.17, divergent selection for “seed” (achene) shattering 

(separation from the maternal plant) in ruderal plants and achene retention in 

domesticated plants is a second principal dimension of disruptive selection in 

Cannabis (reflective of a more general disruptive selection for existence in 

cultivation or existence in nature). 

The two kinds of disruptive selection described in the preceding paragraphs are 

combined in the classification shown in Figure 18.18. 
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FIGURE 18.16 Divergent selection for fiber and intoxicating drug content. 
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FIGURE 18.17 Divergent selection for adaptive achene (“seed”) characteristics between domesticated and  

wild plants. 

Weakly intoxicant 

subsp. sativa 
Fiber and oil cultivars 

var. sativa var. spontanea 
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(cultivated or 
spontaneous) 

 
Marijuana cultivars 

Less than 0.3% THC 
(sometimes up to 1%) 

More than 0.3% THC 
(usually over 1%) 

subsp. indica 

“Wild” 
(naturalized, 

weedy, or 
indigenous) 

var. indica var. kafiristanica 

Strongly intoxicant 
 

FIGURE 18.18 Classification of C. sativa by Small and Cronquist (1976), illustrating conceptual bases of 

delimitation. 
 

Regarding THC concentration, diagnostic for subspecies: as discussed in Chapter 

11, THC con- centration in C. sativa is known to vary somewhat with environment, 

maturity, and other factors, and often there are differences among plants of a 

population. A minimum level of 1% is indicative of plants that can be used to 

prepare marijuana, and frequently, it is known whether material avail- able is used 

for marijuana usage and is therefore assignable to subsp. indica. Most fiber and 

oilseed cultivars (with the exception of some East Asian cultivars), by contrast, 

have less than 1% and are assignable to subsp. sativa. 

Regarding achenes (“seeds”), diagnostic for varieties: Only substantially mature 

achenes exhibit the identification characteristics clearly. In the North Temperate 

region of the world, geography alone frequently serves to distinguish the 

cultivated from the wild varieties of a given subspecies: in North America, plants 

growing in uncultivated situations north of 30° latitude are almost always var. 

spontanea, and in Eurasia, the same is true for plants growing in uncultivated 

situations north of 35° latitude. Wild-growing plants in southern Asia and northern 
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Africa are frequently var. kaf- iristanica. In many other areas of the world, wild 

populations are derived from escapes either from cultivated high-THC or low-THC 

strains, and an analysis of THC levels is required for identification. 
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Since there is extensive intergradation among the taxa, the classification is 

necessarily inexact (some plants or populations will be found to be intermediate 

and not easily assigned to one of the groups, but this is a well-known limitation of 

classifying groups within a species). 
 
iDentification key to SubSpecieS anD varietieS of C. sativa l. 

1. Plants of limited intoxicant ability, Δ9-THC usually comprising less than 0.3% (dry weight) 

of upper third of flowering plants (sometimes up to 1%) and usually less than half of canna- 

binoids of resin. Plants cultivated for fiber or oil or growing wild in regions where such cul- 

tivation has occurred ........................................................................ C. sativa subsp. sativa 

2. Mature achenes relatively large, seldom less than 3.8 mm long, tending to be persis- 

tent, without a basal constricted zone, not mottled or marbled, the perianth poorly adher- 

ent to the pericarp and frequently more or less sloughed off 

................................................................................. C. sativa subsp. sativa 
var. sativa 
2. Mature achenes relatively small, commonly less than 3.8 mm long, 

readily disarticu- lating from the pedicel, with a more or less definite, 

short, constricted zone toward the base, tending to be mottled or 

marbled in appearance because of irregular pigmented areas of the 

largely persistent and adnate perianth 
................................................................................. C. sativa subsp. sativa var. spontanea 
Vavilov 

1. Plants of considerable intoxicant ability, Δ9-THC usually comprising more 

than 1% (dry weight) of upper third of flowering plants and frequently more 

than half of cannabinoids of resin. Plants cultivated for intoxicant 

properties or growing wild in regions where such cul- tivation has occurred

......................................................................................... C. sativa subsp. 

indica 
(Lam.) E. Small & Cronquist 

3. Mature achenes relatively large, seldom less than 3.8 mm long, 

tending to be per- sistent, without a basal constricted zone, not mottled 

or marbled, the perianth poorly adherent to the pericarp and 

frequently more or less sloughed off 
................................................................................. C. sativa subsp. indica 
var. indica 
(Lam.) Wehmer 
3. Mature achenes relatively small, usually less than 3.8 mm long, 

readily disarticulat- ing from the pedicel, with a more or less definite, 

short, constricted zone toward the base, tending to be mottled or 

marbled in appearance because of irregular pigmented areas of the 

largely persistent and adnate perianth 
................................................................................. C. sativa subsp. indica var. kafiristanica 
(Vavilov) E. Small & Cronquist 

 
CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN BEHAVIOR 

• Bacteria sometimes colonize the interiors of plant roots, reminiscent of endomycorrhi-  zal 
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fungi (endomycorrhizae). Such bacteria have been shown to be capable of taxonomic 

discrimination among marijuana strains of C. sativa, showing preferences for some over 

others (Winston et al. 2014). 

• The butterfly Pieris brassicae has also been shown to have some ability to recognize differ- 

ent kinds of C. sativa. It has been observed to prefer to oviposit its eggs into a fiber Turkish 

strain by comparison with an intoxicating Mexican strain (Rothschild and Fairbairn 1980). 

• Tiger moths (Arctia caja) have proven to have poor ability to discriminate kinds of 

C. sativa. Experimentally given a choice of consuming a high-THC strain of 

C. sativa, which proved fatal, and a low-THC strain that they were able to 

tolerate, they committed suicide by choosing the former (Rothschild et al. 

1977). 
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FIGURE 18.19 Reconstruction of Nessie, the Loch Ness Monster, as a plesiosaur (a long-necked aquatic  reptile 

that went extinct 66 million years ago) outside the Museum of Nessie, Loch Ness, Scotland. As noted in the 

text, hypothetical taxonomic groups require verifiable evidence before they are accepted. Photo by 

StaraBlazkova (CC BY SA 3.0). 

 

• Plant taxonomists often deposit reference specimens in herbaria to document their obser- 

vations. Such specimens often serve as vouchers, which can be studied to determine the 

accuracy of conclusions. A good example of this is what was alleged to be a peculiar vari- 

ant of “Cannabis” found on a herbarium sheet housed in the Field Museum of Natural 

history in Chicago. The plant was determined to actually be a male Datisca cannabina, 

which is a remarkable mimic of C. sativa (Small 1975e; Figure 1.19b). 

• About 1.4 million species have been named to date, most of them with unmemorable names. 

However, biological taxonomists sometimes compose humorous names, for exam- ple, 

Abra cadabra (a clam), Ba humbugi (a snail), Oedipus complex (a salamander), Pieza pi (a 

fly), and Pison eu (a wasp). For additional examples, see Isaak, M. Curiosities of bio- logical 

nomenclature: http://www.curioustaxonomy.net/index.html. 

• What appear to be legitimate scientific names for species are sometimes just not accepted 

by science because of a lack of evidence. In most cases, the most tangible evidence required 

is a “type specimen,” a physical sample or, at least in some cases, an illustration. The Loch 

Ness monster (note Figure 18.19) was described as Nessiteras rhombopteryx in 1975 based 

on an alleged underwater photo, and if one day this is proven to have been a truthful obser- 

vation, the name would be vali

http://www.curioustaxonomy.net/index.html
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