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The forest industry and the pulp and paper industry have been under attack in 

recent years for unsustainabIe and environrnentally degrading practices. There has thus 

been a c d  for alternatives to these practices in Canada. 

There is also concern within the agricdtural industry in regard to soil loss and 

degradation, an increased dependence on chemicals, the environmental effects of using 

such chemicals, and the vulnerability of monocultures to disease and pest outbreaks. 

Hernp, the industriai variety of the plant Cannabis sativa that has no narcotic 

value, is presently banned in Canada under the Narcotics Control Act. However, hemp 

has been identified as a potential alternative fibre source for the puip and paper industry 

due to its high potentiai yields, tesistance to disease and pests, and industrial quality. 

Hemp is fÙrther k i n g  promoted as a crop that could fit into f m e r s  rotations, improve 

soil conditions, and decrease the need for chernical inputs, in addition to king a source of 

non-wood fibre. 

This thesis research consisted of three goals: to collect information on the 

cuitivation of industrial hemp, to determine the suitability of hemp as a crop for Nova 

Scotia; and to compare the potential of hemp to contribute to a sustainable agricultural 

sy stem. 

The main findings revealed that hemp is a suitable crop for Nova Scotia and also 

has a high potential to contribute to a sustainable agricultural system. Hemp also has high 

potential fibre yields in cornparison to other fibre sources. However, there is a severe lack 

of information available on the cii-!tivation and processing of industrial hemp. 

Presently the greatest banier to the development of a hemp industry in Canada is 

the legal aspect. When industrial hemp is legally distinguished fiom recreational 

Cannabis it wilI make way for a Canadian commercial industrial hemp industry. 

vii 



GLOSSARY 

Agri-pdp: pdp made h m  agricultural crops or residues 

Breaking: process to break the hurds into smaller pieces in order to alIow scutching 

Decorticator: machine used to separate hemp bast fibre from the inner woody core 

Dioecious: having separate male and female plants 

GIS: Geographic idormation Systems 

Hurds: inner woody core of the hemp plant 

Intercropping: two or more crops in one field at the same time 

Mcnoecious: having both male and female organs on the same plant 

Polygon: small map unit that is coded with attributes of the area it represents 

Relay cropping: overlapping of crop cycles 

Retting: decomposition of substances that bind hemp bast fibres and hurds together 

Scutching: semi-mechanical 'combing' process to separate the bast fibre fiom the hurds 
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1. Introduction 

7.1 The Issue 
The forest indusûy and the pulp and paper industry have k e n  under attack in 

recent years for unsustaiaable and environmentally degrading practices. There has thus 

been a cal1 for alternatives tu these practices in Canada. Hemp has been identified a s  a 

potential alternative fibre source for the pulp and paper industry due to its hi& potential 

yields, resistance to disease and pests, and industriai quality. 

There is aiso concern within the agricultural industry in regard to soi1 loss and 

degradation, an increased dependence on chernicais, the environmental effects of using 

such chemicals, and the Mllnerability of monocdtures to disease and pest outbreaks. 

Hemp is firther king promoted as a crop that couid fit into f m e r s  rotrttions, improve 

soi1 conditions, and decrease the need for chernical inputs, in addition to king a source of 

non-wwd fibre. 

1.2 Statement of Putpose and Objectives 
The purpose of this papa is to evaluate hemp as an alternative fibre source that 

reduces the current impacts of forestry and agriculture on the environment while meeting 

the fibre needs of the Nova Scotia pulp and paper industry. 

The objectives of this thesis are to examine the environmental and economic 

potential for industrial hemp as an alternative and additional fibre source for the pulp and 

paper industry in Nova Scotia. The evaluation of hemp's sustainability wiIl be facilitated 

by comparing and contrasting hemp fibre to other sources of fibre. Hemp is an mual 

crop and its fibre will be compared to that fiom: trees, straw, and switchgrass (a perennial 

crop). This wiIl be done in order to detemine the amount of materiai and financial inputs 

each source of fibre requires, the yields produced, the various applications of the finai 

outputs, the econornic returns of these outputs, and the environmental impact of 

pducing the fibre. 



1.3 Research Question 
The research question for this thesis is thus: To what extent cm hemp fibre be an 

alternative, sustainable, source of fibre for the pulp industry in Nova Scotia? 

The hypothesis States that hemp fibre will be a more sustainable source of fibre 

than fibre derived h m  trees, and other annual crops availabIe in Nova Scotia. 

1.4 Background Information on Hernp 
Cannabis sativa, is an annual plant that thrives in temperate chates .  It is a plant 

that bas industrial, therapeutic, and recreational attributes. When refexring to its industrial 

qualities it is ofien referred to as hemp. Though the word hemp is ofien used to describe 

other long agrkuitural fibres such as abaca, manila and indian hemp, its tme meaning 

refers to the Cannabis fibre (Dewey, 1913). Marijuana, the slang terrn for recreational 

Cannabis, is considered a horticultural plant and not an agronornic one. Furthemore, 

marijuana plants are not useful for fibre production (West, 1996). Hemp has k e n  used 

for a multitude of purposes for thousands of years and is thought to be the earliest plant 

cuitivated for textile fibre, evidenced by remnants of hemp cloth, found in China, dating 

back 8000 years before present (BP) (Small, 1979). 

It is believed that hemp originated as an Asian plant and made its way westward 

to Europe around 3500 BP with the Scythians' migration during the Bronze Age. The 

hemp cutting tool, the scythe, aiso migrated at this time as did the technology to use 

hemp (Conrad, 1993). From that time forward, it was used by many countries and 

cultures for cloth, paper, fishiig nets, ships' sails, caulking between ships' boards and 

anchor mpes. Its resistance to rotting made it an excellent maritime fibre and facilitated 

exploration of the Western World in the 16th and 1 7th Centuries (West, 1996). Cannabis 

sufiva was also used for religious and medicinal purposes by many cultures, though it is 

thought that these peoples distinguished between plants for industriai uses and those for 

recreational or medical uses. 

The first people to recognize the potential of hemp for papemaking were the 

Chinese, around 2150 BP. Buddhist documents have k e n  found that were created fiom a 



mixture of bark and hemp rags. The knowledge and art of papemaking spread West with 

the expansion of trade routes to Egypt (Conrad, 1993). 

It is postulated that hemp was introduced to Canada by Jacques Cartier's 

apothecary, Louis Hebert, in 1406, in the Acadian region of Nova Scotia (Le Dain, 1972) 

In Canada, during the 1 8 0 0 ~ ~  f m e r s  were forced by the King of England to grow hemp 

in order to supply fibre to make sails for the Empire's ships. Bounties were offered to 

grow hemp and penalties imposecl if hemp was not grown. Hemp cultivation was 

encouraged in Canada in order to benefit the new settlers. Hemp was even considered to 

be legal tender. In the Canadian Maritimes, boudes were offered by the provincial 

governments as the provinces atternpted to realize the cornpetitive advantages of growing 

hemp (Howe, 1892). There were various govemment schemes to encourage f m e r s  to 

grow hemp including the distribution of seeds. In 1803 there was a resolution passed in 

the Nova Scotia Assernbly: 

"whereas, the growth and culture of hemp in this province would be of 
great national advantage" and "a bounty of 30 pounds would be granted to 
the person who within four years shall in any one year raise the greatest 
quantity of merchantable hemp in this province, provided the same exceed 
one ton" (p.2, Howe, 1892) 

Technological developments encroached on the hemp market by making other 

fibre sources cheaper to produce. The cotton gin was invented in 1793, thus eventually 

reducing the price of cotton and providing a more efficient crop to process for textiles (Le 

Dain, 1972). The invention of s tem power meant that ships powered by stem would no 

longer require hemp sails and ropes. In addition to technology, in the US, tariffs were 

lifted against foreign fibres, thus rnaking it more economical to import cheaper tropical 

fibres than produce domestic ones (West, 1996). 

Until 1883, 7540% of al1 paper in the world was composed of hemp fibre 

(Guthne, 1994), since most paper was made fiom recycled rags and clothing which were 

commonly made h m  hemp. By the tum of the century, more economical and efficient 

methods for pulping wood chemicdly had ken  developed, such as the sulphite/sulphate 

pulping process patented by the DuPont petrochemical Company in 1937, thus further 



impinging on the demand for hemp (Herer, 1993). Chernical companies had aiso 

developed synthetic fibres such as nylon and rayon which were lighter and again less 

expensive (West, 1996). 

During this time hemp was grown aLmost exclusively for fibre purposes in North 

Arnenca, though there were some reports of the seeds being used for budseed (Dewey, 

1913). In Canada, by 1923, there were six estaùlished hemp mills and a seventh was 

king govemment financed in Manitoba in order to deveIop the market in that area 

(Guthrie, 1994). Hemp's fibres were difficdt to extract fiom the stem and separate fiom 

the interior woody core (hurds). The lack of breaking technology needed for the mass 

production of hemp was a setback in world commerce (Herer, 1993). Hem? was 

perceived as too labour intensive to process, in cornparison to other fibre sources, and 

hemp production continued to decline. 

A renewed hope for hemp was aroused by the devdopment of the decorticator, a 

machine designed to separate the various hemp fibres more efficiently, in 1914 (West, 

1996). This machine could increase the possibilities for hemp processing and allow hemp 

to compte with Cotton and trees (Conrad, 1993). The decorticator would allow much 

easier separation of the fibre and the hurds. The hurds, once considered a waste product, 

could now be efficiently recovered to such a degree that they could be pulped for paper 

production, and the rest of the fibre fiom the stem could be used for textiles (Dewey, 

1916). A Popuiar Mechanics article in 1938 described hemp as the 'new billion dollar 

crop', and reported that hemp was the "most profitable and desirable crop that can be 

grown". At the same tirne that the decorticator was revealed, hemp became subject to a 

new public perception that was not able to distinguish between industrial and recreational 

uses of the Cannabis sativa plant (Herer, 1993). 

There are several theories about how hemp became illegai in North America, 

ranging fiom conspiracy on behalf of ihe chernical and puip and papa industries, to 

racially motivated immigration policies. Herer (I993), in bis widely read book "The 

Emperor Wears No Clothes" on hemp prohibition, describes what he believés to be a 

conspiracy between Lammot DuPont-head of the DuPont Petrochemical Company and 



Randolph Hearst, the timber baron and newspaper publisher. Herer (1993) clairns that 

they conspkd with the US govemment to eliminate the threat of hemp on the wood pulp 

industry and the new synthetic textiles industry. Furthemore, there were reports 

published in Hearst's newspapers of Mexicans and Afi.ican Americans committhg crimes 

while under the influence of marijuana. Whether these reports were accurate or not they 

inflicted terror on the American public. Herer M e r  describes how these men used their 

political influence to have marijuana (recreational) equated with hemp (industrial) in 

order to protect their business interests. The result, in the USA, was W t  hemp was to be 

subject to the Marijuana Tax Act, promulgated in 1937. This was to be a prohibitive tax 

and act as a disincentive to growing hemp. There was a tax for the permit as well as a 

transfer tax for hemp production and it is thought that these were not equaily applied 

(West, 1996). Though Amencan hemp famiers were reassured that their industry would 

be protected, this was not to be the case. New evidence suggests that a hemp entrepreneur 

in Wisconsin may have k e n  part of the legai negotiations as his hemp business continued 

without interference fiom the Federai Bureau of Narcotics until 1958, while al1 other 

Amencan hemp enterprises were successfully destroyed (West, 1996). 

Canada quickly followed the Amencan example, banning hemp under the Opium 

and Narcotics Control Act of 1938. This was largely due to the influence of Emily 

Murphy and her book the Black Candle. The book was published as a serid in Maclean's 

magazine and descnbed the evils of narcotics on Canadian society (hiurphy, 1922). 

Interestingly, in the initial Opium and Narcotics Control Act, it was Cannabis 

indica that was banned and not Cannabis sativa. At the time it was believed that 

Cannabis indica was its own species, originating fkom India, and was used solely to 

prnduce narcotics, while Cannabis sativa was used solely for fibre production. Though 

the species debate continues, it is generally accepted that Cannabis sativa is a single 

species and the indica classification denotes an ecotype or a group (de Meijer, 1992) . 
This classification will be elaborated upon in the Literature Review. It was not until the 

1960s that the chemical tetrahydrocannabinol (THC) was discovered to be the active 

narcotic agent in Cannabis sativa. It is now known that fibre varieties naturally have 



lower THC levels while the converse is tme for recreational varieties. This has allowed 

genetic engineers to manipulate the Cannabis plant and develop strains that are low THC, 

but on the same note it has also allowed for the development of high THC plants. 

Industrial hemp f m e r s  were caught off guard by the new legislation, and were 

ofien not aware that the crops they were growing could be used for recreationai purposes. 

A thesis written by a student of the Ontario Agricultural College, in 1918, outlines the 

potential for industrial hemp in Ontario. In his thesis there is but a brief mention of Indian 

hemp (Cannabis indica), and only to explain how it is different fiom fibre hemp. There is 

no discussion of the legality of growing industrial hemp (Maxwell, 19 18). 

Howard Fraleigh was one of the f h t  recorded commercial hemp growers in 

Canada. In the eariy 1900s he began an experïmental project on using hemp for weed 

suppression after hearing that this was king done in the United States. His experiment 

was progressing well and he had a goal of moving toward Iarge-scale production until he 

was forced out of production by the govemment in 1937 (Guthrie, 1994). 

in Canada, it became illegal not only to grow hemp but also to possess hemp, and 

any products derived h m  hemp. Interestingly, hemp fibre was still imported into Canada 

for cordage production and the Department of Supply and Services continues to list 

several products for govemment use that must be produced fiom hemp fibre. 

The ban on hemp was lified during the Second World War, as shipments of 

tropical fibres were cut off. The ban, however, was re-instated immediately following the 

end of the war. During that tirne the USA saw a resurgence of the hemp industry as 

f m e r s  were encouraged to apply for a special marijuana' growing permit to aid the war 

effort. Several new hemp mills were built in the USA to process hemp (Herer, 1993). In 

Canada, although commercial production of hemp did not resume, research on yields, 

breeding, and agricuiturai characteristics was undertaken at research stations across the 

country (Gehl, 1995). 

' By this tirne, hcmp and marijuana carne to bt synonymous in the cycs of the govemmcnt and public. 



Many European couniries lifted the ban on hemp in the early 1990s and now 

France, England, Germany, and the Netherlands are reviving their hemp industries. In 

countries such as China, Russia, Hungary, and the Ukraine, hemp was never prohibited 

and while production had declined in these countries they now have the edge over others 

just entering the market. Imported products h m  these hemp growing regions have 

provided an impetus for Western countries to revitalize their hemp industries. 

In 1961, the Canadian Narcotics Control Act, which replaced the Opium and 

Narcotics Control Act, was modified to allow Cannabis to be grown for research purposes 

only at the discretion of the Minister of Health. It was this modification that paved the 

way for hemp to be grown in Canada again. However, it was not until 1994 that industrial 

hemp was again grown legally in Canada. Joe Strobel, a tobacco f m e r  in Southem 

Ontario decided tbat he wished to grow industriai hemp to supplement his f m  income. 

In 1994, he, and bis business partner Geof Kime, were granted a research permit- the only 

permit type currently available, for 18 acres of indusbial hemp (Surnach, 1995). Though 

they had originally requested 100 acres to be spread over 18 plots of land, the govenunent 

limited their request due to concerns over the legd enforcement and management of the 

crop. The seeds were imported fiom Hungary and were certified to be a low THC variety. 

Based on the success of theu crop, other farmers followed suit. In 1995, there were 35 

acres of industrial hemp grown in Canada, in 4 provinces, Ontario, Manitoba, 

Saskatchewan, and Alberta (Langtry, 1995). In 1996, many of these f m e r s  applied again 

to continue the research on growing hemp in Canada. Health Canada continues to 

regdate al1 permits, which are granted on an annual basis and granted only &er fiilfilling 

certain conditions. (Appendix A). 

1.4.1 Hemp in Nova Scotia 
Aside fiom king the fïrst location in Canada where hemp was cultivated, Nova 

Scotia has an interesting hemp history. Early settIers of Nova Scotia regarded both flax 

and hemp as important crops to cultivate and ofien selected the agriculturally favourabIe 

conditions of the Annapolis Valley as reason to settie there (Hockey, 1967). In 1873, it 



was reported that Qu- Co- in Nova Scotia was "adrnirably adapted for t!!e 

cultivation of hemp" (More, 1873). 

The Federal Division of Economic Fibre Production was established in 1918 and 

during the period of 1922 to 1936 the equivalent of 235 site years of field research on 

hemp and flax were conducted across Canada (Hockey, 1967; Gehl, 1995). Hemp and 

flax trials were conducted at the Agriculture Canada Research Stations in both Nappan 

and Kentville during the period of 1923 to 1929. 

This research indicated that both flax and hemp gave satisfactory yields of fibre 

when they were well fertilized, The main factor that limited the development of a large 

scale hemp industry in the Maritimes was the lack of local processing facilities. The 

fibres had to be shipped to Quebec or Ontario, thereby reducing the value of the crop to 

Nova Scotia growers (Gehl, 1995). These expenmental plots were discontinued afler 

1929. 

The research concluded that the areas in Canada with the highest hemp fibre 

production potential were in Nova Scotia and the Eastern Townships of Quebec (Gehl, 

1995). This was due to the high moistwe avdability for both growth and retting 

purposes, as compared to the Prairies. 

1.4.2 The Legal Issue 
The legal issue is currently the main obstacle to a large-scde hemp industry in 

Canada. The legaI debate focuses on the pmsence of THC (delta-9-tetrahydrocannabino1) 

in Cannabis sariva plants. THC is generaIly accepted to cause the psychoactive properties 

of Cannabis prepamtions. in recreational hemp (marijuana), the THC amount ranges 

fiom 3% to 30%, while in industrial hemp it is below 0.3%. Below 0.3% the narcotic 

potentid is deemed to be negligible (de Meijer, 1995). The ability to distinguish between 

THC leveis within varieties is part of the debate over the classification of Cannabis 

sativa. 



It was originally believed, at the time of Linnaeus, that there were three distinct 

species of Cannabis; a fibre species (sativa), a narcotic species (idka), and a wild 

species (ruderdis). It is now believed that there is only one Cannabis species that may 

possibly have subspecies. It is not known whether these subspecies really do exist or if 

they are simply ecotypes (Small, 1979). An example of Cannabis sativa consisting of 

ecotypes as opposed to multiple species is apparent in the fact that there have been 

estimates of higher concentrations of cannabinoids in the same varieties when grown in a 

continental climate rather than in a maritime climate (de Meijer, 1995). 

Genetic researchers have succeeded in developing low-THC varieties, and they 

have no qualms that these new varieties, while having a stable minimum THC content, or 

even absence of THC, will continue to have high-yields, and resistance to pests and 

infections (Virovets, 1996). 

The Controlled Dmgs and Substances Act was passed by the House of Commons, 

on October 3ûth, 1995 and by the Senate in May, 1996. At the tirne of writing, the bill is 

still waiting for Royal Assent before it becomes law. This Act, whiie increasing the 

penaities for possession of marijuana, allows the Minister of Health to develop a 

fbmework for the commercial cultivation of industrial hemp in Canada. An amendment 

to the bill was included by the Senate, thus when the Bill becomes law it will no longer 

be illegd to be in possession of mature hemp stalks, and products derived fiom industrial 

hemp. While this could be seen as a landmark victory, it was hoped that the Govemment 

would remove industrial hemp altogether h m  the Controlled Drugs and Substances Act. 

Fanners immersed in the newly emerging hemp industry wish to be able to grow 

commercial crops of hemp as opposed to crops for research only. They c1aim that they 

have now done their research and want to apply it on a large scale (Guilfôrd, 1996). 

However, the debate continues as the Canadian government States that it requires the 

support of industry to demonstrate demand for hemp products (Charest, 1996), while 

industry hesitates to deal with a substance that is regulated by the Criminal Code. Until 

this c m  be resolved, no commercial permits for hemp will be granted. The amendment to 

the bilI, however, means that industries wanting to do tests on hemp stalks will no longer 



have to apply for a permit and thus they may be more willing to perform hemp trials and 

invest in research and developrnent of hemp products. 

The inabiiity for some people or groups to distinguish between hemp and 

marijuana continues to fnistrate the hemp industry. There is an apparent hesitation to 

accept the fact that hemp varieties cannot be diverted for drug use. According to an 

industrial hemp researcher, "Hemp does not become smokeable, no matter what you do to 

it. We must be carefbi not to give credence to the rampant world-wide belief that hemp is 

divertible, or ever was." (West, 1996). This perception needs to be overcome in order for 

an indusiriai hemp industry to flourish in Canada. 

1.4.3 Current Hemp Initiatives 
Hemp advocates clairn that any product made out of wood or petrolewn can be 

made out of hemp. Hemp is aiso a crop that overall requires less chemicai inputs than 

other crops, and can be processed less intensively (Conrad, 1994). Thus, as consumers 

look for more environmentally friendly products, hemp appears to be a part of the 

solution, whether it be for cIothing, shoes, cosmetics, or paper products, to name a few. 

There are several hemp organizations that have developed throughout the world 

over the past few years and none of them would dispute the fact that a market for hemp 

products exists. The fact that nurnerous publications dedicated to the advancement of 

hemp and its products have been initiated in the past few years documents the reality of 

the hemp market. Magazines such as HempWorld and Hemp Times are forums for the 

promotion of hemp products and the industry, while the International Hemp Association 

Journal contains original hemp research and proclaims itseIf as 'dedicated to the 

advancement of Cannabis, through the dissemination of information'. ûrganizations have 

aiso developed in several couutries to lobby the respective govemments to change the 

regdations governing industriai hemp. In the United States, groups are lobbying 

individual States to pass legislation to allow the commerciaI cultivation of industrial 

hemp. In Canada, the Canadian Industrial Hemp Council was formed to "champion the 

development of a regdatory framework for industrial hemp in Canada". 



2. Literature Review 
The Literature Review consists of a discussion of; the availability of wood and 

non-wood fibres in Canada and the implications of using these fibres for pulp and paper 

production, botanical characteristics of the hemp plant, the agricultural and economic 

characteristics of growing hemp, and the components of a sustainable agricultural system. 

This section introduces the characteristics of selected wood and non-wood fibres 

in order to allow an evaluation of the economic and environmentai sustainability of these 

fibres in the Discussion section. 

2. i Foresfry & the Pulp and Paper lndustry 
Hemp is ofien promoted as 'the crop' to Save the forests (Herer, 1993; 

Conrad,1993). Aside fiom why hemp is 'the crop' this statement begs the question 'why 

do the forests need to be saved'? Information will be presented in this section about 

forestry and its association with pulp production in an atternpt to answer the 

aforementioned question. While some general information about forestry will be included 

the focus will be on forestry within Nova Scotia. 

It has been customary for environmentalists to accuse the foresûy industry of 'not 

seeing the forest for the trees'; implying that trees are the oniy element of vaIue within 

forests. It is reported that in the 1950s and 1960s a decision was made in Nova Scotia to 

manage forests exclusively for pulpwood (Orton, 1983). An action such as this reuiforces 

the fact that trees are only valuable for the fibre they produce. The views of the forest 

industry are countered by environmental groups who perceive that forestry is koming 

increasingly intensive and decreasingly sustainable. Environmentai groups are demanding 

that value be assigned to the whole forest and its components not simply the trees (Orton, 

1991). 

In most forests, over 95% of the biomass is in the woody tissue. This material is 

both shelter and food for a large array of organisms (Hunter, 1990). When trees are 



removed so to is the habitat for many organisms. This is ofien interpreted to be a negative 

action, yet one can argue that: 

... when you destroy the habitat of species X you create habitat for species 
Y. Forestry practices do not destfoy ecosystems; they ody alter them and 
thus change the assemblage of species comprishg the ecosystem (Hunter, 
1990). 

For some, this practice of altering ecosysterns is seen to be negative when the 

changed landscape must be doused with chernicals in order to get rid of the species which 

are viewed as undesirable. Since the decision was made to manage Nova Scotia's forests 

primarily for pulpwood, the Acadian mix of trees has changed in some parts of the 

province fiorn what used to be a mix of hardwood and sofhvood species to a 

predominantly softwood composition (Figure 2-A), especially in Eastern Nova Scotia 

(Eaton et al, 1994). The development of tree plantations has also led to an increase in the 

Figure 2-A. Nova Scotia Forest M i  
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amount of herbicides used to maintain these plantations. Over the past 10 years the 

amount of herbicides used in the Atlantic Region has increased by over 50% (Eaton et al, 

1994). In Nova Scotia typical hardwood species are sugar maple, red maple, yellow birch, 

beech, and white birch, while the most prevalent softwood species are red spmce, balsam 

fir, white spruce, white pine, and red pine (Coalition of NSFI, 1996). 

The preponderance toward soboods results in a composition ideal for the Spruce 

Budworm. In the past, the mixed forest stands offered a natural barrier against Spruce 



Budworm invasion, now with even-aged stands of similar species this barrier has been 

removed (Orton, 199 1). 

In order that the forest industry does not lose substantial quantities of fibre to this 

pst ,  controls are used to eliminate the Spruce Budworm. Chemical preparations have 

been the most popular control method use& however, these preparations often kill more 

than the target species (Pimmental, 1995). In the most recent outbreaks, a bio-control has 

been used in Nova Scotia to control the Spruce Budworm. The bacteria Bacilius 

thuringiensis variety kurstaki (Bt or Btk) was at one point even supported by 

environrnentalists (May in Orton, 1983). It is now known that Bt, was not dealiig with 

the underlying cause of the Spruce Budwonn population (even-aged stands of mature 

balsam fir and spruce trees) and, furthemore, it causes blood-poisoning in the 

Lepidoptera family (moths and buîterfiies), thus entering the food web (Orton, 1983). 

Examples such as this are only fuel for the environmentaiists' fire. 

In fact, planting monocultures of trees is not a recommended practice, though it 

conflicts with pulp fibre maximization. A book written expressly for forest managers 

suggests that substantially increasing the extent of conifer stands should be avoided. 

(Hunter,l990). Nova Scotia's Forest Policy indicates that it wishes to double the forest 

production by the year 2025 yet does not suggest how this can be attained without 

maximizing s o ~ o o d  stands (NSFI, 1996). 

Although the Nova Scotia government has not formaily designated any tree 

plantations in the province, stands managed exclusively for softwoods are essentially this 

(Eidt, 1996). When naturai forests are replaced with plantations the diversity of flora and 

fauna is reduced, decreased diversity can lead to a lower resistance to environmental 

stresses (Hunter, 1990). 

Diversity is also expressed in tenns of the age composition of forests. Old forests 

represent the most biologically diverse portion of forest succession. Hunter (1990), 

recommends that, ideaily, old forests would occupy a significant part of the landscape, 



and yet Nova Scotiays old forest? represent only 0.6% of the province's forested area. 

The principal reason for this lack of oId forests is that forests become economically 

mature before bey become biologicaüy mature (Hunter, 1990). 

The forests are extremely important to Nova Scotia's economy. Seventy-five 

percent of Nova Scotia is forested, and 95% of this is considered productive (NSFI, 

1996). These forests support pdp and paper mills, sawmiils, and secondary wood product 

manufacturing facilities. A significant amount of Nova Scotia's forests and forest 

products are also exported. The fibre industry in Nova Scotia is doing well evidenced by 

the doubling of production in two mills: Stora Forest industries and Minas Basin Pulp 

and Power Company. 

An interesthg fact of Nova Scotia's forest indusû-y is that, in Nova Scotia, the 

forests are primarily owned by the private sector (Figure 2-B). In most Canadian 

provinces, the forests are omed by the province. This has implications for hou. the 

forests are managed. The provincial Crown Lands that do exist, are leased by the pulp 

and paper industry for indefinite periods of tirne (Orton, 199 1). 

Figure 2-A Novi Scotii Forest 0waership3 
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Nova Scotia's Forest Policy aims to increase productivity and jobs, while at the same 

tirne protecting or enhancing wildlife habitat and improving water quality. These goals 

would appear to be mutually exclusive, however, the plan is to intensively manage certain 

portions of forested land while leaving other stands unmanaged. The following 

statements outlhe the objectives of the Nova Scotia Forest Policy (NSFI, 1996): 

to achieve a healthier, more productive forest, capable of yielding increased volumes 
of hi& quality products; 

to encourage the development and management of private forest lands as the primary 
source of thber  for industry in Nova Scotia; 

to support pnvate landowners to make the most productive use of their forest lands; 

to achieve more effective management of al1 Crown lands; 

to maintain or enhance fish and wildlife habitats, water quality, recreational 
opportuuities, and associated resources of the forests; 

to enhance the viability of our forest-based manufacturing industries; 

to double forest production by the year 2025; and 

to create more jobs immediately and in the long term through improved productivity. 

The Coalition of Nova Scotia Forest Interests, a pnvately organized association, 

published a Discussion paper, in 1996, about sustainable practices and a new forest 

strategy. It purports to protect a reliable source of wood fibre. Its critics, however, believe 

that the Coalition is more concemed with sustainhg the industry than the forests. It has 

become apparent that the Nova Scotia forest industry has increased clear cutting, relied 

upon biocides to support softwood monoculture tree plantations, practices which cause 

destruction of both wildlife habitat and wildlife itself (Eaton et al, 1994; CCFS, 1993). 

The Coalition acknowledges that there is "an unprecedented demand for wood 

fibre resulting in a recent surge of harvesting [which has] added to concerns about forest 

sustainability" (NSFI, 1996). The Coalition's paper, however, ignores any alternative 

sources of fibre which could support the forest products industry. The oversight is not 

surprising, for the Coalition represents the interests of the private woodlot owners, and 

some of the larger ones may find it difficult to make al1 the changes required to produce 



fibre Çom other sources. Furthexmore, the Coalition wishes to see an end to Governent 

involvement in regulating harvesting practices on private woodiots. 

The Coalition goes M e r  in asking government to retreat fiom its role in 

protecting the pubIic interest through regulation of harvesting practices. The existing 

regdations are oniy enforced on Crown lands, and on the lands of private woodlot 

owners who have received provincial funding (Eidt, 1996). According to the theory that 

pnvate ownets are more Likely to protect their interests than is the state, it is possible that 

the s d e r  private owners are more likely to protect their interests through sustainable 

forestry, than is the govenunent (Mclsaac, 1996). 

This theory is more applicable to smaller owners than larger ones. Thus, a large 

trans-national operator such as Stora Forest Products, believing that it can sustain itself 

indeiïniteIy by moving fiorn forest to forest, in country to country, actively seeks lands 

subjected to minimum or negIigible regulation. Govenunents, afiaid to discounge the 

investment that such corporations bring to an economy, are reluctant to impose stringent 

resource management practices. Stora, for example, sprays herbicides on its trees, 

although it would not be able to do so on those in its Swedish homeland (Genovali, 

1995). Nevertheless, the Coalition's New Forest Strategy, has succeeded in encouraging 

much needed pubIic discussion and it may even result in more detailed reports on the 

state of forestry in the province of Nova Scotia. 

Another example of the lack of cornmitment to sustainable forestry within this 

Strategy is in the management of dead wood. Timber extraction, especially intensive, 

short-rotation management, tends to minirnize the number of snags and logs in a stand. 

Logs may be so important to nutrient cycling that some lengthier cutting cycles should be 

instituted, as policy, to assure their presence (Humer, 1990). These recommendations for 

sustainable forestry are met with îhe following recommendation fiorn the NSFI: 

The code will encourage maximum utilktion of the timber resource at the 
time of harvest in order to minimize the amount of merchantable material 
lefi on-site. Salvage of damaged (insect, disease, blowdown) stands will be 
recommended for early harvest to increase fibre utilization (p.29, NSFI, 
19%). 



Though there appears to be a cornmitment of sustainable forestry production in Nova 

Scotia, after reviewing some of the existing and proposed guidelines, it is apparent that 

there is a m n g  tendency to sustaining forestry instead of the forests. 

2.2 Wood Fibre Shortages 
The possibility of severe fibre shorfages is one of the main reasons behind the 

push for the development and use of non-wood fibres (ED, 1996; US Paper Task Force, 

1995). There are numerous doomsday predictions that the world will soon nin out of 

fibre. In documents published as early as 1916, when the forest-based pulp and paper 

industry was still in its infancy, there were predictions that the current rates of harvest 

were not sustainable. Statements such as the following appear to echo concems that are 

currently expressed about the future of the wood supply. 

There seems to be little doubt that the present wood supply can not 
withstand indefinitely the demands placed upon it, and with Ulcreased 
scarcity economy in the use of wood will becorne imperative ... Thus 
naturally, a balance will be established between production and 
consumption, but as this condition approaches its limiting values the price 
of wood may rise to such levels that there will be a demand for other raw 
materials (Dewey & Memll, 19 16). 

In addition to population increases and the associated increase in demand 

environmental regdations are also believed to be affecthg the friture supply. Resources 

Idormation Systems Inc. projects declinhg Canadian softwood plywood capacity fier 

1995 as a reduced timber harvest in BC cornes into efiect (Plackett, 1995). This loss in 

forest area, while reducing supply, will cause an increase in cost and could affect the 

quality of raw material (Apsey & Reed, 1995). A shortage is not predicted in Nova 

Scotia, as it is believed that the fibre yields h m  intensively managed forests c m  be 

increased four to five times (Eaton et al, 1994). The environmentai effects associated 

with intensively managed forests appears to be of little concem. 

The FA0 (UN Food and Agricdture Organization) projects that globally the 

inciustrial rounâwood consumption will increase at a rate of 2.7% annuaily. In addition, 

regionai deficits are increasingly serious and widespread, especially in North America, 



Russia, and Southeast Asia (Apsey & Reed, 1995). It is M e r  predicted that by the year 

2010 there will be a gap of 257 million m3 between consurnption and production of 

indusirial wood. Apsey and Reed (1995) suggest two rnethods for closing the coniferous 

gap, the common 'depress the demand' or 'raise the suppIyY scenarios. In their depress 

dernand scenario, the prices for standing timber, logs, pulpwood and other forest products 

will rise, and non-wood substitutes for forest products will become more attractive to 

both industry and consumers In their supply scenario, an increase in intensive 

silviculture is predicted as well as; more investment in tree pImtations, increased 

recycling, re-design of building codes to economize in wood use, and non-coniferous 

substitution (Apsey & Reed, 1995). 

Using non-wood fibres in the puIp and paper industry is not a new concept. 

However, industries based on alternative fibres have generally developed where there has 

ken no forest resource on which to base a wood fibre industry. 

Both the supply and demand scenarios suggest the use of non-wood fibres will be 

an important part of closing the coniferous gap. This paper will examine the ability of 

hemp fibre to be an additional source of fibre. Furthemore, some of the environmental 

effects of growing trees for pulp and paper purposes will be evaiuated. 

2.3 Non-wood fibres 
Non-wood fibres are usually considered to be a .  fibre not derived fiom trees. 

Examples of non-wood fibres are: hemp, flax, kenaf, barnboo, bagasse, esparto, and 

various types of straw and gras (Croon, 1996). PuIp derived fiom straw and other 

@culturai residues are ofien referred to as agri-pulp oomier, 1996). Kenaf is common 

to warmer climates, as are bamboo, esparto, and bagasse, and thus will not be evaluated 

as sources of local fibre for Nova Scotia. Flax, a fibre and oilseed crop similar to hemp 

cm be grown in Nova Scotia, but it is not profitable to do so currentiy. Its specific 

evaluation will thus not be undertaken in this thesis, though if a non-wood industry were 

to develop in Nova Scotia it could also be a suitable source of fibre. 



There are presently 330 mills in the world producing about 12.5 million tonnes 

per yeat of non-wood fibres. This figure is expected to increase to more than 17.5 million 

tonnes by 2005. Currently China produces half of the world's non-wood pulp while India, 

Europe, and the Americas combine to produce the remainder (Figure 2-C, Croon, 1996). 

The production of non-wood fibre has been limited mainiy to countries without access to 

large timber resources. Using trees for papa also appears to be an industrialized country 

phenornenon, as  only 1% of the pulping capacity in industrialized countries produces 

paper fiom non-wood sources (Girouard, 1994). 

Figure 2-B Estimated Regional Distribution of Production Capacity for Non-Wood 

FibreBascd Paper pulp4 
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Non wood fibres can be used to make kgh quaiity printing paper, cormgating 

medium, and linerboard (Croon, 1996). Bast fibres, such as those fiom flax and hemp, are 

fiequently suggested as a new raw material for paper production (Herer, 1993; Conrad, 

1993; Rosenthal, 1994; Girouard, 1994). They are lower in lignin than wood fibres, 

therefore offerhg better opportunities for non-chlorine bleaching and the production of 

adaptcd h m  Croon, 1996 



unbleacbed pulp (Van der Werf, 1994). The qualities of hemp for paper production will 

be examined in Section 2.5. 

There is also a great deal of interest in using straw residue fiom grain crops for 

paper production. The Alberta govemment is investigôting building straw-based pdp 

miIIs in Alberta. As Canada's pulp source is dorninated by wood there has k e n  a lack of 

research into the processing of non-woods. For this reason companies such as 

Weyerhaeuser are investigating the processes to prepare straw pulp for use in making 

linerboard and corrugating medium (Croon, 1996). A Vancouver Company, Arbokem, is 

proposing the development of a portable mil1 to process agriculturai fibres directly on the 

field, returning the effluent to the land as fertilizer (McMillan, 1994). REAP (Resource 

Efficient Agricultural Production) has recently partnered with Domtar, in Quebec, to 

investigate the use of switchgrass (Panicum virgatum) as a supplement to its hardwood 

pulp (Rodden, 1996). 

Switchgrass is attracting increased attention lately and it has the benefit of k ing  

both a fibre source and an energy source (Rodden, 1996). It is a perennial crop that c m  be 

harvested for fibre every year. It has the ability to grow on marginal lands, or lands that 

wouid not be suitable for other crops (Rodden, 1996). Yields of switchgrass range fiom 

1 -lût/ha depending on climatic and soi1 conditions (Samson,l991). In tenns of papa 

production, laboratory results have s h o w  a 45% yield with a quality similar to that of 

hardwoods. Paper would probably not be produced with a 100% switchgrass content, but 

rather it could replace 1 M O %  of the hardwood W s h  (Rodden, 1996). 

This concept of non-woods contributing to wood or recycled fibres is also gaining 

popularity. There is much discussion these days about the suitability of non-wood fibres 

for papemaking. Non-wood fibres are ofien regarded as only filler pulp except where 

paper smoothness is required (Croon, 1996; US Paper Task Force, 199G). Other reports 

state that non-woods are ideal for making paper and that trees are often the least desirable 

source of fibre for paper (Herer, 1993). Statements such as these ofien appear to be 

motivated by self-interest. These claims are usually unsupported by scientific claims 

thereby making it dZEcult to form vdid conclusions. 



There are some disadvantages to using non-wood fibres. One of the most cited is 

that non-woods are not cornpetitive with trees mainly because of the high cost of the 

delivered fibre due to the bulky nature of these fibres and limited experience with 

handling and storage geared for the pulp industry (Girouard, 1994; Plackett, 1995; US 

Paper Task Force, 1996). The increased attention for using non-woods has also led to 

improvements for the handling of such fibres making previous constraints less of an issue 

(Girouard, 1994). The Results section will provide some of the physical characteristics of 

both wood and non-wood fibres in order that some cornparisons can be made. 

2.4 Recycled fibre supply 
Prior to the thrust for non-wood fibres came the push for recycled fibre. instead of 

shipping waste paper off to landfills it is now often repulped into paper. The supply of 

recycled fibre has increased steadily but not as rapidly as demand (Shearin, 1995). The 

North American market has been motivated by the US Govemment law requiring 20% 

pst-consumer recycled content in paper intended for Govenunent use (CFS, 1993). The 

suppIy of waste paper is so limited in Canada, that we must often import waste paper 

fcom the US in order to meet the needs of US customers. The current consumption of 

recovered paper, in Canada, is about 4 million metric tonslyear, much of it imported h m  

the US (Williamson, 1996). 

One of the main concems with the use of recovered fibres is the stability of fibre 

properties, or the Ioss of mechanical strength of paper made fiom recycled fibres (Law er 

al, 1996). Travers (1996), of the Minas Basin PuIp and Power Company reported that 

whiIe it is ofien quoted that paper can be recycled up to seven times, three to four times is 

more common in practice. 

The addition of small amounts (as low as 10%) of non-wood fibre to recycled 

pulp could extend the Iife cycle of the paper @ornier, 1996). In fact, contributhg to the 

life of recycled paper is seen as a positive step toward sustainability as the demand for 

wood fibre is M e r  reduced. Due to its physical characteristics hemp is k ing  



investigated as one of the fibres that cuuld contribute added strength to recycled pulp 

(Byrd, 1996). 

2.5 The Characterisfics of Hemp 

2.5.1 Botanical Characteristics 
Cannabis sativa is an annuai plant, that grows each year fkom seed. It has a rigid 

herbaceous W that reaches average heights of one to five metres, however, reports have 

been made that hemp has reached up to 12m in height (Small, 1979). 

The thickness of the stalk depends on the density of planting. When planted 

densely the thickness of the stalk is approximately 2cm, and the stalks are devoid of 

branches and leaves except at the top. When the hemp plants are not crowded branching 

occurs and the stalk is 2.5-cm thick. The hemp stalk is hollow, and in high quality fibre 

the hollow space occupies at least one half the diameter (Maxwell, 191 8). 

Traditionally hemp is a dioecious plant, however, monoecious varieties have now 

been developed. Monoecious varieties are important as they alIow for p a t e r  uniformity 

and increased seed yields (West, 1996) Furthemore, this development is important for 

eficient fibre production as it is necessary to harvest hemp as soon as the plants are 

mature, as the fibre deteriorates after maturation. In dioecious varieties the male plants 

mature three to five weeks prior to the female plants, a situation that can create harvesting 

problems as it becomes difficult to harvest only male plants (Robinson, 1943). Manual 

harvesting is the only feasible method to do this, but is no longer practical for efficiency 

and cost reasons. Monoecious varieties may be best used when the production of both 

fibre and seed fiom the same crop is desirable. A breeder of hemp varieties claims that 

the dioecious varieties produce higher fibre yields, a d  are more stable genetically 

(BOcsa, 1994) 

The glands of the fernde inflorescence produce the resin that contains the narcotic 

substances, however, in the case of low-THC hemp this would be minimal. The seeds can 

be eaten as nuts, or crushed to release either a food grade or an industrial grade oil. This 

oil c m  be consumed as a food or processed into cosmetics, or for industrial purposes as a 



drying agent for pains. The seed-cake, lefi over fiom c r u s h g  is often used for animal 

and fish feed (Small, 1972). 

The hemp plant is made up of two types of fibre, the bast fibre and the hurds. The 

bast fibre, sometimes referred to as the bark, consists of tow and line fibre. The tow fibre 

is fiom the long thick-walled bast fibres in the phloem, and considered to be the primary 

fibre. The line fibre consists of the short thin-walled Iibriform fibres in the xylem, and is 

referred to as the secondary fibre (Dewey, 1916). The bast fibres are most commonly 

used in the production of mpe, paper, and textiles. 

The hemp hurds, or the woody core, a by-product of fibre extraction are now 

considered to be an important source of cellulose. In the past, hurds were often 

considered a waste product and thus burned. They are now k ing  used for paper 

production, construction materials, as a super-absorbent animal bedding, and other 

cellulose based products (Low, 1996). Hemp hurds correspond to the shives found in flax, 

however, they are coarser and usually softer in texture (Dewey, 19 16). 

Hemp fibre is often referred to as the strongest and longest naturai fibre, This 

prernise is often debated by fibre experts. The fibre length is an important factor as the 

strength of paper increases with fibre length. The cellulose content of a fibre directly 

relates to the pulp yield. In hemp the cellulose content is reported to be between 65-70%. 

Lignin is the organic glue that holds the fibres together, and it must be dissolved by 

retting, or other means, pnor to processing. The Iower the lignin content, the less 

processing required to dissolve it. Hemp has a lignin content of approximately 4%, a 

figure much lower than the 20% for tree fibres. 

These two different types of fibre each have unique properties. The prirnary bast 

fibres are longer, the cellulose content is higher, and the lignin content is lower than in 

the hurds (van der Werf, 1995). These factors make the hemp stems a more valuable raw 

material for paper production, and thus the quality and quantity of the primary bast fibres 

reflects the value of hemp stems. 



2.5.2 Agricultural characteristics/requirements 
Hemp is reported to be a plant that can grow anywhere, however, it thrives in 

certain climates and agricultural conditions. The following section sets forth the ideal 

conditions and the limitations for growing hemp. 

2.5.2.1 Climate 
The hemp plant is known for its ability to grow in varied climates, however, it 

thrives in temperate ones. An advantage of hemp over crops such as corn, is that hemp 

can endure light fiosts in the spring and survive fiosts in the fa11 (Robinson, 1943; van der 

Werf, 1996). While hemp plants may survive occasional fiosts, if spring growing 

conditions are cooler than normal, hemp seedhgs will not be cornpetitive with weed 

species adapted to growth at low temperatures. Ensuring optimal sowing dates should 

prevent this problem. 

There are many claims made that hemp is drought tolerant (Herer, 1993; Conrad, 

1993). In fact, hemp is intolerant of drought and while it may continue to grow under 

such conditions, the yields will be severely depressed (Hackleman & Domingo, 1943). 

Maxwell (19 18), reported that in order to produce good quality fibre a climate wiîb a long 

and moderately warm growing season that is not liable to drought is desirable. 

Furthemore, when drought conditions are accompanied by high temperatures eariy 

rnaturity results before füll growth has been achieved (Robinson, 1943). 

Frequent rains are beneficial as hemp grows best when well supplied with 

moisture throughout its growing season and especially in the early stages of growth. 

However, flooding and excessively saturated soil can affect the üniform growth of the 

crop, thus posing problems for harvesting (Robinson, 1943). 

2.5.2.2 Soif Requirements 

Fifty years ago farmers were advised that only land in a very productive 

condition, capable of yielding a minimum of 50 busheIs (3.lt/ha) of corn to the acre, 

should be chosen for growing hemp seed (Morazain, 1942; Robinson, 1943). 

Furthemore, soil capable of growing 75-80 bushels (4.7-5.Wi-a) of hybnd corn under 



favourable growing conditions could reportedly produce profitable hemp crops of 2.8 to 

3.4 tonnes of fibre per hectare (HacWeman & Domingo, 1943). 

In order to achieve good, uniform yields in ternis of both quantity and quality, 

hemp must be grown on the very best soil. A rich, moist soil, with good drainage is ideal. 

Flat, heavy, impervious mils are not suitable for hemp as there is too much water 

retention thus affecting the uniformity of the crop (Hackleman & Domingo, 1943). Hemp 

is particularly adapted to heavy clays and loams rich in organic matter provided the 

organic matter is reasonably wel dewmposed. Hemp should not be grown on light soils, 

especiaily light sandy soils, nor on acidic soils (Maxwell, 191 8). The addition of lime can 

overcome any pH limitations. The land should be undulating to gently rolling and have 

no low or 'soggy' spots (Hackleman & Domingo, 1943). Silt-loams and clay loams were 

reported to produce a satisfactory crop without special fertilization, particularly if the 

hemp followed clover or dfalfa, or a corn crop planted on clover or alfalfa sod 

(Hacklernan & Domingo, 1 943). 

It was the custom in Kentucky to grow hemp only on new land i.e. land that had 

been in pasture and preferabIy on woodland which had k e n  in pasture for years. Old land 

codd not be improved simply by adding fiesh barn-yard manure. While the quantity of 

the fibre may be high on such soils, the quality would be coarse and of inferior quality 

(Kentucky AgRcultural Experiment Station, 1889). While hemp may grow well on clay 

soils, it may provide problems for processing, as Dewey (1916) reported "clay may cling 

to the butts of the stalks which may cause processing problems". 

If it is decided that the hurds are to be a marketable product of the hemp crop, 

then it might be beneficial to grow the hemp on a peaty soil, as Dewey (1916) reported 

that the hurd weight, while usually about five tirnes that of the fibre weight, is somewhat 

greater on peaty soifs. Peaty mils have also produced satisfactory resuits in France (Van 

der Werf, 1996). 

It is dficult to extrapolate fiom the Literature to conditions suitable for growing 

hemp in Nova Scotia For insbnce, while the peaty soils of France may be suitable for 



hemp, this would not be the case in Nova Scotia An extensive kmowledge of soils is 

necessary to make remmmendations in this area. Though hemp can reportedly grow on 

any soil there are obvioiisly some that are optimal and these need to be determined for 

Nova Scotia The GIS work undertaken in this thesis attempts to determine those soils 

that wouid be suitable for growing hemp in Nova Scotia, based on an amalgamation of 

the above recommendations. 

2.5.2.3 Fertiizers 
Hemp requires very fertile soil to facilitate its rapid growth in a short tirne. 

Barnyard manure is reportedly the best single fertilizer for hemp and supplies sufficient 

nitrogen (Robinson, 1943; Hackleman & Domingo, 1943 ). The manure should be 

applied to the preceding crop, or at the latest in the autumn previous to the sowing of 

hemp. In the past it was recommended that when manure was turned under for corn a year 

before the hemp was grown it gave excellent results. For fall-plowed land it was advised 

that the manure be spread during the winter and worked in during seedbed preparation in 

the spring (Hacideman & Domingo, 1943). If the manure is applied just ahead of hemp, it 

needs to be thoroughly and evenly disûibuted over the land, or an uneven growth will 

resuIt (Hackleman & Domingo, 1943; Maxwell, 1918). While many reports indicate that 

anima1 manure is sufficient for hemp production, many recent research reports indicate 

that chernical fxtilizers are also used successfully (van der Werf, 1994a). 

It bas been estirnated that 175 kg Nha, minus the reserve of soil mineral nitrogen, 

wouid allow optimal crop growth and yields of up to 1 5 t h ~  of above ground dry matter 

(deMeijer, 1995). The amount of nitrogen has been found to be the major cause of 

differences in slenderness of hemp plants. Van der werf (1 994a) found îhat high levels of 

nitrogen (200kgha) cuntributed to many more slender individuals than at lower levels 

(80kgha). The higher nitrogen level also led to more suppressed plants. Van der Werf 

concluded that a reduced nitrogen fertilization leads to fher and less variable hemp 

stems. This is important as minimizing variability among stems facilitates efficient 

harvesting. Commody cited arnounts for fertilizer are: 80-120 N, 80-120 P2O5, and 160- 

200K20 kgha (van der Werf, 1994b) 



The possibility of severe fibre shortages is one of the main reasons behind the 

push for the development aud use of non-wood fibres (IIED, 1996; US Paper Task Force, 

1995). There are numerous doomsday predictions that the world will soon run out of 

fibre. in documents published as early as 1916, when the forest-based pulp and paper 

industry was still in its infancy, there were predictions that the current rates of harvest 

were not sustainable. Statements such as the following appear to echo concems that are 

currently expressed about the future of the wood supply. 

There seems to be little doubt that the present wood supply can not 
withstand indehitely the demands placed upon it, and with increased 
scarcity economy in the use of wood will become imperative ... Thus 
naturally, a balance will be established between production and 
consurnption, but as this condition approaches its lirniting values the price 
of wood may rise to such levels that there will be a demand for other raw 
materials (Dewey & Memll, 19 16). 

in China, fertilizers are applied prior to sowing and again when the crop is 

approximately 50cm tall. Animai manure and soybean meal (up to 1.5tha) are spread on 

the fields and plowed or spaded in the Spring well before sowing. Mixtures of chernical 

fertilkrs are commonly used, when manure is not available, and are applied at a total 

application rate of up to Iüha (Clarke, 1995). 

Hemp takes a large amount of nutrients fiom the soil. A good crop takes about as 

much fertility fiom the soil as a 4.7-5.0tha crop of corn (Hackleman & Domingo, 1943). 

This extraction of soil nutrients does not appear to be too much of a concem. Hemp 

producers in the past believed that the weed control and soil conditioning provided by 

hemp crops outweighed the negative effects of nutrient removai (Hackleman & Domingo, 

1943). This factor is M e r  compensated by the fact that hemp can also retum up to 70% 

of nutrients used back to the mil. This high nutrient cycling rate is attained when the 

roots decompose, the leaves are allowed to fail to the ground, and retting is conducted on 

the same fields (Reichert, 1994). 

The concept of tightening nutrient cycles within hemp rotations has been apparent 

for several decades as is apparent by the following situation. Although it was not routine 

to sow a small grain cover crop after the hemp was cut and shocked, this practice was 



recornrnended to prevent nitrogen leaching b m  the soil (Morazain, 1942). Sowing cover 

crops after hemp also protects the soil surface and reduces the potential for erosion. 

Because of hemp's rapid growth it requires a plentifid supply of fertilizing 

elements. Many of these fertiliPng requirements can be met by other preceding crops. 

Sufncient nitrogen can be obtained if hemp succeeds clover, pas, or grass sod (Maxwell, 

1918). 

In one study, the yield of hemp varied markedly with the level of available 

nitrogen present in the soil fiom green manure crops (Vesse1 & Black, 1947). The 

residual effects of alfalfa on hemp appeared to last for 3 years. Clover had a definite 

effect on hemp grown the second year followiag, but little or no effect in the third year. 

Hemp crops also contributed to the yields of subsequent corn and hemp on the same plots 

of land. Thus the use of effective rotations may be one strategy to reduce the arnount of 

synthetic fertilizer required by hemp crops. 

2.5.2.4 Rotations 
Crop rotations are important to provide fertilizing elements and disease breaks 

between crops. Crops commonly used in hemp rotations include; cereals, sugar beets, and 

potatoes. Short rotations (minimaI variety), while economically desirable, are not 

beneficial for the environment. Longer rotations (greater than 4 years) allow for the soil 

to recover between crops , and allows crops to complement each other. 

Crop rotations, however, are ofien dependent on local economic conditions. In 

economically depressed areas cmp rotations are limited to a few crops which are 

relatively profitable or agronomically indispensable in the rotation (van der Werf et al, 

1995a). In the Netherlands, potatoes and sugar beets are profitable to grow and cereals are 

a staple, thus these are the predominant crops in their rotations. Unfortunately this 

practice has led to increased diseases and a resulting increase in the use of biocides (van 

der Werf et al, 1995a). 

Rotations can ofien provide benefits to other crops. Hemp accomplishes this as it 

leaves fields fke fiom weeds for successive crops thereby cutting d o m  on the use of 



herbicides. The condition of the soi1 is enhanced thus improving yields for foIlowing 

crops. 

2.5.2.5 Pests 
Many reports claim that no pesticides are required for hemp crops, however, this 

is not entirely true (Herer, 1993; Conrad, 1993). There are some pests specific to hemp, 

however, there are certainly fewer hemp pests than are common to other crops. 

It is fiequently reported that the only serious pest of hemp is broom cape, 

Orobanche ramosa, a lea£less yellowish parasite that grows on the roots of hemp and 

tobacco and causes wilting (Dewey, 1914; McPartiand, 1996; Morazain, 1942). When 

hemp was grown cornmercially in Kentucky, a number of fields became badly infested 

with broom rape. This was largely as a result of raising hemp for several years in 

succession and using poorly cleaned seed. It is recommended that hemp not be sown in 

fields known to be infested as this Pest can linger for 20 years. 

Another pest is the European corn-borer, and other similar stem-boring insects, 

and they may occasionally kill a hemp stem (Robinson, 1943). In Manitoba in 1995, the 

experirnental crops were attacked by Bertha Amy Worm, a pest that also attacks canola 

and happened to be in a peak phase that year (Moes, 1996). 

At least 88 species of fungi attack Cannabis saliva. The most significant of these 

is Botrytis cinerea, a gray mold that thrives in temperate regions with high humidity and 

cool to moderate temperatures. Under ideal conditions, the gray mold can reach epidemic 

proportions and completely destroy a Cannabis crop, by attacking the stems, within a 

week (McPartland, 1996). 

Another notable fimgus is Sclerotinia sclerotiorum, a hemp canker. This fiingus 

has aîtacked fibre cultivars in Europe and has also caused losses in North America, 

Australia, and Tasmania (McPartIand, 1996; Moes, 1996). Both B. Cinerea and 

Sclerotinia are more prevaient in the presence of excess moisture. 



In many cases pesticides are not used on pest infestations as the cost of the 

chemicais outweighs the economic losses by the pests. Such is the case in China where 

hemp crops are ofien infested with a flea-beetle (Psyloides attenuuta) that is not kept in 

check by any chemicai preparations (Clarke, 1995). De Vries et al (1995), reported that 

losses fiom Botrytis cinerea, in the Dutch hemp project, and other pathogens were 

insignificant and not worthy of treatment (de Vries et al, 1995). 

The fact that hemp has less pests than oîher crops is of great importance when 

considering the environmental implications of using pesticides. Growing a crop that is 

naturally tesistant to pesticides reduced the need for synthetic pesticides. 

2.5.2.6 Herbicides 
Maxwell (19 18) writes that Wisconsin hemp bas attained the reputation of king 

the best smother crop for Quack Grass and Canada Thistie, and that it was due to 

experiments with hemp as a weed eradicator that hemp was grown on a commercial scale 

in Wisconsin. 

This does not mean that hemp planted on a poorly prepared seed bed will 
clean badly infested land, however, if sown on properly prepared soil, 
hemp will successfùlly compete with these weeds. By thorough disking 
and spring-tooth cultivating right up until planting t h e  suitable conditions 
for the smothering out of weeds by the hemp will result (Maxwell, 19 18). 

There is general agreement that when the above conditions are followed there is no need 

to use herbicides on hemp crops (Moes, 1996a). The main requirement is for hemp to 

achieve a rapid and uniform emergence. 

Hemp itself is known as a weed a fact which instils fear in some people. However, 

Illinois f m e r s  who were growing hemp for the war effort were reassured that when 

hemp is harvested before the seed is fomed, there is not much danger of it escaping and 

becoming a weed itself (Hackleman & Domingo, 1943). If care is uken when harvesting 

seed, this problem would also be rninimized. 



2.52 7 Seed Sowing 
Seeding rates vary according to whether the hemp is king grown for fibre or for 

seed. Fibre crops are sown much more densely than seed crops. These higher seeding 

rates may increase stem yield, but not necessarily bast fibre yield (vaa der Werf, 1994b). 

The seed may be sown broadcast by band or drill, or may be sown in with an ordinary 

grain seed-drill. A seed drill is the preferred method for sowing as it minimizes variation 

in the depth at which the seeds are planted, thus minimizing the possibilities of non- 

dom growth (Maxwell, 1918). Birds dso consume less seed from drilled plots (Gehl, 

1995). 

Broadcast seeds may not be evenly covered, and thus upon the later emergence of 

the deeper set seeds they are confionted by the shade of the shallower set seeds. This 

affects the yields of the later plants and they are often lost in harvesting (Maxwell, 191 8). 

Early seeding results in higher total fibre yields which include a high percentage 

of valuable line fibre versus the less valuable tow fibre (Meijer et al, 1995). Earlier 

seeding also p d t s  the crop to mature and be cut comparatively early in the fa11 so that 

retting c m  occur before fieeze up. Successful early seeding is dependent, however, on 

suitable climatic conditions at the time of seeding. 

In addition to the time of seeding, the rate of seeding is also important. The 

propodon of stem in the above-ground dry matter and the proportions of the valuable 

bast fibres in the stem dry matter increase with plant density, so a high density is 

desirable (VanderWerf et al. 1995a in VanderWerf et al 1995b) 

Seeding rates Vary, as will be seen in the Results section. The literature also 

supports thîs claim. In Florida the recommended amounts were 37-40kglha for fibre, and 

f .?kgnia for seed (Seale et al, 1957). Even though a rate of 50 kg/ha (1 bushel) was 

deemed to produce a small hemp stalk that could be cut easily and broke rapidly for fibre 

processing (Morazain, 1942); under the War Crops Program, US farrners were issued 

62kgha (Hacideman & Domingo, 1943). Following several research studies, it was found 

that in Canada 80kg/ha was the most econornic seeding rate for fibre (Gehl, 1995) 



2.5.2.8 Huwesting/ Machinay 
The tirne for harvesting depends on the purpose of the crop. For fibre production, 

when the pollen of the male plants is mature and king blown about by the wind, the 

hemp is at the proper stage to cut (Maxwell, 19 1 8). 

It is important to harvest a hemp crop for fibre immediately following fiowering. 

Mer  flowering Iosses of dry maiter can be extensive as dead leaves are shed rapidly and 

many plants die as a result of inter-plant cornpetition (Meijer et al, 1995). This can affect 

the value of the hemp stems as the price received for fibre is prirnarily dependent on the 

proportion of bark in the stem. 

In the Netherlands it was reported that the most practical method for harvesting 

was swath mowing, foIlowed by dew retting and a subsequent tuming of the swath 

(devries, 1994). Many of the new hemp fanners have used modified mowers and balers 

as they await development of new harvesting equipment (Guilford, 1996; Moes, 1996) 

The International Harvester Company of New Jersey spent a large amount of 

money, in the 1930s, to perfect and manufacture hemp machinery. Hemp harvesters were 

developed which cut the crops and laid it on the ground in a continuous swath in good 

position to be picked up afker the stalks were cured. (MUrazain, 1942). 

As previously mentioned, breaking hemp man-dly was reportedly the hardest job 

known to humans, thus lowering the cost of the breaking and scutching operations was 

identified as critical to expansion of the hemp fibre industry in Canada (Gehi, 1995). 

2.5.2.9 Fields 
Reports on fibre yields were quite varied in the literature. In past commercial 

hemp production in Ontario fibre yields varied fiom 0.5 to 2.2üha depending upon the 

soi1 and seasonal conditions, with an average of around 1.1 t/ha, which could be increased 

by a larger use of fertilizer (Morazain, 1942). 

In the Netherlands, the average amount of total dry matter was 13.3 tha. The 

researchers, however, have put forth a more conservative estimate for farmers fields of 8 



to 10 üha. This would resuIt in about 2.5 tonnes of bast fibre per hectare (WJM Meijer et 

al, 1995). 

Using late-flowering cultivars is one meuiod of increasing yields. Due to a longer 

growing season, yields can be increased by about 30% (van der Werf, 1994a). These late 

high-yielding hemp crops, however, require sorne agronomie modifications as they are 

not compatible wiîh the traditional high plant density. As a result of severe inter-plant 

cornpetition, many plants die d e r  maturation in these late crops. Due to self-thinning, a 

lower density can lead to a higher final fibre yield (van der Werf, 1994a). 

The proportion of bark in the stem depends maidy on genotype, however, it can 

be increased slightly with plant density (Meijer et al , 1995). The proportion of secondary 

bast fibre increases with stem weight. A higher proportion of secondary fibre may be 

expected at low plant densities and in late flowering cultivars (Meijer et al, 1995). 

In Nova Scotia, during the 1920s research, the highest reported yields were 

around 6.5-7.2tiha. Often îhe highest stem yieids did not correspond to the highest bast 

fibre yield. In fertilizer experiments it appeared that a combination of nitrogen and potash 

produced the highest stem yield, however, when muriate of potash was added to this 

mixture the quantity of the bast fibre increased (Kentville Agricultural Research Station, 

1924- 1929). 

2.5.2.1 0 Retting 
Retting is the technical term for mtting and hemp must undergo this process in 

order that the lignin is dissolved and thus the bast fibres can be separated fiom the woody 

core. Traditionally retting is done in the field (dew retting) or in ponds (water retting) and 

takes fiom a minimum of one week for water retting, to a maximum of five weeks for 

dew retting (Maxwell, 1 9 1 8). Investigations are underway to mechanize this process 

(Clarke, 1996). Nova Scotia is believed to have a suitable climate for retting unlike the 

dry pst-harvest conditions on the Prairies. This lack of moisture in the Prairies 

cornmonly prevented proper dew retting in the field (Gehl, 1995). Until completely 

mechanized retting is available, field retting will most likely continue to be used. 



During dew retting plants lose about 60% of green weight and 40aA of cby weight 

(Dewey, 1916). Hurds fiom water retted hemp are cleaner and softer than dew reîted 

hemp, though the process of water retting is of'ten mon expensive and may involve the 

use of a weak solution of chemicals or oil in hot water. This process may lead to traces of 

chernicals or oils and also soluble gums in greater degree than those of dewlwater retted 

hemp (Dewey, 19 16). 

New methods for separating the bast fibre fÏom the hurds involve s t e m  explosion 

(Nebei, 1996) and an enzyme process (Clarke, 1996). It is in this area that there is the 

greatest need for technological improvement, it is believed that some of the processing 

developed for flax fibre may also be suitable for hemp (Mackie, 1996). 

2.5.3 Paper Properties 
The intriacies of paper production will not be a major component of this thesis. 

However, the properties of various fibres that make them suitable for paper production 

will be introduced in order to dlow for some cornparisons to be made. The hemp plant 

has several characteristics that make it a suitable fibre for pulp and papa production. 

Hernp is in the unique position of having two types of fibres suitable for different types of 

pulp production, both the bast fibres and the hurds. 

The tear strength of paper increases with fibre lengtti, and as hemp bast fibre is 

one of the Iongest fibres it can be cut to desirable lengths (Meijer et al, 1995). 

Hemp's low lignin content is advantageous as less chemicals are required to 

dissolve it resulting in less chemicai-laden effluent. Hemp fibres are aiso lighter in colour 

than other fibres and thus bleaching is Iess of a necessity. When hemp pulp was produced 

on a Iaboratory scaIe, unbleached and bleached pulps were produced at about 80% 

recovery and at about half the energy inputs of mechanical softwood puiping (Meijer et 

al, 1995). 

A new process for pulping hemp is k ing  investigated in the Ukmine. It is an 

alcohol-based arnmonia-sulphite pracess to be used for pulping the hemp hurds and the 



bast fibre togder. The solvents are organic and it is believed that when they mix with 

water at the pulping stage they will not degrade into toxins that react with the lignin 

contained in the raw material (Krotov, 1996). 

2.5.4 Economics of Hemp 
As with any new product entering the market its success depends on the supply 

and the demand. It has k e n  claimed that a demand for hemp products has not yet k e n  

established @axter, 1996). In conûast, owners of successfid hemp businesses purvey the 

opposite claim as they believe that while the demand for hemp products is hi& the 

supply is Iow and prohibitively expensive (Wirschafter, 1996). While many hemp 

advocates would Iike to see hemp used as a tool for local development, there are others 

who would Iike to see support h m  the large muIti-national paper companies. These large 

companies, however, are waiting to ensure that hemp is not simply a fad and that the 

products that can be made fiom it are of good quality and profitable (Baxter, 1996). 

As hemp is k i n g  presented as a multi-use crop, the economic analysis can focus 

on any or ail of hemp's raw materiais. Every region across Canada and the US views 

different products as the key to a successfùi hemp industry. In Western Canada the focus 

is mainiy on oiI production fiom the seeds and to a smaller degree on the fibre (Guilford, 

1996). Ontario hemp farmers are more interested in making construction materials fiom 

the hemp stalks (Kime, 1996). Opportunities for Nova Scotia would lie mainly in the 

fibre area as the growing petiod for seed is probably not long enough, and in addition 

there are no oil pressing facilities in the Maritimes. 

A goverxunent agronomic analyst in Ontario suggested that "the farm-gate price of 

dew-retted hemp staIks for paper manufacturing will not exceed the cost of production. 

The future seems to hinge on the demand for higher priced textile-grade fibres" (Baxter, 

1996). For the State of Vermont it was concluded that due to low wood prices, subsidies, 

and technical hurdles, hemp paper does not compte price wise except for speciality 

papas (Roulac, 1996). However, a lot of attention is focussing on hemp's ability to 

strengthen recycled paper (Byrd, 1996). 



In the United States it is believed that the largest potential market is in textiles as  

a replacement for cotton. Markets are not well developed due to littie research and 

development over the past 50 years (Roulac, 1996). Cotton, however, is not grown in 

Canada so hemp could develop its own textile niche in Canada without too much 

competition. This is in fact what may have to happen as market prices are high and 

therefore market penetration is restricted to niche areas (Crawford, 1996) 

The hemp hurds are now attracting an increased amount of attention in 

cornparison to the days when they were considered simply a waste product. The hurds are 

king  produceci for animal bedding, packaging, fibreboard, peat moss replacement, an 

additive to cernent, road building, and niche uses in paper making (Roulac, 1996). 

In the United States the hemp seeds are attracting the most attention. In a report 

about hemp's potential in Vermont it was announced that the hemp seeds could provide 

the highest potentid market with the least amount of barriers for processing and 

marketing for Vermont fanners and businesses (Rouiac, 1996). The cost of entry for 

many of the seed or oil products is low compared to fibre processing for textiles, paper, 

and composites. The State of Vermont could expect the potential of adding several 

hundred new jobs involved in the hemp industry in the next decade (Roulac, 1996). This, 

however, is not the case in Canada. Only sterilized (non-viable) seeds do not require 

handIing permits in Canada. It is, however, the non-sterilized seeds that the food and 

cosmetics industries desire for their products due to a higher quality oil fiom these 

products (Shamai, 1996). The new Canadian legislation only removes mature stalks h m  

the banned list and not the viable seeds thus providing a bureaucratie hassle to developing 

a hemp oil indusûy in Canada. 

The cost to import seeds in to Canada is a costly venture (Table 2-A). The price of 

seeds ranges from Cdnâ3.50 to $14.00 per kg. Shipping must be added to this figure, sea 

fieight is the most economical method, and it costs approximately Cdn$4800 to ship a 

container (1 8 tonnes of seed) fiom Europe to Canada (Moravcik, 1996). 



Table 2-A Hemp Seed Costs 

If a f m e r  had a 25 hectare farm the cost for seed alone would range fiom Cdn$1925 to 

$30,000. This is prior to factoring in shipping, resulting in a prohibitively expensive 

price. 

quantity required (kglha) 

price per kg 

Total wst 

Information on the financial aspects of producing hemp fibre are extremely 

lirnited. One detailed report outlines the following custs associated with producing hemp 

fibre (Meijer et al, 1995): 

sowing seed, fertilizer, mrrchinery, labour Cdn $1400 (fixed) 

minimum 

22kg 

$3.50 

$77.00 

harvest and storage Cdn $600/ha 

maximum 

85kg 

$ 14.00 

$1 190.00 

primary producrion (green scutching) Cdn $700-900/t of pulp 

extrusion pulping Cdn $550/t of pulp 

Other information fiom the UK suggests the potential revenue fiom hemp fibre could be 

around Cdn$770/t and the hurds would fetch an additional Cdn$70-8Ytonne (Low, 

1996). Making cornparisons based on this information is difficult as the costs reported are 

for different stages in the production of hemp. It would appear that because of the high 

cost of seed and processing there would have to be markets for both the hemp hurds as 

well as the fibre. The production of hemp seed oil may the highest value product but if 

plants are not allowed to go to seed then this possibility is eliminated. 

in 1916 it was revealed that the hemp growing industry could only increase if a 

machine brake was developed tu prepare the fibre for M e r  processing. It was fiirther 

noted that a profitable use for the hwds will add an incentive to the use of the machine 



brake (Dewey, 191 6). At that tirne hurds were used for barnyard litter, stable bedding, a 

substitute for sawdust in packing ice, and in some cases it was used for fueI. At that time, 

and currently the marketability of the hurds will greatly influence the gross r e m  on the 

hemp stalks. 

2.5.5 The TBC debate 
While the THC/legal debate was presented in the introduction some technical 

aspects of the issue will be presented in this section. It is believed that the medicinai and 

recreational hemp varieties in North Amenca originated fiom the West Indies and 

Mexico. It has been postuiated that the Chinese and European varieties of fibre hemp lack 

the biochemistry to convert a particula. cannabinoid into the psychoactive 

tetrahydrocannabidiol (West, 1996). 

THC is but one of many cannabinoids found in Cannabis sativa. CBD for 

instance, whik it does not contribute to the psychoactive potentiai of the pIant, its exact 

role is not known. It is thought that it may contribute to the pIant's antibiotic properties, 

and drought and heat tolerance (deMeijer, 1995; Pate, 1994). THC may be a protective 

agent from damaging UV radiation that has developed in regions where solar radiation is 

more intense (West, 1996). 

The THCJCBD ratio is useful for differentiating between strains of Cannabis 

sativa. The ratio is sometirnes expressed as (THC + CBN)/CBD, where CBN is another 

minor cannabinoid (cannabinol). If this ratio exceeds 1 then plants are classified as the 

dnig phenotype, and when below 1 then classified as a fibre phenotype (de Meijer et al, 

1992). 

There is still no visual test available for use in the field to discriminate between 

varieties. it has k e n  postulated that the narcotic potential of h g  strains may be 

suppressed when plants are grown outside in a dense crop (deMeijer et al, 1992), thereby 

reducing the fear of f m e r s  growing fields of recreational hemp instead. Fibre content 

and the presence of THC are not interrelated, therefore agronomic characteristics cannot 

be used to dischinate between varieties. One method to avoid the narcotic issue, in 



countries where hemp is classified as a narcotic, is to grow hemp only for fibre and not 

for seed. Banning seed production would ensure that only low-THC seed was purchased 

for each crop. While there are numerous economic advantages to growing hemp for seed 

it may be necessary to avoid doing so until more acceptance of low THC varieties is 

generated. This will of course necessitate the continued costly importation of low-THC 

seed from extemal markets further hampering the possible expansion of a new industry. 

The debate on the legality of growing hemp in Canada still continues though the 

drug issue has now essentially become irrelevant with the development of low-THC 

varieties. These new varieties of Cannabis have been selected and developed by 

European and Asian countries wishing to maintain their hemp fibre production in 

accordance with laws against dmg production. In fact the European Union certifies 

certain seeds as low-THC and these are the only seeds to which the hemp growing 

subsidy is applied. 

At public discussions about hemp, concern is often expressed that f m e r s  will 

grow recreational hemp instead of industrial hemp (Kentucky IFHC, 1996). The reasons 

for this fear are unfounded. First of dl, with drug penalties becorning increasingly more 

punitive there is less of a chance that a licensed f m e r  would take such a nsk, regardless 

of the potential profits. Secondly there are agricultural reasons not to plant recreational 

and industrial hemp in close proximity. Concem is also expressed that farmers would 

hide recreational hemp within the industrial hemp crop. If this were to happen, when the 

seeds cross-pollinate they would go to the lower-THC variety thus effectively ruining the 

hture value of any recreational hemp. 

In the United Kingdom, the raiding of the fields was initially the greatest fear 

associated with revitalizing an industrial hemp industry. Ian Low (1996) reported that 

while some youths did raid some of the crop the fvst year, when they realized that it had 

no recreational value they did not return to visit the crop the next year. 

The legal issue is essentially one of education. In Finland, while they had research 

plots they also had an experimental educational plot in the town centre for the public to 



see. This was a wonderful opportunity for education on the differences between industrial 

and recreational hemp (Callaway and Hemmilii, 1996). 

2.6 Sustainable Agriculture 

2.6.1 Agricultural Aspects 

Sustainable agriculture has become one of the many terms affiliated with the dl- 

encompassing term sustainable development. Sustainable agriculture is being promoted 

by fmers ,  researchers, and environrnentalists who are concerned with degradhg soi1 

quality, a dependence on chernical biocides and fertilizers, and the influence of large- 

scaie agi-businesses. 

Sustainable agriculture is a concept that can be considered a philosophy, or a 

practical strategy for agriculture that is ecologically sound, economically viable, socially 

just and humane (Gips, 1984 in Francis, 1990). Every proponent of sustainable 

agriculture appears to have his or her own definition of the term. A theoretical definition 

is provideci by Yunlong & Smit (1994) as they state that sustainable agriculture is the: 

... use of resources to provide food and fibre in such a way that the natural 
resource base is not damaged, and that the basic needs of producers and 
consumers can be met over the long term. 

This definition incorporates the environmental aspects of sustainable agriculture, 

the economic aspects, and the temporal dimension. In fact, agricultural sustainability is 

ofien discussed in terms of these three dimensions. By not damaging the naturai resource 

base there is the potential for ecological sustainability. Ensuring the basic needs of the 

producers and consumers can lead to sociai and economic sustainability. Though the 

'long tem' is a vague description it does indicate that sustainable agriculture is a process 

that must overcome specific temporal boundaries. 

The previous definition is evidence of the philosophy behind sustainable 

agriculture. An operationalized definition was created fiom various definitions and States: 



A sustainable agriculture system is the result of a management strategy 
which helps the producer to choose hybrids and varieties, soil fertility 
packages including rotations, pest management approaches, tiIlage 
methods, and crop sequences to reduce costs of purchased inputs, 
minimize the impact of the system on the immediate and the off-farm 
environment, and provide a sustained level of production and profit h m  
famiing (Francis et al, 1987 in Francis & Youngberg, 1990). 

While the challenges to create a sustainable agriculture may seem difEcult, the 

advantages of doing so are hard to ignore. The need to develop a sustainable agriculture 

system is motivated by a desire to protect the environment fiom degradation by 

agricultural chemicals, soil erosion and other agents (Power, 1990). The cal1 for a more 

sustainable agriculture has also been a response to the 

... large-scale, highly specialized, chemical and capital intensive famiing 
systems that have gradually come to dominate temperate zone agricuItural 
production practices over the past 50 years (Francis & Youngberg, 1990). 

Sustainable agriculture does not necessarily imply that it is necessary to maintain 

the current high yields and chernically intense processes now îhe rnainstay of agriculture. 

While some groups may interpret this concept as a justification for the current 

agricuItwal conventions (Francis & Youngberg, 1990), the most prevaient view is that 

sustainable agriculture will improve the environmental conditions associated with 

farming. It is suggested that the sustainability in this instance emphasizes optimization at 

the agroecosystem level rather than maximization of a single crop or component of the 

system (Andrews et al, 1990). Furthemore, there must be a shifi toward an acceptame 

that the ecological productivity of the land is the net sum of the above and below-ground 

biological growth over an interval of time @oran & Werner, 1990) and should not simply 

be measured by crop yields. 

While practices that could be considered sustainable are ofien readiIy provided, 

specific methods for irnplementing them are often lacking in many discussions on this 

topic. Specific problems that sustainable agricultural practices cm address are the loss of 

soi1 and soil degradation, the contamination of the environment by pesticides and 

fertilizers, vulnerability to shortages of non-renewable resources, and low f m  income in 



the face of high production costs. Implementing sustainable agricultural systerns may 

remedy or aileviate some of the above problems. The following are some examples of 

how a sustainable agriculture system could be achieved. 

Using organic nitrogen sources, especially legurnes and animal manure are central 

to a sustainable agriculturd system (Andrews et al, 1990). Synthetic nitrogen sources are 

produced by non-tenewable petrochemicals and can only be maintained in conjunction 

with a cheap energy source (King, 1990). In addition, synthetic sources provide ody 

short-tenn fertility and can have negative effects on the physical and biological properties 

of the soil (Andrews et al, 1990). Manute, on the contrary, is considered an ideal 

fertilizer; ''the organic fiaction of manure is not subject to leaching or denitrification 

losses, it is not toxic to plants, and it rnineralizes at a rate dependent on the same cIimatic 

conditions as plant growth" (p.284, Beaudoin et al, 1984 in Andrews et al, 1990). M m e  

as a whole, however, can be subject to leaching, thus care must be taken when applying it 

to minimize this risk. (Andrews et al, 1990). Using legumes is also considered a 

component of sustainable agriculture as legumes enhance soil organic matter, reduce 

runoff, erosion, and groundwater contamination, and can increase yields of subsequent 

crops. 

Reducing the amount of purchased inputs, Le. herbicides, pesticides, fertilizers, or 

conducting organic agriculture, are important as this can decrease the chernical 

contamination of the environment and reduce the production costs of f m  operating 

expenses @oran & Werner, 1990). Reducing inputs does not simply mean 'going 

without' but rather changing the system so that these inputs become unnecessary 

(Lockeretz, 1988). 

Herbicide use has expandeci with increases in farm size and an accompanying 

decrease in crop diversity. The practice of continuous cropping has necessitated the use 

of herbicides in order to maintain yields. The use of herbicides can be reduced by 

planting crops with weed-suppressing abilities as well as using techniques such as 



intercropping, allelopathic5 cover crops, and soil fertility management Herbicide w can 

be M e r  reduced by planting crops more densely as there is a more complete capture of 

water, Iight, and nutnents thereby providing an advantage over undesirable species. Crop 

rotations are dso effective at weed suppression as there can be a diversity among planting 

and maturation dates, as well as cool and wann season crops thus creating an unstable 

and wifavourable environment for the Survival and reproduction of annual and perennial 

weeds (Liebman & Janke, 1990). 

Pesticide use can also be reduced without the use of external inputs in the same 

manner as herbicides. in a sustainable agricultutal system the main strategy is not pest 

eradication but pest avoidance (Bird et al, 1990). Pest resistant crops and cultivars as part 

of rotations is one method to avoid pests. Creating a biological diversity through crop 

rotations also causes an unstable environment for pests @oran & Werner, 1990) as the 

reproductive cycle of pests cm be disnipted as well as depriving them of an essential 

food source (Madden, 1990). Managing soil fertility for sub-optimal growth conditions 

for pests; avoidance of diseases, transplants and infected seed; and maxirnizing the use 

and maintenance of suppressive soils are additional strategies to minimize pests (Bird et 

ai, 1990). 

improving crop rotations, in addition to alleviating the stresses from pests, can 

dso diminish soil loss especially when accompanied with appropnate harvesting 

techniques. This can also lead to improvements for the physical condition of the soil 

(Francis, 1990). A sustainable rotation has k e n  postulated as the following: a clean 

cultivated crop (corn, soybeans), followed by densely planted and highly competitive 

grain crops (barley, oats, wheat), and then mowed and untilled perennial crops (alfdfa, 

forage gras/ clover mix) (Liebman & Janke, 1990). 

Within a sustainable agricultural system the economic and socid sustainability are 

also important parameters. For the economic aspect, according to the Low Input 1 

Sustainable Agriculture guidelines: if a method of faming is not profitable, it cannot be 

allel~path~hcrnicals from cova crop nsiducs inhibit germination and growth of many wceds 



sustainable (Madden, 1990). This does not imply that high yields are the goal, for by 

lowering externai inputs, costs can also be lowered thus increasing overall profit. 

Social sustainability is another constituent of sustainable agriculture and relates 

rnainly to the sustainability of rurai communities. In essence the debate is that by 

implementing sustainable agriculture, capitaI can be fieed thus freeing people fiom set 

patterns of dependence and thus people becorne more able to contribute to the 

sustainability of their communities (Flora, 1990). 

The concepts presented here wiH be used to estabIish criteria in the Methodology 

section to provide for a subsequent evaluation in the Results chapter. 



3. Methodology 
Since hemp has not been legaily grown in Canada for more than 50 years, a 

publicly accessible howledge base, comparable to what exists for other crops, has not 

been rnaintained. Nevertheless, a small group of f m e r s  and researchers has been located 

through various methods. This thesis involves a combination of searches in the published 

literature, as well as the Internet, conference communications, and fïnally a small but 

widely dispersed questionnaire survey of hemp famers and researchers in Canada and 

elsewhere. The published literature included reports from the late 1800s and eariy 1900s 

which contained valuable information about cultivating hemp. As hemp has become more 

prevalent, new reports are k i n g  released more fiequently and several trade journais have 

been developed. Reports fiom new Canadian hemp f m e r s ,  in addition to ones fiom 

other corntries, have also become available as they share their experiences. Several hemp 

conferences have recentiy been held in various locations around the world. Conferences 

which were attended to gather idonnation include Winnipeg, Manitoba-February 1996; 

Toronto, Ontario- Apd 1996; and Lexington, Kentucky- May 1996. 

The conference in Winnipeg, was îhe first Canadian Industrial Hemp Symposium, 

and from the conference the Canadian Industrial Hemp Council was fonned. The research 

fiom the first year of hemp trial plots in Manitoba was presented. Hemp researchers fiom 

the Ukraine and Poland provided valuable information about growing industrial hemp 

and the physical and chernical properties of the hemp plant. 

Industriai Hemp: Economic Opportunities for Canada was the name of the 

Toronto conference. It was held in order to generate interest in establishing a hemp 

industry in Southenn Ontario. Again the= were speakers from around the world, this time 

fiom England and Gennany. There was a large focus on what would be required to 

develop a hemp industry in Canada, h m  growing, to harvesting, to marketing. 

The third conference aîtended was held in Kentucky. International speakers at this 

conference were fiom England, the Ukraine, the Netherlands, Australia, Ireland, and 

Canada. Again the focus of the conference was on establishing an industrial hemp 



indutry, this îime in Kentucky, where the Kentucky Hemp Growers Co-operative 

Association is ready to grow hemp once it is legal to do so. There was a large emphasis 

on different stages and meth& of pmessing and the various products that are presently, 

and possibly could be, made fiom hemp. 

An important source of information for this thesis has been the Intemet. As 

researchers wait to publish their reports in joumals, they are sharing iheir experiences 

with the world via the Entemet. This medium has k e n  extremely usefui as current 

information on Cannabis sufiva is difficult to access. 

3.1 Questionnaire 
Due to the lack of current published information, especially in Canada, a 

questionnaire was developed and distributed to practising hemp researchers and fmers .  

This questionnaire was designed to provide a glimpse into what was occurring in the 

hemp growing sector. A list of recipients was compiled through contacts made at various 

hemp conferences, hemp organizations, and postings on the Intemet. An attempt was 

made to have representation h m  al1 of the current hemp growing areas: China, India, 

Russia, Ukraine, Rornania, Hungary, Poland, France, Spain, Gennany, United Kingdom, 

Australia, Yugoslavia, the Netherlands, and Canada. 

In the spring of 1996, 50 surveys were sent out to various hemp f m e r s  and 

researchers fiom these countries. Two s w e y s  were included in each package so that 

recipients could distribute the surveys to other interested parties who may have not 

received a questionnaire. No attempt was made to distribute the questionnaires on a 

random basis. The recipients of the questionnaire were regarded as experts. 

The questionnaire had 45 questions, divided into 8 sections: background 

information, rotations, soi1 characteristics, climate, crop characteristics, use of inputs, 

incidence of diseases/pests/weeds, yieIds, and outputs ail relating to the cultivation of 

industriai hemp. The initial set of background questions deterrnined to what extent, for 

what pwposes, and for what length of time industrial hemp had been grown by the 

fmerlresearcher. 



A subsequent section contained questions concerning the agricultural, climatic, 

and agronomie details of growing industrial hemp. Questions specifically asked about the 

use of fertilizers and various biocides. Respondents were then asked about the hemp 

fields and the financial returns received fiom the past five years of their hemp crops. 

Unfortunately the lack of hemp growing experience severely limited the responses in this 

section. 

By October 1996, there were 20 respondents to the questionnaire. Of this total, 14 

had retumed the survey and the remainder submitted either their own literature or letters 

explaining that they did not have enough hemp growing experience to complete the 

questionnaire. Some of the newly established hemp growers have posted their results on 

the Internet and these reports have been included to complement the surveys returned. 

The results of the surveys have been compiled and explained in the Results 

chapter. An interpretation of the 14 surveys and additional reports is included in the 

Analysis chapter. There was insufficient information to perform any statistical tests. Thus 

the results are for comparative purposes only. In the Results chapter the questionnaire 

findings will be compared to the information provided in the Literature Review in order 

to make comparisons between hemp, straw, switchgrass, and wood fibre. 

3.2 Sustainabilitjt Criteria 
Though sustainable agriculture can be considered a philosophy there are also 

some practical applications and actions that can be derived from this concept. The 

Literature Review provided a detailed description of sustainable agriculture and the 

following section outlines some criteria for a sustainable agricultural system,. The critena 

in this thesis are based mainly on a set of critena initially proposed by Lockeretz (1988), 

and then supplemented with information fiom other sources (Francis et al, 1990). Though 

in essence each of the following practices may contribute to the sustainability for the 

'system', to be t d y  sustainable al1 of the criteria must be met. Thus a sustainable 

agricultural system will incorporate: 

1. A diversity of crops through the use of rotations, relay cropping, and intercropping. 



A selection of crop varieties and livestock that are well suited to the farm's soil and 

climate. 

A selection of crop varieties that resist pests and diseases as well as enhancing 

conditions for controlling or suppressing weeds, insect pests, and diseases. Synthetic 

biocides to be used only as a last mort, and only when there is a clear threat to the 

cmp. 

A tightening of nutrient cycles to minimize the loss of nutrients off the farm, and to 

reduce the need for extemal inputs, such as by composthg of Iivestock manures and 

by rotations using legumes to fix nitrogen. 

An enhancement of the soil's ability to take up applied nutrients for later release as 

needed by the crop, in contrast to direct uptake by the crop at the time of application. 

Rotations that include deep-rooted crops to tap nutrient reserves in lower strata. 

A protecuve cover on the soil surface throughout the year (Ieaving crop residues on 

the surface, cover crops, living mulches). 

Preferences for fm-generated resources over purchased materiais, and locally 

available off-farm inputs when required, over those from remote regions. 

A positive impact on the imrnediate and off-farm envimnrnents (physicd economicl 

social). 

These criteria will be used in the Results section to compare the sustainability of 

hemp, switchgrass, straw, and trees as sources of fibre. Trees are included in this 

comparison as they can be part of an agricultural system, especially in Nova Scotia where 

b e r s  ofien have smal1 woodlots on their properties. In addition, intensively managed 

forest plantations are more similar to agricultural systems than naturai forests. 

A scaie was developed to rate each fibre source's contribution to a sustainable 

agriculturd system based on the preceding criteria The seale ranges h m  1 to 5, where a 

rating of 1 indicates that the crop rarely contributes to the s d n a b i l i t y  of the system, a 

rating of 3 indicates that it sometimes contributes, and a rating of 5 hdicates that it 
6 



frequently contributes to the sustainability of the system. The ratings for each criteria are 

cumulative. A total score will be tallied and used to evaluate each crop's potential to 

contribute to a sustainable agriculture system. 

3.3 GIS and Mapping 
Since part of the purpose of this thesis is to determine if hemp could be a crop for 

Nova Scotia, the capability of the soils in Nova Scotia to grow hemp successfùlly was 

evaluated. Agriculture Canada, in Truro, NS, provided data from the Soil Landscapes of 

Canada Survey, and the Nova Scotia Soil Survey (Patterson, 1996). This data set, based 

on hundreds of polygons, was interpreted to determine where hemp could be grown in 

Nova Scotia. A soi1 suitability matrix was constmcted based initially on corn and s p ~ g  

cereal classifications, as these crops share some characteristics with hemp, such as soi1 

type and well drained soils. Some factors, such as stoniness are not related to the crop, 

but rather to the limits of mechanized fanning. The matrix was then modified, based on 

information fiom the Literature Review to construct classes suitable for growing hemp. 

Two matrices were constmcted: one for the whole province, and one for a subset of an 

area in the Annapolis Valley (Aylesford/Berwick, Kings County). The two matrices, and 

landscape information, were used to produce maps of the province and the study site. 

The data for the two sets of maps were fiom different sources and thus distinct 

matrices had to be produced for the maps at the provincial level and the study area. For 

the provincial map, al1 of the information concerning depth (d), flooding (i), stoniness (p), 

rockiness (r), slope (t), drainage (w), and texture (m) were provided by the Soil 

Landscapes of Canada report for the Maritimes. For the smaller study area, al1 of the mils 

had to be interpreted manually h m  soil codes for each polygon provided by the Nova 

Scotia Soil Survey. Each soil code was reduced into the sarne components as above with 

the exception of the texture class. In this data set particle size (s) is used instead. The 

matrix was then used to rate the polygons for their potential to grow hemp. The following 

matrices were used in this study: 



Table 3-A - Classificatiou Criteria for Provincial Soils 
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Table 3-B Classification Criteria for Study Site Soils 
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The drainage classes rernained the sarne for growing hemp. However, they were 

upgraded one class under certain circumstances. For al1 dope classes, other than for 'A' 

on the NS map and 'B' on the Study Site map, 'fair' rated mils become 'good', and 

'poor' rated soik become 'fair'. This upgrade is allowed as tile drains, to improve 

drainage, can be used successfully on land that is not cornpletely level. 

On the Nova Scotia map several of the soils classified as 'fair' for corn were 

upgraded to 'good' for hemp. This included mainly the clay soils and the silt soils as the 

literature indicated that these types of soil are extremely suitable for growing hemp 

(Vesse1 & Black, 1947). Al1 dope classes remained the same for the Nova Scotia map. 

However, for the study site map al1 slope classes were upgraded one rating as there is an 

additional slope class at this scale. 

Each polygon had to be rated according to the matrix as 'good', 'fair', 'poor', or 

'unsuitable'. If al1 conditions were 'good', then the polygon was rated 'good'. The lower 

class dominates the classification; if there were one or two 'fair' or 'poor' ratings then the 

polygon was assigned 'fair' or 'poor' dong with a letter code to denote the limitations. 

Three or more 'fair' limitations would result in a 'poor' (Px) rating, and three or more 

'poor' ratings would result in an 'unsuitable' (Ux) rating. 'Good' soils are suitable for 

growing hemp without any changes. 'Fair' soils have at least one limitation that must be 

overcome before the land is suitabIe for growing hemp. The poor soils have too many or 

too severe limitations to allow suitable growing of hemp. It is unlikely that 'unsuitable' 

soils will ever be suitable for growing hemp. 

Once the ratings were estabIished, the data were imported into ArcView (version 

2) where they were mapped. The rnaps are included in the Results chapter. The main 

objective of the maps was to anaIyze the soil conditions of Nova Scotia to determine their 

suitability for growing hemp under a mechanized fanning system. With the help of James 

Boxall, at Dalhousie University, a map was produced of Nova Scotia showing the 'good', 

'fair', 'poor', and 'unsuitable' areas to grow hemp (Figure 4-A). A second map of the 

province was produced showhg the 'fair' soils and their limitations (Figure 4-B). Six 



maps of the study area were produced that aIlowed for more detailed interpretations than 

at the provincial level (Figures 4-C/G). 

After producing the maps, the data were imported into Microsoft Excel where 

some analysis was performed. The land area and percentages of soiIs with 'good', 'fair', 

'poor', and 'unsuitable' ratings were determined. in addition, the percentage of the 

limitations on 'fair' soils were caiculated. In the study site map the percentage of land 

that is presently forested, urban, agricultwd, flooded and çlearcut was also included. 

Thest data will be presented in the Results chapter to detennine how much suitable land 

area in Nova Scotia is available for growing hemp. 



4.1 Questionnaire Resulfs 
By October, 1996, 14 completed surveys were returned. Some organizations and 

individuals sent their own literature instead of completing the survey. A final response 

rate of 32% was achieved, a number that is quite high for survey responses. Other 

information used in this section was gathered fiom reports that f m e r s  and researchers 

had posted on the World Wide Web. A summary of the results is located in Appendix B. 

4.1 -1 Background Information 
Of the surveys returned, four were fiom Canada, three fiom The Netherlands, two 

fiom France, and one each fiom Austraiia, England, Yugoslavia, China, and Hungary. 

The resdts were extremely varied, as they ranged fiom small research plots in Canada to 

fuiLscale commercial hemp production in Hungary that has not ceased operating since 

the Middle Ages. Reports from the Canadian test plots in Ontario and Saskatchewan were 

posted on the Intemet and included in this analysis. 

The area devoted to hemp production ranged fiom a 0.12 ha research plot to 8,000 

ha in France. The French area, however, is believed to be a total of al1 hemp crops in 

France. The survey tespondent in this instance was a hemp business which enters 

contracts with f m e r s  to produce hernp. 

The most prevalent purpose for growing hemp was for fibre (12 respondents), 

followed by four respondents growing oil seed, and 4 growing seed for planting. There 

was one plot grown exclusively for birdseed (Yugoslavia) and one as a windbreak 

(Alberta). The dominance of growing hemp for fibre could be influenced by the legal 

requirements. In Canada, the crops were not allowed to go to seed and were to be grown 

exclusively for fibre. It is possible that sirnilar requirements existed in other regions as 

well. 



4.1.2 Varieties used 
The varieties of hemp grown were dominated by those originating h m  Hungary 

and France. Both of these areas have done extensive research into low-THC seeds and 

have developed govemrnent certified Iow-THC varieties. In the European Union, f m e r s  

are only eligible for a subsidy when certified low-THC varieties are used. The French 

varieties, being the first ones to receive this accreditation have become dominant. In 

China, a local landrace was used. China reportedly has some of the best hemp varieties, 

although it is not exporting these seeds. 

The Hungarian, dioecious, Kompolti and Uniko varieties were the ones most 

fiequentiy used, followed by the French, monoecious, Fedrina and Fedora varieties. A 

complete list of the varieties used is included in the Results summary in Appendix B.. 

Although the Literature Review suggested that monoecious varieties were easier 

to W e s t ,  there were oniy three respondents who reported growing exclusively 

monoecious varieties. Five respondents grew only dioecious varieties and three grew a 

combination of both varieties. Dioecious varieties are also believed to produce higher 

fibre yields (Bbcsa, 1994). 

4.1.3 Seeding Rates and Row Widths 
Table 4-A illustrates the rates of seeding and the row width for both fibre and seed 

hemp crops. The seeding rate for fibre was quite varied, yet it is not surprising since 

many of the respondents were researching various factors, seed density being one of 

them. The seed density is also one factor that is presently subject to a trial and error 

procedure as f m e r s  experiment with growing hemp in new areas. Seeding rates can 

infiuence the final fibre yield and also the degree of cornpetition between plants. From 

these results it is difficult to establish which factor had the greatest influence on final 

stem yields. 

The density of the hemp crops, as a fùnction of row width, is an important factor 

for both erosion control and stem yields. There was less variation among row widths 

responses than for the seeding rates (Table 4-A). Decreasing row widths usuaily le& to 



increased plant density at harvest and also promotes a homogeneous distribution of plants 

[van der Werf, 1994a). 

4.1.4 Use of Manure and Fertilizer 
The Literature Review indicated that animal manure was the best single fertilizer 

for hemp crops. The survey results, in Table 4-B, demonstrate that this advice has not 

k e n  extended into practical experience. Al1 but 2 respondents used chernical fertilizers to 

varying degrees. While the use of nitrogen was usually within the rates in the literature, 

the use of phosphorus and potassium were usually lower. 

Table 4-A Seeding Rates and Row Width for Hemp Fibre and Seed Production 

Seeding Rates 

fibre 

seed 

Row Width (cm) 

fibre 

seed 

minimum 

8 

4 

12 

50 

maximum 

85 

10 

40 

70 

average 

46.5 

7 

19 

65 



Table 4-B Reported Annual Commercial Ferîüizer Use on Hemp Crops (kgha) 

Alberta 

~etherlands(1)~ 
1 1 1 I 

m I L 1 

Saskatchewan 1 50 1 60 1 1 

Nitrogen (N) 

(n=11) 

86 

125 

Phosphorus 
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(n= t O) 

4 1 

46 

Yugoslavia 

I 1 

France 

Potassium 
(K20) 

(n=9) 

14 
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20 

60-1 20 I 50 I 120 

I I I I 

1 1 

Manitoba (2) 100 1 1 1 

other 

18 (sulphur) 

60 I 40 I 

Hungary 
I I 1 I 

1 O0 1 200 1 0-200 1 
Manitoba (1) I O 

I I 1 I 
Australia 1 1 O0 1 40 1 40 1 2000 (lime) 

I I I I 

O 

France 

- --  

assuming produaian of  f 0.000 kgha of stem dry matter 
7 whcn soi1 N is bctwecn 10-50 kgha 
: available +applicd 

O 1 sheep manure 

80-1 20 1 40-60 1 160-200 1 

I I 1 I 

average 1 81 1 58 91 1 



4.1.5 Incidence of Pests, Disease, and Weeds and Biocide Use 
The Literature Review indicated that several pests and diseases could affect hemp 

crops. Expenence h m  respondents indicated very few reports of pest infestations (Table 

4-C). Sclerotinia was reported on Canadian crops, and was thought to be the result of 

improperly cleaned seed. Bertha Amy Worm (Mamestra configurara) was also reported 

for Manitoba crops; however, 1995 was a peak year for this pest. Bonytis cinerea was 

reported to be a problem in years or regions with excess moishire. In most instances no 

control measures were taken, except rotations to control pests, as set out in the following 

section. 

4.1.6 Rotations 
The rotations used with hemp varied between regions and, as discussed in the 

Literature Review, rotations in some countries are more a factor of economic needs than 

rnaintaining soi1 quaiity. The information provided in this section, and displayed in Table 

4-D, was limited due to inexperience with hemp crops, or no notice was taken of the 

rotations used. 

The rotations most commonly recommended in the literature were potatoes, sugar 

beets, cereals, corn, and clover. In practice the following crops are also rotated with 

hemp: market vegetables, cabbage, root crops, winter wheat, peas, barley, buckwheat, 

clover, wheat, trefoil, oats, and flax. Canola was ais0 rotated with hemp in Western 

Canada; however, it could only follow hemp, not the reverse, due to a possible 

Scleroiinia carryover. It was not possible to determine which crops were most commonly 

used with hemp as each farmer appeared to have a unique rotation presurnably arising out 

of local conditions. 



Table 4-C Incidence of Pests, Disease, and Weeds and Biocide Use 

I Location 
1 China 

Manitoba (2) 

Alberta 
Manitoba (1) 

Netherlands (1) t- 
J France 

(Flea beetles) 
Sclemtinia sclemtionrm none 
(Hemp canker) 

Pest Control 
Psyhdes altenuata none 

(Bertha amy worm) 
Canada thistle, wild none, hemp worked 

Comments 

mustard under 
Sclemtinia sclerotiorum no ne 
Sclemtinia sclemtionrm 1 none 

-research parameter, therefore no control 
measures &ken 
-seed wasn't disease free 
-causeci severe damage 

-on a site with reduced-non-unifonn 
emergence 

Mamestra configurata 1 none 
(Bertha amv wom) 1 

-nonein practice thouih expetiments with 
fungicides in research 

Sclerotinia sctemtionrm 1 1 

I 

Botlytis cinerea none 
none none 
Botrytis cinema none 
Sclemtinia sclemtionrm none 
Psvlliodes aîtenuafa metvl~aration 

-greater incidence in wet yean 

-cm be severe in wet years 

weeds -benefin 
some no treatment 

-applied presowing 



Table 4-D- Reported Rotations used and proposed over a 9 year period. 

4 years prior to hemp 

3 years prior tOhemp 

2 years prior to hemp 

1 year pnor to hemp 

hemp 

1 p a r  fdlowing hemp 

2 years following hemp 

3 years following hemp 
-- --~pp 

4 years following hemp 

clover ba dey 
plowed down I nemp I 

Manitoba (1) 

flax 

oatdtrefoil 

trefoil 

hemp 

buckwheaîi 
clover 

rYe 

hemp 

Netherlands (1) 

sugar beets or 
cereals 

potatoes or cereals 

hemp 

I 

China 

market 
vegeta bles 

(spring) 

hernp 

cabbage and root 
1 crops (fall) 

Alberta 

barley 

barley 

barley 

P a s  

hemp 

bariey 

, 

Manitoba (2) 

canola 

oats 

hemp 

, 

Yugoslavia 

wheat 

hemp 

corn 

1 

P a s  

canola 

sugar beet 



Crop rotations in Yugoslavia are determined by the acreage of crops rather than 

contributhg to the growth of other crops within the rotation. The rotations are not fixed 

and are thus able to respond to market demands. Crops are grown in monoculture when 

the demand is hi& and not at al1 when the market demand is lacking. 

In most areas hemp was regarded as important for its contribution as a n a d  

herbicide. This was the case for the organic f m e r  in Manitoba, and the one in 

Yugoslavia, who were impressed by hemp's weed suppression abilities without the need 

for chemicals. 

In the Netherlands, it is hoped that the introduction of hemp in short rotation with 

potatoes may improve soil health because hemp is less susceptible to the fungus 

Verticuillium dahliae and to certain root-hot nematodes (Melaidogyne chitwoody and M. 

hapla). 

In most regions there had not k e n  sufficient experience to determine if hemp had 

changed the condition of the soil. In China, it was reported that the level of market 

vegetable production had increased markedly in the past five years. In France, it was 

observed that the hemp crops had improved the soi1 structure and improved the wheat 

yieid. In Hungary, although hemp required imgation and nuîrients, and left the soil 

exhausted, the natwal herbicide factor outweighed these negative factors. 

There was only one mention of the concern over hemp's high nutrient uptake and 

this was in Manitoba. There was no elaboration provided to describe how this factor 

could be alleviated, nor what the net nutrient requirements were in this instance. 

In Alberta, due to the Sclerotinia infestations, it was noted that hemp should not 

follow canola or peas due to possible carryover of this fungus. Ensuring that the hemp 

seed was clean and fiee of con taminants would aIso minimize such pest infestations. 

Improperly cleaned seed was apparently the reason for the low yields, attributable to 

pests, in some of the Manitoba fields (Moes, 1996). In Hungary, it was recommended that 

hemp not be sown on the same fields successively as there would be a danger of 

Psylliodes uttenuara damage. 



The literature also recommended the use of a green manure to supply fertilizing 

elements. In the 8 surveys where rotations were provided (6 detailed reports, 1 report that 

hemp followed corn, and 1 report that it followed cereals) there were only 2 sites where a 

legume was included in the rotation (trefoil, clover, and peas). In both instances, hemp 

followed a legurne in the rotation, thus receiving maximum fertilization benefits. 

Due to the limited nurnber of responses it was dificuit to determine how ofien 

hemp appeared in rotations. In Manitoba, a four year rotation was proposed, compared to 

Yugoslavia where only a two year rotation was anticipated, and in China hemp was 

grown every year (though between spring and fa11 crops). 

4.1.7 Climatic Conditions Affecting Hemp 
When respondents were asked about udavourable conditions for growing hemp, 

it was reported that drought and excess moisture aec ted  hemp more than fiost 

conditions. In the Netherlands, it was found that young plants could tolerate short night 

fiosts of -8°C to -1 O°C, and older plants could tolerate fiosts of -SOC to -6°C. In Hungary, 

it was reported that hemp was resistant up to a -5°C fiost. 

Drought stresses on peaty soil were reportedly a major cause for lower yields, 

causing reductions of 25-35%. Drought was also considered to be an important factor 

during flowering in Hungary and Yugoslavia. In France, it was remarked that drought 

would hait the growth of the hemp plant. 

Excess moisture was reported to defuiitely hait the growth of the plants. Though 

excess moisture is not considered a problem in Hungary, it was noted that this condition 

could lead to susceptibility to Bohytis and Sclerotinia. In Manitoba, it was obsemed that 

excess moisture seemed to make hemp more susceptible to disease. Rain during 

harvesting couid also pose challenges to effective drymg of the hemp on the soil surface, 

though some moisture is required if retting is to take place on the fields. 

4.1.8 Planting and Ha westing Dates 
The tirne required for harvesting hemp crops is dependent on the varieties grown 

and climate considerations Examples of planting, harvesting and flowering dates are 



presented in Table 4-E. The days to harvest ranged fkom 60 to 155 days, which is quite a 

large difference. This is most likely attributable to the use of early and late flowering 

varieties, though this information was not provided in the survey. Several respondents 

indicated that they planted early and late maturing varieties. Unfortunately specific dates 

for dif5erent varieties were not provided. Harvesting for fibre is undertaken when 

flowering occurs. Hemp seed is usually harvested about one month after flowering. Late 

flowering varieties are commoniy used to maximize stem yields as they do not mature 

until early fall. By the tirne these varieties flower, the weather is no longer suitable to 

wait the extra month required for seed development. 

The establishment of some of the Canadian plots in 1995 was delayed due to 

problems securing permits, thus seeds were planted sigdicantly later than desired by the 

farmers. Mechanical limitations were also responsible for some harvesting delays. 

4.1.9 Yields 
The yields reported in Table 4-F are consistent with those documented in the 

Literature Review. As discussed in the Literature Review, yields are a fünction of variety, 

density, fertilizer and other agronornic and climatic details. A cornparison of seeding 

rates, yields, and fertilizer is illustrated in Table 4-G. From these surveys, it is difficult to 

determine what the main limiting or beneficial factor was for the yields attained. 

Information fiom the Netherlands indicated that the production of dry matter, under 

favourable growing conditions, is proportionai to the arnount of light intercepted by the 

canopy. The information from the surveys indicates that more research into yields is 

necessary, especially in regard to seeding rate. Two respondents indicated yields of 8-10 

tiha of total dry matter, yet they had quite different seeding rates, 22 kgha and 80 kgha. 

Since the cost of the seed is currently one of the highest coçts involved in growing hemp, 

a farmer wants to know about potential yields expected h m  different seeding rates. 

The reported yields are indicative of hemp's potential as a fibre crop, particularly 

because there were both f m e r s  and researchers among the respondents. The highest 

yields were reported in Alberta (13tlha), China (12t/ha), and Australia (1 ltha). 



Table 4-E Days to Flowering and Harvest for Hemp 

Manitoba (1) 
Alberta 
Y ugoslavia 
Netherlands 
(2) 
France (1 ) 
China (fibre) 

China (seed) 
Saskatchewan 
HunWY 

Manitoba (2) 

France (2) 

Australia 
Ontario 
average 

planting date 

June 15 
May 24 
10 April 
15 April 

ApriliMay 
April 

MayJJune 
June 17 

early April 

June IO 

April 10-May 
30 

June 13 

May 

total days 
to flower 

July 
70-1 1 O 
(x=90) 

55 
1 10-1 15 
(x =113) 
45-70 
(x=58) 

60 

75 

harvest date 

Sep 10 
AW 18 
Aug 20 
15 Sept. 

Aug/Oct. 
July 

Sept. 
Aug 29 

late August 

midAug- late 
Sept. 

July 25 - 
Oct. 10 

Aug 15 
Late August 

total days 

to harvest 

88 
87 
133 
155 

73 

107-1 53 
(x= 1 30) 

60 
63 
98 



Table 4-F Reported Yields for Hemp (tonha) 

Location 

Manitoba (1) 
Alberta 
Yugoslavia 
Netherlands (2) 
Netherlands (3) 
China 
Saskatchewan 
Manitoba (2) 
f rance (2) 
Australia 
Ontario 
average 

v b r e  = 35% of stem is bark 70% of bark is basrfibre 

* *hemp ribbon pulled of by hand 

total dry matter 

no9 

13 
8-1 O 
8-1 0 

8-t2 
8 

4.5-7.5 
6-1 O 
11 

2.9-7.3 
8.8 

bast fibre 

n=i l  

1 

3.2' 
2-2.5' 
2-2.5 

1 

0.7-1 .O** 

1 .l-1.8* 
0.6-1 .O 

2.7' 
0.7-1.8' 

1.7 

seed 

n=2 

0.6-0.8 

O. 1 
~- - 

0.4 



Table 4-6  Cornparison of Nitrogen Use, Seeding Rates, and Fibre Yields 

Location 

Manitoba 

Al berta 

Netherlands (1) 

Yugoslavia 

Netherlands (2) 

France (1 ) 

China 

Saskatchewan 

Manitoba (2) 

France (2) 

Ontario 

Australia 

Fibre Yield 
Vha 

1Tfibre 

13 

13.6 

8-1 O 

8-1 O 

nla 

8-1 2 

8 

4.5-7.5 

6-1 0 

2.9-7.3 

11 

Nitmgen Use 
(kslnt8) 
Manure 

86 

125 

20 

120 

90 

nla 

50 

100 

80-1 20 

200 

1 O0 

Seeding Rate 
(ks/na) 

48 

8-32 

40 

80-8 5 

22 

45 

75 

32-96 

80 

50-60 

27.3 

nia 



The Ontario information is relatively low, this was explained by the researcher 

that the seeding rate was much Iower than desired (only 2 7 k g h ) .  It was reported that if 

the seeding rate had been higher then. the yields would probably also have been higher. It 

is dinicult to interpret the accuracy of this statement due to the variation in the results 

between seeding rates and yields. This statement M e r  supports the necessity for further 

research into the effwts of seeding rates. The report from Manitoba also stands out as one 

of the lowest reported, but notes fiom the survey suggest that this was due to pest 

infestations lingering h m  a canola crop. 

While varieties bred for hi& primary fibre yields can yield up to 35% primary 

bast fibre, a more reasonable estimate of 24.5% was used to extrapolate fiom total dry 

stem content to fibre content (stem contains 35% bark and 70% of this is bast fibre). The 

report fiom France, however, suggests a fibre yield of l/IOth of the total dry matter yield. 

The yieid of fibre is also dependent on the extraction method. in cornparison to the other 

yields, the Chinese fibre yield of 0.7-1.0 is also low; however, this fibre is pulled off the 

stalks by hand (Clarke, 1 995). 

4.1.10 Height and Width of Hemp Stems 
Reports about hemp's lofty heights are widespread and are presented in Table 4- 

H. The results of the survey indicate that the range of heights was between 1.8m and 

3.2m. The average height was 2Sm. 

The thickness of the hemp stems was requested in the survey as this can be an 

indicator of optimum plant density and fertilization. In addition to the information 

presented in Table 4-1, two respondents indicated that the thickness of the stems was a 

factor of density, and the respondent fiom Saskatchewan observed that at a higher density 

the stem thickness decreased (6mm for 200seeds/ha and 4mm at the 600 seediha rate). 



4.1.11 Financial Returns 
The only financial information that was provided in the surveys was fiom China 

where $US600-8001 ha was received for hernp fibre. Information was not available for 

Canada because one condition of the research p e d t s  is that the fmerslresearchers are 

not dlowed to sel1 any portion of the crop. Information fiom other areas was not 

provided, in most instances because the pIots were ody  for research. Unfortunately, the 

respondents fiom the regions where hemp is produced commercially did not divulge the 

financial aspects of growing ancilor selling hemp. 



Table 4-H Reported Heights of Hemp Crops (m) 

1 Location 1 Heigbt (m) 

Manitoba (1) 2 

Alberta 1 3 
I 

Netherlands (1) 1 3 

1 Netherlands (3) 1 
I 

3.2 

Netherlands (2) 2.5-2.9 

I 
France (2) I 2-2.5 

France (1) 

! China 

Saskatchewan 

I Hungary 

Manitoba (2) 

1 

Australia I 1.8 

1-3 

2.5-3 

2 

2.5 

2-3 

avemge I 2.5 

Table 4-1 Reported Stem Thickness of Hemp (cm) 

1 Location 1 Thickness (cm) 

1 

Alberta I 2 

Manitoba (1) 

Yugoslavia 1 1-1.5 

n=8 

1 

1 

Netherlands (3) 1 15 
1 

France (1) 1 0.3-2 
I 

China I 1 
Saskatchewan I 0.6-0.4 

I 

Hungary 1 0.8 
I 

average I 1 



4.2 Comparative Analysis 
In this section the results of a comparison of the physical properties, growing and 

harvesting conditions, and fibre yields for hemp, switchgrass, straw (wheatloatsharley), 

and trees will be presented. This information will be used to evaluate the environmentai 

and econornic susbinability of these sources of fibre for the pulp and paper industry. 

4.2.1 Pbysical and Chernical Properties of Select Fibres 
Table 4-5 outlines the physical and chernical properties of wood and non-wood 

fibres. This table provides the basis for the upcoming comparisons of these various fibres. 

In the Literature Review, it was stated that cellulose content is the main factor in 

determinhg whether a fibre is suitable for pulp and paper production. From this table it 

can be seen that the hemp bast fibres have the highest cellulose content of the ones used 

in this comparison. Switchgrass and mes  have similar levels and the hemp hurds 

approxirnate the ceIldose content of straw. Given that straw is comrnanding increased 

attention as an agi-pulp (IIED, 1996), it is possible that hemp hurds could also fit into 

this niche while allowing the more valuable bast fibres to be used for textiles or specialty 

pape=. 

Fibre length is of great concem to papermakers, as longer fibres can provide more 

strength. From this table it can be seen why hemp fibre is ofien considered too long. Its 

Iength exceeds al1 other fibres in the evaluation. This could be of benefit as the hemp 

fibres can then be cut to uniform lengths, thereby avoiding the problem of variable 

lengths. Because of wheat straw's shorter lengths, in comparison to hemp, it could be 

used as a filler pulp and combined with longer fibres that would overcome the strength 

issue. Hemp hurds could have the sarne application. 

The lignin content is another important factor for pulp production. This chart 

co~ufrms that hemp b a t  fibre has one of the lowest arnounts of lignin. Even at the high 



Table 4-J Physical and Chernical Characteristics of Non-Wood and Wood Fibres - 
I m 

Fibre 
length 
(mm) 

- - 
Fibre width 

(w) 

-- 
Cellulose 
content 

(%l -- 

Lignh 
content 

(W - - 
Ash (X) 

-- 
Silica (#) 

*(lo=primary bast fibre, ZO=secondary brw 
' Heuser ,1927; in van der Werf, 1994 

HEMP 

bust fibre 

HEMP 

h u m  

- 
SWlTCH 

GRASS 

TREES 

nla nla nla 

a h  
4 EP de Meijer, 1994 (in 

i ,  1994; in Walker, 1994  unsi si ai, in Rosenthal. 1994  aith th ei al. 1994 
2 Christie, 1978; in Walker, 1994 
UNEP, 19% 

Rosenthal) 



estimate of 8%- this is still half as much as the average content of the other fibres 

evaluated. Since lignin is one of the compouuds that must be broken down in the pulping 

process, it can be concluded that it would take less energy and chernicals to process the 

hemp bast fibres, although this would depend on the particular pulping process used. The 

lignin content of hemp hurds is within the same range as the other wood and non-wood 

fibres. Wea t  straw had the second lowest amount of lignin. 

Another factor that is important to pulp production is the silica content. The 

presence of silica, a mineral component of the fibre, can affect the quality of the paper. 

Silica also accumulates in the chernical recovery system, making it difficult to recover the 

black liquor effluent produced by the pulping process. Straw contains a large amount of 

silica compared to other fibres thus posing some problems for pulping, however, with 

new technology it is believed that this problem could be overcome. Silica is one 

component of the ash, thus the inclusion of the ash content alIows interpretation where 

the silica content is not provided. 

4.2.2 Fertilizer Use 
It is dificult to make conclusions about the use of fertilizers as it depends on the 

initial fertility of the soil. From the literature and the surveys it c m  be concluded that for 

hemp, high soil fertility andor the use of fertilizers are required to achieve the high yields 

of fibre and this is supported by the literature. 

In the cornparison of fertilizer use (Table 4-K), the amount applied to trees stands 

out as the lowest. One reason for this result is that this amount has been amortized over 

the life of a 20 year stand. Switchgrass also has low nuirient requirements. On the other 

hand, hemp and winter wheat stand out as having relatively high nutrient demands. For 

hemp this can be attributed to its rapid growth. 

4.2.3 Biocide Use/Requirements 
In t e s  of biocide use, it was difficult to make comparisons, as the application of 

biocides is dependent on the presence, or anticipation, of pests, weeds, or diseases. 

Biocide is more variable than fertilizer use. Thus for comparative purposes a list of 



Table 4-K Fertilizer Requirements (kgha) for Non-Wood and Wood Fibres per 

L 

Straw" 

1 Spring Grains 1 60-90 

Phosphorus Potassium 

9 Swey s 

'O REAP (aftcr establishment year) 

"NS Provincial Data 

l2 US Papa Task Force 



biocides available for the different fibre sources is presented in Table 4-L. Hemp has no 

prescribed herbicides, and no mention of pesticides was found in the literature. As for 

fungicides, îhere was only one mention of pre-treating hemp seeds with a fungicide to 

prevent Boîrytis and Sclerotinia (van der Werf, 1994a). Switchgrass requires some 

chexnicals pre-establishment and during its fust year in order to ensure that it remains 

cornpetitive. The cereal crops had, by far, the largest number of biocides listed for 

prevention and control of pests, diseases, and other herbaceous plants. Interestingly, some 

of the target weeds that preparations such as RoundUp eliminate, can be eliminated by a 

crop of hemp, e.g. Canadian thistle and quackgrass. For trees, the most common pest in 

Nova Scotia is the Spruce Budworm and this is controlled by the use of Bt (Baciflus 

thuringiensis), a biocontrol that is supposed to target only the budwonn. Unfortunately it 

also kills some moth and butteffly species (Orton, 199 1). Herbicides are also widely used 

for forest site preparation, and these are listed in the table (NSF, 1988). 

4.2.4 Fibre Yields 
The fibre yields presented in Table 4-M provide a definite argument for the use of 

non-woods. For switchgrass the Gterature suggests an average yield of 9 tha. For Nova 

Scotia, based on a yield of 25% more than a hay crop in this region, the yield would be 

about 7.6tha (average yield of hay in Nova Scotia over the past five years was 6.1 t/ha). 

Even at this amount, the yields of switchgrass and hemp stalks far outweigh that of 

softwoods and hardwoods. The yield of wheat straw is comparable to that of hardwoods, 

although barley and oats are lower. 

The most interesthg observation is that softwoods have the lowest fibre yield per 

hectare. Although the softwood yield is equal to that of hemp hurds reported in the 

surveys, it is below that of the hemp hurd yields in the literature. One bias in this 

comparison is that fast-growing trees were not used in the cornparison, i.e. trees grown in 

intensively managed plantations, as this is not the predorninant wood fibre source in 

Nova Scotia. In cornparisons undertaken by others (US Paper Task Force, 1995; IIED, 

1996) only fast-growing hardwood exceeded non-wood yields, but only by 1 ühahnum. 



Fast-growing softwoods were higher than straw sources, but lower than hemp (IIED, 

1996). 

Given these yieIds, the evaluation of the capability of Nova Scotia to produce 

hemp fibre will be presented in the following section. 



Table 4-L Biocide Requirements 

1 Pesticides I 

RoundUp" (Glyphosphate) 

~addock/~asagran'~ 

RoundUp 

Arnitrole 

2,4 -D 

MCPA 

Thifensulfuron 

Dicamba 

Bromoxynil 

Cyanazine 

Mecoprop 

same as a bove 

same as above 

VisionIGlyphosphate 3.2-4.7Uha 

Esteron 600 5.6Uha 

Velpar L 8.3Uha 

Princep 9-T 7.0kglha 

Simazine 80W 8.2 kglha 

Fungicides 

vinchlozin' 0.5kglha 

iprodion* 0.5kglha 

Dithane M-45 

Tilt 

Bayleton 

Tilt 

Tilt 

l3 bascd on survey rtsults pests and fùngi occurrcd but control masures rarcly taken, prccautions cm avoid moa pests 
14 FaIl prior to establishment 

'' during establishment ycar only 



Table 4-M Fibre Yields for Non-Wood and Wood Fibres (tonha) 

harvest target levels 
**based on p s t  5 year average for NS 

1 
2-van der Werf in Rosenthal, 1994 7 Thesis survey resuits 
3-Bimnbach in Rosenthal, 1994 8-NS Department of Agriculture& 

Marketing, 1995 
4 Girouard, 1994 

FIBRE TYPE 1 range (min-max) 1 average 
NON-WOOD FIBRES 

11.0 

8.8' 

2.8 

1.6' 

7.1 

9.0 

Total Hemp Stalks 
Literature 

Survey 

Hemp bast fibre 

Hemp hurds 

Switchgrass 

6.0L -16.0' 

4.5-1 3.0' 

2.0'-3.5' 

3.4-1 0.8' 

6.04-1 2.04 

ST RAW " 
Barley 

Oats 

Wheat 

5.2' 

4.7-7.5' 

6.8 (winter)' 
8.1 (spring)' 

3.1** 

2.3" 

3.4'* 

TREES 

Soffwood trees 

i-iardwood trees 

-Meijer er al, 1995 6 US Paper Task Force, 1995 

1 -6' 

3.4b 

1 -6 

3.4 



4.3 GIS and Mapping Results 
The production of maps proved to be a usefid part of this thesis. Historical records 

have indicated that Nova Scotia was one of the best places in Canada to grow hemp 

(Gehl, 1995). The use of maps and GIS has allowed for interpretation of the present 

conditions for growing hemp in Nova Scotia and whether it truly is a suitable location. In 

totaI, eight maps were produced and are al1 included at the end of this section. 

There are two maps for the entire province of Nova Scotia and six for a study site 

located within the Annapolis Valley region of the province. Maps showing the 'good', 

'fair', 'poor', and 'unsuitable' soils for growing hemp within the province and the study 

site were produced (Figures A&F respectively). Maps were then produced to show the 

'fair' soils and their limitations. 'Good' and 'fair' soils are candidates for hemp growing 

areas. 'Fair' soils have ongoing slight limitations which without increased inputs would 

resuit in lower yields and decreased quality (Figures B&G). 'Poor' soils might be used if 

they occur in association with good soil, or if the price of hemp were very high. 

Unsuitab!e soils would rarely, if ever be used for hemp (Patterson, 1996). To provide 

more information about the study site, maps were produced showing; generalized present 

land use (Figure 4 4 ) ;  settlement patterns (Figure 4-D), and the hydrologie patterns 

(Figure 4-E). Figure 4-H had soil suitability for hemp overlaid upon the present land use 

(forest and agriculture). 

When the data for the map of Nova Scotia were compiled there were no 'good' 

soils for growing hemp. The percentages and land areas of each soi1 suitability class are 

presented in Table 4-N. The lack of 'good' soils can be attributed to the soil classification 

schemes used. The data at the provincial level had one less dope class than the data for 

the study site. The 'fair' slope class in this instance included slopes fiom 4% to 9%' the 

smaller study site had an extra class (2-5%) which was considered 'good'. Thus polygons 

at the lower end of the 'fair' range of the provincial classification could be considered 

'good' for hemp. There is no way of determinhg this slope information as polygons are 

simply assigned a code and not a value. The limitations for the 'fair' soils at the 

provincial level are presented in Table 4-0. 



While there are small pockets of al1 classes across the map (Figure 4A), it is 

apparent that the 'fair' soiIs are located mainly in the counties of Annapolis, Kings, 

Lunenburg, Hants, Pictou, Cumberland, Colchester, and Antigonish. 'Poor' soils 

dominate the province, and 'unsuitable' soils are concentrated in Cape Breton and a 

portion of Colchester County. 

'Fair' soils have either one or two limitations that result in a 'fair' rating (three 

would result in a 'poor' rating). The limitations on 'fair' soils can usually be overcome 

and thus made suitable for cultivation. When the limitations for hemp in Nova Scotia are 

examined, it becomes apparent that the combination of depth and dope limitations is the 

most prevalent. Combinations of limitations were common, as 90.8% had two limitations 

while the remainder (9.2%) had only one limitation. 

The Figures and Tables at the provincial level are not indicative of how much land 

is available to grow hemp, as land uses were not taken into account at this levef. This 

simply indicates the suitable soils in the province where hemp could be grown if the land 

were available. 

This study site has a large proportion of 'good' and 'fair' soils in cornparison to 

the provincial level (Table 4-P). The 'fair' soils' limitations are presented in Table 4-4. 
The greatest limitation in the study site was particle size (30%)' due to the large presence 

of sandy soils, this was followed by the combination of particle size and drainage (21%). 

It is likely that the soils with oniy one limitation would be improved for agiculture prior 

to those with two limitations. In contrast to the provincial limitations, 70% of the soils 

had only one limitation, indicating a high potential for agricultural activity. 

In the study site, there are 17 500 hectares of land, however, oniy 43% (7538ha) 

of this land is cunently in agriculture. The graphic overlay of soi1 suitability over 

agriculture and forest land was produced to facilitate a visual interpretation of how much 

of these lands are either 'good', 'fair', 'poor', or 'unsuitable' for growing hemp (Figure 4- 

H). The amount of suitable agricuIturai land could only be estimated visually as this GIS 



package is not able to perforrn such a calculation, though a more sophisticated package 

couid perform this topographical overiay. 

It is apparent that on Figure 4-H a large portion of the 'good' soi1 for hemp is 

presently forested. It is not the purpose of this thesis to advocate the replacement of 

forests by hemp. However, hemp could be used on the clearcut areas, a practice that has 

been suggested to regenerate clearcut lands (Conrad, 1993), barring mechanical 

limitations. 



Table 4-0  Limitations for Eemp on Provincial 'Fair' Soils 

Table 4-N Hemp Suitability Ratings for Nova Scotia Soils 

% 

O 

17.7 

68.1 

13.3 

100.0 

Rafing 1 # of hecfams 

Good I O 
Fair 

Poor 

Unsuitable 

Total 

972 722 
3 758 540 

733 633 

5464895 



Table 4-Q Limitations for Hemp on Study Site 'Fair' Soils 

Table 4-P Soi1 Suitability Ratings for Study Site 

Suitabiiity 
r 

Good 
Fair 
Poor 
Unsuitable 
TOTAL AREA 

Table 4-R Present Land Uses in Study Site 

Limitation 
Particle sire 
Particle sire & 

am8 (ha) 

5290 
61 89 
2773 
3226 
17478 

% 

30 
35 
16 
18 

1 O0 

Ama (ha) 
i 874.2 
1280.8 

% fgir 
30.3% 
20.7% 

















Figure 4 H  
Overlay of Soi1 Suitabiiity for Hemp 
with Agricuitural and Forested Land 
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4.4 Fibre suppiy 
The following section compares the pulp yields and the area required for each 

fibre to supply a 100,000tlha pulp miIl. The availability of the various fibres, in Nova 

Scotia, will aiso be detetmined. A 100,000 tonne mil1 was chosen as a possible size for a 

non-wood processing mill. Due to the bulky nature of non-woods, transportation to mills 

will have to be m b h k e d  and a mill this size is deemed to be about the largest that could 

accommodate this factor (Byrd, 1996). 

The pulp yields were based on information fiom the literature, as weil as personai 

communication with people in the hemp and pulp and paper indu-. The pulp yield is 

highly dependent on the pulping method used, and thus for illustrative purposes, two 

values for hemp bast fibre are presented. The 45% yield is based on a chemicai process 

(US Paper Task Force), and the 80% is based on a mechanical process (van der Werf, 

1996). It is possible that for other non-woods there could also be such large ranges in 

pulp yields, however, no values have been found to date to suggest this, or else the 

information has been considered proprietary and not released. Most chemical pulps, 

however, are within the 50% yield range, while mechanical pulps are much higher, in the 

80% range (IIED,1996) 

The most significant observation in Table 4-S is that sofhood trees, the most 

predorninant materiai for papemaking, are the least efficient for achieving this purpose. 

Not ody do they produce the lowest yield of fibre per acre, but they aiso have the lowest 

pulp yield. The highest pulp volume is found when hemp's whole stalk is pulped, often 

the hemp bast and hurds are pulped separately, though there have been some experiments 

done on processing the whole stalk. If it turns out that whole staik processing produces an 

acceptable quality of paper then this source will d e f ~ t e l y  be able to provide sufficient 

fibre. 

Switchgrass and spring wheat produced comparable amounts of fibre, with the 

hemp hurds just slightly below these two. Oats and barIey also provided quantities of 

fibre above softwood and hardwood trees. The hemp bast fibre yields falIs between 

softwood and hardwood yields. 



Table 4-S Potential Fibre Supply and Requirements for a 100,000 t/annum miIl. 

Hemp 

(whole 
stalk) 

Hemp 

bast fibre 

Hemp Switchgrass stra w Trees 

hurds 

oats barley wheat sof? hard 

w=winter whear 

s =spring wheat 



The fibre yields used in this evaluation were based on averages found h m  values 

in the literature and the hemp values are fiom the survey. Given that there is a great deal 

of research focussing on improving the yields of switchgrass and hemp, and the various 

pulping methods available, these fibres look promising as sources of non-wood fibres. 

Crop residues fiom cereal crops also appear to be able to provide large quantities of fibre, 

providing that their removal from the land is not contributing to soi1 degradation. 

The next table (4-T) ranks the area required for each fibre source to provide 

100,000 tomes of fibre per annum. While this information is provided in Table 4-S, by 

presenting it in a ranked order in Table 4-T the abilities of the different sources to 

produce fibre is even more apparent. 

Given that softwood is the lowest producer of pulp leads one to ask why it has 

become the dominant choice of fibre for pulp production. The only obvious exphnation 

can be their widespread accessibility, especially in Canada as illustrated in Table 4 4 ,  

and the availability of efficient technology. 

Another observation that is central to this debate concems the time required to 

produce these quantities of fibre. These fibre yields represent the annual production of 

fibre. For trees, this l.6t/ha figure represent the 'mean annuai increase' of fibre per 

hectare on managed forest lands (Ruthman, 1996). Thus this arnount is not one that 

would be harvested every year, but rather after a period of at least 20 years. For hemp and 

straw fibre, if grown in rotations then the amount of land would have to increase by the 

sarne factor as the length of the rotations ( i e .  a four year hemp rotation would require 

88,888 hectares of land to produce 100,000 tonnes of pulp). Switchgrass is the only fibre 

that has high yields on the sarne area of land every year, because it is grown in a 

monoculture and harvested annuaily. 

Another aspect of this cornparison is that a paper composed of only one type of 

fibre (e-g. 100% hemp or 100% straw) is not likely to be produced whether due to 

undesireable paper characteristics, or the cost. It is more probable that the non-wood 



fibres would complement each other in non-wood pulp mixes, or they would be added to 

wood or recycled pulp to add strength or other desired characteristics. 

Table 4-T Fibre sources ranked according to area required. 

supply 100,000 t of 

pulp per annum: 



Table 4-U Current availability of fibre in Nova Scotia (1996) 

Fibre 

Hemp 

Switchgrass 

Wheat* 

Barley* 

Oats* 

Pulpwood 

Availability (tonnes) 

O 

O 

16,470 

29,377 

19,742 

1 343 320** 

*based on average production 1 99l-lPPj 

* *Ruthman, personal communication; and CCFM 199 



When the availability of these fibres is cornpared in Table 4-U, it is apparent why 

softwood trees have become the mainstay of the pulp and paper industry. In addition, the 

continued management of forests for pulpwwd encourages this attractiveness. There is 

enough fibre presently available in Nova Scotia h m  agricultd residues to provide 

some non-wood fibre to experiment with non-wood processing. 

Hemp and switchgrass are not currently available in Nova Scotia. For hemp, it is 

due to the unavailability of permits available to grow hemp on a commercial basis. 

Switchgrass has only just started to receive attention in the past few years as a non-wood 

fibre source in Canada. 

From the GIS data, there are 7500 ha of Iand presently avdable for agriculture in 

the study site. If al1 of the 'good' and ' fa2 land in the study site (1 1 000 ha), regardless 

of land use, there would be enough Iand to produce hemp, or other non-woods, either as a 

supplementary fibre or to supply a smaller mil1. Given that existing land use is a factor 

the foltowing example is more realistic. 

If 5000 hectares of the presently available agricultural land in the study site, were 

to be planted with hemp in a four year rotation, assuming a total stem yield of lOt/ha, 

then 12 500 tonnes of stems could be produced annuaily. Given that this is a small area of 

the province, it could be extrapolated that there would be sufficient land to supply hemp, 

at les t  as a supplementary fibre to a mil1 to complement wood pulp or recycled puIp 

production. The question remains "are hemp and other non-wood fibres sustainable 

sources of fibre?" This will be addressed in the following section. 



4.5 Sustainability Evaluation 
This section is comprised of two divisions. Initiaily the abilities of hemp, 

switchgrass, straw and trees to contribute to a sustainable agricultural system, as a source 

of fibre, will be evaiuated and rated according to the criteria set out in the Methodology. 

The second section consists of a chart cornparhg these ratings. It is important to note that 

it is not the sustainability of the crop that is k ing  evaiuated, but rather the potential for 

the crop as a fibre source to contribute to the overail sustainability of the system. Trees 

are included in this evaluation as they also have the potential to contribute to a 

sustainable system, in addition, with the development of fast-growing species, trees are 

more similar to agricultural crops than n a d  forest stands. 

Each of the following 9 criteria contributes to the sustainability of the whole 

system, and thus the sources of fibre will be ranked in ternis of meeting each critena and 

these values will be totalled to determine the sources' contribution to overall 

sustainability. A scale of 1-5 is being used for the rankings. A rating of 1 indicates that 

the potential to contribute to sustainability is very low, or would rarely occur; at the other 

extreme, a rating of 5 indicates that the potential is high and the crop would fiequently 

contribute to sustainability. The ratings are cumulative and totals will be presented in 

Table 4-V. 

4.5.1 Evaluation of Hemp's Potential for Sustainability 
According to the previously established cnteria a sustainable agricultural system 

will incorporate: 

1. A diversity of crops through the use of rotations, relay cropping, and intercropping 

The use of crop rotations is important to reduce the severity and incidence of 

weed and insect damage, as well as rnaintaining soi1 fertility. 

Like most crops, hemp thrives when in appropriate crop rotations, therefore a 

diversity of crops can influence hemp's performance. Hemp's diversity is mainly 

temporal since different crops would be rotated on a yearly basis. If early maturing 



varieties were used, another type of crop codd be planted following hemp further 

contributing to temporal diversity. Hemp would have minimal spatial diversity as its 

high density plantings do not lend themselves well to intercropping. Thus, hemp is 

assigned a rating of 3 in meeting this criterion. 

Switchgrass, although it could be grown in short rotations, is more likely to be in 

stands that are managed for approximately 10 years. M e r  this time they could be 

rotated with other crops, or new varieties of switchgrass could be planted (REM, 

1996). Thus, thme is not as much temporal diversity for switchgrass. There would be 

some opportunities for spatial diversity, if other grasses were to be intercroppped with 

switchgrass. Switchgrass would essentially be a monoculture, and while it has existed 

in this form previously, in the Prairies, this might not be the case in other regions. 

Thus switchgrass receives a rating of 2. 

It is recornmended that cereal grasses be rotated annually as this reduces the 

incidence of pests and diseases. The advent of chernical controls, however, has 

facilitated the eradication of pests instead of their prevention. Thus rotations are not 

as long as they could be to provide disease and pest breaks. In Nova Scotia, when soil 

conservation is of concem, cereals are often rotated with potatoes. Cereals can be 

underseeded with other crops, thereby providing some spatial diversity. Therefore 

straw receives a rating of 3. 

Trees as a crop do not provide much spatial or tempord diversity, especially when 

undesireable species are removed fiom stands. A forest, on the other hand, is 

extremely diverse both spatially and temporally over the long term. As this evaluation 

is for trees as a source of fibre, they are assigned a rating of 1 as their diversity is 

minimized in plantations. 

2. A sefecthn of crop vurieties that are weff suited to the farm's soil uttd climare 

To be sustainable, the input of additional requirements should be rninimized, e.g. 

irrigation, fertilizers, and chemical controls. Attempting to grow crops that are not 

suitable for a certain soil type or climate may increase inputs that would otherwise be 



unnecessary if appropriate crops were selected. For example, kenaf is not behg 

evaluated in this thesis as Nova Scotia's cIimate is not suitable for the production of 

this tropical plant. 

Conversely, hemp and switchgrass are both temperate plants that can grow in 

Nova Scotia. It is known that hemp grew well in Nova Scotia in the early 1900s, thus 

it is assurned that industrial varieties could once again be selected to thrive in this 

area. Nova Scotia's clirnate also provides sufficient moisture for hemp. There may be 

some physical limitations, e.g. slope and drainage, to growing hemp here, however, 

these would be limitations for most agicultural crops (Figures 4-B&D). Nova 

Scotia's acidic soils require the addition of lime to establish a pH suitable for hemp. 

Thus in tenns of being a suitable crop for Nova Scotia, hemp receives a 3. 

Switchgrass, although a plant native to the Prairies, Ontario and Quebec is 

thought to be a plant that could be grown here commercially. Switchgrass cm also be 

grown on marginal lands that would not be suitable for grain production (Girouard, 

1994). Switchgrass is a C4 species, and thus may not be suitable to Nova Scotia's 

climate due to an unsuitable climate. Thus switchgrass receives a rating of 3. 

Cereal production is well suited to Nova Scotia's maritime climate as they 

perform well under cool and moist growing conditions. Cereals require the addition of 

lime, and would aiso have to overcome dope and drainage limitations. Cereals are 

assigned a rating of 3. 

There are many varieties of trees that are native to Nova Scotia, however, the 

introduction of new fast-growing non-native species may have unwarranted effects. 

Trees are also assigned a rating of 3, for the pulpwood mandate is encouraging 

unsuitable practices in terms of species seledon. 

3. A selection of crop wrieties that resist pRFtS and d i s e e s  as well as enhuncing 
conditions for cantroiling or suppressing weeds, insect pests, and diseases. 
Synthetic biocides are fo be used only as a last resort, and on& when there b o 
clear threat to the crop. 



Hemp's abilities as a naturai herbicide are clearly evident fiom both the Literature 

Review and the Questionnaire responses. Hemp does not require herbicides and also 

clem the field of weeds so that following crops do not require herbicides. 

Hemp is aIso recognized for its natural resistance to pests. Though it does have 

some pests, they can be managed through effective crop rotations, and ensuring that 

the seed is free from disease. Overall, hemp has far fewer pests worthy of control than 

other crops. In addition, the surveys indicated that the Losses attributable to pests were 

so insignificant that it was not worth the cost of purchashg and applying synthetic 

pesticides. Hemp is also believed to eradicate pests that are of concern for other crops 

such as M. chitwoody, A4 hapla and dahliae that attack potato crops in the 

Netherlands. Hemp is assigned a rating of 4 as it is renown for its abilities to control 

and suppress weeds, yet may need some control measures for pests and fungi. 

Switchgrass does require the use of herbicides prior to and during the first year of 

estabIishment in order to ensure that it gets a competitive edge over other plants. It is 

also believed to be a plant that will break certain pest and disease cycles that affect 

other crops. Since the criteria States that synthetic biocides are to be used only as a 

1s t  resort, switchgrass receives a rating of 2. 

Cereal crops are subject to numerous pests and diseases, and as shown in Table 4- 

L, there are numerous synthetic biocides available for their control. Resistant varieties 

are available though they may not be resistant ?O al1 pests or diseases, and aithough 

crop rotations rnay prevent some infestations, if these are not undertaken then 

biocides will be necessary. In fact, the use of biocides on cereal crops is 

recommended in growing guides, thus cereals receive a rating of 1. 

The use of synthetic biocides is also highly recommended on trees, though over 

the life of a stand the amount used wodd be Iess than on annual crops. Trees are thus 

assigned a rating of 2. 



4. An eficient cycling of nutrients, to minimize losses and reduce the need for 
derna1 inputs. Nutrient requiremenb to be met, when possible, by composting 
livestock manures and by using legumes and green manures in rotations. 

The questionnaire respondents did not indicate a hi& level of manure use 

although this fertilizer is recognized as k ing  the best one for hemp. Animal manure 

could be recommended as a suitable fertilizer to new hemp famiers. Some survey 

respondents indicated the use of legumes to meet nitrogen requirements. Appropriate 

rotations for hemp would include a legurne or green manure crop since these have 

been identified as effective methods for meeting nitrogen requirements. HaWig soil 

tests performed to determine available soil nutnents is also one way of avoiding the 

use of excess fertilizers. 

Maintainhg soil fertility sustainably requires that the nutrients taken up by the 

plants are returned to the soil so that they c m  be used again. Hemp does take a large 

amount of nutrients from the soil; however, they can be retumed through falling 

leaves, decomposition of the roots, and conducting retting on the fields. When hemp 

is harvested prior to seed development the majority of the nutrients remain in the 

plant tissue as they have not yet started to concentrate in the seed. Hemp is also 

known for improving the soil quality for other crops in the rotation. Hemp thus 

receives a rating of 4, as it may be necessary to supplement the soil if the initial 

fertility is low, or if retting is not conducted on the fields. 

Switchgrass stands will require muai applications of fertilizer, although only 

nitrogen and phosphorus, as it does not respond to excess potassium (REAP, 1996). 

Over the life of the stand, switchgrass will return nutrients to the soil as its roots 

regenerate and leaves fail to the ground. As it is a perennial crop, the removai of the 

unharvested plant material does not have as large an effect as an annual crop as plenty 

of plant material remains on the surface. Switchgrass is also renowned for its ability 

to improve soil quality and consequently receives a rating of 4. 

Cereal production also requires the use of fertilizers, since the use of legumes in a 

rotation is usually not sufficient. In addition, when the straw is retmed to the soil 



after hwesting the grain, nutrients are also recircuiated. Thus, if the straw is removed 

tbere may be additional nutrient requirements for the following crop, especially for 

potassium. In addition, at the t h e  of harvest rnany of the nutrients are concentrated in 

the grains thus removing more nutrients fiom the cycle. Thus cereals receive only a 

rating of 2. 

Trees may or may not require fertilizer during establishment depending on the 

initial soil fertility. Once a stand is established there is very efficient cycling of 

nutrients within the system, thus trees receive a rating of 4. 

S. An enhancement ofthe soil's abil& to take up appiied nutrien& for luter release as 
needed by the crop, in contrart tu diteci uptake by the crop at the t h e  of 
appikation. 

This criterion can be met by the decomposition of the roots of the hemp plant 

which improve the fertility of the soil for the following crops. In addition the fallen 

leaves and retting (if undertaken) enhance the soil fertility. For hemp, it is 

recommended that manure be applied to the soil in the preceding fa11 so that it is 

thoroughly mixed prior to pIanting. Its long tap root reaches nutrients at lower depths 

thus bringing more nutrients into the cycle. Hemp receives a rating of 5 as the 

residues left on the field enhance soil fertility. 

Switchgrass improves the soii's aggregate stability and also has a long tap root. It 

receives a rating of 5 as it too leaves the soil in good condition for following crops. 

Cereals alone do not improve soil qdi ty .  Although some potassium cm be 

returned by incorporating the straw into the mil, if it is removed as a source of fibre 

this will not occur. Cereals receive only a rating of 2 in this instance. 

The size of the forestry operation detexmines the potential for nutrients to be 

cycled. Small operators usually leave leaves and branches on-site to decompose and 

regenerate the soil, while Iarger operators usually remove al1 material off-site thus 

necessitating the input of nutrients prior to subsequent plantings. The potential for 

trees to meet this criteria is high, however, in actual practice the potential is low 

therefore, trees receive a rating of 3. 



6. Rotations that include deep-rooted crops to tap nutrient resewes in louer s2rata. 

Hemp, which is an excellent example of a deeprooted crop, is well known for its 

ability to access deep nutrient resources, and thus receives a rating of 5. Switchgrass 

is dso renown for a deep tap-root, and trees dso have an excellent root systern and 

both receive a rating of 5. Cereais generally do not have a deep tap-root and thus 

receive only a 2. 

7. A prutective cover on the soil surface throirghout the year (leaving crop residues on 

the surface, cover crops, [living muiches). 

Eariy maturing hemp varieties can be harvested as early as the middle of August 

in the Northem Hemisphere, thereby providing suficient tirne for the planting of a 

fall cover crop. Depending on the date of maturity, it may also be possible to plant a 

fa11 cover crop after late flowering varieties. Since hemp can survive light fiosts in the 

spring, it can be planted earlier than other crops thus providing an earIy protective 

cover. 

Though it is not common practice, the hemp stalks can be left on the surface al1 

winter for retting. The crop residues (leaves, stubble, roots) are Ieft on the field to 

decompose. Hemp receives a rating of 4 in this instance, for although the decisian to 

pIant a fdl  cover crop is highly dependent on maturity date and individual farm 

practices the potential to do so exists. 

As switchgrass is a perennial crop there will be a cover on the surface for the 

duration of the stand, therefore it receives a rating of 5. 

Cover crops can also be planted d e r  cereals, though it depends on varieties. 

Cereals cm also be underseeded with other crops that mature at a later date. Cereals 

receive a rating of 4. 

Once trees are established there is a &cient cover on the soil surface for the 

duration of the stand, however, if clearcutting is used for harvesting (as is the 

dominant practice in Nova Scotia) then the surface is over-exposed and subject to 

erosion until a new stand is established. Trees are assigned a rating of 3. 



8. Preferences for farm-generated resources over purcliased materiais, and local& 
auailoble off-farm inputs, when required, over those from remote regions. 

Since hemp does not require many external inputs this criteria c m  be easily met 

especiaily since green manure crops and animal manure c m  meet its fertilizer needs, 

if desired by the farmer. Hemp will require the addition of lime on acidic soils. 

This criterion is highly dependent on individual fanner choice. Hemp does not 

have a hi& need for external inputs in the form of pesticides and fungicides. 

However, because it is an annual crop, it requires annual cdtivation and harvesting 

thus a higher need for inputs such as fuel. Hemp receives a rating of 3 in this 

situation. 

Switchgrass aiso receives a rating of 4 as its fertilizer requirements could be met 

by manure if desired by the farmer. It does, however, require the purchase of some 

chemicals. 

Cereals require chernical inputs, for manure alone, or nitrogen fiom legumes, is 

insufîïcient for optimum yields. Cereals will also require the addition of lime on 

acidic soils. Since cereals are also annual crops they receive a rating of 2. 

Trees require the use of purchased chemicals, yet their use is spread over the life 

of the stand and is less than that applied to conventional annual crops, thus they 

receive a rating of 3. 

9. A positive impact on the immediate and off-farm environments @hysicaUeconomic 

& social). 

Although this is a lofty cnterion to meet, it has already been s h o w  that hemp can 

contribute positively to the physicai environment. The main disadvantage for hemp is that 

it is an annual plant and thus the soi1 on which it grows is disrupted on an annuai basis. 

Minimizing this would increase the sustainability of the system. 

As for the economic and social environments, hemp can also contribute positively 

to these areas. Hemp's multi-purpose characteristics lend themselves to more economic 



markets, whether they be fibre, textiles or oil. There are, therefore, more opportunities for 

hemp to be a profitable crop and respond to various market demands. 

It is also believed, and hoped, that hemp could revitalize local economies. Its 

bulky nature means that mills and farms will have to be in close proximity, thus 

providing opportunities for more communities. In Britain, hemp is advocated as a crop 

that could contribute to regiond self-sufficiency. Hemp thus receives a rating of 4 for its 

potential to contribute to the physical, economic, and social environments. 

Switchgrass also receives a rating of 4, though it outweighs hemp due to its 

perennial characteristic, its marketable products are not quite as diverse. Although they 

may be as profitable this is hard to compare at this point. 

There is a surplus of cereals in Canada, though not necessarily in Nova Scotia as 

50% of cereals are imported to the province. This would lead to the conclusion that it is 

cheaper to irnport grain than to produce it in this province. Cereals have also come to be a 

chemical dependent crop. Cereals are given a rating of 3. 

Trees are a major source of income for a nurnber of Nova Scotians, especially 

since 75% of forested land is privately owned. However, the true costs of using trees for 

pulp are not usually taken into account. Too often trees are seen only as a cheap source of 

pulp. It is difficult to assign a dollar value to trees' other qualities such as environmental, 

physical, and recreational though these are often equally if not more important. Thus 

when considered as a pulp source, trees receive a rating of 3. 

4.5.2 Potential for Sustainability 
This section includes the chart with the ratings fiom the previous section and 

allows some visual cornparisons to be made. When the potential for sustainability of 

different fibre sources is compared there are some interesthg observations (Table 4-V). 

The fmt is that mes, the dominant source of pulp, are not the most sustainable. In fact, 

although they ranked higher than straw, trees were lower than both hemp and 

switchgrass. The results of this chart indicate that less emphasis should be placed on 



intensively managed tree plantations since they do not have a high potential for 

sustainability. 

The ranking system also demonstrates the relatively low potential of straw to 

contribute to a sustainable agriculturai system. Straw is often promoted as an excellent 

fibre resource as it is simply left over fiom the production of cereals. From this chart we 

can see that the production of cereais is not very sustainable. In fact, removing the straw 

fiom the fields may aiso remove important nutrients such as potassium. The same could 

be said for removing hemp stalks, however, the root mass and leaves do retum a certain 

degree of nutrients to the soil. It could be argued that the straw may as well be used since 

it is king produced anyway; however, it would not make sense to promote a crop as a 

sustainable source of fibre if the production of the grain that results in the fibre 

availability is not sustainable. 

According to this criteria, although switchgrass and hemp do not meet each 

criterion equally, in the end they have almost the same potentiai to contribute to 

sustainability. Though the benefits of switchgrass as a perennial outweighs hemp as an 

annual; it requires the use of herbicides prior to establishment and there is not as much 

potential for diversity over tirne with switchgrass. 

in the end, not one of these sources is perfectly sustainable but advantages and 

disadvantages between them are apparent. It has now been established that hemp can 

contribute to a sustainable agricultural system, and that there is suficient land area within 

Nova Scotia to sustain hemp production. Hemp's ability to be an alternative source of 

fibre for Nova Scotia is assessed in the following Chapter. 



Table 4-V Cornparison of Sustainability Cbaracteristics 

(1 -rarely meets criteria, 3-sometimes meets criteria, 5-fiequently meets criteria) 

3 Cmp varieties that resist pesfs and 
diseases. Synthetic biocides to be used 
only as a lest resort. 

Criteria 

1. Diversity of crop rotations. 

2 A selection of cmp varieties that are well 
suited !O the fami's soil and chmate. 

Hemp 

3 

3 

4. A tightening of nutnent cycles 

5 An enhancement of the soii's ability to 
take up applied nutrients. 

6 Rotations that include deeprooted 
crops 

7 A pmtective cover on the soi1 surface 
throughout the year 

8. Prefemnces for fam-generated 
resources over purchased materials 

1 1 

TOTAL 1 35 1 34 1 22 

Switchgrass 

2 

3 

4 

5 

9. A positive impact on the immediafe and 
off-fam envimnments 

Stmw 

3 

3 

5 

4 

3 

-- 

4 

5 

4 

2 

2 

5 

5 

4 

2 

4 

2 

4 3 



5. Discussion "The case for Hemp" 
In this section, hemp's potentiai as an alternative source of fibre, and to divers@ 

the fibre production capacity of Nova Scotia will be evaiuated, based on the information 

presented in the Literature Review and the Results section, 

The results of the survey indicate that hemp, as a crop, is at the developrnental 

stage. Though places such as Hungary and France have had many years experience 

growing hemp it remains difficult to come up with concrete recommendations for aspects 

such as fertilizer application and seeding rates. It would appear that there are severd 

factors that influence final yields and they require more investigation for a wider range of 

ciimates and soi1 types. 

This lack of information on seeding rates has a profound influence on the ability 

to conduct market studies of this crop. In the svvey there were two responses of yields of 

8-L0t/ha, however, upon investigation it was found that one was at an 80kgha seeding 

rate and the other at 22kgha. Ranges such as this make it dficult to make predictions on 

the relationship between seeding rate and yields. Since the price of seed is presently one 

of the costliest aspects of growing hemp, a grower would want to make sure that the 

seeding rate is going to be the most econornical. 

The s w e y  was very usefiil at confirming results claimed in the literature. Hemp 

is unquestionably able to compete effectively with weeds and thus not require any 

herbicides. It must be noted that this is only at high densities, as when sown for fibre, and 

when hemp has an early and uniforrn ernergence over other crops. It is possible that when 

growing hemp for seed, due to the lower densities, some broadleaf herbicides rnay be 

necessary (Winnipeg, 1996). This requires M e r  investigation as there were few reports 

that evaluated the differences between growing hemp for seed and for fibre. 

In cornparison to other crops, hemp does appear to be disease and pest resistant. It 

was susceptible in some cases, but it is worth repeating that in most instances these 

diseases were not considered significant enough to be worthy of treatment. In a 

subsequent discussion with a hemp researcher it was noted that a bgicide program 



would be a 1 s t  step d e r  ensuring that the seed was properly cleaned, and effective 

rotations were minimizing the risk of diseases (Moes, 1996). 

In terms of fertiiizer use the swvey results were not as high as those quoted in the 

literature. It remains, however, di icul t  to extrapolate tecornmendations for fertilizer as 

this would be highly dependent on initial soil fertility. It has been suggested that fertilizer 

amounts should be deduced fiom the finai uptake of nutrients by the hemp plants, and 

adjusted according to soil testing resuits (van der Werf, 1994). 

Although based on a limited sample, the survey also suggested that manure and 

legumes are effective methods of meeting nitrogen requirements. One of the f m e r s  who 

responded is a certified organic fanner and it is reassuring to see that hemp can be grown 

with adequate resuits without the addition of synthetic fertilizers. In fact, the cultivation 

of hemp may prove to be one method that famers can 'get off the chemical train' as they 

could start by growing a crop such as hemp, that does not require any chemicals, in order 

to wean themselves off chemical dependency. 

When contrasting hemp to trees it is dificuit to compare the use of chemicais. 

The conditions for pests are often optimized when forest stands are managed for one 

particular product, in this case softwoods for puiping (Hunter, 1990). While trees may not 

require chemical applications every year, when a pest such as the Spmce Budwoxm is 

present, large arnounts of biocides (whether biological or chemical) are released into the 

environment. A large proportion of pesticides never reach the targeted p s t ,  or worse, 

affect other pests (Pimmental, 1995). Thus there should be attempts made to prevent the 

conditions that are conducive to the pest instead of eradicating the pest &er an outbreak. 

Unfortunately, Nova Scotia forests are still king managed for pulpwood, despite some 

attempts to place more emphasis on hardwoods (Eidt, 1996). 

Hemp does have a low lignin content, and it was also the lowest of those 

evaluated in this thesis and it also has a high cellulose content that makes it suitable for 

pulping. The low amount of lignin in hemp does indicate that a lesser amount of 

chemicals would be required for pulping, thus less chemicals discharged into the 



environment. Although there is some concem that there would be more pollution fiom a 

non-wood pulping process, this judgement is ofien made when referring to mills in 

industrialking countries where environmental regulations are lax (IIED, 1996). In 

Canada, there is a move toward closed-loop pulping systems that include effluent 

recovery; and there is no reason why hemp could not fit into such a systern. 

Hemp does have the ability to contribute to a sustainable agricultural system. 

While the growing of crops such as cereals can be modified to be sustainable, hemp 

facilitates a move toward irnplementing a more sustainable systern. Its main contributions 

are that it requires less chemicals overall than other crops, in the fonn of both fertilizers 

and biocides; its "plant and harvest" requirements indicate that less energy has to be 

expended in maintaining the crop; and it is known for its abilities to improve îhe soi1 

quality. The reduction of inputs in the end leads to lower costs. Hemp also improves soi1 

quality when retting is conducted on the fields. Nova Scotia's climate has been identified 

as extremely suitablc for conducting retting (Gehi, 1994), and this process, though labour 

intensive could be encouraged to tighten nutrient cycles. 

Hemp may not be considered an ideal fibre for certain types of paper, e.g. its high 

strength characteristics are not always desired in the production of newsprint (Wells, 

1995). Hemp's real potential lies in being combined with recycled paper, as it will add 

strength to the recycled pulp and thereby allow the paper to have a longer life-cycle 

(Byrd, 1996). It does not make sustainable sense to replace one renewable product with 

another (i.e. hemp instead of trees), in achieving true sustainability there must be a 

reduction in the consumption of raw materials. By adding hemp fibre to a product such as 

recycled pulp, there is the ability to reduce the consumption of trees for pulp and paper 

production, as well as reusing the recycled paper more ofien as its life-cycle is extended. 

It is important that we do not develop a dependence on one fibre source, whether 

it be trees, switchgrass, or hemp. Not only do farmers' lands need to be more diverse but 

the economic base also has to be more diverse. When the main fibre source is trees then it 

becomes more justifiable to protect this source whether it be h m  pest infestations or fk. 

By diversifjing the fibre source, a trend away fiom maxirnizing pulpwood could be 



facilitated, and this could be accompanied by a reduction in chernical use and a return to 

more diverse forests stands that would be less susceptible to environmental stresses. 

Forests have many attributes besides those based on îhe extraction of fibre. By expanding 

the sources of fibre it may be possible to reduce the tendency towards monocultures and 

increase the diversity of utilization within the forests. 

The potential exists in Nova Scotia for non-woods to be a source of fibre. There 

are aiready experinients going on in Alberta and Quebec to pulp straw and switchgrass. 

The advantage of using straw as a source of pulp is that it would no longer be burned on 

the fields, a practice that creates a lot of problems in terms of smoke production. In Nova 

Scotia, however, this practice is being reduced as straw is presently commanding high 

market pices for its use as animai bedding, which could also be a significant market for 

hernp hurds. One concem of using straw as an agri-pulp wouid be the effects of removing 

the straw residue h m  the surface. In the case of hemp, the leaves are retumed to the 

ground; however, for straw al1 of the leaves and stem material are removed. There would 

have to be some investigation into the amount of residue îhat could be removed fiom the 

surface without creating a need for additional fertilizers. The presence of silica in straw is 

also believed to cause some challenges to effluent recovery systerns but these could be 

addressed with additional research (IIED, 1996). 

The promotion of switchgrass as an alternative source of fibre has k e n  geared 

toward the Canadian Prairies, Ontario and Quebec, but it is not known what kind of 

acceptance it wouid receive in Nova Scotia. Switchgrass is a C4 gras, which rnay not 

produce high yields here due to unsuitable climatic conditions, mainly cool temperatures. 

Switchgrass is also k i n g  promoted primarily as an alternative energy crop, and its true 

success may be in the form of a biornass crop and not as a pulp source (REAP, 1996). 

This is most likely a function of location and the demands for energy or pulp. Hernp is 

also promoted as a biomass crop, but it is believed that its potential as a fibre or oil source 

would exceed that of its potentiai as biomass (Walker, 1994). 

In terms of hemp's abilities to be a profitable crop, it has a high multi-use 

potential. While traditionally crops were grown exclusively for fibre or seed, now with 



the development of monoecious varieties crops can be grown for both fibre and seed. 

Within these new varieties, there are attempts to maximize the bast fibre content andfor 

the oil content (Bksa, 1994). This multi-use potential means that hemp could be used for 

the production of textiles, paper products, or oil products. In addition, a portion of the 

hurds produced could complement paper production as a filler materid, and the 

remainder could be used for other products such as animal bedding. In terms of an 

economical comparison between hemp and other fibres, the figures available do not 

necessarily reflect the potential for Canada. In Europe, due to a subsidy, hemp is a 

profitable crop to grow. It could be that in Canada hemp would also be profitable but the 

cost of the seed will definitely be a banier until Canadian grown seed can be produced. 

One encouraging observation is that even with nurnerous legal requirements, and no 

ability to recoup costs incurred, there is an increasing amount of interest in hemp famiing 

in Canada, especially given the fact that there are subsidies available for the production of 

other crops. 

The bulky nature of non-woods is ofien claimed to be the main disadvantage to 

developing a non-wood industry. This assertion needs to be carefùlly evaluated. It could 

be that this bulky nature requires the establishment of small mills in several locations. 

This could lead to increased econornic development in some regions, and if it is 

undertaken with a sustainable crop then this could lead to long-term sustainability within 

a region. The fact that hemp would be grown on agricultural land that aiready has an 

established transportation infiastructure could compensate for its bulkiness. The 

establishment of logging roads to access remote sites could also be reduced if hemp were 

to be a significant source of fibre. Using hemp as an additional source of fibre, whether it 

be for paper or textiles, may lead to a r e m  to smaller self-sufficient cottage industries. 

This could M e r  promote regional development. 

In comparison to other crops that could be sources of fibre, hemp does have some 

clear advantages. It is a crop that is suitable to Nova Scotia's climate, and it is known that 

it has been grown here as an industrial crop in the ps t .  Its economic sustainability can 

never be evaluated or realized if hemp is not allowed to be grown on a commercial basis. 



Hemp may not be 'the plant' to Save the world but it could alleviate some environmental 

stress. 

According to the Nova Scotia Forest Policy, the industry is s?riving to double 

forest production by the year 2025. It is concluded that hemp could be an alternative and 

additional source of fibre for Nova Scotia. Furthemore, hemp could help facilitate this 

goal of fibre production, and avoid the intensive management of forests that is certain to 

accompany the increase in forest production. An issue that needs to be addressed in the 

promotion of hemp as a fibre crop, is that of using agricultwai land for fibre production 

instead of food production. There needs to be additional analysis performed to address 

this issue. In the Prairies, there is a surplus of grain production thus it is feasible to 

introduce a non-food crop to agricultural land. In Nova Scotia, grain must be imported, 

but it is not clear if this is due to limited land area for producing grains, or if it is simply 

not cost efficient to do so. If there is limited land area for producing food then perhaps 

industrial crops would not be suitable, however, if most of the crops are simpfy being 

exported then it may be of benefit to grow an industrial crop that could help to sustain the 

province's economy. 

As the need for additional fibre sources approaches, hemp needs to be given an 

opportunity to compte against other fibres. Some recommendations are proposed, in the 

following section, that could facilitate the development of a commercial hemp industry in 

Nova Scotia and Canada. 



6. Recommendations and Conclusions 

6.1 Recommendations 
In order for a commercial hemp industry to be established in Canada the 

definition of Cannabis sativa must be elaborated upon in the Controlled Dmgs and 

Substances Act. Ideally industrial hemp should be removed from the Act as it has k e n  

established that it is not a narcotic. If this is not acceptable then there must be a clear 

delineation within the act between industrial (low-THC), and recreationaVmedicina1 

(high-THC) Cannabis. As in the European Economic Union, a limit could be established 

for low-THC varieties and seed could be certified as meeting an acceptable Ievel. In 

addition, the Minister of Health should develop a framework for the commercial 

production of industnal hemp, in conjunction with organizations such as the Canadian 

Induscrial Hemp Council and other members of the public. Without these changes, and 

the accompanying framework, a Canadian hemp industry will never develop. 

Accompanying this h e w o r k  a distribution of power should be extended fiom the 

Minister of Health to the Minister of Agriculture. 

Within this framework, permits could be issued for the cultivation of industrial 

hemp on a commercial basis. The issuance of permits could be simplified fkom the 

present system, but would continue to be in place to alleviate fean of misuse. 

Since it appears that Canada is likely to follow the example of European coutries 

and allow commercial hemp production, a significant amount of research needs to be 

undertaken by both Government and the private sector. This research would have to be 

undertaken at both the Federal and Provincial levels and within various Govemment 

departments. It is believed that al1 of the Canadian varieties that were grown in the 1920s 

and 1930s have not been maintained. Thus, research of varieties suitable for Canadian 

climates is necessary. 

A process, such as the one undertaken for the GIS work in this thesis, could be 

developed to identify suitable regions for growing hemp. This work could be taken one 



step fbrther, since GIS can also permit one to determine where mills could be situated in 

relation to the hemp fields. 

In order to maximize hemp's potential to contribute to sustainability, 

investigations to determine crop rotations that wodd be complementary to different crops 

could be beneficial for both the fanner and the field. M e r  agronomic requirements 

would be an exploration into the seeding rates for ditTetent climates, soils, fertility levels, 

and desired yields and end products. This thesis research indicated that this is often a 

situation of trial and error, and since the cost of the seed is presently one of the greatest 

expenses, optimum seeding rates should be established for different conditions. This 

could be furthered by investigations into optimal planting and harvesting dates. 

One of the main problems with the present permit process is that permits are often 

not approved in t h e  to meet optimal planting dates. A new regulatory hmework would 

have to ensure that permits were approved in sufficient t h e  to produce a satisfactory 

crop. 

In addition to investigating the agronomic requirements of hemp in Canada, the 

developrnent of harvesting and processing technology will have to be facilitated, dong 

with the associated infiastructure. The changes to the Narcotics Control Act will simpliQ 

this aspect, as it will no longer be illegal to be in possession of mature hemp stalks, a 

condition which has limited development in this area. This will allow more research to be 

done on processing industrial hemp for various applications, however, it does not 

contribute to the development of a Canadian based industrial hemp industry. Viable hemp 

seeds are still regulated under the Act, which hampers the ability to do agronomic 

research as multipIe permits for the different aspects of handling narcotics must be issued. 

The issue of the market potential for hemp also needs to be addressed. In 

conducting this research it was difficult to establish the true costs of hemp production. 

The costs are presently linked to international markets as there is no domestic supply. 

Once the barriers to hemp production are removed it is predicted that a market will 

flourish whether it be in the form of specialty niche markets or as supplements to existing 



products. One reason that hemp production is profitable in Europe is the availability of a 

subsidy. This issue will have to be addressed in Canada. If the legal barrier is removed a 

financial one might still exist if it is perceived that other crops are more profitable to 

grow. 

Another area that needs to be addressed is that of education. There are numerous 

misconceptions about hemp and its potential as a narcotic. It was a public education 

campaign that led to hemp's prohibition, it is now time to reverse this and correct the 

misinformation that has persisted for alrnost 60 years. 

6.2 Conclusions 
The purpose of this thesis was to determine if hemp fibre would reduce the 

impacts of forestry and agriculture on the environment, yet meet the needs of the Nova 

Scotia pulp and paper industry. From the research undertaken for this thesis it is apparent 

that there is sufficient suitable land in Nova Scotia to supply hemp at least as a 

supplementai fibre. Taking this action could reduce the need to use forests as a source of 

fibre for the pulp and paper industry. Hemp has a high yieldlper hectare/per year in 

cornparison to trees, and thus less land is required to produce the same amounts of fibre. 

Even if hemp were to be grown in a four year rotation, the fibre yields would still be 

higher than those fiom the average managed forest. In addition to the high yields, hemp's 

abilities to improve agricultural conditions were well docurnented in this thesis. 

In conclusion, hemp appears to be a suitable non-wood fibre for Nova Scotia. It 

was hypothesized that hemp would be more sustainable than annual crops, and this was 

proven to be me.  The research indicates that switchgrass is likely a more 

environmentally sustainable crop, however, it may not be a suitable crop for Nova Scotia. 

Hemp's high overall potential to conîribute to a sustainable agxicdturai system was 

demonstrated. This was mainly due to the suitability of hemp to Nova Scotia's climate 

and the diverse range of products that can be made fiom hemp. Furthemiore, hemp could 

easily be incorporateci into famiers' rotations, providing a source of fibre as well as 

improving soi1 quality. 



In terms of economic sustainability, the lack of information in this area made it 

difficult to evaluate this parameter. Based on the fact that it has proven to be profitable in 

other countries, it could be inferred that it might also be profitable in Canada, and Nova 

Scotia The only accurate way to establish this will be when commercial hemp can be 

produceci domesticaily. 

In 1924, after the first year of research hto growing hemp in Nova Scotia, the 

researchers noted that: "The reports f5om rnanufacturers are very favourable as to the 

quality of the fibre and would indicate a profîtable line of undertaking, Further work is 

contemplated for 1925." (KentviIle, 1924). Perhaps the tirne has W l y  corne to resume 

this work. 



7. Appendices 

GUIDELINES FOR THOSE APPLYING TO CULTIVATE MARIHUANA 
Please note that the Narcotic Control Regulations allow the Minister to issue a licence to 

cultivate Cannabis sativa to a qualified person for scientific purposes only. 

Applicants for a licence to cultivate marihuana for research purposes shodd supply the 

following information: 

-the name, address, and birth date of the applicant; 
-qualifications of the applicant in relation to the proposed research; 
-name and birth date of al1 people who will be in contact with the plants; 
-the location to be licensed; 
-description of the project; 
-variety of the marihuana seeds, the supplier of the seeds and, if applicable, the 
importer; 
-the cannabis species to be cultivated, the anticipated percentage of THC in the 
plants, the methods used to determine the percentage and the conditions under 
which it will be grown; 
-the specific location where the marihuana will be cultivated, and a description of 
the location in relation to surrounding fields and the surrounding area; 
-owner of the field; 
-the area to be cultivated; 
-the number of plants to be cultivated; 
-a list of grants received in regard to this project; 
-the name(s) of any laboratories that will be conducting an andysis of the plant; 
-the name(s) of the individual or Company who will be conducting any scientific 
studies on, or transfonning the plant, or any part of the plant; 
-description of the physical security which will be provided to the plants and 
seeds; 
-method of destruction which will be used to destroy the plant, and any part of the 
plant removed for study; 
-description of the record keeping; 
-name and address of the police force that norrnally responds to a d l  for help, the 
address of the closest provincial police force as well as a letter frorn hem stating 
that they have no objection to the cultivation; and 
-any other information which the applicant feels will facilitate the issuance of a 
licence. 

(Health Canada-Health Protection Branch, Dmgs Directorate, Ottawa, Ontario) 





B) What was grown, or do you anticipate growing, for the 4 years following the Iast 

1 year prior to hemp 

2 years prior to hemp 

3 years prior to hemp 

4 years prior to hemp 

grown hemp crop? 

Field #1 

SOIL CHARACTERISTICS 

1 year following hemp 

2 years following hemp 

3 years following hemp 

4 years following hemp 

Other 

Field #2 

9. What is the texture of the soil on which the hemp is growing? 
Coarse Medium Fine 

10. What is the percent organic content of the soil on which hemp is growing? 
% 

1 1. What is the pH of the soil that the hemp is growing on ? 
12. What is the available rooting depth of the soil ? 
13. What is the percent slope that the hemp crop is grom on? 
14. What are the drainage conditions of the soil? 

excessive well-drained imperfectiy-dnined poorly drained 
(droughty) 

15. Has the hemp crop changed the condition of your mil? YES / NO 
If yes, how has it changed? 

Field #3 

1 

Field #1 

CLIMATE 
Were the daily precipitation, temperatures, and number of fiost fiee days, in your 
region during the growing season: average, below average, or above average for 
the last five years. If you have numerical values please include them. 

Field #2 Field #3 



17. When has an industrial hemp crop k e n  susceptible to fiost, drought, or excess 
moisture in your region? How was the crop affected in each case? 

precipitation 

temperature 

# of fiost fiee 
days 

CROP CHARACTERISTICS 
18. On what dates were the industrial hemp crops planted and harvested in the last five 

years ? 

1991 

planted: 

harvested: 

1992 

1991 

1993 

1992 

1994 1995 

1993 1994 1995 



19. What were the days to flower for the hemp crop? 

20. What is the planting density of the hemp crop? seedslha or 
2 1. What is the row spacing of the hemp crop? (m) 

USE OF INPUTS 

1995 

Was animai manure was used as a fertilizer? YES / 
If yes, then: 

1 

days to flower 

manure was 
applied , 23. How much 

1993 

manurewas 
applied? 

, 24. When was it 
applied during 
the rotations? 

25. What type and quantity of fertilizen have you used in ord 

1994 1991 

9 :r to prepare your soi1 for 

1992 

A) industrial hemp 
B) other crops in the rotation? 

26. What type and quantity of pesticides/fbngicides have you w d  in order to eliminate 
pests fiom your 
A)industrial hemp crop, 
B) other crops? 
What type and quantity of herbicides have you used in order to eliminate weeds fiom 
A) industrial hemp crops 
B) other crops in your rotations? 
Has your industrial hemp crop ever required irrigation, inter-row cultivation, or other 
inputs not noted elsewhere in this questionnaire? Which ones and when? 

INCIDENCE OF DISEASE / PESTS / WEEDS 
A) Were there any disease outbreaks on the hemp crop? YES / NO 
B) If yes, what were they and how were they treated? 
A)Were there any pest outbreaks on the hemp crop? YES / NO 
B) If yes, what were they and how were they eeated. 
A) Were there any problems with volunteer crops or residues in the hemp crop? 

YES / NO 
B) If yes, how were they treated? 



YIELDS 
32. What totai yields (kg/ha) have been achieved by industrial hemp in the last 5 crops? 

Field #l ( fibre 1 seed II Field #2 1 fibre 1 seed 11 Field#3 1 fibre seed 

Year: 
Year: Year: 

- 

Year: Year: Year: 

33. If there was more than one hemp crop did the yields tend to be consistent across each 
field? YES / NO 

If no, was there variability relateci to soi1 type, drainage, or other factors? Please 
elaborate. 

34. Upon harvesting the hemp crop what is the average: 

height (m) thic kness (cm) of the hemp stalk? 

35. What are the tillage, seeding, and harvesting operations required to produce industrial 
hemp on your f m  ? 

36. What is the minimum tractor horsepower rating required to produce hemp on your 
farm? 

37. What fm machinery expenses are incurred to produce hemp on your f m  (diesel 
fbeI, gasoline, oil)? 

$ (indicate currency) 

38. What are the total production costs per hectare to produce industrial hernp? Include 
land rental or ownership costs, labour, and the management required to arrange 
permits etc. 

$ (indicate currency) 

OUTPUTS 

39.1s the hemp crop retted in the field pnor to harvest? 
If yes, for how long and what type of retting is used? 

40. Were the leaves removed h m  field upon harvesting? 
41. What are post-harvest requirements of the crop? 
42. What are the main industrial applications for your hemp crop? 
43. Which companied organizations buy your crop? 

E S  / No 

YES / NO 



44. What were the total returns for fibre, stalk, hurds, and seed for the last five crops? 
(Inchde îhose that are applicable- please specie currency used) 

and thank you for participating in this study. 

- 
Please use the remainder a d o r  back of this page if you have any additional comments, 

L 

Year: 
Year: 
Year: 
Year: 
Year: 

fibre 

$ 
$ 
$ 
$ 
$ 

raw stak 

$ 
$ 
$ 
$ 
$ 

hurds 

$ 
$ 
$ 
$ 
$ 

seed 

$ 
$ 
$ 
$ 
$ 



Survey Results Summary 



survey# 11 12 
reaion IManitoba 1 1 Alberta 1 

lvears II 

b a c k g r o u n d  
legal 
hectares 
fields 

farmer 
Can. permits 
2ha 

,PurPose 

varie ties 

1 texture 1 medium j medium 1 

famer 
Can. penits 
0.12 ha 

monldi 
rotations 

r 1 - / rootina de~th 1 no limit 
1 - 

Ino limitation 1 

1 1 

fibre 
oit seed 

Zolotonosha 

fibre 
oil seed 
windbreak 
Kommlti 

both 
buckwheat/clover 
~ l o w  down clover / wheat 

ldavs to harvest 1 June 1 5-S~D 10 
I 

hav24-~ua18 1 

dioecious 
not aller canota or peas due to Sclerotinia canyove 
=as-barlevcanola 

1-2% 
well 

.. . 
%slope 
drainage 
chanaed 

days to flower 
densiîy 

2% 
well 

I I 

1 Sclerotinia 1 Sclerotinia 1 

48kglha 

2040cm 
no 

row spacing 
manure 

fertilizer 

- 

70 
500,000-2000000 seedslha 

6" 
s h e e ~  manure ~revious vear 

I I 
l1T fibre 1 13.000 kaha drv matter 1 

plow down green manure 

peSt 
residue 

-- 

86kg N 
41 kg P 
14ka K 

army worm 



(reg ion IComwall, England 
l backa round 1 researcher 

hectares 1 acre 
fields 
years 1 1  
oumse 1 fibre 

4 
Netherlands 

none as long as grown for fibre, seed. or wind break 

varieîies (Uniko 
1 Kommlti 

1 1 Komwlti Hybrid 
I 

Fedrina 74 
Fedora 19 
Vinai unisexuali- 

Kozuhra zairai 
l t see sunrev 

rotations 1 
I 

%organic 
PH 
rwting depth 

row spacing 
manure 

%slo~e 

changed 
days to harvest 
days to flower 
density 

(fettilirer Ifor 10kdha of stem drv matter 

1 

disease 

msiâue 

40kg seed /acre 

height 1 
thickness 

100-1 20 seedslm2 



Yugoslavia 

hectares 

Ivarieties l local 1 

years 
PuWSe 

1 Novosadska konoplja 
1 Uniko B 1 

50 
fibre 
bird seed 

I 
- . . . . . - - 

1 Kornwlti TC 

/corn-hemp-sugar beet 

monldi dioecious 

texture 
Komanic 

idrainage 1 well 1 

5 6 %  - 
PH 
rooting depth 
%slo~e 

[row spacing j 12.5 far fibre. 50-70cm for seed 1 

7 
unlimited 
Rat 

days to flower 
density 

rnanure 1 no 
I I 

80-85 kglha fibre 
4-5 kalha for seed 

Pest 
residue 



1 IKom~olti Hvbrid TC mon 
I 1 

background 
legal 
hectares 
fields 
vears 

monldi !ditmon 1 
rotations 1 Dotataes I 

researcher 
none 

researcher 
none 

texture 
%organic 

PH 

row spacing 
manure 

sugar beets 1 
marse to medium, 40-50%clay, 0.5% lime 
2% 
6.5-7.0 

drainage 
changed 
days to harvest 
days to flower 
density 

rooting depth ,1 rn 
%dope IO 

pipes - well 
increase soi1 health for potatoes 
15 Apnl to 15 Sept 
10-Aug 
22kglseed ha 

fertilker 

l I 
vields 18-10 tonlha l1Okalha stem drv matter 

- - 

if N between 10-50kglha Vien 120kg N applied 
150kg K20 
40 ka P205 

disease 
Pest 
residue 

1 

1 

height 
thickness 

2.5-2.9 m 
depends on density 

3.2m 
1.5 cm 



seed 
varieties Fedora Local landrace 

Fi brinon 
Fuîura 

survey# 
region 
background 
legaf 
hectares 
fields 
years 
purpose 

8 
France 
org. 
French regs 
4500 

22 
fibre 
oil seed 

Felina 
Fedrina 
04.12% 

9 
Shandong, China 
researcher 
none 
5.000 
50,000 
1987 
fibre 

4 .OO% 

montdi 
rotations 

disease 
p s t  
residue 

monoecious 
corn 

cabbage, root crops - fall 
winter wheat 

1 

dioecious 
market vegetables -spring 

texture 

yields 

medium-fine 
horcranic 

0.7-1 .Otfha fibre nbbon 

height 
ihickness 

1~5% 

1-3m 
3mm ta 2cm 

2.5-3.0m 
1 cm at base 



I 1 seeci I 

survey# 
reg ion 
background 
legal 
hectares 
fields 
yean 
~umose 

1 monldi 

10 
Saskatchewan 
researcher 
Can. pennits 

1 
fibre 

vaneties 

rotations t== 

11 
Kompolt, Hungary 
researcher 
none 
1000 ha fibre, 400ha seed 

since Middle Ages 
fibre 

1 texture 

Ukranian 

~0.003% 

1 

l 
I dioecious Idioecious 1 

Kompalti 
Uniko-0 
KHTC (Kompolti Hybrid TC) 
fibriko 
4 . 3 %  

j peas after cereals 
barley 

l 
t 

medium 1 fine 1 
i 3% humus 2.8% 
7.3 5.5 
1.6m 60cm 

exhausted but weed-free 
June 17-aug 29 early April-late August 
55 110-115 avg 
200600 seedsfrn2 80kaiha 

ldisease 1 1 Psylliades attenuata - metylparation) 

row spacing 
manure 

0.3m 
no 

Pest I 
residue 

- -p 

0.12m fibre 7Ox70cm for seed 
no 

benefin-presowing 

yields 8000kg/ha 

2.5m 
0.8cm 

height 
thickness 

1 

2m 
6mm for 200seeds rate 
4mm for 600 seeds 



Kompolti 
Uniw B 
Felina 34 
Fedora 19 

13 
France 
researcher 
EEClFrance pemits 
8000 in France 

60 
fibre 
seed 

survev# 
reg ion 
background 
legai 
hectares 
fields 
years 
PurPose 

varieties 

12 
Manitoba 2 
researcher 
permits 
2 
5 
2 
fibre 
oil seed 

Zolotonosha 11 
Zolotonosha 13 

monldi 
rotations 

French vaneties 
~0.2% THC 

%organic 
PH 

- -~ - 

drainage 
changed 
days to harvest 
days ta flower 
densitv 

Futura 77 
mon, except Kompoiti 8 Unico B 
oats, canola 

7.2-7.7 

- 

mon 
hemp, wheat, barley 
improve soi1 structure 
and wheat vield 

>5 
rwüng depth ]>lm 
%S~OP~ 1 O-5% 

well-imperfectly 

June 10- mid Aug, late-Sept 
45-70 
1000000seedslha for seed 

row spacing 
manure 

fertilizer 

1 

yes, irnrpove soi1 structure 
1014 to 3015 for sowing 
2518 to 10110 for harvest 
5060 kalha 

disease 
Pest 
residue 

yields 

height 
thickness 

5000000 seedslha for fibre 
0.2-0.3m 
no 

100 kglha N available + applied 
45 kgha aval+ applied 
K20, S enough available 
soils generally high in K 

0.17m 
no 

N 80-120 
P 4080 
K 160-200 

1 
Sclerotinia sclerotionim 
Bertha arrny worm 
Canada thisUe, 
wild mustard in non-uniform emergence field 
4500-7500 kglha fibre 
100 kgha seed 
2-3 m 

I 

no 
no 
no 

6-1 OTIha fibre 
0.6-1 .O Tlha 
2-2.5m 



region Victoria, Australia 

trial permits 
hectares 

years 
Purpase 

r 

Fedrina 74 Late Secuini 
Futura 77 Late 

1 
fibre 

va rieties 

mon/di 
rotations 

Ferimon 12 Early Beniko 
Fedora 19 Eariy Bialobrzeskie 
Felina 34 Mid-Late Komwlti TC 

I 
texture 

rooting depth 
%siope 
drainage 

row spacing 
manure 

days to hatvest 
days to flower 
densitv 

60 
60 

1 /Kkkot. DAP. Ammonium Nitrate 1 

ferülizer 

Idisease lrnuriate of wtash 1 

2tonnelha lime 
100ka N 

yields 1 1 tonnema 
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