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STELLINGEN
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10.

11.

De potentiéle stengelopbrengst van hennep kan het effectiefst worden
vergroot door populaties te importeren die aangepast zijn aan lage

breedtegraad.
Dit proefschrift.

Hennephout is een inferieure grondstof voor papierpulp, die ook door
veredeling nauwelijks verbeterd kan worden.
Dit proefschrift.

De door Fournier en Paris gebruikte aanduiding 'vezelhennep’ (chanvre a
fibres) voor hennep met een geringe psychoactieve potentie is niet

correct.

Fournier, G. & M.R. Paris, 1979, Plant Med. Phytother. 13: 116-121.
Fournier, G. & M. Paris, 1982. Ann. Fals. Exp. Chim. 75: 7-13.

Dit proefschrift.

De door Small & Cronquist maatschappelijk en juridisch gewenst geachte
taxonomische indeling wvan Cannabis sativa L., op basis van het
veronderstelde doel waarvoor planten geteeld worden en hun
veronderstelde psychoactieve potentie, is van een zelfde orde als de
taxonomische onderscheiding van ’soepgroenten’ en ‘saladeachtigen’

binnen Allium cepa L. (ui).
Small, E. & A, Cronquist, 1976. Taxon 258: 405-435,

Het is in het geval van Cannabis eenvoudiger om een mogelijk te grote
genenbankcollectie te beheren dan om gefundeerd te besluiten welke
herkomsten wél, en welke niet tot een ‘core collectie’ moeten gaan
behoren.

Het imago van Nederlandse landbouwproducten is meer gebaat bij een
terugkeer naar cude productiemethoden dan bij verdergaande innovatie.

In een krimpende overheidsorganisatie is geboortejaar de belangrijkste
verklarende variabele voor het perspectief van de medewerkers.

De duurzame samenleving vangt niet aan voor de fossiele brandstoffen
opgemaakt zijn.

Een beroep wat in 1950 nog niet bestond is misbaar.

Er is geen zinvolle definitie van "hard drugs’ te bedenken waar alcohol niet

onder zou vallen.
Erik van Ree, Volkskrant 8 oktober, 1994,

Het geluk van de een lijkt op dat van de ander, maar ieder ongeluk heeft

zijn sigen bijzonder karakter.
Leo N. Tolstoi, Anna Karenina.

Stellingen behorend bij het proefschrift "Diversity in Cannabis" door Etienne de
Meijer, te verdedigen op 22 december 1994 te Wageningen.




DANKWOORD

b g @
Het * & = / . proefschrift is af. Allen die iets aan de tot

standkoming bijgedragen hebben wil ik hier noemen en bedanken. Promotor
prof. Evert Jacobsen en co-promotor dr. Anton C. Zeven voor de begeleiding en
het wegwuiven van mijn hardnekkige twijfel "of het wel ‘n beetje
wetenschappelijk was”. Loek van Soest voor zijn aandeel in het bijeenbrengen
van de collectie en voor het idee om misschien eens een proefschrift te
schrijven ("Mwha.." heb ik toen geantwoord en ik zat eraan vast). Hans
Beerdsen en Jan Dieleman, dank, dank, dank voor alle zaadvermeerderingen,
metingen, tellingen, vezelbepalingen etc., Henk Qosting idem voor het inzaaien
van veldproeven. Henk van der Kamp en René van Wezel, mijn dank voor de
cannabinoid analyses. Allerlei nuttig vooronderzoek is gedaan door Judith de
Looff, Gert Jan Nuys, Brigitte Fiseler, Petra van de Putte, Marco van Veller en
Yfke de Witte. Jack Groot, Gerie van der Heiden en Jos van de Vooren waren
behulpzaam bij het beeldanalyse werk. Willem Heijbroek, Trudy Coenen, Geert
Janssen en Nelleke Wallenburg gaven praktische aanwijzingen voor de proeven
met aaltjes. Jan Bergervoet en Jeroen Peters adviseerden bij het
electroforesewerk. Paul Keizer verleende EHBQ bij de statistische verwerkingen
met Genstat. Hayo van der Werf, Paul Keizer, Frad van Eeuwijk en Henk van der
Kamp hebben als mede-auteur bijgedragen aan enkele van de tot hoofdstukken
bewerkte publicaties. Bruikbaar commentaar op een of meer concept
manuscripten werd geleverd door Sebastiaan Hennink, Ton den Nijs, Ad
Schapendonk, Loek van Soest, Hayo van der Werf, Anton Haverkort, Steef Lips,
Rob den Outer, Geert Janssen, Leendert Molendijk, Hille Toxopeus, Ronaid van
den Berg, Jan Bergervoet, Robert Clarke, Theo van Hintum, David Watson,
Anton Zeven en David Pate. Speciaal wil ik Oene Dolstra danken voor zijn
gedetailleerde, gevreesde en gewaardeerde kanttekeningem. Mijn kamergenoot
en coilega in de hennep Sebastiaan Hennink heeft een belangrijke rol gespeeld
door zijn handigheid met en enthousiasme voor computers, dat heeft me nog op
het nippertie behoed voor een dreigend analfabetisme als gevolg van een
periode van weerspannigheid medio jaren tachtig. De collega’s van de ex-sectie
potentiéle gewassen en van het CGN wil ik bedanken voor de prettige omgang
tildens mijn onderzoek. Hetzelfde geldt voor de mede-onderzoekers in het
Nationaal Hennepproject, ooit zullen onze verzamelde werken geiden ais
hoogtepunt van het fin de siecle der Nederlandse akkerbouw.

Tenslotte, Ankie de Feyter en Eric van Rootselaar bedankt wvoor
respectievelijk het omslag en de bevrijdende krachtterm hierboven. Familie en
vrienden, allemaal bedankt voor jullie belangstelling. O ja, Noélle, de PC is vrij,
en Martine, we gaan binnenkort naar de dierentuin.

Etienne de Meijer



CONTENTS

1.

General introduction
The CPRO Cannabis germplasm collection

Variation of Cannabis for phenological development and stem
elongation in relation to stem production

Evaluation of current methods to estimate pulp yield of hemp

Variation of Cannabis with reference to stem quality for
paper pulp production

Characterization of Cannabis accessions with regard to
cannabinoid content in relation to other plant characters

Evaluation and verification of resistance to Meloidogyne hapla
Chitweood in a Cannabis germplasm collection

Multivariate patterns of diversity in Cannabis
General discussion

References

Summary

Samenvatting

Curriculum vitae

Appendix 1

Appendix 2

14

30

44

60

78

g0

110

116

123

127

131



CHAPTER 1

GENERAL INTRODUCTION

IMMEDIATE CAUSE OF THE PRE-
SENT STUDY

In an effort to réduce the overpro-
duction of a too limited number of
arable food crops, several research
programs focusing on industrial
crops have been initiated recently in
several countries in Northwest Euro-
pe (e.g., Hennink et a/., 1994}). The
‘Dutch hemp research program’
investigated from 1990 to 1994 the
feasibility of hemp as an arable crop
for the Netherlands and as a raw
material for paper pulp production.
In this context, breeding, agronomy,
plant pathology, mechanization,
processing and economics were
subject of a comprehensive study,
the overall results of which have
been summarized by van Berlo
{1993).

Fibre hemp cultivation has a
long history in the Netherlands {Hoo-
gendoorn, 1993) aithough it has
never been of great importance. The
crop disappeared at the beginning of
the 20th century (de Jonge, 1944).
Two previous attempts to re-introdu-
ce fibre hemp have been reported
{de fonge, 1944; Friederich, 1960),

Breeding of fibre hemp in the
Netherlands seems unprecedented.
In the framework of the present
research program, it was considered
necessary to investigate the pros-
pects of breeding directed at increa-

sed stem vyield potential, improved
stem quality for pulp production,
disease resistance and low psycho-
active potency. A collection of Can-
nabis germplasm, which was presu-
med to cover the variation within the
genus, was therefore established
and evaluated at the DLO-Centre for
Plant Breeding and Reproduction
Research (CPRO-DLO, Wageningen).
This thesis reports on the composi-
tion of the collection and its eva-
luation for traits relevant to the
introduction of hemp in crop rota-
tions in the Netherlands and its
utilization as a raw material for
paper pulp.

The present study shows strong
analogy with recent evaluations of
kenat germplasm {(Hibiscus cannabi-
nus L), a bark fibre crop traditionally
used for rope and textile production,
and since the 1950s under investi-
gation as a source of pulp fibre in
the USA and Australia (Adamson &
Bagby, 1975; Wood, 1990).

THE STATE OF KNOWLEDGE ON
CANNABIS DIVERSITY PRIOR TO
THIS RESEARCH

Domesticated Cannabis has long
been cultivated as a dual purpose
crop, producing bark fibres to be
used for manufacturing ropes, tex-
tiles and specialty paper, as well as
seeds for the extraction of edible oil



and technical oil for paint and var-
nish. Other domesticated strains are
used for the production of hashish
and marijuana. Features so far eva-
luated in agronomic research con-
cern; stem vyield (e.g., Friederich,
1980; Cristea er al., 1973); bark
fibre vyield (e.g., Friederich, 1960;
Demkin & Bondarenko, 1965); bark
fibre quality criteria such as tensile
strength (e.g., Baksheeva et al,
1980), flexibility (i. Bdcsa, pers.
commun., 1990), fineness (Kerékgy-
arté & Nagy, 1962} and the ratio of
secondary to primary fibre-cells
{Tarakan, 1869; Horkay, 1982);
seed yield {e.g., Demkin & Bonda-
renko, 1965; Cristea et al.,, 1973);
seed oil content (Getmanov, 1966)
and cannabinoid profiles {e.g., Four-
nier & Paris, 1979; Murari et al.,
1983; Gorshkova et al, 1988).
Some references focus on crop
protection against the fungi Botrytis
cinerea Pers. ex Fr. {grey mold),
Sclerotinia sclerotiorum (Lib.}) de
Bary {stem canker), Phytium deba-
ryanum auct. non R. Hesse (causing
seedling damping-off] and Fusarium
oxysporum Schlechtend. {fusarium
wilt); the insects Grapholitha define-
ana Walk. (hemp leaf roller), Psyl-
liodes attenuata Koch (hop flea
beetle}, Ostrinia nubilalis (Hlibner}
(corn borer) and the parasitic weeds
Orobanche ramosa L. (broomrape}
and Cuscuta europaea L. (dodder).
Varietal differences in reactions to
these pests and diseases were rarely
reported. Morphological traits (Quim-
by et al., 1973; Small er al., 1976;
Anderson, 1980; Verzar-Petri et al.,
1981), anatomical traits {Anderson,
1974), cannabinoid pfofiles (Small &

Beckstead, 1973} and electropho-
retic patterns of seed proteins {Lawi-
Berger et al., 1982; Yumaguzina et
al.,, 1979a,b) have been observed in
biosystematic oriented research.

In the past decades, numerous,
mainly Central European and Rus-
sian, references, reported on trials in
which the performance of fibre culti-
vars was tested in combination with
various cultural treatments: e.g., the
application of fertilizers, growth
regulators, chemical defoliants and
pesticides, and factars such as sow-
ing depth, row width, plant density,
soil types and preceding crops in the
rotation. For fibre strains, the ex-
pression of the traditional agronomic
characters in continental climates,
and the effects of growth factors,
are hence quite well documented.
Reports on large-scale germplasm
screenings, primarily aimed at the
identification of useful breeding
matetial, are rare {e.g., Virovets et
al., 1987). In biosystematic re-
search, some very large collections
of Cannabis germplasm were evalua-
ted {Anderson, 1980; Small & Beck-
stead, 1973; Small et al, 19786},
comprising domesticated drug and
fibre strains as well as undomestica-
ted populations, but the traits invol-
ved were of little relevance to the
present goal of cellulose production
in the Netherlands.

Prior to this research program,
knowledge on agronomic performan-
ce with some relevance to paper
pulp production in the maritime
climate of the Netherlands, was
restricted to a small number of older
and largely replaced fibre strains
tested by Friederich {1960). The




performance with regard to stem
vield and quality of some currently
available fibre strains has been stu-
died by van der Werf (1994} in the
context of the present program.

The agronomic performance of a
representative collection of Cannabis
germplasm remained to be evaluated
under temperate maritime condi-
tions. Some aspects were specific
for the present program and supple-
mentary to previous hemp research.
in contrast to the traditional use of
fibre hemp, this program was direc-
ted at the utilization of whole stalks,
including the woody core, for pulp
production {du Bois, 1982). Woody
core characters have not been sub-
ject of large-scale germplasm evalua-
tions so far but were considered
important for the present one. Also
omitted in previous studies, but
considered relevant to local crop
rotations in the Netherlands, were
the host reactions to soil pathogens.

OBJECTIVES OF THE PRESENT
STUDY

The practical work consisted of the
establishment, maintenance and
evaluation of a representative Can-
nabis germplasm collection. This
study explores, on the basis of diver-
sity among and occasionally within
accessions, the prospects for the
breeding of improved cultivars. The
main objectives were:

* The identification of relevant
agronomic traits to be evaluated
and the assessment of evalua-
tion methods.

*  The characterization of access-
ions with respect to agronomic,
morphological and genetic traits.

*  The study of the stability of,
and mutual relations between
traits.

* A practical classification of
diversity in Cannabis.

OUTLINE OF THE THESIS

The established germplasm collec-
tion is presented in Chapter 2, with
origin and pedigree of accessions
specified. Chapter 3 describes the
variation for the presumed vyield-
related characters, stem length and
phenological development, and
seeks to verify the relation with
stem dry matter production. In
Chapter 4 some methods are evalua-
ted for the estimation of potential
pulp recovery of hemp stem
samples. Variation in stem quality
parameters is presented in Chapter
5. In Chapter 6, accessions are
classified according to cannabinoid
profiles and the relation between
chemical and non-chemical traits is
investigated. The evaluation of resis-
tance to the root-knot nematode
Meloidogyne hapfa Chitwood in a
seedling test and the verification of
observed varietal differences in a
field trial are described in Chapter 7.
In Chapter 8, the observed traits are
considered in a multivariate way,
Variation patterns are related to
passport data and electrophoretic
patterns of seed proteins. In the final
Chapter 9, implications with regard
to cultivation and breeding are dis-
cussed and some issues that remain
to be studied are identified.




Revised and updated version of:

Meijer, E.P.M. de, & L.J.M. van Scest, 1992, The CPRO Cannabis germplasm
collection. Euphytica 62: 201-211.
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CHAPTER 2

THE CPRO CANNABIS GERMPLASM COLLECTION

ABSTRACT

The CPRO Cannabis germplasm collection was established between 1988 and 1993. in
its final state it comprises ca. 200 accessions. In this chapter, origin and pedigree of
accessions, and maintenance of the collection are described.

Key words: cultivars, germplasm collection, origin, pedigree

INTRODUCTION
Classification of Cannabis

There is no general agreement on
the infrageneric taxonomic treatment
of Cannabis. Schultes et al. (1974}
distinguished three species within
the genus: C. sativa L., C. indica
Lam. and C. ruderalis Janischevsky.
Other authors (e.g., Hoffmann,
1961) referred to these taxa only at
subspecific level within C. sativa.
Small & Crongquist (1976} divided
the single species . sativa in the
two subspecies sativa and indica
each consisting of a domesticated
and a wild variety. Within the sub-
species sativa these were called var.
sativa and var. spontanea, and with-
in the subspecies indica, var. indica
and var. kafiristanica, respectively.
Taxa are usually discriminated on
morphological, and physiological
grounds, but Small & Cronquist
based their key partly on the presu-
med psychoactive effects and the
purpose and state of domestication.
All strains within the genus Canna-

bis intercross readily and produce
fertile hybrids (Schultes et al,
1974). The pattern of variation
within the genus is continuous
{Small et &, 1976}). The haploid
chromosome numher is 10. in their
natural state all strains are diploid
{Purseglove, 1974).

Various non-biosystematic clas-
sifications are employed for Canna-
bis. Examples are a chemotype
classification (using cannabinoid
contents), an ecotype classification
(based on adaptation latitude) and a
subdivision according to the type of
utilization (fibre and seed hemp
versus drug strains}. Opinions about
the most preferable system to classi-
fy Cannabis are beyond the scope of
this chapter. Terms derived from
several systems will be used to
specify accessions in the next sec-
tions.

Domestication and geographical
distribution of the genus Cannabis

The centre of origin of Cannabis is
supposed to be in Central Asia.

5




According to Sharma (1979}, truly
or nearly wild populations occur still
in the Himalayas. Since ancient
times cultivation has taken place in
Asia and Europe {Purseglove, 1874).
The genus also occurs widely in
Africa (Haney & Bazzaz, 1970). In
post-Columbian times it was intro-
duced into North and South America
(Dempsey, 1975}, Persisting natura-
lized populations occur in Central
Europe and the former Soviet Union
{Hoffmann, 1961), the Midwestern
USA (Haney & Bazzaz, 1970) and
Canada (Clarke, 1981). The domesti-
cation status ranges from truly wild
to naturalized, landrace, breeders
material (mutants, inbred popula-
tions) and cross-bred cultivar (up to
hybrid F, cultivar}.

Until the 1950s, fibre hemp
strains were usually derived from
indigenous landraces by selection
{Hoffrnann, 1961}. Well-performing
exotic strains were frequently impor-
tad and adapted to local conditions
or used for cross-breeding. Between
1940 and 1960 breeding in many
countries was aimed at monoecious
cultivars (Dempsey, 1875). Hetero-
sis breeding became important in
Hungary in the late 1950s. Hoff-
mann (1961) reported fibre hemp
breeding in the former Soviet Union,
Italy, Hungary, former Yugoslavia,
Rumania, Germany, Sweden and the
USA. Tschaneff (1859) reported
breeding in Bulgaria. Dempsey
(1975} listed 18 institutes engaged
in hemp research: six in the former
USSR, six in Eastern Europe, four in
Western Europe and two in East
Asia. Nowadays, fibre hemp bree-

ding is continued to some extent in
the Ukraine, Hungary, Poland, Ruma-
nia, France and China. The QECD
schemes for the varietal certification
of seed moving in international trade
(Anonymous, 1991a) list a total of
18 European fibre cultivars regis-
tered in five countries: [taly (5},
France (7}, Hungary {4}, Rumania (1)
and former Czechoslovakia {1). At
least 9 cultivars are registered and
currently cultivated in the former
USSR. Two cultivars are presently
registered in Poland. No information
was traced on Chinese cultivars.
Production of Cannabis drugs
takes place in Afghanistan, Colom-
bia, India, Jamaica, Lebanon,
Mexico, Morocco, Nepal, Thailand
and the USA (Cherniak, 1982}).
Since the 1980s domestic produc-
tion of marijuana {female inflore-
scences} is regularly reported in the
Netherlands. Drug type landraces are
maintained in many of the traditional
marijuana and hashish {resin) pro-
ducing countries. Crosses between
imported landraces from Afghanis-
tan, Thailand, India and Nepal
formed the basis for domestic drug
cultivars in the USA {Clarke, 1981).
Many of these hybrids, and some
selected pure strains are presently
commercialized in the Netherlands.
Private companies publish seed lists
with up to 20 drug strains for either
indaor or outdoor cultivation,
Cannabis germplasm is stored in
only a few genebanks. Collections
occur mainly in connection with
recently abandoned or current fibre
hemp breeding. The largest collec-
tion, at the Vavilov Institute (St.



Petersburg, Russia}, contains ca.
400 accessions (Lemeshev et al.,
1994), the Hungarian genebank
stores about 70 accessions. Collec-
tions of up to 20 accessions are pre-
served in genebanks in Germany,
Turkey and Japan. Some botanical
gardens maintain a few accessions.
Compared to other crops the avail-
able number of accessions is quite
limited, and accessions are generally
poorly documented.

Maintenance of Cannabis germplasm

Cannabis populations are easily
affected by environmental condi-
tions. Changes in cannabinoid pro-
files (Hakim et a/, 1986) and plant
habit {Tschaneff, 1959) after a few
generations under altered conditions
have been reported. Special caution
during multiplication is required in
order to preserve specific properties.
For commercial cultivars, selection
for a desired phenotype usually
takes place during outdoor multipli-
cation. To avoid introgression, a
distance of at least one km between
multiplication fields is assured for
monoecious cultivars in the Ukraine
and two km for dicecious cultivars in
Hungary. Multiplication of exotic
accessions should be organized
indoors to allow seed development
on every female plant even late in
the year. Doing so, one can oppose
natural selection in favour of early-
flowering genotypes (drift). Seed
collections should be stored under
optimal conditions in order to reduce
the number of rejuvenation cycles.

THE CPRO CANNABIS COLLEC-
TION, MAINTENANCE AND DES-
CRIPTION OF ACCESSIONS

Seed samples were acquired be-
tween 1988 and 1993 from gene-
banks, breeding and research insti-
tutes, seed companies and botanical
gardens {Appendix 1}. A few samp-
les were taken from bird-seed and
from marijuana.

Except for some current fibre
cultivars, of which seeds were suffi-
ciently available, and hybrid F, varie-
ties with segregating progeny, samp-
les were multiplied in pollen-isolated
greenhouse compartments to obtain
sufficient seed amounts for evalua-
tion trials. No conscious selection
took place during multiplications.
About 150 seedlings per accession
were planted in pots. An average
number of 50 male and 50 female
plants survived until maturity. Some
generations were the progeny of
lower numbers of plants due to the
supply of small quantities of seed
which sometimes had poor viability.
Seed yields varied widely and ranged
from 6 to 600 g, with an average of
ca. 100 g. Late-flowering accessions
generally yielded the smallest seed
amounts. Seeds used for experi-
ments were stored in paper bags in
a dark coldroom at 4 °C and relative
air humidity of 30%. Under such
conditions seed moisture content
reached an equilibrium of ca. 6%.

In order to identify optimal long
term storage conditions an experi-
ment was initiated in which sub-
samples from one seed lot were kept
under various combinations of tem-




perature and seed moisture content.
Germination tests at three month
intervals were carried out to monitor
the decline of seed viability. Antici-
pating the final results (unpublished,
not included in this thesis), about 20
units of ca. 250 seeds each were
stored per accession, with 4.5%
moisture content at -20 °C in va-
cuum sealed bags.

Passport data and storage data
were entered in the database mana-
gement system 'Genis PCC8’, an
application of 'Oracle’ (Hazekamp &
van Hintum, 1989).

By mid-19924, in its final state,
the collection contained ca. 200
accessions. According to status and
purpose of domestication these can
be grouped as fibre cultivars {68
accessions), fibre landraces (50},
drug strains (28}, ornamental culti-
vars {1} and wild or naturalized
populations {16). Ca. 40 accessions
remained a priori unspecified. Figs.
1, 2 and 3 show some examples of
the diversity in the collection. Pass-
port data are summarized in Appen-
dix 1. Information on pedigree, pro-
vided in the next sections, could be
traced for the breeder’'s cultivars in
Appendix 1 only.

Franch fibre cultivars

The collection includes the monoeci-
ous cultivars Futura 77, Fibrimon
24, Fibrimon 56, Fedrina 74, Felina
34, Ferimon 12 and Fedora 19
which are currently cultivated for
paper production in France. 'Fibri-
mon’ is the patented name for a
monoecious cross-bred cultivar with

high fibre content. It was bred in
Germany between 1951 and 1955
{(Bredemann et al., 1961}. The pa-
rental populations were: inbred ma-
terial derived from monoecious
plants spontaneously occurring in
‘Havellandische’ or ‘Schurigs’ hemp
which was again a selection from
Russian origin (Heffmann, 1961});
dioecious selections with very high
fibre content from Germany and
dicecious late-flowering landraces
from MRaly and Turkey. ‘Fibrimon’
was transferred to France in the
1950s where further selections,
named Fibrimon 21, 24 and 56,
were made with diverging days of
maturity. In general, the higher the
numbers added to the names of
French cultivars the later they
flower. Other French cvs. were
selected directly from ‘Fibrimon’ or
from cross progenies of ‘Fibrimon’
and several exotic cvs. (J.P. Ma-
thieu, pers. commun., 1992). In
1965 about 150 fibre hemp strains
were evaluated for quality, produc-
tivity and future availability. The
intantion of this screening was to
select parents for the production of
bhybrid F, cultivars (heterosis bree-
ding) without domestic maintenance
of the parental populations. Selected
strains were crossed with ’Fibri-
mon’, The idea of heterosis breading
was, however, abandoned and the
best performing hybrids were back-
crossed with ‘Fibrimon’ and stabi-
lized to new true-breeding monoe-
cious cultivars. Three of these, 'Fe-
dora 19', ‘Felina 34’ and ‘Fedrina
74’ are currently cultivated. Their
dioecious parents were ‘JuS 9,




‘Kompolti® and ‘Fibridia’, respective-
ly. ‘Fibridia’ is described in detail by
Bredemann et al. (1961). ‘Futura 77’
was selected for a somewhat later
day of flowering from the same
hybrid offspring as 'Fedrina 74°. The
more recent cultivar ‘Ferimon 12’ is
an early maturing selection from
‘Fibrimon 21°, it is especially used
for seed production.

No new crosses have been
made since the late 1970s. The
main chjective since then was selec-
tion for low psychoactive potency
within the existing cultivars.

Hungarian fibre cultivars

In the Balkan area, landraces were
replaced in the 1950s by cultivars of
which Fleischmann hemp or cv.
Kompolti was the most important
one {Hoffmann, 1961). 'Kompolti’
has been selected from ltalian hemp.
Cv. Kompolti Hyper Elite is a further
selection of "Kompolti® with increa-
sed fibre content. "Kompolti S&rgas-
zard’ is a cross between a sponta-
neous yellow stemmed mutant from
Germany and ‘Kompolti’ (Bécsa,
1969). Commercial cultivars from
Hungary are generally dioecious. It is
the only country where heterosis
breeding of hemp became important.
This resulted in F, hybrid cultivars
like 'Kompolti Hybrid TC’, a three
way cross hybrid in which two se-
lections from Chinese origin, 'Kinai
Kétlaki’ (dioecious}) and ‘Kinai mo-
noecious’, and 'Kempolti’ are combi-
ned {I. Bécsa, pers. commun.,
1990). Other hybrids are 'Uniko-B’,
‘B-7' and 'Kinai Uniszex’. ‘Uniko-B’

is the F, of a hybrid F, of "Kompolti’
x 'Fibrimon’ (Bécsa, 1966). 'B-7’ is
the hybrid F, of ’‘Kinai Kétlaki’ x
‘Kompolti’. 'Kinai Uniszex’ is the uni-
sexual female F, of the cross ‘Kinai
Kétlaki® x ‘Kinai monoecious’. Uni-
sexual generations like these are
used as female parent for the pro-
duction of three way cross hybrids
and can be considered as an ana-
logue for male sterility since they
allow large-scale hybrid seed produc-
tion with limited labour.

Rumanian fibre cultivars

Cv. Fibramuita 151 is an improved
selection of cv. ICAR 42-118 which
is a cross progeny of [talian and
Rumanian strains (Hoffmann, 1961).
Cv. Lovrin 110 was released in
1981, as a replacement for cv.
Fibramulta 151. It was bred by
selection among family groups from
the Bulgarian cultivar Silistra (Para-
schivoiu, 1982) which is also part of
the collection {'Silistrenski’}.

Polish fibre cultivars

The collection comprises three Polish
cultivars. The dioecious cultivar
LKCSD was selected between 1945
and 1955 from imported 'Schurigs’
hemp. In 1968 it was replaced by
the monoecious cultivar Bialobrzes-
kie {R. Kozlowski, pers. commun.,
1992). ‘'Bialobrzeskie’ is a c¢ross
combination of four European stra-
ins: ({{('/LKCSD’ x 'Kompaolti’} x 'Bre-
demann 18’) x 'Fibrimon 24'}), (B.
Jaranowska, pers. commun., 1992).
The most recent cultivar Beniko is




registered in 1986. It is a cross
combination of 'Fibrimon 24" and
‘Fibrimon 21’ {B. Jaranowska, pers.
commun., 1992},

Fibre cultivars from the former USSR

In the former USSR the areas for
hemp cultivation were divided accor-
ding to latitude into northern, cen-
tral, and southern regions, each with
a set of adapted landraces and culti-
vars {ecotypes). Northern hemp is of
no practical use at present, it was
grown by peasants before the revo-
lution. This group is represented in
the collection by two landraces from
the Kirov region (883289, 883290)
and one from the Novosibirsk region
{921217). The group of central
Russian hemp is represented in the
collection by a number of Russian
and Ukrainian cultivars. Southern
Russian hemp comprises strains
from the southern Ukraine, southern
Russia, the Caucasian region, the
Asiatic republics and Far Eastern
hemp. Many cultivars were received
under names specifying details like
geographic origin, ecotype (yuzhna-
ya = southern) and the monoecious
character {odnodomnaya).

Central Russian fibre cultivars

This group is represented by landra-
ces from the Orlov, Altaij, Transcar-
pathian and Mari region, and the
cultivars Odnodomnaja Bernburga,
Bernburgskaya and SOU. Cv. QOdno-
domnaja Bernburga or Bernburgska-
ya is a monoecious cultivar which
was originally produced in Germany
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in the 1940s under the name 'Bern-
burger einhausigen’ (Hoffman,
1961).

Southern Russian fibre cultivars

According to Hoffmann (1261), late
maturing Italian strains and local
Caucasian strains were crossed to
obtain improved southern Russian
cultivars. Series of southern Russian
cultivars in the collection are indica-
ted ‘Krasnodarskaya’, ‘Dneprovska-
ja’, "Ju§’ or 'YuS’, ‘JSO’ or 'Yu50’,
and ‘USQ’. Cv. Krasnodarskaya is
the standard dioecious cultivar of
the Caucasus region. Cvs. Krasno-
darskaya 35 and Krasnodarskaya b6
are probably improved selections,
Cv. Juznaya Odnovremenno Sozre-
vajuscaya 1 (abbreviated 'JSO1’ or
'YuSO1'}) is a simultaneously matu-
ring monoecious cultivar referred to
at least since 1965 (Demkin & Bon-
darenko, 1965). Cvs. JS0O4, JSO14,
JS016 and JSO19 are possibly
improved selections from ‘JSO1’,
but may be newly made crosses as
well. Cv. Zolotosskaja 11 {abbrevia-
ted ‘USO-11'} and ‘Zolotosskaja 13’
are probably synonyms for ‘Zoloto-
noshskaya 11’ and 'Zolotonoshska-
ya 13’, respectively. Both cultivars
are monhoecious. The latter was
released in 1986 in the north Cauca-
sus region. It was produced by se-
lection in the progeny from a cross
between ‘JSO 16" and ‘Dnep-
rovskaya Odnodomnaya 6’ {Orlov et
al., 1987,



Fig. 1. Monoecious fibre cultivar,
crop height up to 4m.

Drug strains

The drug strains in the collection are
poorly documented. ‘Skunk’ is a
hybrid between indigenous strains
from Afghanistan, Mexico and Co-
lombia. The hybridization work took
place in 1976 in California, USA.
Ten years of inbreeding and selec-
tion of the progeny resulted in a
consistent true-breeding cultivar
(D.P. Watson, pers. commun.,
. 1990). ‘Skunk’ is currently commer-
cialized for indoor cultivation in the
Netherlands. ‘Rjaf’ was selected
from a hashish type drug strain from
Afghanistan, and is presently used
for indoor cultivation at northern
latitudes (D.P. Watson, pers. com-
mun., 19980). The term 'Nederwiet’,
assigned to some accessions, indi-

Fig. 2. Ornamental cultivar (accession
910914) at the Agricultural Research
Institute in Kempolt, Hungary.

Fig. 3. Naturalized hemp in a roadside
vegetation in Kiev, Ukraine.

cates any drug strain either indoor or
outdoor cultivated in the Nether-
lands. At present 'Nederwiet’ com-
prises a number of so called /indica x
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sativa hybrids and pure strains of
both taxa. Breeders of drug strains
consider plants from the Afghanistan
region, with wide leaflets, compact
habit and relatively early maturation,
as type examples for the taxon C.
indica. These strains are traditionally
used for resin (hashish) production.
Strains from Colombia, Thailand,
South Africa and Mexico, with nar-
row leaflets, slender habit and later
maturation represent from this point
of view the taxon C. sativa and are
traditionally used for marijuana pro-
duction.

Ornamental cultivar

The ornamental cultivar in the collec-
tion, indicated as var. globosa cv.
Panorama (Fig. 2) is a cross be-
tween a globular-shaped dwarf mu-
tant which spontaneously occurred
in a Lebanese strain, and the monoe-
cious fibre cultivar Fibrimon (1. Béc-
sa, pers. commun., 1990}.

CLOSING REMARKS
A considerable mutual relatedness

seems to exist among the fibre culti-
vars in the collection. Especially
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ltalian and German strains have
directly been the basis of, or have
been used as breeding parent for
many of these cultivars. Also the
ornamental cultivar, the group of
central European naturalized popula-
tions {var. spontanea and ssp. rude-
ralis}, and the fibre landraces seem
closely related to the modern fibre
cultivars. The pure drug strains are
probably not so closely interrelated
due to geographic isolation. Close
relatedness between drug and fibre
strains seems unlikely.

Fibre cultivars grouped under
the name Kentucky hemp which
were cultivated until the mid 1950s
in the USA are still lacking in the
collection. Hoffmann {1961} men-
tioned four US cultivars which were
hybrids of imported Chinese and
Italian strains. It is doubtful whether
viable germplasm of these cultivars
still exists. Despite current cultiva-
tion of hemp in China, only very few
Chinese accessions could be
acquired.

In its final state, the collection
seems sufficiently representative for
investigating diversity in the genus
Cannabis,



Based upon:

Meijer, E.P.M. de & L.C.P. Keizer, 1994. Variation of Cannabis for phenological

development and stem elongation in relation to stem production. Figld Crops
Research 00: Q0-00 (in press).
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CHAPTER 3

VARIATION OF CANNABIS FOR PHENOLOGICAL DEVELOPMENT
AND STEM ELONGATION IN RELATION TO STEM PRODUCTION

ABSTRACT

The variation of Cannabis in phenological development and in stem elongation was
studied in relation to stem production. In two field evaluations, one including 98 and
the other 75 accessions, large variation was found for day of anthesis and day of seed
maturity. A higher latitude of origin of accessions was associated with earlier anthesis
and seed maturity. The phenological pattern proved to be stable over years,

Stem elongation in the evaluation trial of 98 accessions was characterized by the
slope coefficient, inflexion point, and upper asymptote of a sigmoid curve fitted to
periodical measurements of stem length. Significant differences among accessions
were found for each of these curve parameters. Stem elongation was less stable than
the phenological pattern over years. The stem elongation parameters were significantly
correlated with the day numbers of anthesis and seed maturity. Early-flowering
accessions were shorter than late ones. The influence of phenologicatl development on
stem elongation however was only evident for relatively early-flowering accessions.
Stem elongation continued generally after the onset of anthesis. The proportion of the
stem formed in the generative stage was larger the earlier accessions started to flower.
Very late-flowering accessions reached the ultimate length in the vegetative stage.

In the evaluation trial consisting of 75 accessions, phenological development and
final stem length were observed in relation to stem dry matter production. Day of
anthesis and final stem length were strongly and positively related to stem yield. Some
very late-flowering fibre hemp landraces exceeded hy far the standard fibre cultivars in
stem vield. Late-flowering drug strains were Jess persistent than late fibre strains in a
dense crop situation.

It was concluded that in an efficient crop growth system, seed reproduction and
stem production should occur in separate geographic areas, i.e. seed reproduction at
lower latitude and stem production at higher latitude. Breeding can contribute to yield
potential by improving the persistency of cultivars. There seem also possibilities to
select for more efficient stem dry matter accumulation and dry matter partitioning.

Key words: anthesis, maturity, origin latitude, persistency, stem elongation, stem
productian
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INTRODUCTION

Prior to the breeding for improved
yield potential, it is a first essential
to assess the production, and fea-
tures related to it, of a wide range of
accessions covering the variation
within the genus Cannabis.

Yield of hemp, being a raw
material for textile and cordage, is
generally expressed as the amount
of bark fibre produced per unit area
{Huhnke et a/., 1951; Bredemann et
al., 1961; Hoffmann, 1961). Seed
also is often considered part of the
economic yield (Huhnke er al,
1951; Allavena, 1967). In the pre-
sent research program the suitability
of both the woody core and the bark
of the stems as potential raw
materials for paper pulp was investi-
gated and seeds were not con-
sidered a valuable by-product. There-
fore the economic yield of a hemp
crop was defined as the yield of
stern dry matter. A similar approach
was followed by Higgins & White
(1970} and Muchow (1979) for
kenaf (Hibiscus cannabinus L.} as a
source of paper pulp.

Evaluating a large germplasm
collection by means of direct assess-
ment of stem yield is problematic as
it requires large experimental plots
and, throughout the growing season,
a standardized plant density. Lack of
sufficient amounts of seed and an
uncontrollable degree of self-thinning
obstruct the proper realization of
such experiments. The presence of
indirect measures for stem vyield
would therefore facilitate large-scale
evaluations.
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For kenaf, up to 90% of the
variance in stem vyield could be
accounted for by plant density and
mean stem length {(Muchow, 1979}).
Stemn length of single plants was
also considered a reliable selection
criterion for straw vyield in hemp
(Hoffmann, 1961}. This implies, at a
given plant density, a close relation-
ship between stem length and stem
dry matter production.

Phenological events such as
seedling emergence, anthesis and
seed maturity demarcate develop-
mental stages of the life cycle.
Flowering of Cannabis is induced by
short days {Fleischmann, 1938;
Huhnke et a/., 1951; Bredemann et
al., 1957; Dempsey, 1975) and is
genetically controlled (MHoffmann,
1961). The critical photoperiod for
induction of flowering increases with
latitude of adaptation. Many authors
describe changes in phenological
development when adapted popula-
tions are transferred to other lati-
tudes. Cultivation at a lower latitude
results in earlier, and cultivation at
higher latitude in delayed anthesis
{Fleischmann, 1938; Huhnke et al.,
1951; Bredemann et al, 19b7;
Hoffmann, 1961). The resulting
differences in duration of the life
cycle probably have an effect on
stem production.

The present study is aimed
primarily at the assessment of
expected vield-related features for
Cannabis, i.e. stem length and
phenclogical development, and their
mutual relationship. Secondly, it
seeks to verify the supposed relation
between stem production, and both



stem length and phenological devel-
opment.

MATERIALS AND METHODS

A large part of the CPRO Cannabis
collection (Chapter 2; Appendix 1)
was tested in two experiments,
Accessions tested in experiment 1
originated from areas between 28
and B8 degrees northern latitude in
Europs and Asia. For experiment 2,
accessions were used with origin
latitudes between 19 and 68
degrees, including two from the
southern hemisphere. The origins of
the tested accessions represented
the range of latitudes with former or
current fibre hemp cultivation {(Huhn-
ke et &/, 1951).

Experiment 1. the evaluation of
phenological development and stem
elongation

Exploratory investigations of pheno-
logical development and stem elon-
gation had been carried out in 1988
and 1989 using two complementary
subsets of accessions. In 1990, 98
accessions, including the previously
tested subsets, were evaluated.
Sowing date was 10 April {day 100
in the year). Accessions were grown
in two replicates using a randomized
block design with plots of 4.5 x
0.76 m?, Each plot contained three
rows, 25 cm apart. Shortly after
germination, plots were thinned to
an average density of about 35
plants per m2,

Observations per plot were:

¥  Seedling emergence: day when
50% of the expected number of
seedlings were visible.

*  Anthesis: day when 50% of the
plants, irrespective of sex, had a
visible inflorescence.

*  Seed maturity: day when the
first achenes of 50% of the
female and/or hermaphrodite
plants were resistant to com-
pressing.

¥ 8tem length of an initial number
of 60 iabelied plants, measured
at 2-week intervals during the
entire growing season.

A logistic equation (I} was fitted to
the periodical measurements of stem
length of 18 successive (neighbour-
ing) male plants that survived until
anthesis, and 15 successive female
plants that survived until seed matu-
rity.

y = C/H1 + el-le-MH, n

where:

y stem length at day x {cm)

B slope coefficient {day™}

M curve inflexion point {day}

C upper asymptote of stem length
{cmj

Curve parameters B, M and C were

estimated using Genstat 5 statistical
package {Payne & Lane, 1987).
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Experimaent 2: the evaluation of
phenological development, final stem
length and stem dry matter produc-
tion.

In 1993, 75 accessions, including
10 accessions of the 1990 trial,
were evaluated. Sowing date was
14 April {day 104}). The same experi-
mental set-up was used as for the
1980 trial, but after emergence,
plots were now thinned to a density
of exactly 60 plants per m? which
corresponds better with fibre hemp
cultivation in practice. The phenolo-
gical events seedling emergence,
anthesis and seed maturity were
determined as previously. Additional
observations per plot were:

*  Stem length of 30 male and 30
female plants, at the end of the
life cycle, i.e. at seed maturity.

*  SBtem dry matter production of a
1 x 0.75 m? subplot at seed
maturity.

*  Plant density at seed maturity,
using the same subplot as used
for the estimation of stem pro-
duction.

RESULTS
Phenological development

The 98 accessions evaluated in
1990 ranged from day 140 to 260
for anthesis and from day 190 to
337 for seed maturity. The 75
tested in 1993 ranged from day 130
to 270 for anthesis and from day
193 to 335 for seed maturity. The
days of anthesis and seed maturity
of the individual accessions, cor-
rected for the year effect (procedure
Chapter 8}, are presented in Appen-
dix 2. Despite large differences
between the summers of 1990 and
1993, the phenological patterns
were stable over years {Table t}.
The influence of latitude of
adaptation on the phenological
development is demonstrated in Fig.
1 for 67 accessions of known geo-
graphical origin tested in 1990.
Emergence was comparable for all
accessions. Anthesis and seed matu-
rity were negatively related to the
latitude of origin. According to the
fitted regression line, accessions
adapted to the Netherlands (52°¢
latitude) started flowering at day
175. Accessions introduced from

Table 1. Coefficients of correlation between years for accession mean days of

anthesis and seed maturity.

30 accessions

39 accessions 9 accessions

1988-1990 1989-1990 1990-1993
Anthesis 0.85** 0.93** 0.87**
Seed maturity 0.74** 0.92** 0.93**

** gignificant at p=0.01
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higher latitudes flowered earlier and
those from lower latitudes later. As
the two latest accessions failed to
develop viable seeds due to frost,
approximated days of seed maturity
are given for these in Fig. 1. Acces-
sions deviated from the expectations
based on latitude of origin some-
what more for anthesis than for
seed maturity. The coefficients of
correlation for the two traits with
latitude of origin were -0.73 and
-0.B3, respectively (N=67;
p=0.01). The relation between
adaptation latitude and phenological
development was similar in the
1993 trial where the coefficient of
correlation was -0.75 for both
anthesis and seed maturity {(based
on 42 accessions; p=0.01).

250 -

150 -

Stem elongation

The symmetric sigmoid growth
curve satisfactorily described stem
elongation of Cannabis plants. The
percentage of variance accounted
for generally ranged between 95 and
100%, irrespective of accession.
Considerable variation was found for
individual plant estimates of B, M
and C within plots. Stem elongation
parameters in 1990, and final stem
length in 1993, were therefore ex-
pressed on a plot basis using mean
values for male and female plants
separately. The accession means for
the elongation parameters of male
and female plants were highly corre-
lated (r=0.85 for B, M and C in
1990, N=93, p=0.01; r=0.86 for
final stem length in 1993, N=74,

25 30 35

45 80 55 60
Latitude of adaptation (degrees)

Fig. 1. Seedling emergence {squares), anthesis (solid circles) and seed maturity {open
circles) in 1990 in relation to the latitude of adaptation of accessions.
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Table 2. Anova tables based on plot means for the stem elongation parameters B,
M and C of 94 accessions tested in 1990 and for final stem length of 73 accessi-

ons tested in 1993,

Saource of 19980

1983

variation
Mean squares

Mean squares

d.f. B M2 c® d.f. Final
length
Block 1 2.3 58.6 6090 1 33436
Accessions 93 2.3**% 44 1**% 2798**+ 72 2590***
Residual 93 0.4 12.3 523 70 445
Total 187 143

*** significant at p=0.001; * see text for explanation

p=0.01). On average, male plants
exceeded females in final stem
length {C) by about 40 cm in 1990
and 20 cm in 1993. Since the tested
collection comprised a number of
monoecious cultivars in which male
plants were rare, the results and
discussions below are restricted 1o
female and/or hermaphrodite plants.
The individual accession means for
the final length of female plants,
corrected for the year effect, are
presented in Appendix 2.

The analyses of variance pre-
sented in Table 2 are for the 1990
trial based on 94 accessions; two
accessions with exceptionally large
residuals were excluded, as well as
two uniform and wvery short-
stemmed accessions. For the 19923
trial, Table 2 is based on 73 acces-
sions; one uniform short-stemmed
accession was excluded and one
accession did not complete its life
cycle due to a total premature loss

Table 3. Coefficients of correlation between years for accession mean stem elongati-

on parameters.

Stem elongation

30 accessions

39 accessions 9 accessions

parameters ¥ 1988-1920 1989-1990 1990-1993
B 0.47%* 0.17 -

M 0.26 0.72%** -

C 0.39* 0.87+* Q.77+ "

*, ** significant at p==0.05 and p=0.01, respectively; ® see text for explanation;
" based on the correfation between the calculated parameter C in 1990 and the

measured final length in 1993
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Table 4. Spearman rank correlations between accession means for stem elongation
parameters and the days of anthesis and seed maturity, respectively.

Stem elongation

parameters Anthesis Seed maturity
B -0.77** -0.65**
M 0.71** 0.64**
c 0.54** 0.41+*

N=98; ** significant at p=0.01; ¥ see text for explanation

of plants. 'Accessions’ was signifi-
cant (p<0.001} for esach of the
parameters and final length. Acces-
sion means in 1990 ranged from
0.056 to 0.1253 |(day') for B
{LSDg s =0.012), from day 144 to
188 for M (LSD, o, =7), and from 63
to 360 cm for C (LSDges=46). In
1993 the accession means varied for
final stem length from 98 to 364 cm
{LSDg g5 =42).

The year means of the acces-
sions were less well mutually corre-
lated for stem elongation parameters
than for the days of anthesis and
seed maturity {Tables 1 and 3).

The influence of phenological devel-
opment on stem elongation

Table 4 shows high correlations
between stem elongation parameters
and phenological characters. Days of
anthesis and seed maturity were
more closely related to B and M than
to C. As a larger part of the variation
in elongation parameters was ac-
counted for by anthesis than by
seed maturity, the former was
further used as a phenological index
to investigate the relation between
phenological development, and stem

elongation and production.

in Fig. 2 the stem elongation
parameters of 82 accessions tested
in 1990 are plotted against day of
anthesis. The crop type of each
accession, i.e. fibre or drug, is indi-
cated to test the assumption that
variation in stem elongation para-
meters among accessions with simi-
lar phenological development is
associated with the purpose of do-
mestication. Sixteen accessions,
geither undomesticated or of
unknown crop type were excluded.
Slope parameter B decreased, and
the curve inflexion point M increased
with later anthesis. The wide range
for anthesis resulted, apart from the
two first flowering accessions, in
relatively small differences in final
stem length (C). A similar small
effect of day of anthesis on final
length was found in 1993, again
with the exception of very early-
flowering accessions. So in general,
the relation between phenological
development and stem elongation
was strong for early-flowering ac-
cessions {anthesis < day 175), and
became less pronounced for later-
flowering ones. Fig. 2 indicates that
fibre strains generally had lower B
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Fig. 2. Mean values of stem elongation parameters B {a), M (b} and C {c}, respecti-
vely, for 82 accessions plotted against day of anthesis. The performance of drug

strains is indicated by solid symbols.

values (i.e. faster growth} and most-
ly a higher final stem length (C),
than drug strains with similar
phenoclogical development.

Fig. 3 shows stem elongation
curves for five hypothetical fibre
strains differing in anthesis. The
curves were obtained by substituting
in equation |, average B, M and C
values for various times of anthesis.
Below the inflexion point the curves
are almost overlapping. Curves of
strains with relatively early anthesis
show that small differences in
anthesis have a large effect on the
upper asymptote. The opposite is
true for curves of relatively late-
flowering strains.

Fig. 3 illustrates that the day of
anthesis is not associated with a

fixed position on the stem elongation
curve. The degree of stem elonga-
tion before and after the day of
anthesis was investigated for the
accessions tested in 1990. Length
at anthesis was calculated for each
accession by substituting the
observed day of anthesis as well as
the estimated elongation parameters
in equation I. Length at seed matur-
ity was calculated likewise. Relative
stem lengths at anthesis and at seed
maturity were for each accession
expressed as a proportion of the
estimated final length (C). The rela-
tive length at anthesis ranged among
accessions from 20 to 100% of the
final length and clearly depended on
the day of anthesis (Fig. 4). A
greater part of the stem length was

23



Stem length (cm)

Fig. 3. Stem elongation curves for hypothetical fibre strains differing in day of

anthesis.

formed after anthesis the earlier
accessions started to flower. Elonga-
tion stopped at seed maturity.

Phenological development and stem
length in relation to stem production.

Significant differences (p<0.001)
between accessions were found for
the phenological traits and stem
length and stem production in the
1993 trial (Table 5). Also, the
remaining plant density at seed
maturity differed significantly among
accessions {Table 5}. Not surprising-
ly, it tended to decrease with later
day of seed maturity. At similar day
of seed maturity the strains of the
drug type tended to have lost more
plants than had the fibre strains
(Fig.5).
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Figs. 6a,b show the relations
between stem production, and day
of anthesis and final stem length,
respectively. Effects of plant losses
were minimized by taking into ac-
count only accessions with com-
parable plant density at seed matu-
rity {i.e. 33 accessions with final
densities between 40 and B0
plants/m?. Accession means for the
day of anthesis and stem production
were rather strongly related
Tiearman=0.81, p=0.01), and so
were accession means for stem
length and stem production
(Fopearman=0.73, p=0.01). The rela-
tion between day of anthesis and
final stem length was somewhat
weaker (g eman=0.65, p=0.01},
and in accordance with the results
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Fig. 4. Accession means for relative stem length at anthesis and at seed maturity,

plotted against the day of anthesis.

Table 5. LSD, s and range for the accession means of various traits in the 1993

evaluation trial. The table is based on 74 accessions.

Traits LSDg 05 Range
Seedling emergence (day no.) @ 0.75 112- 115
Anthesis {day no.} ¥ 18.5 130 - 270
Seed maturity {day no.} ¥ 19.8 193 - 335
Stem length & (cm) 45 102 - 410
Stem length ¢ {cm} 42 a8 - 364
Plant density at 18 10 - 60
seed maturity {pl/m? *

Stem dry matter production 572 119 -2443

at seed maturity (g/m?

# sowing took place at day no. 104; ® the plant density was shortly after emergen-

ce thinned to 60 plants per m?
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of the 1990 trial, it was only evident
for the relatively early-flowering
accessions.

DISCUSSION

Phenological differences among
accessions from the same origin
(Fig. 1} may partly be due to bree-
ding, e.g., those among the access-
ions from 48° {atitude. These ac-
cessions are French cultivars that
differed in anthesis and in seed
maturity up to 47 and 12 days,
respectively. The early cultivars
were selected for both seed and
fibre production whereas the late
ones were solely bred for fibre pro-
duction (J.P. Mathieu, pers. com-
mun., 1992).

The stability over years of the
phenclogical development of access-
ions (Table 1)} indicates a high
heritability. However, phenological
patterns of introduced accessions
cannot be expected to remain stabie
after {domestic} reproduction in the
field, since Cannabis populations
adapt rapidly to changed conditions
{von Lucke, 1925; Tschaneff, 1959;
Dempsey, 1975). Therefore, main-
tenance of a certain phenological
pattern of Cannabis populations
requires outdoor seed reproduction
at the appropriate latitude to avoid
rapid genetic shift.

The higher stability over years
for phenological characters than for
stem elongation parameters (Tables
1 and 3} is due to the fact that
anthesis of an accession at a given
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Fig. 5. The relation between plant density at seed maturity and the day of seed
maturity, for 74 accessions tested in 1993, The performance of drug strains is
indicated by solid circles, that of fibre strains by open circles and the triangles
represent either undomesticated accessions or accessions of unknown crop type.
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matter production (b}. The performance of 33 accessions which had a similar plant
density at seed maturity is represented.
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site is primarily day length depen-
dent, while stem elongation is
affected by more variable factors
such as temperature, radiation and
supply of water and nutrients.

The relation between pheno-
logical development and stem elon-
gation was strong for early-flowering
accessions (anthesis < day 175),
and less pronounced for later-flower-
ing ones (Fig. 2). As day 175 is
approximately the time of anthesis
of accessions adapted to the latitude
of the Netherlands (Fig. 1), more
variation with regard to stem elonga-
tion is introduced by using adapted
accessions from higher than from
lower latitude.

Stem elongation of late-flower-
ing accessions occurred almost
entirely in the vegetative stage (Fig.
4). This implies that little dry matter
is invested in reproductive organs
before maximum stem length is
reached. A more favourable dry
matter distribution, besides a longer
growing season, seems therefore an
advantage of late-flowering access-
ions.

Among accessions with similar
life cycle there were significant
differences in plant density at seed
maturity {Fig. 5 and Table 5). Per-
sistency as such may be considered
as a yield as well as a stemn gquality-
related factor, that should not be
ignored in hemp breeding, Poor
persistency seems to be a disadvan-
tage of the use of drug strains in the
breeding for increased yield poten-
tial.
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Day of anthesis and final stem
length are positively related to the
yvield potential of accessions (Figs.
6a,b). Yield improvement by bree-
ding for late anthesis seems how-
ever a redundant effort since
{ateness can more easily be obtained
and preserved by organizing seed
reproduction at low latitude for the
purpase of stem production at higher
latitude. With regard to stem vyield,
breeding should focus on the factors
that determine persistency, like plant
vigour, susceptibility to diseases,
and the genetic homogeneity of
populations.

The stem dry matter vields of
the 1983 experiment, as presented
in Fig. 6, should be regarded with
some reservations due to the lack of
sufficient buffer rows. It is likely
that the productivity of late-flower-
ing accessions was somewhat over-
estimated as plots with these
accessions were frequently neigh-
boured by empty plots late in the
season. However, the yield levels of
three accessions, i.e. the Hungarian
cultivars Kompolti Sargdszaru and
Kompolti Hybrid TC, and the Japan-
ese landrace Kozuhara zairai, recent-
ly tested under semi-practical condi-
tions in the Netherlands, appeared
quite acceptable in the 1993 trial.
The respective vields were 928,
1403 and 1592 g/m* of stem dry
matter, which corresponded well
with their performances in growth
analysis trials {(van der Werf, 1994),



Three Korean [andraces {accessions
201161, 901162 and 901163}
produced 1964, 2375 and 2209 g
of stem dry matter per m?, respec-
tively. Two of them outyielded sig-
nificantly (LSDye = 572 g/im’,
Table 5) the equally late-flowering
and fong-stemmed landrace Kozu-
hara zairai which was so far the
most productive population tested in
the Netherlands. These differences
in the efficiency of utilizing the life
cycle for stem dry matter accumula-
tion and in the amount of dry matter
partitioned per unit of stem length,
indicate an additional opportunity for
breeding.

CONCLUSIONS

Phenological development of Canna-
bis accessions is primarily deter-
mined by their origin, i.e. latitude of
adaptation. A low latitude of adapta-
tion is associated with late anthesis

and seed maturity under Dutch
growing conditions. The time of
anthesis is not associated with a
fixed position on the stem elongation
curve. Stem elongation proceeds
less during the generative stage the
later accessions start to flower.
When economic vield is defined as
stem yield, late-flowering strains are
therefore favourable since they
invest little dry matter in reproduc-
tive organs.

Day of anthesis and final stem
length are useful indicators for stem
yield potential.

Seed reproduction at low lati-
tude for the purpose of stem produc-
tion at high latitude is the most
effective way of increasing vyield.
Breeding can contribute to vyield
potential by improving the persisten-
cy of cultivars. Also there seem
possibilities to select for a more
efficient stem dry matter accumu-
lation and dry matter partitioning.
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Meijer, E.P.M. de & H.M.G. van der Werf, 1934_ Evaluation of current methods
to estimate pulp yield of hemp. Industrial Crops and Products 2: 111-120.
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CHAPTER 4

EVALUATION OF CURRENT METHODS TO ESTIMATE PULP YIELD
OF HEMP

ABSTRACT

Large-scale evaluation of hemp stems from field trials requires a rapid method for the
characterization of stem quality. The large differences between bark and woody care in
anatomical and chemical properties, make a quantification of these two fractions of
primary importance for quality assessment. This chapter evaluates accuracy and power
of discernment of current procedures for the analysis of the composition of hemp
stems.

To reduce the amount of plant material to be analyzed it was investigated if the
contents of bark, bark fibre and woody core in the stem could be estimated in a
representative stem segment {according to Arnoux et al.,, 1969). Analysis of segments,
however gave less accurate information on stem compasition than analysis of entire
stems.

The recovery of the bark and woody core in the pulping process is referred to as
the pulp vield of the two fractions. Two procedures for the estimation of potential pulp
yield, one common in fibre hemp breeding (Bredemann method) the other in paper pulp
technology (TAPPI method 212}, were compared. The Bredemann method determines
the content of the economically important bark fibres, and approximates the content of
woody core. The TAPP! method determines, separately, the sotubility of ground bark
and woody core as a measure for yield of these stem fractions in the pulping process.
The two methods show similarity since a boiling NaQOH solution is used for fibre
extraction in the first method as well as for dissolving ground components in the latter.
Results of the simple and less laboricus Bredemann method were compared with those
of the TAPPI method, which are readily interpretable in pulp technology, and also with
an intermediate method. The latter determines the initial content of woody core and
subjects the separated bark tissue to the Bredemann fibre extraction procedure. The
initial content of woody core of the stem (intermediate method) correlated well with the
content of insoluble woody core (TAPPI). The measurements of bark fibre content
{Bredemann) were quite similar to those of the content of insoluble bark components
{TAPPI).

Key words: bark, fibre content, methods, pulp yield, stem quality, woody core
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INTRCDUCTION

Bark and woody core of hemp
stems possess distinct anatomical
and chemical properties {see Chapter
5, Table 1). The fact that fibres of
the woody core are very short has a
negative effect on paper strength
{Wood, 1981}. Bark fibres are much
longer, making them a suitable raw
material for a range of high quality
paper grades. Due to its low a-cellu-
lose content the potential utilization
of the woody core seems restricted
to mechanical pulps, whereas the
bark of hemp is already used in
chemical pulps for specialty papers
{(Bosia, 1975; Triolo, 1980}. Only
limited variation in chemical pro-
perties of bark and woody core
among hemp cultivars was reported
by Bedetti et a/ {1979} and Triolo
(1980). Therefore the large mutual
differences between bark and woody
core make a quantification of the
two mass fractions of primary
importance for characterizing stem
quality. The recovery of each frac-
tion in the pulping process is
referred to as pulp yield.

A classical method for estima-
ting the bark fibre content of stems,
still used in hemp breeding, was
developed by Bredemann {1922).
Bark fibres are extracted after boiling
dry stems in a 2% NaOH solution,
non-fibrous bark elements are
removed by rinsing. The woody core
is partially degraded during this
treatment. The initial content of
woody core is approximated by
multiplying the fraction of partially
degraded wood with a correction
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factor for woody core losses. Entire
stems are used since the proportion
of bark fibre and woody core
changes with height in the stem.

For breeding purposes Arnoux et
al. (1969) suggested a modification
of the Bredemann method. They
proposed using a representative
stem segment to reduce the amount
of stem material to be handled; the
segment between 30 and 40% of
the total length above soil was
shown to meet this requirement.
Bark and wood tissues of the seg-
ment are separated mechanically and
subsequently the fibre content of the
bark is determined according to
Bredemann (1922). A combined
method based on Bredemann {1922)
and Arnoux et al. {1969} is used in
the present Dutch breeding research,
it comprises boiling of the mentioned
segment in a 2% NaOH solution,
extraction of bark fibres, and deter-
mination of the contents of bark
fibres and partially degraded woody
core in the segment. This method
does not require a lot of time and is
easy to apply as it requires only a
small amount of stem material and
no grinding.

Raw materials for pulp and
paper production are generally eva-
luated using standard procedures of
the Technical Association of the
Pulp and Paper Industry {TAPPI).
Procedure 212 om-88 (Anonymous,
1991b} determines ‘one percent
sodium hydroxide solubility of wood
and pulp’, being an estimate of pulp
yield of source material. The pro-
cedure requires grinding of air dried
stem samples or separated bark and







