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Summary

In the framework of a comprehensive Dutch research project the feasibility of hemp cultivation for paper pulp
production is being investigated . This project also includes a hemp breeding programme which was initiated
at CPRO-DLO in 1990 . Hemp breeding is primarily aimed at improving bast fibre production since bast fibre
is qualitatively superior to woody core fibre for paper pulp production . The progress of the ongoing breeding
programme is hampered by the lack of knowledge on the inheritance of agronomic traits .

The following traits were examined on 252 parental plants in 1991 and subsequently on their progenies in 1992 :
fibre content, plant height, date of flowering, stem diameter and cannabinoid contents . For each trait heritabilities
were estimated and direct and indirect effects of artificial selection were studied .

The heritability of bast fibre content was high and mass selection proved to be an efficient method causing no
undesirable influence on other characters . Characters not directly related to bast fibre yield such as date of flowering,
plant height and stem diameter were shown to have disadvantages as selection criteria for the improvement of bast
fibre yield .

The cannabinoids THC and CBD were studied, as the acceptance of hemp cultivation requires a low level . The
content of THC, the psychoactive component can be successfully reduced by mass selection, but it is not certain
that mass selection is the most efficient method .
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Introduction

In the framework of a comprehensive Dutch research
project the feasibility of hemp cultivation (Cannabis
sativa L.) for paper pulp production is being investi-
gated. This project also includes a hemp breeding pro-
gramme which was initiated at CPRO-DLO in 1990 .
The progress of the ongoing breeding programme is
hampered by the lack of knowledge on the inheritance
of agronomic traits .

Traditionally only the bast fibre was used for rope
and cloth production, while the woody core was con-
sidered as waste. When hemp is grown for fibre pro-
duction, seed is sometimes considered a valuable by-
product .

For paper production both bast fibre and woody
core fibres can be utilized . The quality of paper made

from bast fibre is superior to that from woody core
fibre. Therefore, hemp breeding for paper production
has primarily aimed at improved bast fibre production .
The yielding (fibre) capacity can be improved direct-
ly by selection for yield components, i .e. stem yield
and bast fibre content, or indirectly by selection for
characters such as date of flowering, plant height or
stem diameter (Hoffmann, 1957) . Late flowering cul-
tivars produce greater fibre yields than early flowering
cultivars due to a longer vegetative growing period
(van der Werf, 1993) . For annual fibre crops a strong
relationship between plant height and stem yield is
often reported, for instance, in kenaf total dry matter
yield is closely associated with plant height (Muchow,
1979) .

Breeding of fibre hemp has been subject of many
studies (Bredemann, 1938 ; Hoffmann, 1957 ; B6csa,
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1958 ; Bocsa, 1969) . Since the 1920's bast fibre con-
tent has more than doubled from approximately 12-
15% to 25-35% (Bredemann, 1922 ; Bredemann, 1938 ;
Heimann, 1990) . Breeders in Hungary and France dis-
continued selection for increase of bast fibre content,
since further increase of bast fibre content is accompa-
nied by an increase of secondary bast fibre . This would
decrease quality for cloth and rope production (Bocsa,
personal communication, 1991). In contrast high bast
fibre levels have no negative effect on paper quality .

For political and social acceptance of large scale
hemp cultivation, the content of cannabinoids, espe-
cially A9-Tetrahydrocannabinol (THC), should be
minimal. Plants containing, at initial seed maturity,
less then 0 .3% THC in the dry matter of the female
inflorescence are considered to have no psychoactive
potency (De Meijer et al ., 1992) . In the former USSR
a maximum THC content of 0 .2% was tolerated . The
tolerated level in France was 0.5%. Due to consid-
erable inter-plant variation (De Meijer et al ., 1992),
individual plants can have THC levels above the toler-
ated maximum, although the overall population has an
acceptable level .

A successful breeding programme for the reduc-
tion of cannabinoid contents was initiated in the for-
mer USSR in the 1970's. Cultivars completely lacking
THC were obtained . In the 1980's breeders in France
and Poland also started breeding for low cannabinoid
contents. In France new selections of existing cultivars
were released having a THC content less than 0 .07%
instead of the original content of 0 .1-0.3% (van der
Werf, 1992) .

Mass selection is a common breeding method in
hemp, indicating that the heritability of traits under
selection are high. No studies have reported any esti-
mates of realized or narrow-sense heritabilities . Evi-
dently the maximisation of the response to selection is
never considered .

The use of knowledge on relations among char-
acters is also seldom considered . The relationship
between narcotic components and other characteris-
tics has been subject of some studies . De Meijer et al .
(1992) found no apparent relation except for a weak
correlation between leaflet width and THC content .
Small et al. (1976) found only a weak association
between a large set of characters and narcotic compo-
nents using multivariate analyses . It is never reported
that hemp breeding was hampered by unwanted rela-
tionships between characters .

In the present paper parent-offspring (HS-families)
relationships for relevant agronomic traits are used to

estimate genetic parameters such as narrow-sense her-
itability. With the aid of artificial selection the estimat-
ed genetic parameters are verified and relationships
between characters assessed. The response to selec-
tion for the observed traits will be discussed in relation
with the optimisation of yield capacity .

Materials and methods

Source population

To establish a broad-based experimental population,
equal numbers of seeds from 36 accessions, of which
35 fibre types and one drug type, were mixed and mul-
tiplied in a greenhouse in autumn 1990 . Each harvested
female or monoecious plant contributed equally to the
source population .

Performance of parents

In 1991 a field trial was established from the source
population for the observation of individual plants . The
trial was sown 24 April at Wageningen (The Nether-
lands) on a sandy soil . The distance between rows was
50 cm and that between plants within rows 10 cm .
After seedling emergence 60 plants were marked in
each of 20 rows . Plant heights were measured at 5
and 18 June (H1 & H2) . Date of flowering (DF) of
each plant was recorded when the sex could be deter-
mined. Male plants were harvested three weeks after
start of flowering and female plants at seed maturity .
After harvest, length of the vegetative (HV) and gen-
erative (HG) stem parts were measured . The leaves on
the vegetative stem part are arranged oppositely and
those on the generative stem part alternately. HV was
measured from the stem basis to the last node with
opposite leaves or leaf marks . Total plant height (HT)
is the sum of HV and HG . The female inflorescences
were separated into seeds, leaf parts and straw. The
seeds were weighed (SY) . The levels of THC (TC) and
CBD (cannabidiol) (CB) were determined on the leaf
parts (de Meijer et al ., 1992) .

The fibre content of each plant was determined
using a stem segment of 20 cm, taken 1 m above soil
level. The diameter (SD) of this segment was mea-
sured. Each segment was dried, 24 h at 105° C and
then weighed . Each stem segment was boiled in 2%
sodiumhydroxide solution in water for two hours. Bast
fibre and woody core were separated and rinsed with
water to remove the soluble parts . The bast fibre and



woody core were dried for two days and then weighed .
Bast fibre (FB) and woody core (FW) content (%) of
the segments were calculated (de Meijer, 1994) .

Performance of offspring

In total 252 seed bearing plants from the 1991 parental
trial were selected randomly for the offspring trial .
Their progenies were grown in an offspring trial . The
trial was sown 22 April 1992 . The field contained 252
plots, each containing one progeny (HS-family) of 40
seeds. The trial contained 42 rows spaced 50 cm apart .
Each row was divided into 6 plots of 4 meters long .
The whole trial was surrounded by borders of hemp cv
'Kompolti Hybrid TC' .

The same measurements were made as in 1991, to
enable a comparison between parents and offspring .
Plant height was measured on 9 June and 17 June (H1
& H2) using 15 plants per plot . During the growing
season, date of flowering (DF) of a plot was scored
when 50% of the plants flowered irrespective of sex .
Unlike 1991 the entire field was harvested at once from
31 August till 2 September. After harvest the length of
the vegetative and generative stem parts (HV & HG)
of ten male and ten female plants from each plot were
measured, and total plant height (HT) was calculated .
The female inflorescences of the ten female plants were
used to determine THC (TC) and CBD (CB) content .
Seeds were not collected .

For the determination of fibre content, a sample
of 20 stem segments per plot was used . The diameter
(SD) of the segments was measured . Bast fibre and
woody core contents (FB & FW) were determined as
described for the parental trial .

Data from individual plant measurements of the
offspring trial (HV, HG, HT and SD) were averaged
per HS-family (plot) to enable comparison with the
parents .

Estimation of genetic parameters

Narrow-sense heritability and additive genetic variance
of each character were estimated by the regression
(equation 1) of offspring (HS-families) on female par-
ents (Falconer, 1981) .
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,3P,HS = regression coefficient
pp = phenotypic value of female parent
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= phenotypic value of HS-family
= additive genetic variance
= error variance

h2 n = narrow-sense heritability

Multiple linear regression on parental characters

Multiple linear regression of offspring characters was
performed on all parental characters, using the pro-
cedure REGRESSION (FORWARD) of the statisti-
cal package SPSS-X (Anonymous, 1988) . The max-
imum number of dependent variables (parental char-
acters) allowed in the regression model was set at three.
The parental characters and the linear combination of
parental characters are compared for their relationship
with offspring characters .

Artificial selection

Within the parental population selection was per-
formed artificially for all characters . The number of
selected plants was 227, 126 and 25 which equals
approximately 90, 50 and 10 percent of the parental
population . The direction of selection depended on the
character, for example bast fibre content was selected
for higher values and THC content for lower values .
The direct and indirect effects of selection for each
single character and selection intensity were calculated
for all offspring characters . The response of selection
was tested by comparing the average phenotypic value
across the selected offspring with the average pheno-
typic value of the entire offspring population, using a
t-test .

Based on selection differential (S) and response to
selection (R) realized heritabilities (equation 2) were
estimated for each of the three selection intensities and
subsequently compared with the estimates of narrow-
sense heritability (Bos, 1990) .

42 = 2R

	

(2)
S

R = response to selection, being the average pheno-
typic value across the selected offspring minus the
average phenotypic value of the entire offspring
population

S = selection differential, being the average phenotyp-
ic value of the selected parental plants reduced with
the average phenotypic value across all plants in the
parental population

7 1
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Results

Performance of parents and offspring

Table 1 summarizes the performance of parents and
offspring for the observed characters . In June the plants
were much taller (H1 & H2) in the offspring trial than
in the parental trial . Flowering started more than 30
days earlier in the offspring trial . The contents of CBD
and THC were much lower in the offspring trial than
in the parental trial . For all other characters, parents
and offspring differed very little.

The observed range (minimum-maximum) for most
offspring characters was smaller than that for the cor-
responding parental characters (Table 1) . The standard
deviations of various characters (Table 1) was larger in
the parental trial than in the offspring trial . It appeared
that the ratio between ap and oHS was similar for

Table 1 . Some statistics on the characters observed during the parental (1991) and offspring (1992) trials

most characters, i .e. approximately 1 .8 . Date of flow-
ering (DF), plant height (H1 & H2) and THC content
(TC) deviated from this ratio. The standard deviations
for H1, H2 and DF in the offspring trial were rela-
tively large, while the standard deviation for TC was
relatively small .

Genetic parameters

The estimates for narrow-sense and realized heritabili-
ties (Table 2) were very high for date of flowering (DF)
and bast fibre content (FB), i .e . greater than 0.84. The
estimated heritabilities for date of flowering exceed the
theoretical maximum value 1 .

The heritabilities for woody core content (FW),
plant height (H2) and vegetative stem length (HV) were
estimated fairly high to high, i .e. between 0.39 and
0.86. In contrast to the low estimate of narrow-sense

Character Statistic

Code Description Mean Minimum Maximum A
U P n

Parents
FB Bast fibre content (%) 19 .5 10 .5 32 .9 4 .7 252
FW Woody core content (%) 65 .0 43 .0 83 .2 6 .9 252
Hl Plant height at 5 June (cm) 14 .2 6 24 3 .2 252
H2 Plant height at 18 June (cm) 57 .3 35 83 8 .9 252
HV Vegetative stem length (cm) 256 .1 158 344 42 .4 252
HG Generative stem length (cm) 119 .5 0 263 45 .3 252
HT Total plant height (cm) 375 .6 227 510 47 .0 252
DF Date of flowering (day number) 233 .2 198 252 9 .0 252
SD Stem diameter (mm) 14 .3 7 .8 22 .2 2 .6 252
TC THC content (%) 0 .44 0 .00 3 .42 0.55 251
CB CBD content (%) 0 .83 0 .00 2 .56 0.52 251
SY Seed yield (gr) 12 .1 1 .4 36 .3 8 .0 252

Offspring
FB Bast fibre content (%) 18 .9 11 .4 26 .0 2 .6 252
FW Woody core content (%) 68 .7 55 .3 90 .4 4 .7 252
H1 Plant height at 9 June (cm) 87 .7 52 .7 106 .5 9 .7 252
H2 Plant height at 17 June (cm) 156 .1 102 .2 177 .9 11 .7 252
HV Vegetative stem length (cm) 202 .1 130 .9 264 .5 22,2 252
HG Generative stem length (cm) 180 .9 122 .8 264 .2 24 .0 252
HT Total plant height (cm) 383 .0 296 .4 435 .8 25 .0 252
DF Date of flowering (day number) 200 .6 170 238 18 .1 252
SD Stem diameter (mm) 15 .7 11 .6 22 .8 1 .7 252
TC THC content (%) 0.18 0.01 0.65 0 .12 242
CB CBD content (%) 0.33 0.07 0 .91 0.16 243



Table 2 . Estimates of narrow-sense heritabilities (h2. ) ,

realized heritabilities (h2,) at three selection intensities (10,

50 and 90%) and additive standard deviation ( aa ) for the
observed characters

TC` is log(TC) .

heritability for total plant height (HT) being 0 .28, the
corresponding realized heritabilities were much higher,
especially at a high selection intensity (0.77) .

For generative stem length (HG), stem diame-
ter (SD), THC content (TC) and CBD content (CB)
both narrow-sense and realized heritabilities were low
between - 0.03 and 0.38. Although heritabilities were
estimated low for THC content, ranging from 0 .15 to
0.31, the narrow-sense heritability based on the loga-
rithmic value of THC content improved the value to
0.56. The realized heritabilities for plant height at 5
June (H1) were unpredictable.

In general realized heritabilities increased with
increasing selection intensity.

Multiple linear regression on parental characters

The obtained linear combination of dependent vari-
ates (parental characters) are presented in Table 3 . The
major parental character in the equation were often
identical to the response variate (FB, H2, DF, HV,
HG and TC). Date of flowering (DF) is the major
parental character in the equation of response variates
HT, SD and CB. FB is the major parental character
in the equation of response variate FW. It is striking
that the parental characters FW and H1 did not appear
in the equations for the response variates FW and H1
themselves .
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Table 3. Multiple linear equations of parental characters obtained
by multiple regression of offspring on parental characters and
the multiple correlation coefficient (r,,,) and simple correlation
coefficients of corresponding parental and offspring character
(r.)

Response Multiple linear equations of

	

rm rs

The multiple correlation coefficients of H1, HT, SD
and CB are much higher than the corresponding simple
correlation coefficients (Table 3) .

Artificial selection

Irrespective of the plant character, a selection inten-
sity of 90% of the parental plants did not generally
improve the offspring population (Table 4) . In contrast,
a selection intensity of 10 or 50% selection often gave
a positive selection result and often caused correlated
responses .

Selection for bast fibre content proved to be more
effective for the improvement of bast fibre content than
selection for decreased woody core content (Table 4),
although both criteria are almost complementary .

Early selection for plant height, when plants were
approximately 15 cm tall (H1), was not effective .
Selection at a later stage, plants approximately 60 cm
tall (H2), resulted in taller offspring, but it did not
affect final plant height (HT). Selection for vegetative
or generative plant height (HV & HG) was less effec-
tive than selection for total plant height with regard to
the improvement of total plant height (HT) . Selection
for total plant height (HT) resulted in later flowering
(DF), thicker stems (SD) and a slightly decreased bast
fibre content (FB) .

The population would have responded strongly to
selection for date of flowering (DF) : a selection inten-

variate parental characters

FB 10 .23 + 0.469FB - 0.050H2 + 0 .167SD 0 .82 0 .81

FW 62.94 - 0 .484FB + 0.066DF

	

0.50 0.41

Hl 110 .14 + 0.264SY + 0.198H2 - 0 .15913F 0 .37 0 .08

H2 198.82 + 0.213H2 - 0.28513F+ 0 .797SD 0 .37 0 .28

HV - 11 .67 + 0.189HV + 0.768DF - 0.947H1 0.57 0.44

HG 67.72 + 0.195HG + 0.409DF - 0.466SY 0.35 0.27

HT 36.76+ 1.285DF + 0.124HT 0.54 0.26

DF - 80.40 + 1.206DF 0.60 0.59

SD - 1 .93 + 0.069DF+ 0.105SD 0.40 0.16

TC 0.83 + 0.071TC - 0 .00313F - 0.035CB 0 .43 0 .34

CB 1 .92 - 0.007DF+ 0 .053CB + 0.005FB 0 .45 0 .12

Character h2 „ h 2 ,(10) h 2r (50) h2 ,(90) v a

FB 0.89 0 .84

	

0.90

	

0.98 4 .5

FW 0.56 0 .48

	

0.63

	

0.85 5 .2

Hl 0 .47 0 .41

	

1.17

	

-0.02 2 .2

H2 0.73 0 .86

	

0.53

	

0.52 7.6

HV 0.47 0 .49

	

0.46

	

0.39 28 .9

HG 0.29 0 .38

	

0.29

	

0.11 24 .4

HT 0.28 0 .77

	

0.30

	

0.28 24 .7

DF 2.35 3 .18

	

2.82

	

1 .77 13 .8

SD 0.22 0 .33

	

0.22

	

0.15 1 .2

TC 0 .15 0 .18

	

0.31

	

0.12 0.221
TC* 0.56

CB 0.08 0 .27

	

0.06

	

-0.03 0.141
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Table 4 . Mean direct and indirect response to selection for various traits in the parental population with selection
intensities of 10, 50 or 90% of the plants (+ selection for higher values, - selection for lower values)

Parental selection

	

Mean of the selected offspring

* Significantly different from population mean (P < 0 .05) .

Criterion Direction Intensity FB FW H1 H2 HV HG HT DF SD TC CB

1713

	

+ 90 19.3 68 .2 88 .1 156 .5 202 .1 181 .2 383 .3 200 .6 15 .7 0.18 0 .33
50 20.6* 67 .1* 87 .8 156 .1 203 .6 179 .9 383 .5 201 .3 15 .5 0 .17 0 .34
10 22.7* 65 .1* 86 .3 153 .2 205 .9 182 .2 388 .1 203 .2 15 .7 0 .14* 0 .33

FW 90 19 .2 68 .2 87 .7 156.0 202 .3 180 .2 382 .4 200 .1 15 .6 0 .18 0 .34
50 20.3* 67.0* 86 .8 154 .8 202.8 178 .4 381 .2 200.5 15 .4 0 .17 0.34
10 21 .2* 65.7* 86 .4 154 .8 202 .5 178 .6 381 .1 198 .4 15 .5 0 .21 0 .34

H 1

	

+ 90 18.9 68 .9 87 .7 156 .1 202 .5 181 .2 383 .7 201 .1 15 .7 0 .17 0 .32
50 19 .2 68 .1 89 .2 157 .5 197 .7 182 .1 379 .8 197 .9 15 .5 0 .18 0 .34
10 18 .8 69 .4 86.5 155 .0 193 .3 190 .3 383 .7 200.4 15 .7 0 .18 0.36

H2

	

+ 90 18.9 68 .9 88 .1 156 .5 201 .5 182 .2 383 .7 200.6 15 .7 0 .17 0.33
50 19 .0 68 .6 89 .3 158 .1 199 .9 181 .2 381 .1 198 .0 15 .6 0 .18 0.35
10 19 .0 67 .1 93 .6* 163 .1* 198 .7 175 .2 373 .8 193 .6 15 .2 0 .20 0 .42*

HV

	

+ 90 19.1 68 .5 87 .9 156 .3 203 .7 180 .0 383 .7 201 .2 15 .7 0 .18 0 .33
50 19 .3 68 .3 88 .7 156 .6 210.4* 176 .8 387 .1 203 .1 15 .9 0 .18 0.33
10 19 .2 68 .5 87 .8 154 .9 219.0* 172 .4 391 .4 205 .6 16 .5 0 .17 0.30

HG

	

+ 90 18.9 68 .8 88 .0 156 .5 201 .5 181.3 382 .7 200.4 15 .7 0 .18 0 .33
50 18 .8 68 .8 89 .8* 158 .8* 196 .5* 186.1* 382 .5 198 .4 15 .5 0 .18 0 .34
10 18 .4 71 .0 87 .0 156 .0 194 .6* 197.4* 392 .0 206 .1 16 .3 0 .14 0 .34

HT

	

+ 90 19.0 68 .7 88 .2 156 .7 202 .6 181 .9 384 .5 201 .0 15 .7 0 .17 0 .33
50 19 .2 68 .8 89 .4 157 .6 206 .1 182.3 388.4* 202 .8 15 .9 0 .17 0 .32
10 18 .3 72 .0* 89 .8 158 .1 212 .2* 192 .8* 404.9* 212 .5* 17 .2* 0 .15 0 .28

DF

	

+ 90 19.0 68 .7 87 .6 155 .8 204 .4 180 .9 385 .2 202.6 15 .8 0 .17 0.32
50 18 .7 69 .6 85 .1* 152 .9* 210.7* 181 .6 392.3* 209.2* 16.2* 0 .14* 0 .26*
10 19 .1 69 .7 84 .2* 152 .2* 214 .9* 178 .5 393.4* 215.8* 16 .5* 0 .13* 0 .23*

SD

	

+ 90 18.9 68 .7 88 .2 156 .7 202 .4 181 .4 383 .8 200.6 15.7 0 .17 0 .33
50 18 .9 68 .8 89 .5 158 .1 206 .0 181 .1 387 .1 203 .6 15.9 0 .18 0 .32
10 17 .9 70.4 92 .3* 161 .4* 215 .3* 178 .9 394.2* 204 .8 16.5 0 .17 0 .33

TC 90 19 .0 68 .7 87 .5 156 .1 201 .5 181 .4 382 .8 200.2 15 .7 0 .17 0 .34
50 18 .9 69 .1 87 .9 156 .9 200.4 182 .3 382 .7 198 .7 15 .7 0 .12* 0 .37
10 18 .7 69 .0 89 .0 159 .2 193 .1 179.1 372.2* 196 .6 15 .1 0.12* 0 .37

CB 90 18 .9 68 .7 87 .7 156 .1 201 .5 180 .8 382 .3 199 .9 15 .6 0 .18 0 .33
50 18 .9 68 .8 88 .0 156 .4 199 .4 181 .6 380 .9 200.0 15 .5 0 .21 * 0.31

10 18 .7 68 .9 87 .1 155 .6 204.4 183 .7 388 .0 206.5 15 .6 0 .22* 0.23*

SY

	

+ 90 19.0 68 .7 88 .2 156 .4 202 .8 181 .1 383 .8 201 .2 15 .7 0 .17 0.33
50 19 .1 68 .4 90 .5* 158 .9* 204.1 180 .4 384 .6 200.6 15 .8 0 .17 0.34
10 18 .6 69 .0 92 .0* 160 .4* 209 .3 179 .8 389 .1 200 .6 16 .1 0 .17 0.36

Population mean 18 .9 68 .7 87 .7 156 .1 202 .1 180 .8 383 .0 200.6 15 .7 0 .18 0.33



sity of 10% of the plants would have delayed flowering
more than 14 days . Indirectly, plant height (HT) would
have increased and cannabinoid contents (CB and TC)
decreased .

Simulated selection for stem diameter (SD) had
only little effect, but is strongly associated with plant
height (HT) and slightly reduced bast fibre content
(FB) .

Although estimated heritabilities for THC and CBD
content were low, a considerable decrease after selec-
tion was observed in simulation . For THC content the
decrease was already considerable when 50% of the
parental plants were selected .

Discussion

A major goal of breeding hemp for paper production
is the increase of bast fibre yield, a trait determined by
two yield components bast fibre content and stem yield .
It was shown that in the used population yield increase
can be achieved by simple mass selection for bast fibre
content. The trait has a high heritability (Table 2) and
mass selection had no undesirable influence on other
characters (Table 4) . A slight but significant reduction
of THC content was found as an indirect response to
selection for bast fibre content, although no significant
correlation was found between THC and bast fibre con-
tent .

The determination of the bast fibre content is labo-
rious. It would be more efficient to base selection on
a character less awkward, but closely related to bast
fibre yield, i .e . the second yield component stem yield,
plant height, date of flowering or stem diameter . Dur-
ing this experiment the stem yield was not measured .
Previous trials (unpublished) showed that the heritabil-
ity of stem yield (0 .55) is lower than that for bast fibre
content (0.96) .

The estimates for the heritability of plant height
(Table 2) are low compared to those for bast fibre con-
tent. The multiple correlation coefficient (Table 3) of
total plant height (0 .54) is much higher than its sim-
ple correlation coefficient (0 .26), indicating that plant
height is influenced by other characters . The major
character influencing plant height in this experiment
was date of flowering (Table 3). Recent trials with fibre
hemp (unpublished) showed that stem length account-
ed only for 36% of the total dry matter yield variance .
The remaining variance is influenced by other charac-
ters such as date of flowering, stem diameter and stem
filling. This is in contrast with other annual fibre crops
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where a close relationship between stem yield and plant
height is often reported . For example, Muchow (1979)
showed in kenaf that plant height accounted for 78%
of the variance for total dry matter yield .

Average flowering date in the offspring was more
than 30 days earlier than in the female parents (Table 1) .
Date of flowering in the offspring was mainly deter-
mined by date of male flowering, as male flowering
starts earlier than female flowering . The average differ-
ence between male and female flowering in the parental
population was 11 .5 days . It is therefore not likely that
the 30 day difference between generations, is solely
due to the presence of male plants in the offspring
population . Year effects due to differences in weather
conditions may have been of influence as 1992 was
much warmer than 1991 . Moreover assortative mating
within the parental population has likely caused a shift
towards early flowering . The estimated heritabilities
(Table 2) for date of flowering are beyond theoretical
limits, but from the results of artificial selection (Table
4) it is clear that they are high . Tables 3 and 4 show that
date of flowering has a relationship with many other
characters (H2, HV, HG, HT and SD) . Van der Werf
(1993) reported a strong relationship between date of
flowering and stem production ; in general late flower-
ing cultivars are more productive . The increased stem
production of late-flowering cultivars is accompanied
by a low seed production (Hoffmann, 1957 ; Mathieu,
personal communication, 1992). Most cultivars are a
compromise between seed and stem production .

The heritability of stem diameter is very low ; selec-
tion resulted only in a positive correlated response of
plant height. The relationship between stem diameter
and yield was not clear.

Although year differences for CBD content are
reported (de Meijer et al ., 1992), it is likely that the
large difference between parents and offspring for con-
tents of both CBD and THC observed in this exper-
iment (Table 1) have a methodological cause . The
female parental plants were harvested during a peri-
od of several weeks when seeds were mature . The
offspring was harvested in a period of three days .
Some of the HS- families were not fully mature, within
many HS-families some immature female plants were
present . Since the contents of CBD and THC increase
during the growing season, especially between start of
flowering and seed maturity (Barni-Comparini et al .,
1984), maximum contents of CBD and THC probably
were not reached in the offspring generation .

Mass selection for THC and CBD content was suc-
cessful despite low heritabilities (Table 4) . The under-
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estimation of the THC and CBD content in the off-
spring probably masked differences between selected
HS-families and the total population. The estimated
heritabilities for the contents of THC and CBD are
therefore probably underestimated .

Conclusions

Characters not directly related to bast fibre yield
showed in the present study to have disadvantages as
selection criteria for indirect improvement of bast fibre
yield. Plant height had a weak relation with yield and
its heritability is low. Date of flowering was highly
heritable and had a significant relationship with stem
yield. However this trait was negatively related with
seed production . Stem diameter had a low heritability
and the relation with yield is uncertain .

Bast fibre content was highly heritable and directly
related to bast fibre yield . There was no undesirable
influence on other characters as correlated response
to selection . For the population under selection, mass
selection for bast fibre content proved to an efficient
selection method for the improvement of bast fibre
yield. In general this will hold for all populations
having sufficient genetic variation for bast fibre con-
tent . However, it is thought that simultaneous selec-
tion based on bast fibre content and stem yield is the
best breeding strategy for improvement of bast fibre
yield .

Since CBD is not a psychoactive substance, breed-
ers can focus only on the reduction of THC content .
This study confirmed the experience of breeders in the
Ukraine and France that THC content can be reduced
using mass selection . Although it is not certain that
mass selection is the most efficient approach .
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