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SUMMARY: n

nEME

For many centuries hem@énnabis sativd.) has been cultivated as a source of strong stem fibers, se
and psychoactive drugs in its leaves and flowers. Environmental concerns and recent shortages of \
have renewed interest in hemp as a raw material for a wide range of industrial products including tex
paper, and composite wood products. This report assesses the agricultural feasibility of industrial he
production in the Pacific Northwest (PNW).

Hemp is an herbaceous annual that develops a rigid woody stem ranging in height from 1 to over 5
(3 to 19 feet). Hemp stalks have a woody core surrounded by a bark layer containing long fibers th
nearly the entire length of the stem. Plant breeders have developed hemp varieties with increased s

content and very low levels of delta-9-tetrahydro-cannabinol (THC), the psychoactive ingredient of
marijuana.
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Historically, hemp fiber was used mainly for cordage, but it can also be made into textiles, paper, an
composite wood products. Demand for hemp cordage peaked in the late 1800’s, and world hemp
production has continuously declined since that time, except for brief increases during both World W
Hemp fiber has largely been replaced by relatively inexpensive natural and synthetic fibers.

Although hemp is well adapted to the temperate climatic zone and will grow under varied environme
conditions, it grows best with warm growing conditions, an extended frost-free season, highly produc
agricultural soils, and abundant moisture throughout the growing season. When grown under prope
conditions, hemp is very competitive with weeds, and herbicides are generally not required in hemp
production. Although a number of insect pests and diseases have been reported on hemp, significe
losses from pests are not common. High levels of sail fertility are required to maximize hemp produc
Cultural requirements and production costs are quite similar to those of corn. Reported hemp yields
from 2.5 to 8.7 tons of dry stems per acre.

The climatic and soil requirements of hemp can be met in some agricultural areas of the PNW, howe
hemp will almost certainly require irrigation to reliably maximize productivity in the region. The
requirement for supplemental irrigation will place hemp in direct competition with the highest value c
the PNW, limiting available acreage. Stem yields will have to be substantially higher than those previc
recorded for hemp to be economically feasible in the PNW at current prices. It is unlikely that the
investment needed to improve hemp production technology will be made until legislative restrictions
removed from the crop.

[Back to the Table of Conterts

INTRODUCTION:

The decreasing availability and rising prices of local wood fiber resources have greatly increased
commercial interest in agricultural production of alternative fiber sources in the Pacific Northwest.
Production of industrial hemp has been proposed as a viable source of substitute raw material for a
range of industrial products including paper and composite wood products. Although many populai
publications have recently touted the revival of industrial hemp in the United States, a thorough anal
the subject is essential to assess the feasibility of industrial hemp production in the Pacific Northwest

Hemp Cannabis sativd..) has been grown for many centuries for the strong fiber produced in its ste
Hemp seed also contains a useful vegetable oil, and the upper leaves and flowersCGHremabhésvarieties
produce the psychoactive drug delta-9-tetrahydro-cannabinol (THC), the active ingredient of marijui
Although these plants belong to a single species, the term hemp is often used to distinguish industri
varieties from the drug varieties Ginnabis Some confusion arises from the use of the term hemp, sir
the word hemp is used in association with strong fibers from many unrelated species. Among the m
species commonly referred to as hemp are Manila hempNhasa textilis(abaca), sisal hemp froAgave
sisalina(sisal), ambari hemp froidibiscus cannabinuéenaf), and sunn hemp fro@rotalaria juncea
(Robinson, 1953; Montgomery, 1954). This study is concerned with true @anpabis sativa.

This report is an attempt to assess the agricultural feasibility of industrial hemp production in the Pa
Northwest. The report will review the available literature on hemp botany, agronomy, and possible bi
adaptation to the PNW. A preliminary analysis of hemp production costs will also be presented. Whil
theoretically possible to obtain a permit to gréannabis sativan the United States, restrictions imposec
by the federal government have effectively prohibited production. This report will in no way attempt-
with issues concernin@annabislegalization.

[Back to the Table of Conterts

BOTANY:

The hemp plantGannabis sativé..) is an herbaceous annual belonging to the family Cannabinaceae
Among most botanists it is considered the only species in the Gammsbis As the plants mature a rigid,
woody stem develops ranging in height from 1 to over 5 meters (3 to 19 feet). Uncrowded plants ha
spreading branches, and the central stalk can grow 30 to 60 millimeters (1 to 2 inches) in diameter.
grown in thick stands, hemp stems are unbranched and without foliage except near the top and ran
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to 20 millimeters (1/4 to 3/4 inch) in diameter. Stems of most varieties are hollow. Leaves are palmat
compound with 5 to 11 pointed, serrate leaflets 50 to 150 millimeters (2 to 6 inches) long and 10 to
millimeters (3/8 to 3/4 inch) wide (Dewey, 1913). In light, well-drained soils primary hemp roots can r
depths of 2 to 2.5 meters (6.5 to 8 feet), and secondary root branches may grow 60 to 80 centimet
2.5 feet) below the soil surface (Bocsa and Karus, 1998).

Hemp normally is dioecious having both staminate (male) and pistillate (female) plants, each with dis
growth characteristics. Staminate plants are tall and slender with few leaves surrounding the flowers,
pistillate plants are short and stocky with many leaves at each terminal inflorescence (Figure 1.). Sta
plants senesce and die soon after their pollen is shed, while pistillate plants remain alive until the see
mature. Relatively stable monoecious varieties have been developed through breeding and selectiol

Figure 1. Pistillate (left) and staminate (right) hemp plants (Dewey, 1913).

Hemp seeds are smooth, nearly spherical achenes which range in color from light brown to dark gr:
are often mottled. Seed size varies widely from 2.5 to 4 millimeters (1/10 to 3/16 inch) in diameter ai
6 millimeters (1/8 to 1/4 inch) in length (Dewey, 1913). Thousand seed weights range from 8 to 27 ¢
Seeds of monoecious fiber varieties average 16 grams per thousand while larger seeds from dioeci
average 21 grams per thousand (Dempsey, 1975). Hemp seeds usually contain from 29 to 34% oil
seed oil is similar to other common drying oils such as linseed, tung, and perilla and consists primar
unsaturated fatty acids including approximately 54-60% linoleic (C18:2), 15-20 % linolenic (C18:3),
11-13% oleic (C18:1) acid.

Hemp stalks have a hollow woody core surrounded by the vascular cambium (the growing tissue) al
outer ring of cells consisting of phloem, cortex, and epidermal tissue (the bark) (Figure 2). Fiber cell
develop in bundles associated with the phloem (or bast).
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Figure 2. Hemp stems showing bark, secondary bast fibers,
and woody core (De Meijer, 1993a).

Hemp produces both long, coarse fibers which extend nearly the entire length of the stalk (primary
fibers) and short, fine fibers which tend to adhere to the woody core (secondary bast fibers). Individ
hemp fiber cells range from 0.20 to 2.16 inches (5 to 55 mm) long and 0.016 to 0.05 mm in diame
are arranged in bundles to form the primary and secondary fibers (Montgomery, 1954). The propc
bark in hemp stems varies from 14 to 48% depending on the genotype and plant height (Van der W
1994).

[Back to the Table of Contents

HISTORY:

Although some authors contend that hemp originated in central Asia, most now agree that China wa
original home of hemp (Dewey, 1913). Because the greatest diversity of hemp germplasm is found -
Vavilov placed the center of origin of hemp in China (Vavilov, 1992).

Cultivation and use of hemp for fiber predates written history. Chinese writings from the Sung dynas
(about 500 A.D.) state that the emperor Shen Nung first taught the people of China to cultivate hen
make cloth around 2,800 B.C. Later Chinese texts indicate that hemp stalks were also used for fuel
seeds for food and oil, but there are no early records of hemp production for drug use in China. Ac
to Herodotus (about 450 B.C.) hemp fiber was used by the Thracians and Scythians beyond the Ca
and was probably introduced to Europe during the westward Scythian migration around 1500 B.C. |
remained virtually unknown to the Greeks and Romans, however, until the beginning of the Christiar
(Dewey, 1913). The earliest written record of hemp use in Europe states that "Heiro Il, King of Syrac
(270 B.C.), bought the hemp used for the cordage of his vessels in Gaul" (De Candolle, 1886). By ti
sixteenth century hemp was widely distributed in Europe where it was cultivated for fiber and the see
cooked with barley or other grains and eaten. In 1537 Discorides named thégpiaabis sativaand
wrote of its use for cordage as well as its medicinal properties (Dewey, 1913).

As early as 1545 hemp was brought to the Western Hemisphere by the Spaniards who began cultivi
Chile (Husbands, 1909). Hemp was introduced to the United States in 1645 by the Puritans in New
as a fiber source for household spinning and weaving, but never became as important as flax in the
Cultivation spread to Virginia and was well established in Pennsylvania before the American Revoluti
(Dewey, 1913). Hemp was brought to Kentucky in 1775 by settlers from Virginia and grew so well th
commercial cordage industry developed in Kentucky that lasted long after hemp cultivation was abe
in the eastern states (Humphrey, 1919). The hemp industry flourished in Kentucky, Missouri, and llli
between 1840 and 1860 due to strong demand for sailcloth and cordage, however, large imports of
jute and abaca eventually displaced most domestic hemp (Dodge, 1897; Dempsey, 1975). With dev
of the cotton gin, the hemp industry quickly declined as cotton production rapidly increased in the ¢
Growth of the cotton industry did provide demand for hemp cordage and bagging to package cotto
until iron ties were introduced in about 1865 (Dewey, 1913; Humphrey, 1919). During the late 180C
early 1900’s hemp production was tried in many other states, but from the end of the Civil War until
virtually all hemp in the United States was produced in Kentucky (Wright, 1918). Domestic hemp
production revived slightly in response to World War 1, and fiber hemp was grown in several states in
Kentucky, Wisconsin, California, North Dakota, South Dakota, Minnesota, Indiana, lllinois, Ohio, Mich
Kansas, and lowa (Wright, 1918; Dempsey, 1975).
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There are no records that hemp was ever a commercial crop in Oregon, however, experimental crog
attempted in the 1890’s (French, 1898) and in the 1930’s. USDA researchers B.B. Robinson and E
Nelson planted many hemp trials in Oregon during the 1930’s as part of an ongoing fiber crop rese
project. This included trials with high yielding varieties developed by the USDA such as Kymington,
Chinamington, and Chington (Robinson, 1934; Robinson, 1935b; Robinson, 1936). In addition, a he
breeding and selection program was established in Corvallis, Oregon to develop and test advanced |
Results from the non-irrigated production trials were generally very poor with many crop failures dus
lack of rainfall. Because of unsatisfactory crop performance and climatic conditions, the USDA hem
project based in Oregon and all seed produced were transferred to Madison, Wisconsin in 1937 (Ne
1937).

In 1937 the U.S. government passed the Marijuana Tax Act which placeahalhbisculture under contrc
of U.S. Treasury Department regulations. This act required the registration and licensing of all hem|
growers with the federal government in an effort to restrict production of psycho@ativebisvarieties in
the United States. Additional legislation established penalties for production, sale, and possession of
marijuana and hashish (Dempsey, 1975). Although many other countries also prdainitedbis
cultivation, hemp production was not restricted in much of Asia, South America, eastern Europe, anc
several countries in western Europe.

When World War Il interrupted supplies of jute and abaca to the United States from the tropics, an
emergency program was undertaken to quickly develop hemp as a domestically produced substitut
special division of the USDA Commodity Credit Corporation contracted production of hemp planting
and fiber. War Hemp Industries, Inc. constructed a number of hemp fiber processing mills in the mic
Domestic hemp production peaked during 1943 and 1944 and declined rapidly after the war as leg
restrictions on production were increased and supplies of inexpensive tropical fibers were reestablis|
small hemp fiber industry continued in Wisconsin, however, until 1958. Fiber hemp production in the
United States has been negligible since that time (Ash, 1948; Dempsey, 1975).

[Back to the Table of Conterts

ECONOMIC IMPORTANCE:

Because of their strength and durability, hemp fibers have been used for production of cordage anc
textiles for centuries. In addition, hemp can provide raw material for pulp and paper manufacture, cc
wood products such as particleboard and insulation board, and industrial products including geotex
nonwoven industrial fabrics. Hemp currently provides less than one percent of total world productiol
vegetable fibers (Table 1.) (FAO, 1996).

Use of hemp for marine cordage was largely replaced by abaca in the 1800’s because abaca rope:
lighter and will float in water, are more resistant to damage from salt water without being tarred, and
expensive than hemp due to lower labor costs in the tropics (Ash, 1948; Robinson, 1953; Dempsey,
Relatively inexpensive synthetic (polypropylene) and natural (sisal) fibers have occupied most of the
agricultural twine markets formerly served by hemp.

Hemp textile production is based primarily in Asia and central Europe. Korea has a long history of t
fabric production, primarily for use as domestic clothing (Ree, 1966). In Italy, Hungary, and adjacen
countries, water-retted fiber is prepared with great care to produce relatively fine yarns and soft fabr
resembling flax (Montgomery, 1954). These yarns and cloth are quite expensive compared to natu
synthetic fiber blends made

from competing fiber sources largely due to the amount of hand labor involved in their production. ,
novelty market based on hemp textiles imported from China and Hungary has been developing in w
Europe and the United States since the late 1980’s.

Table 1. World Production of Vegetable Fibers in 1,000 metric tons, 1992-96.

1992 1993 1994 1995 1996

Cotton 18,09016,86118,560 19,81418,812
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Jute 3,525 3,411 3,165 3,080 3,080
Flax 592 572 572 559 561
Sisal 386 292 294 289 292
Coir 118 126 116 116 116
Abaca 107 104 107 111 111
Kapok 101 106 109 108 108
Ramie 75 79 71 70 70
Agave 66 65 65 66 66
Others 420 422 429 434 434

Cannabis Hemp 80 73 64 60 60

Total 23,59722,15123,692 24,74923,752

Although many people are surprised to learn that paper can be made from nonwood fibers, wood-k
papermaking is a comparatively recent development. Not until the mid-nineteenth century was the
technology developed for converting wood into pulp suitable for paper. Hemp has a long history of
papermaking and has normally been used to produce strong, thin specialty papers similar to those
from flax (Hurter, 1989). Traditionally, hemp fiber has been viewed as an inexpensive substitute for
paper production, however, in France hemp prices have been depressed by the availability of large
of flax tow, a byproduct of the fiber flax textile industry (Van der Werf, 1992). Woody hemp core has
shown to produce a mechanical pulp similar to those made from poplar (Dewey, 1913; Lewis et al.,
Bosia, 1975). Because hemp bark and core differ considerably in fiber length and chemical compos
they are generally processed separately to produce paper pulp. They also have very different mark
In 1992 the French market price for dry hemp bark was 2500 FF/metric ton (about $500/ton), while
core was worth only 250 FF/metric ton (about $50/ton) (Van der Werf, 1994). Since it has long been
that forest resources may not be sufficient to supply the expanding pulp and paper industry, severa
have been undertaken to explore agricultural production of pulping fibers, including hemp (Nieschle
1960; Wood, 1981). In addition, there has recently been considerable increase in research activity ¢
pulping (De Groot et al., 1994; Laith et al., 1995; Van der Werf et al., 1994; Zomers et al.,1996). In
European and U.S. markets a number of companies are currently selling paper containing a minor
percentage of hemp fiber (bark fiber), usually blended with other, less expensive agricultural residue
have gained some market acceptance as ecologically friendly or "tree-free" products, but are at pre
considerably more expensive than wood-based paper. Larger scale production of hemp paper will
undoubtedly lead to lower production costs.

Commercial manufacture of composite panelboard began early in this century. In both Europe and
United States, this industry was developed to use not only wood fiber but also a wide range of agrict
residues such as sugarcane bagasse, flax shives, corn stalks, and cereal straw. As a result, many of
technical details associated with making panels from agricultural fibers have been well known for de:
(Atchison and Collins, 1976; Verbestel, 1978). Commercially acceptable three layer particleboards ¢
produced from woody hemp core using conventional equipment. Between 1950 and 1976 Siempel
Co. (Krefeld, Germany) designed and built four particleboard plants using hemp core as their feeds
(Niedermaier, 1976). Production of composite panels from hemp or other agricultural fibers is large
matter of economics and availability of raw materials.

Because of its low cost and availability in large quantity, wood fiber has long dominated paper pulp i
composite panel production in North America and Western Europe, while agricultural fibers have on
important in countries with limited wood resources. Wood chip and sawdust prices in the PNW are e)
volatile and respond quickly to fluctuations in local and international wood fiber supply. Local prices
from less than $50 to over $100 per dry ton. A long-term trend of increasing wood fiber prices has t
evident, however, for many years.

Recent shortages of wood fiber in the United States and the resulting high prices have renewed con

interest in supplementing wood-based production with agricultural fibers from a variety of sources.
Agricultural residues from cereal and grass seed production are widely available in the PNW in large
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quantities and at relatively low cost. Consideration of large-scale hemp production should also inclu
analysis of the cost, availability, and performance of these inexpensive competing raw materials.

Another response to the price spike for wood fiber was the importation of large amounts of wood ch
logs from Canada, Siberia, and South America as softwood chip prices in the PNW exceeded $100 |
Large acreages of natural and plantation forests exist in these areas, and wood imports to the PNW
increased rapidly in response to high market prices. Although cutting these offshore timber resourc
large scale is probably not sustainable over long periods of time, the availability of these resources r
make development of fiber crops for commodity uses more difficult by placing a ceiling on wood fib
prices.

Woody core from hemp stems is highly absorbent material, and hemp core has been marketed as &
bedding and as an absorbent for oil and waste spill cleanup. It is also used in mixtures with lime anc
as a lightweight building material.

Historical and current estimates of the cultivated area planted to hemp are presented in Table 2 (FA
For many years, until its breakup in 1991, the Soviet Union was, by a wide margin, the largest produ
the world followed by Italy, Romania, Hungary, Yugoslavia, and Poland. The People’s Republic of Ci
probably the largest current producer of hemp fiber, however, reliable figures on fiber hemp produc
China are difficult to obtain. Although hemp production increased briefly during both World Wars in
response to reduced availability of other fibers, production of hemp has continuously decreased sin
time, particularly in countries with market economies. Decreased hemp production is also evident in
countries wher€annabisproduction has not been limited by law such as Korea, China, Chile, eastern
Europe, and France. This decrease occurred despite the fact that world trade of hemp fiber or finist
products has not generally been restricted by law or unusual tariffs. In these regions hemp producti
decreased presumably because it could not compete economically with other lower priced raw mate
because growers could realize greater economic returns from other crops.

Table 2. Estimated Area in Hemp Cultivation 1910 to 1996 in 1000 ha.

Year or Period

Region 1910 1925 1948-521969-711979-81 1988 1992 1993 1994 1995 1996
Asia

China 123 53 18 18 17 17 17
Japan 4 1 0 0

N. Korea 10 7 8 15 17 18 18 18 18
S. Korea 10 5 1 1 <1 <1 <1 <l <1
Syria 4 1 0 0

Turkey 12 8 9 4

Europe

Austria 23 0 0 0 0 0 0 0 0 0
Bulgaria 3 4 21 10 5 1 0 0 0 0 0
Czechoslovakia 12 5 2 1 <1 0

France 14 5 5 3 3 4 6 6 6 6
E. Germany 4 2 0 0

W. Germany 2 0 0 0

Hungary 63 14 23 12 7 4 <1 <1 <1 <1 <1
Italy 79 112 58 1 0 0 0 0 0 0 0
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Poland 43 14 16 3 3 <1 <1 <1 <1 <1
Romania 6 36 64 26 35 50 10 2 2 2 2
Russian Fed. 28 30 13 13 13
Spain 9 7 6 0 0 0 1 1 <1l <1 <1
Ukraine 6 5 3 2 2
USSR 653 858 558 202 140 100

Yugoslavia 15 70 17 4 1 1 1 1 1 1
S. America

Chile 4 4 4 4 4 4 4 4 4
N. America 1

World Total 865 1091 875 314 343 239 89 85 64 63 63

In 1988 the European Economic Community established subsidy payments for production of hemg
EC countries (Anon., 1988). In 1989 the EC established a direct subsidy program as well as rules c«
production of fiber hemp production (Anon., 1989). These rules require registration of the area to t
planted in advance, the use of seed from certified low-THC varieties, and testing of fields to determir
content. Despite the inducement of substantial and direct subsidy to producers of approximately $4
acre, no major increases in EC hemp production have been reported to date. Today hemp survives
relatively minor crop in western Europe where only a few thousand hectares are grown annually. We
European hemp production is currently profitable only because of EC subsidies (Bocsa and Karus,
Hemp production in France for the specialty paper market has remained relatively stable in recent y
about 6,000 hectares per year. Since the early 1990's hemp has also been produced on a small cc
scale in the Netherlands and southern England (approximately 1,500 ha per year), and experiment
plantings have been made in other western European countries. Unfortunately, production estimate
these areas do not yet appear in international agricultural production statistics.

Current hemp development efforts in Western Europe include government and EC backed researcl
programs in France, the Netherlands, and Germany. France has had an ongoing research prograrnr
out by the Federation Nationale des Producteurs de Chanvre (FNPC) based near Le Mans for many
(Van der Werf, 1992). Since 1987 the Dutch government has supported active research on the feas
fiber hemp production in the Netherlands including germplasm collection and research on agronorn
physiology, plant breeding, harvesting, and pulping tests. Both of these programs are intended to e:
use of hemp as a nonfood crop for EC growers and a renewable raw material for pulp and paper pi

In the last several years small-scale experimental production of hemp has also been allowed under
Canada and Australia. Recently the Canadian government announced that commercial production
industrial hemp will be allowed in Canada beginning in 1998 under a permit system similar to the or
in Western Europe.

[Back to the Table of Contents

ADAPTATION:
Climatic Requirements

Hemp is well adapted to the temperate zone and will grow under a wide range of environmental con

Hemp grows best when mean daily temperatures are betwamd22 C (6(P-80° F), but will endure
colder and warmer conditions. Hemp grows quite well at relatively low temperatures, and young see
will tolerate some exposure to frost. Because of this, hemp can be planted earlier than corn in most
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will develop a closed canopy early in the season allowing increased light interception and rapid grow
der Werf et al., 1995a). The best fiber producing hemp varieties require about 4 months without killi
to produce fiber and about 5.5 months to mature seed (Dewey, 1913).

Moisture

Hemp requires abundant moisture throughout the growing season, particularly while young plants a
becoming established during the first six weeks of growth (Dewey, 1913). After they are well rooted,
can endure drier conditions, however, severe drought hastens maturity and produces dwarfed plant:
in Europe indicate that hemp requires 500-700 millimeters (20-28 inches) of available moisture for
optimum yield, and that 250-300 millimeters (10-14 inches) of moisture should be available during
vegetative growth stage. These amounts include both precipitation and available soil moisture. In EL
hemp yield is strongly dependent on the amount of rainfall during June and July (Bocsa and Karus
Crop water use will, of course, vary depending on local soil, climatic, and cultural conditions.

Hemp has been grown successfully under irrigation in Turkey, Spain, and Chile (Dempsey, 1975). £
large-scale hemp production has generally been centered in areas with significant rainfall during the
growing season, very little information is available regarding hemp irrigation.

Hemp is quite sensitive to soil moisture conditions. While hemp grows well on soils with high water-h¢
capacity, good soil drainage is also important to maximize hemp production. Commercial hemp fielc
grown in lowa, lllinois, Minnesota, and Wisconsin in 1943 and 1944 had uneven growth and lower yi
slow-draining soils, and hemp plantings often failed or were abandoned in poorly drained fields (Ve:
Black, 1947).

Soils

Although it can be grown on a variety of soil types, hemp does best on loose, well-drained loam soils
high fertility and abundant organic matter (Dempsey, 1975; Van der Werf, 1991). Hemp should not
grown on poor soils (Robinson, 1952). Repeated attempts to cultivate hemp on heavy, low-lying soil
demonstrated that, while these soils may produce some large hemp plants, it is practically impossiblc
a good, even stand of hemp stalks that produce high quality fiber. "In Texas good crops of hemp hi
produced on rich dark prairie soil, but on upland soils, subject to drought, the crop has proved a fail
(Dewey, 1901). "Fertile clay loam or silt loam soils, neutral or slightly alkaline, are best for hemp. It w
grow well in acid sandy soils, heavy clay, or gumbo soils, or gravelly soils that dry out quickly. On pe
marshlands the plants may grow large, but the fiber will be small in quantity and poor in quality" (De\
1913). The most productive soils in the U.S. Corn Belt were recommended to maximize hemp prodi
(Robinson, 1952).

Optimum soil pH for hemp production ranges from 5.8 to 6.0 (Bocsa and Karus, 1998).

[Back to the Table of Contents

AGRONOMY:

General agronomic practices for hemp production are well known and will be summarized below. Se
extension publications were produced prior to and during World War 1l to educate growers about pr
hemp (Robinson, 1935a; Wilsie et al., 1942; Hackleman and Domingo, 1943; Wilsie et al., 1944). As
most other agricultural crops, the technology employed to produce hemp and the timing and nature
cultural operations will be highly dependent on the end product for which the crop is produced. Her
grown for high quality textile fiber may be handled much differently than hemp grown for paper or

particleboard production. Hemp seed production for planting seed or oil is usually a specialized acti
carried out on fields designated for seed production.

Hemp Varieties

As with any crop, the genetic background of hemp can have profound effects on crop productivity.
European varieties of hemp were selections from indigenous populations and generally were group
northern and southern types (Hoffmann, 1961). Northern hemp is characterized by rapid early grov
flowering, strong branching, and high seed yield. Southern types tend to be slow-growing, tall, late

flowering, and have high yield and fiber quality and poor seed yield (Van der Werf, 1991). Selection
Asian hemp landraces and wild populations have also provided the basis for new hemp varieties (De
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1995).

In the United States, selections from imported Chinese fiber hemp strains made between 1903 and
produced the first improved hemp varieties such as Minnesota No. 8 (Dewey, 1913). From 1913 to
USDA carried on an active fiber hemp breeding program based on crosses with Chinese germplasn
resulted in development of several high yielding varieties including Kymington, Chington, Arlinton, ai
Ferramington (Dewey, 1927). Unfortunately, seed stocks from this material were not maintained, anc
varieties were lost.

More recent European breeding programs have produced a number of specialized hemp varieties"
uses such as pulp and paper, rope, textile fabrics, and oilseed production. Most hemp varieties are (
Between 1940 and 1960 breeding programs in many countries led to the development of more uni
monoecious varieties (Dempsey, 1975). In the late 1950y/brid varieties were developed in Hungary

exploit heterosis (hybrid vigor) in the species. Today fiber hemp breeding programs are continuing
France, the Ukraine, Hungary, Poland, Rumania, and China. An excellent review of the origin and ct
status of European hemp cultivars was recently published (De Meijer, 1995).

Since the 1920’'s, plant breeding efforts have more than doubled the fiber content of hemp stems fi
12-15% to the current 25-33%. Selection for increased fiber content beyond this level was discontin
since further increases in primary bast fiber are accompanied by increased secondary bast fiber col
which decrease fiber quality for cordage and textiles (Hennink, 1994).

Considerable variation exists within hemp germplasm for levels of the psychoactive drug THC (De M
al., 1992a). Although fiber hemp varieties generally contain much less THC than drug-tQaemabis a
number of fiber hemp varieties have been developed that contain very low levels (less than 0.3%) of
Plants with less than 0.3% THC have been accepted by the EC as having no psychoactive propertie:
approved varieties may be grown under the EC subsidy program. A list of low-THC varieties approve
use in the EC are included in the Organization for Economic Co-operation and Development (OECIL
cultivars (Anon., 1996). A new French cultivar has recently been developed which reportedly contair
THC (De Meijer, 1995).

Although many hemp varieties are available, the full genetic potential of hemp has undoubtedly not
realized. The potential for increasing hemp productivity through genetic improvement is probably st
substantial. Fiber hemp breeding efforts in North America continue to be impeded by legislative rest
and European hemp breeding appears to be limited primarily to state-supported programs in spite
highly developed commercial seed industry throughout the region.

Seedbed Preparation and Planting

Hemp should be planted on well prepared land. The best crops are produced when fall or winter plc
followed by preparation of a fine seedbed in the spring. Fertilizer is generally applied as a broadcas
treatment in the spring just prior to final seedbed preparation (Dempsey, 1975). No records of banc
fertilizer application or minimume-tillage planting of hemp have been found.

Optimum seeding dates vary with local climatic conditions, but are generally as early as possible afte
danger of hard freezes has passed. This is usually after planting dates for spring grain and somewr
than planting dates for corn (Robinson, 1952; Dempsey, 1975). In Kentucky, the best results were ¢
when hemp seed was sown between March 15 and April 30; in Nebraska from April to June; and in
California during February and March (Dewey, 1901).

Although hemp was formerly broadcast seeded and harrowed, almost all hemp is now planted with ¢
drills using row spacings from 8 to 18 cm (3 to 7 inches). Optimum seeding depth is 2 to 3 cm (3/4 1
inches). Historical seeding rate recommendations vary widely from 40 to 140 kg/ha (36 to 125 poun
(Dempsey, 1975). Current recommended seeding rates in western Europe range from 50 to 70 kg/
63 pounds/acre) (Kozlowski et al., 1995; Low, 1995). In general, high plant density results in a high
hemp crop. Weeds are suppressed in high-density stands, eliminating the need for herbicides. Althc
plant density has little effect on total biomass yield of hemp, high plant density decreases the propo
leaves and flowers and increases the proportion of stems. In addition, high density stands produce !
stems with a higher percentage of bast fiber and less woody core in the stem tissue (lower core-to-k
(Van der Werf, 1991). Excessive seeding rates result in uneven plant size and high mortality of smal
plants (self-thinning).

Fertilizer
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In addition to deep soils and adequate moisture, hemp requires substantial available nutrients to prc
high biomass yields. Even the earliest investigators in the United States and Europe noted that only
maintained in a high state of fertility produced good crops of hemp (Anon.,1890; Dewey, 1901 and
Dempsey, 1975; Van der Werf, 1991). When rapid expansion of hemp production became necessa
United States during World Watr Il very little information existed on the use of fertilizers on the crop,
several researchers began trials to determine the optimum fertilizer management in the Midwest. He
showed a good response to nitrogen, some response to phosphorus, and minimal or negative respc
potassium in lowa (Black and Vessel, 1945). Moderate yield increases from increased nitrogen level.
reported in lllinois and Wisconsin, but fiber quality was poor and increased nitrogen rates resulted in
decreased fiber strength (Howard et al., 1946). In lllinois, nitrogen fertilizers increased stem and rett
yield, but produced coarse, weak fiber (Hessler, 1947). These trials have led to the popular belief th.
fertilizer is required for hemp production, however, these trials were carried out on highly productive
the U.S. corn belt and did not account for nutrients available in the soil. Adequate nitrogen should k
supplied to allow rapid growth of hemp while avoiding excessive levels which seriously affect fiber gL

Research on fertilizer requirements of hemp have continued for years in many countries, and a sun
fertilization rates used in various countries is presented in Table 3 (Dempsey, 1975; Van der Werf, 1
1992; Kozlowski et al., 1995; Low, 1995a). Over a wide range of soil and environmental conditions, |
has been shown to require liberal fertilization for maximum production. Although nutrient uptake by
is high, a substantial portion of withdrawn nutrients are returned to the soil as leaves and roots, since
stems are removed from the field. If the crop is retted in the field, nearly all soluble nutrients are was
the soil during retting (Dewey, 1913).

Table 3.Hemp fertilization rates.

Country Year N (kg/ha) P>Osg (kg/ha) KoO (kg/ha)
United States 1952 60 30 40
Spain 1955 60 100 70
Italy 1956 40-60 100 70
Netherlands 1957 100-200

Rumania 1961 50-70 30-60

Bulgaria 1964 120 90 60
Netherlands 1964 120 80 160-180
USSR 1965 150 90 120
Netherlands 1966 120 100 100
USSR 1966 120 90 90
Rumania 1966 50 100

USSR 1968 120 90 90
South Korea 1968 100 60 80
USSR 1969 120 90 90
Italy 1975 75-150

Denmark 1976 140

France 1982 100-140 80-120 160-200
Poland 1995 90-120 70-100 150-180
United Kingdom 1995 120 100 160
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Uniform stem size is desirable for industrial processing of hemp as well as for mechanical harvesting
stem uniformity is affected by nitrogen fertilization. High levels of nitrogen fertility (200 kg/ha) increa
variability in both height and weight of hemp stems compared to moderate (80 kg/ha) nitrogen rates
der Werf et al., 1995c). High nitrogen fertility levels were also associated with decreased bark conter
hemp stems (Van der Werf et al., 1995a).

Weed control

When grown under favorable conditions, hemp is very competitive with weeds, and no herbicides are
generally used in fiber hemp production. Many authors have commented on the exceptional ability
to suppress weed populations (Dewey, 1901 and 1913; Robinson, 1935; Dempsey, 1975, Van der V/
1991). Weed suppression with minimal pesticide use is potentially one of the greatest agronomic an
environmental benefits of growing hemp in rotation with other crops. Thick stands of hemp have be:
reported to suppress aggressive weed species including quackgyags/(on repens(Wright, 1918),
bindweed (Robinson, 1935a), and yellow nutse@ypérus esculentuglLotz, 1991). The use of hemp to
suppress weed populations may offer conventional and organic growers an effective alternative to ¢
weed control practices. Recent commercial experience in the U.K. has shown that with proper timing
planting, weeds can be almost completely suppressed during the hemp growing season. Uneven st
establishment or planting too early, which may lead to stunting of hemp seedlings by cool weather, ¢
spring weeds to compete with hemp (Low, 1995b). Weed suppression by hemp is the result of direct
competition with weeds during the hemp growing season, however, and weeds will begin to grow age
the hemp crop is harvested. Residual weed suppressing compounds have not been reported in the
following hemp production.

Several climbing weeds have sometimes caused harvesting problems with hemp including black binc
(Polygonum convolvulus.), vetch ¥icia sp.), and morning gloryJQonvolvulus sepiurh.) (Dempsey,
1975). Morning glory is a particular problem in hemp seed production because its seed is the same
hemp and is very difficult to separate by screening (Robinson, 1935a).

Insects, Diseases, and other pests

Insect and disease pests have generally not been considered agriculturally significant problems in ir
hemp production, and pesticides are not commonly used in hemp production. This does not mean
hemp is free of pests or that there is no potential for pest problems with hemp.

Significant insect damage to hemp fields is apparently rare despite reports of nearly 300 insect pest
associated with the crop. Most serious among these are the European cor@didrea qubilalig and the
hemp borerGrapholita delineana Feeding by these stem boring insects causes formation of stem c:
which weaken hemp stalks. Heavy infestations of European corn borer cause collapse of the entire
addition, stem borer entry holes provide openings for fungal attack of the stems. Hemp borers also
the upper parts of the plant by eating hemp leaves and seed. Hemp seedlings can be completely dt
by many species of cutworms prior to stand establishment. In cooler regions, slugs cut off seedlings
shred older plant leaves. Many other insects attack hemp roots, stems, leaves, and flower parts but ¢
cause only minor damage (McPartland, 1996Db).

Although a number of plant diseases have been reported on hemp, major disease outbreaks are ut
The most important disease of hemp is gray mold, caused by the Bwigytss cinereaThis disease
attacks hemp stems under conditions of cool to moderate temperature and high humidity. In segre
cinereacan completely destroy@annabiscrop within a week. Hemp canker, a fungal disease caused
Sclerotinia sclerotiorunfLib.) Mass., attacks hemp stems resulting in wilt and stem breakage (McPartl:
1996a). Under cool, wet growing condition in the Netherlands, severe hemp yield reductions were re
reported due t8. cinereaandS. sclerotiorumFungicide applications every 10 to 14 days were require
keep the crop disease free (Van der Werf et al., 1991). Seed and soil-borne diseasdythicimesd
Fusariumare commonly controlled by seed treatment with fungicides prior to planting (Robinson, 1€
Dempsey, 1975). Many other minor diseases have also been reported on hemp (McPartland, 1996:

Several species of nematodes are known to infest hemp including the southern root knot nematode

Meloidogyne incognitéMcPartland, 1996a), and, more rarely, the northern root-knot nematode,
Meloidogyne hapl&hitwood (Norton, 1966). De Meijer has identified significant variation for resistan
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M. haplaamong accessions in tR@annabisgermplasm collection in the Netherlands which may allow
breeding resistant lines (De Meijer, 1993b). The bulb or stem nem&@irderfchus dipsadKuhn]
Filipjev) has been reported in Italy, Germany, Russia, and North America. Nematodes generally app
a minor problem in hemp production.

Two groups of parasitic plants are known to attack hemp. Broom@apbanche ramogaa parasitic
annual plant that attacks hemp roots as well as tomato and tobacco, is one of the most serious pest
associated with hemp production (Dewey, 1901; Robinson, 1935; Dempsey, 1975; McPartland, 199
Infected plants usually die before reaching maturity. The Hungarian varieties V7 and Kompolti V-7L
resistant to broom rape. Most monoecious varieties are apparently susceptible, however, the monoe
Russian variety Juzanna Odnodmnaja is reportedly resistant (Dempsey, 1975). In addition, five spec
dodder Cuscutaspp.) have been reported to infest above gro@adnabigissue (McPartland, 1996a).

Birds feed voraciously o@annabisseeds. Many bird species have been reported as pests in hemp, ai
feeding can lead to substantial crop losses (McPartland, 1996).

Although hemp is comparatively free of major pests, introduction of new crops to the region and the
increased production may result in unforeseen pest problems. High-density planting, increased ferti
and irrigation have often increased incidence of pest problems in other crops, and such problems s
anticipated with intensive hemp production.

Harvest

When grown for the highest quality fiber, hemp is harvested when the staminate plants have finished
flowering, but before seed has matured. This is sometimes referred to as "technical maturity” (Van dt
1991). Early in this century and during World War Il, horse or tractor drawn harvester-spreaders wet
to cut hemp stems and lay them in windrows on the ground for field retting (Figure 3). A second ma
was later used to gather and tie field dried stem bundles for pickup and delivery to the mill.

Figure 3. Cutting hemp near Waupun, Wisconsin (Wilsie, 1942).

A similar harvest system is still found in Europe using more modern, specialized equipment. These ¢
are designed to maintain the parallel alignment of hemp stems throughout harvest and processing |
maximize the recovery of long textile fibers from the stems. Because it maintains the alignment of h
stalks during handling, this equipment has limited harvest capacity per day. Additional innovation in
harvesting equipment and practices is still needed to improve the efficiency of long fiber production
southern Europe, fiber harvest usually occurs in late July and early August, while in northern France
Netherlands harvest is in late August and September (Van der Werf, 1991).
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It is possible to harvest unretted stalks using modified forage or sugar cane harvesting equipment a:
been done for kenaf (Wood et al., 1978; Quick et al., 1980). Recent harvests in western Europe hav
conventional forage harvesters to chop and windrow hemp for field retting (Figure 4). Once retting it
complete, the crop is treated much like a hay crop. After turning with hay rakes or tedders and field
the crop is harvested with large round or square balers. This type of harvest system has the advantz:
using efficient, readily available equipment, but does not maintain stem orientation and precludes th
production of long fiber with traditional fiber separation machinery. This harvest method is currently
used in Europe for production of tow for the paper industry, but could also produce short fiber for <
nonwoven textiles.

Figure 4. A modern European forage chopper (left)
cutting and windrowing hemp (right) (Leson, 1996).

Fiber yield continues to increase after flowering until biological maturity (seed maturity) is reached a
plants senesce and die (Van der Werf, 1991). Stem fiber tends to become somewhat coarser and wz«
however, as the seeds mature and the stems become more lignified. End products such as paper o
particleboard may not demand the same fiber qualities needed for textiles and, as a result, may not
retting and complete fiber separation. This may allow later harvest, which will result in greater total bi
yield and may include some mature seed as another byproduct. Late harvests will increase weather
since the moisture content of hemp, like most other crops, must be below 15% before baling to avoi
microbial breakdown in storage. In the PNW it may also be possible to extend the harvest season int
east of the Cascade Mountains by directly harvesting dry stems after the crop has been killed by frc
allowed to dry while still standing. This will not work in the mild winter areas west of the Cascades dut
heavy winter rainfall.

Another approach to extending harvest timing is the use of anaerobic storage for wet or green-choj
hemp employing the same equipment and techniques used for silage production. Preliminary tests
anaerobic storage of hemp have been completed in the Netherlands. After field decortication and el
bark and core fractions were separated by water flotation (bark sinks while core material floats). Adc
research is needed to determine the effect of anaerobic storage conditions on fiber strength (Huism
1995). While this method may work well for wet process manufacturing such as paper production, it
well adapted for dry process composite board production.

Retting

If hemp fibers are to be made into cordage, textiles, or high quality industrial products, the fibers mt
separated from the stalk. Retting is a microbial process which breaks the chemical bonds that hold t
fiber bundles together. This partial rotting of the stem allows easy separation of individual fiber strar
the woody core and is common to all bast fibers used in high quality textiles, including hemp. Withol
retting, hemp fibers tend to break if stems are bent or broken (Robinson, 1935). Since it is a biologi
process, retting requires both available moisture and temperatures warm enough for microbial actio
occur. The two traditional types of retting include water retting, in which plant stems are immersed in
(rivers, ponds, or tanks), and field or dew retting, in which the crop is spread in the field where rain a
provide the moisture for retting.
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Water retting produces fiber of greater uniformity and higher quality than can be produced by field |
but is very labor and capital intensive. In addition, water retting requires large volumes of high qualit
that must be cleaned before discharge after the retting process is complete (Fuller et al., 1946b). TF
majority of hemp fiber currently used in textiles is water retted in China or Hungary. Water retting ha
largely abandoned in countries where labor is expensive or environmental regulations are enforced

Field or dew retting has been used extensively with hemp because it is inexpensive, has been mech:
and does not involve the use or treatment of water. In this process (Figure 5.) stems are cut, laid in 1
in thin swaths, and left exposed to the weather for retting.

Figure 5. A field of retting hemp (Wilsie et al., 1944).

Turning the swaths is often needed to ensure uniform retting, especially if moisture is uncertain. Fiel
may take as little as 1 to 2 weeks during warm, humid weather conditions, but usually requires 4 to 5
In colder climates, hemp is sometimes left for the winter under snow, however, the crop can be over-
thaws and must be picked up quickly in the spring (Wright, 1918). Knowledge of local climatic condi
essential to estimate the risks involved in field retting (Fuller et al., 1946a). Control of the factors affe
field retting is very difficult, and fiber quality from field retted stems can vary greatly with environmen
conditions during retting (Hessler, 1945). Field retting in areas without dependable moisture can be
risky (Robinson, 1946). Excessive moisture can cause overretting in which the retting organisms att:
fiber cellulose resulting in loss of fiber strength. Weather must also be dry enough once retting is co
to allow sufficient drying that the stalks can be baled and stored.

The use of irrigation systems to supply moisture for field retting may add some measure of control 1
process but will, of course, add to the cost of production and limit production to irrigated fields.

Considerable research effort has been directed toward improving retting efficiency by artificial cultur
and use of the microorganisms responsible for retting or the direct use of retting enzymes in both w
field retting systems. While these systems have in some cases been technically successful, their ecol
viability has yet to be proven.

Fiber Separation

Breaking is the first step in mechanical separation of the fiber from the stalks. Dried stalks are passe
between fluted rollers to crush and break the woody core into short pieces (known as hurds) which |
separate from the long fiber in the process. The remaining hurds and fiber are separated in a proce
scutching. In the modern process, fiber bundles are gripped between rubber belts or chains and ca
revolving drums with projecting bars that beat the fiber bundles, separating the woody core and bro
short fibers (tow) from the remaining long fiber. The long fiber (line fiber in the trade) comes from tt
machine clean and ready for combing ( Figure 6.).

Retting, breaking, and scutching are the traditional methods of preparing hemp line fiber and tow fo
twisting into twine or rope or for spinning into yarn. Although partially mechanized, these basic proce
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are functionally identical to the ancient hand methods. These processes are time consuming and re
skilled workers as well as considerable investment in capital equipment.

Figure 6. Hemp fiber emerging from the scutcher (Dempsey, 1975).

It is also possible to mechanically convert virtually all of the bark fiber directly into tow using commel
available flax breaking and tow processing and cleaning machinery. This eliminates the traditional ¢
fiber scutching process and allows processing of randomly oriented baled straw. Compared to long
scutching machinery, tow processing equipment usually has higher throughput, requires fewer and |
skilled workers, and can be purchased at somewhat lower initial cost. The main disadvantage of a to
processing system is that all of the stem fiber, including the long fiber, is cut into short lengths. Seve
European manufacturers produce short fiber processing machinery (GschofZmann, 1995; Charle, 1

Research has been under way in Europe for many years to investigate methods of bast fiber separ:
do not rely on traditional retting and scutching. Steam explosion is an old method of fiber separatio
now under study in Germany for use with hemp. In this process, raw material (usually decorticated f
impregnated with alkali or detergent solutions, subjected to steam pressure for a period of time (1-3
minutes), and the fibers are then blown apart when the pressure is released. Fibers are then washed
dried, and carded before spinning (Nebel, 1995). A fiber separation method using the energy of ult
waves to separate individual bast fibers has also been developed in Germany. In this technique, gre
(unretted) or partially retted straw is mechanically broken between rollers, washed to remove dust ar
soluble components of the stem, and subjected to ultrasonic treatment under water. Fibers are sepe
the very high local pressures created by collapse of gas bubbles formed in the liquid by the ultrason
The fibers are then washed, dried, and carded to remove the remaining woody core (Zimmer and Kl
1995). Both methods are appealing in that they move bast fiber processing closer to an industrial pi
and minimize weather and material handling problems associated with retting. Both processes, howe
produce only short fiber. Precise control of process parameters is critical with either technology to o
consistent results and avoid fiber damage. Neither of these technologies has yet moved beyond lak
pilot scale trials, and the costs and throughput of commercial machinery is not known.

Yield

Yield is one of the most important parameters to consider in assessing the feasibility of any crop, an
one of the more complex. Reported yields for hemp vary widely, and some care must be taken whe
studying yield figures. Differing units of measurement can cause significant misunderstanding of res
European authors generally report total above-ground dry matter in tonnes/ha, that is, metric tons (.
ton = 1,000 kilograms) per hectare (10,000 square meters). Those using the English system of mes
report yield in tons/ac, usually short tons (1 short ton = 2,000 pounds) per acre (43,560 square feet
excitement over apparent high yields reported in metric units often evaporates once the conversion
to more familiar units. Stems, leaves, and seeds combine to make up total hemp biomass above grc
cordage or textile use, hemp fiber may be extracted from the stem, but only a portion of the stem is
addition, most of the leaves senesce and fall off the plant and are returned to the soil by the time flo
begins. Most modern authors are also careful to report dry matter rather than fresh (green) weight.
content of the crop will, of course, be directly related to yield, and field dried weight can be much dif
from oven-dry weight.
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Agricultural researchers from many countries have reported wide variations in hemp yield. In the Ur
States, farmers’ dry stem yields ranged from 2 tons/acre to 12.5 tons/acre, but averaged 5 tons/acre
good conditions (Dewey, 1913). Early reports from Germany (1919) indicate that dry stem yield of
varied from 3 to 10 tonnes/ha (1.3 to 4.5 tons/acre). In over 11 trials conducted in Sweden from 19!
1963, the stem yield of the variety Fibrimon 21 averaged 8.7 tonnes/ha (3.8 tons/acre). In Denmark.
Fibrimon 21 averaged 8.9 tonnes/ha (4 tons/acre) in 8 trials from 1965 to 1969 (Van der Werf, 1991
in France typically range from 8 to 10 tonnes/ha (3.6 to 4.5 tons/acre). In Italy, yields as high as 15
tonnes/ha (6.7 tons/acre) have been reported. Trials in the Netherlands from 1987 to 1989 recorde:
of 9.4 to 13.6 tonnes/ha ( 4.2 to 6.1 tons/acre) of dry stem matter (Meijer et al., 1995). A yield of 1S
tonnes/ha ( 8.7 tons/acre) was recently reported in the Netherlands using a late maturing Japanese
(Van der Werf et al., 1995b). Most of these yields are based on harvests from small plots, and avera
attained by commercial growers may be somewhat lower. Recent commercial production in the souf
U.K. has produced average dry matter yields of approximately 5 to 7 tonnes/ha ( 2.2 to 3 tons/acre
several thousand acres over several years (Low, 1995a and 1995b). Experimental production durin
and 1996 in Ontario, Canada yielded 2.5 to 3 tons/ac (Kime, 1996).

Several approaches to increasing hemp yield are under investigation in Europe. Earlier planting ma
improve productivity by promoting earlier canopy closure, increasing the total amount of light interct
during the season. This may be possible due to the ability of hemp to grow at lower temperatures tr
such as corn, but will increase the risk of frost injury. Optimization of planting density and rates of fe
application will help to reduce stand losses through self-thinning. Development of hemp cultivars witl
lignin content in the stem could improve both efficiency of cellulose synthesis and quality of stem dr
matter for paper production. The use of late flowering varieties may increase stem yield by prolongi
period of vegetative growth and reduce the diversion of photosynthetic products to flowers and seec
et al., 1995).

Fiber hemp has not been produced in the PNW, even on a research scale, in many decades. For thi
the harvestable yield of modern fiber hemp varieties under conditions in the region is unknown. The
way to reliably determine the potential of hemp in the PNW is through field testing over several year:
multiple locations under commercial production conditions.

Transport and Storage

Unprocessed hemp biomass, like agricultural residues or other fiber crops, is very bulky material, ar
costs of transportation and storage are a major consideration in the large-scale use of these produc
regardless of their end use. The low density of stem core material from bast fiber crops, including he
major factor limiting their utilization in pulping. An inexpensive method of increasing their density is
required to reduce transportation costs and ease handling in the mill (Wood, 1981).

Unlike wood fibers such as Douglas fir, which are resistant to microbial breakdown and can be store
outdoors, hemp will require protection from the elements to maintain quality, particularly if grown in
rainfall areas of the PNW. Even in low rainfall areas of the intermountain region, hay and straw are
commonly stored under cover to reduce spoilage due to weather. Providing storage facilities and hc
stocks of raw materials to ensure uninterrupted supply to a mill will involve considerable investment.
Estimated storage costs for grass seed straw in western Oregon range from $13.22 to $14.23 per to
assuming a six month storage period. This figure includes costs of construction, interest, repairs, ins
and straw losses (Mackey et al., 1991). Costs should be comparable for hemp straw. As with other
agricultural fiber crops, losses of dry matter and quality should be expected in storage. These factor
affect the cost and quality of the end products.

Seed Production

Since hemp grown for fiber is usually harvested before the female plants flower, production of planti
or oilseed involve somewhat different crop management. In general hemp seed production requires
warmer climate and a five to six week longer growing season than hemp fiber production to allow tin
seed maturation (Bocsa and Karus, 1998). Historically, hemp seed planted for fiber production in th
Midwest was produced primarily in Kentucky.

Hemp seed production fields are planted on much wider row spacing and at much lower seeding rai
(10-24 kg/ha) than fiber production fields to encourage development of large, branching plants that
heavily (Dempsey, 1975). Row spacing wider than 40 centimeters (16 inches) promotes branching
increases seed yield, particularly during drought conditions. At low plant densities common in seed f
the hemp crop may not suppress weed growth, and cultivation or herbicides are often used to contre
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in traditional European hemp seed production. Tall, heavily branched hemp plants are difficult to ha
with conventional combines, and in many countries hemp planting seed is still harvested by hand. M
expected seed yield using these practices is 1,000 kg/hectare (893 Ib/ac). In Europe the hemp stalk
seed crop harvest are either burned or chopped and then worked into the soil in countries where fie
burning is prohibited (Bocsa and Karus, 1998).

In some countries hemp is grown as a dual-purpose crop which is harvested for both seed and fibel
seeds are near maturity. In France, hemp seed is directly combined around the 15th of September
combine set to cut 1.5 meters (5 feet) above ground level. The combine cuts the upper stems and t
the seed in the field. The remaining crop is cut using a mower-conditioner and baled after field dryi
yields using this system range from 600 to 1000 kg/ha (536 to 893 pounds/acre) (Van der Werf, 19

In Hungary, dual-purpose hemp is planted on 20, 30, or 40 centimeter (8, 12, or 16 inch) row spaci
high enough plant density (20 seeds per meter or 7 seeds per foot of row) to ensure weed suppres:
Narrow row spacing also helps to promote relatively uniform seed maturation. Seed is harvested witt
combine harvester modified to cut higher off the ground than normal grain combines as in the Fren
production system. Axial-flow combines are particularly well adapted for threshing and cleaning hen
After seed harvest the stems are cut, field retted and dried, and then baled. Maximum expected see
from dual-purpose is 1000 kg/ha (893 pounds/acre), and dry hemp stalk yield is typically 4.5-6.7 tol
(2-3 tons/acre) (Bocsa and Karus, 1998).

Fiber from seed crops is usually rather coarse and weak compared to crops grown for fiber only (As
Dempsey, 1975). This is caused by the increasing lignification of hemp stems as the plants mature
flowering (Bocsa and Karus, 1998). As a result, fiber from hemp seed production fields is often usec
for relatively low value products such as pulp and paper production, and hemp stalks from seed prc
fields usually have a lower market price than those from fiber production fields.

Since latitudes in the PNW are similar to those in Europe, it may be possible to produce seed crops

hemp varieties in the region. Reliable seed production of the more desirable (later maturing) fiber ve
in the PNW may not be practical due to the interference of fall rains with seed harvest operations.
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CLIMATE AND SOILS OF THE PNW:

The Pacific Northwest lies between latitud® 4@ 49 north, approximately half way between the equato
and the north pole. The regional climate is characterized by relatively dry, warm summers and cool \
with a distinct winter precipitation pattern. Climatic variation in the PNW is primarily attributable to the
Cascade Mountain range which separates the high rainfall areas of western Oregon and Washingtol
more arid intermountain region and creates a major barrier to the moderating influence of the Pacif
Ocean. West of the Cascades and in areas influenced by marine air (primarily along the Columbia R
Gorge), annual precipitation totals are relatively high, temperature ranges are low, and the frost-free
season is generally long (ranging from 240 to 300 days). In the rain shadow of the Cascades and t
intermountain region, total precipitation is low, seasonal temperature ranges are greater, and the du
the frost-free growing season is highly variable (from less than 30 to 120 days), except for the Colul
and Snake River borderlands. Mean dates for last spring and first fall killing frost in the PNW are shc
Figure 8. Regional average annual temperature and precipitation patterns are shown in Figure 9 (Je
and Kimmerling, 1993).

LAST KILLING FROST OF SPRING FIRAT KILLING FROST IN FALL
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Figure 8. Mean annual dates of killing frost in the Pacific Northwest
(Jackson and Kimmerling, 1993).

YARIATIONS IN TEMPERATURI
AND PRECIPITATION

.....

Figure 9. Percipitation and mean temperature in the Pacific Northwest. At each location monthly r
temperature (°F) is shown by the line graph and mean monthly precipitation (inches) is shown by
graph (Jackson and Kimmerling, 1993).

Agriculture in the Pacific Northwest is extremely diverse, due to the wide range of climate, soils, wate!
availability and topography in the region. Approximately 29% of the land area of the region is devotl
agriculture, and about 42% of agricultural lands are cultivated cropland. Over 33% of PNW cropland
irrigated by diverted surface water or pumped groundwater (Table 4). Following the rapid expansior
irrigated acreage by new water system development in the 1950’s and 60’s, cropland acreage in th
has now stabilized at about 20 million acres. Under pressure from urban and commercial uses, a gr
of land is being converted from agriculture to non-farm uses despite laws intended to protect agricu
land in Washington and Oregon. These cropland losses are most frequent on highly productive soils
commuting distance of metropolitan centers. Future additions of cropland in the region will probably
depend on new irrigation development, an unlikely prospect in the face of current water deficits thrc
the PNW.

Table 4.Cropland area in the Pacific Northwest in acres (1992 Census of Agriculture).

Irrigated Non-Irrigated  Total % lrrigated
Idaho 3,260,006 3,041,856 6,301,862 51.7

Oregon 1,622,235 3,415,529 5,037,764 32.2
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Washington 1,641,437 6,357,982 7,999,419 20.5

Total PNW 6,523,678 12,815,367 19,339,045 33.7

[Back to the Table of Contents

POSSIBLE HEMP ADAPTATION TO THE PNW:

Because of its requirement for an extended frost-free growing season, hemp could be grown most r
the existing agricultural areas of the Columbia and Snake River basins and in the lowland areas bet\
Coast Range and the Cascades from the Rogue Valley in the south to Puget Sound in the north (Fi
Since it is primarily adapted as a summer annual, industrial hemp will almost certainly require supple
irrigation to maximize productivity in the PNW. Cultural requirements should be siimithose currently
used for production of field, silage, or sweet corn in the region; however, hemp can generally be pla
somewhat earlier than corn, possibly extendireggrowing season by several weeks. Early experience |
United States indicated that hemp grows well in areas where corn produces high yields. This genera
with results from other countries.

CROPLANIDS

Bl Trcigated
B ron-Irrigated

Figure 10. Distribution of irrigated and non-irrigated cropland in the PNW
(Jackson and Kimmerling, 1993).

Using corn as a model, the areas of current corn production in the PNW (Figure 11.) are probably &
areas of maximum expected hemp productivity.

Due to the distinct winter rainfall pattern in the PNW, hemp production without supplemental irrigatior
probably not be economically feasible. While well-established hemp is somewhat drought tolerant, b
yield and fiber quality are reduced by drought stress. With early spring planting, it may be possible t
hemp using available soil moisture and rainfall in some areas west of the Cascades, much like spring
grains. Risks associated with such production will be high and yields may be quite variable from sea
season. Erratic crop performance in non-irrigated hemp trials in Oregon during the 1930’s provide
evidence of this risk. The lack of summer rainfall may put PNW growers at a significant disadvantage
compared to growers in areas with regular summer rainfall such as the U.S. midwest and western Ei
Severe yield reductions or crop failure have been reported with hemp under drought conditions, an
moisture is also required for field retting. Reliable irrigation can, however, reduce weather risks asso«
with rainfed production. Irrigation is not only an additional economic cost of production, but is also ¢
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environmental concern, especially considering recent controversies surrounding agricultural water u
increasing demand for in-stream water rights in the PNW.
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Figure 11. Distribution of field corn production in the PNW
(Jackson and Kimmerling, 1993).

Unless industrial hemp production is extremely profitable, it is unlikely that more than a small percel
the total available acreage will be devoted to its production in preference to higher value crops. Hen

however, provide an excellent rotation for traditional crops to avoid outbreaks of insect and disease
problems or to suppress weeds.

[Back to the Table of Conterts

HEMP PRODUCTION BUDGET:

Net return to growers of industrial hemp will depend on several factors including cost of production,
and the market value of the harvested crop. Many of the production costs for industrial hemp will be
similar to other crops grown in the region. Table 5 is a possible industrial hemp production budget tl
developed using typical costs associated with irrigated field corn in the Pacific Northwest (Cross and
1991). These include not only the variable production costs such as tillage, sded;jlamed; but also the
fixed costs including insurance and amortization of equipment costs.

Table 5. Industrial Hemp Production Budget

Assumptions: Gross Yield Hemp Price
(tons/acre) ($/ton)
5 $75.00

Variable Costs

$/acre $/ton dry wt.
Cultural

Tillage and Planting $40.00 $8.00
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Hemp Seed ( 25 Ib/ac @ $1.36/Ib)
Fertilizer (600 Ib/a 16-16-16 @ $250/ton) + Application
Irrigation

Total Cultural

Harvest

Forage chopper ( $3.00 / ton)

Raking ( $1.50 / ton)

Baling, Large Square Bales ( $9.80 / ton)
Loading and Trucking ( $3.00 / ton)

Total Harvest

Miscellaneous

Operating Capital Interest
Pickup

Farm Truck

General Overhead

Total Miscellaneous

Total Variable Costs

Fixed Costs

Land Rent

Insurance - Machinery & Equipment

Irrigation System - Depreciation & Interest
Machinery and Equipment - Depreciation & Interest

Total Fixed Costs

Total Production Cost

Gross Income

Net Projected Return

Break-Even Yield (tons/ac), Total Variable Cost
Break-Even Yield (tons/ac), Total Cost

http://extension.oregonstate.edu/catalog/html/sb/s|

$34.00
$85.00
$62.00

$371.30

$150.00
$3.00
$44.00
$48.00

""" §245.00
$616.30
$375.00

($241.30)

4.95
8.22

$6.80
$17.00
$12.40

$118.76

$75.00

($43.76)

As with any cost analysis, many assumptions have been made to produce this budget, and a differe
assumptions will produce different results. In this example, production practices were chosen to ma»
stem dry weight yield for production of composite wood products or paper. While these are relatively
value end uses, they may also take advantage of existing regional production facilities. Maximizing

production of high quality textile fiber would require alteration of some practices such as increasing
rate (and plant density) to produce more slender plants with higher fiber content, but may produce |
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overall dry matter yield. The assumed dry matter yield of 5 tons/acre is consistent with the higher av
yields reported in western Europe using well-adapted hemp cultivars. Currently the price for baled, (
hemp stems proposed by an Oregon hemp composite manufacturer is $50 per ton. This is similar t
currently paid for whole stalk kenaf in the southeastern U.S. (Noblitt and Bitzer, 1995). Since PNW w
chip prices have been rising over the past decade, and this trend is expected to continue; the assun
of $75 per dry ton was used for this analysis. The assumed cost of hemp seed is the average of pric
reported for commercially available European hemp varieties, however, the cost of shipping from EL
was not included (De Meijer, 1995). The cost of locally produced, open-pollinated seed may ultimat:
somewhat less than the assumed cost in this model, however, seed from well-adapted, elite lines or |
seed will probably cost more. Fertilizer application requirements can vary widely over the region def
on many factors, and a moderate application rate was chosen. Harvest costs are based on current ¢
operating silage corn harvesters (8 to 10 tons of dry matter per acre) as well as local cost of raking
baling hay and grass seed straw. Crop storage costs have not been included in this budget, and she
added if on-farm storage is anticipated. In addition, no costs associated with retting, such as additior
irrigation, are included. Trucking costs are based on relatively close proximity to storage and proces
facilities. While some of these costs may be covered by the hemp processor rather than directly by 1
grower, all costs of production will ultimately be reflected in the price buyers can pay for the raw mat

The purpose of this budget is to provide a worksheet that will allow growers and researchers to evalt
economic potential of hemp under their local conditions. Costs, particularly fixed costs, can vary wid
among growers depending on their particular farming operation. Land prices in the PNW are quite |
compared to some other regions and are increasing rapidly under the pressure of urban growth. Gi
summer rainfall areas of North America will have lower costs without the requirement for irrigation bt
be at greater risk of yield reductions due to moisture stress. From this preliminary budget, however,
apparent that either hemp yield or hemp prices must be substantially higher than current assumed |
hemp to be economically viable for PNW growers.

Since both hemp yield and price may be quite variable depending on production conditions and the
of the end product, net return to the grower at various yield and straw price levels is shown in Table
levels in this table represent a range from relatively low productivity that might be expected using pc
adapted germplasm under less than optimal conditions to high productivity that can result from grov
well-adapted varieties under good conditions. Price levels span the range from current low prices fo
competing raw materials (wood chips) through very high prices that may be experienced during raw
material shortages. Other assumptions in the spreadsheet did not change.

Table 6.Net return per acre from hemp production at various price and yield levels.

Price ($/ton)

Yield (tons/ac) 50 75 100 125

(431.70) (356.70) (281.70) (206.70)
(399.00) (299.00) (199.00) (99.00)
(366.30) (241.30) (116.30) 8.70

(333.60) (183.60) (33.60) 116.40
(300.90) (125.90) 49.10 224.10

N o 01~ oW

Production of high value specialty products from hemp may allow buyers to offer higher farm gate |
for unprocessed hemp. Higher raw material prices will obviously improve the economic outlook for t
production. Higher quality end products usually require more stringent quality control in all phases «
material production, storage, handling, and processing compared to bulk commodities, which may ir
costs.
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Current demand for hemp seed as a source of oil and as a food ingredient is strong, and bulk hem,
prices are quite high ($0.45/Ib). Dual-purpose (oilseed and fiber) hemp production may increase gr
returns by providing income from both seed and straw sales. Possible net returns from dual-purpos
production at various seed yields and prices are shown in Table 7. Returns were calculated using a
spreadsheet similar to the one used in the previous example. The cost of combine seed harvest ($2(
added to the variable costs. Hemp straw yield was assumed to be 2.5 tons/acre with a price of $75 p
Other assumptions were identical to those used previously.

Table 7.Net return per acre from dual-purpose hemp production at various seed price and yield lev
Straw vyield is assumed as 2.5 tons/acre at $75/ton.

Seed Yield (Ib/acre)

Seed Price($/lb) 500 750 1000

0.30 (255) (181) (106)
0.35 (231) (143) (56)
0.40 (206) (106) (6)
0.45 (181) (68) 45
0.50 (156) (31) 94
0.55 (131) 7 144

From this analysis it is apparent that both high seed yield and high seed prices are required to prov
positive returns to growers from dual-purpose hemp production. Hemp seed prices in the upper rar
shown in Table 7 may be justified for some high value end products, however, most current hemp s
buyers are actively seeking lower priced sources of bulk seed. Hemp stalks harvested following seec
production are generally highly lignified and contain lower quality fiber than stalks from fiber produc
fields. As a result, stalks from dual-purpose hemp production usually sell for a lower price than stalk
fiber production fields and are unlikely to contribute substantial additional net returns to growers.

[Back to the Table of Contents

CONCLUSIONS:

Industrial hemp production has recently been the subject of increasing study around the world. In th
regional paper and wood products companies are becoming more interested in agricultural fiber so
meet their raw material needs. Hemp is one among many possible agricultural products that could
supplement or replace fiber currently supplied by foreign and domestic wood species. Although prc
of many products is technically possible using hemp, acceptance of hemp by industry will depend ¢
specific properties required for particular end products as well as price and availability of hemp as a
material. Several factors must be considered when assessing the feasibility of industrial hemp prodt
the Pacific Northwest.

1. Hemp is a summer annual crop that is well adapted to warm growing conditions, an extended
frost-free season, highly productive agricultural soils, and ample moisture through the growing
season. Previous research and experience indicate that hemp is well adapted to growth in the
of the U.S. Midwest. The temperature and soil requirements of hemp can probably be met in 1
existing agricultural areas of the Columbia and Snake River basins and to a lesser extent in th
lowland areas between the Coast Range and the Cascades from the Rogue Valley to Puget St
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2. Because of the predominantly winter rainfall pattern in the PNW, industrial hemp production wi
almost certainly require supplemental irrigation throughout the region to maximize production
requirement for irrigation will increase production costs and require that hemp be grown on sc
the most productive soils in the region, in direct competition with the highest value crops in the
The use of surface or ground water for irrigation also carries environmental costs that must be
considered.

3. Current industrial hemp production in Western Europe is economically feasible primarily as a r
of substantial direct subsidy of production by the EC. Since government subsidy of industrial t
extremely unlikely in the U.S., a thorough understanding of hemp production practices and cc
essential to determine the viability of fiber, seed, or dual-purpose hemp production.

4. Total biomass yields will need to be substantially greater than those previously recorded in ott
countries for industrial hemp to be economically feasible in the PNW at current prices. Since g
hemp, even for research purposes, remains under severe legal restrictions, direct measureme
performance using current agricultural technology has not been undertaken, and hemp yield:s
PNW growing conditions are unknown. Higher yields may be attained by improvements in gen
and cultural practices, but these will require considerable investment of time and resources. Al
some high-value end products such as specialty papers or textiles may allow a higher price fo
stalks, the costs associated with fiber separation and processing may preclude a substantial in
the raw material price to the grower. Even when these factors are considered, PNW growers m.
remain at an economic disadvantage compared to Midwest growers who have lower land costs
produce hemp using available summer rainfall rather than irrigation.

5. Innovation in harvesting equipment and materials handling is still required to improve the feasi
of hemp production. One of the greatest limitations of annual fiber crop production on a large
may be the relatively short harvest interval imposed by the onset of fall rains throughout the PI
This limitation may prove particularly challenging for production of hemp seed or later maturir
fiber hemp varieties in the region. The logistics of handling the volume of material required to
even a small portion of the wood fiber resources currently being used are far from trivial.

6. Even if hemp is brought into commercial production in the region, it will occupy only a portion
the limited irrigated acreage available in the PNW. As a result, hemp will only provide enough r.
material to meet a small portion of current fiber demand in the region.

7. Significant quantities of agricultural residues such as cereal and grass seed straw are widely a\
in the region as by-products of existing agricultural enterprises. Grain and grass seed product
levels have been quite stable over many decades, and straw from these crops is available at re
low cost throughout the PNW. While straw will compete with hemp as a primary raw material foi
or composite wood products, there may be opportunities to improve the properties of straw-ba
products with the addition of hemp fiber.

There is little doubt that industrial hemp can be successfully cultivated in some areas of the Pacific
Northwest. Application of agricultural technology such as intensive plant breeding and improvement
harvesting technology could increase hemp yield and enhance production efficiency. Development
improvements will take time and resources. Until legislative restrictions are removed from hemp, it is
unlikely that investments in improved production technology will be made or that the required indust
infrastructure will be developed.

[Back to the Table of Conterts
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