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Summary
The inheritance of double versus single flowers, pink
flower colour, the presence versus absence of prickles
and recurrent flowering was investigated in segregating
populations of diploid Rosa multiflora hybrids. The
presence of pink flower colour, double flowers, and
prickles are inherited as single dominant genes or pairs
of dominant complementary genes in these popula-
tions. Recurrent flowering, however, is inherited as a
single recessive gene which is in accordance to earlier
studies with different rose genotypes and wild rose spe-
cies. It is concluded that diploid rose populations could
serve as valuable sources of information about the inhe-
ritance of horticulturally important characters in poly-
ploid roses. In combination with molecular marker
techniques they will support rose breeding in the near
future allowing a more efficient introgression of new
traits into the genetic background of modern rose
varieties.

Zusammenfassung
Die Vererbung der Blütenfüllung, Petalenfarbe, Besta-
chelung und des Remontierens wurde in spaltenden
Nachkommenschaften diploider Rosa multiflora Ba-
starde untersucht. In diesen Nachkommenschaften
werden die Blütenfüllung, die Petalenfarbe und die
Bestachelung als monogen dominante oder als Paare
komplementärer Gene vererbt. Das Remontieren wird,
in Übereinstimmung zu früheren Untersuchungen an
Kultur- und Wildrosen, monogen rezessiv vererbt.
Populationen diploider Rosen können als Werkzeug
zur Aufklärung der Vererbung gartenbaulich wichtiger
Merkmale der Kulturrose eingesetzt werden. Vor allem
in Kombination mit molekularen Markertechniken
wird es in der Zukunft möglich sein, wesentlich effizi-
enter als bisher neue Merkmale in die Kulturrose einzu-
kreuzen.

Introduction
Roses belong to the economically most important
ornamental plants with 55.6 million bushes (varieties
and rootstocks) planted in parks and gardens in
Germany (STATISTISCHES JAHRBUCH über Ernährung,
Landwirtschaft und Forsten der Bundesrepublik

Deutschland 1995) and more than 6 billion cut flowers
produced throughout Europe in 1995 (HEINRICHS and
SIEGMUND 1996). The genus Rosa comprises more than
100 species of various ploidy levels distributed mainly
throughout the temperate regions of the Northern
Hemisphere (KRÜSSMANN 1974). In addition, intensive
breeding activities over the last decades have produced
several thousand varieties worldwide. The polyploid
nature of the majority of varieties and the possibility to
propagate roses vegetatively prevented the establish-
ment of sophisticated breeding strategies. As another
consequence only a few experiments were performed
to analyse the inheritance of important morphological
and physiological traits in roses. Information is avail-
able for the “recurrent flowering” phenotype, the
“dwarf character” of a particular origin, and the “moss
character”. These traits are inherited monogenically
(SEMENIUK 1971a, b, DE VRIES and DUBOIS 1978, 1984,
DUBOIS and DE VRIES 1987). In addition the estimation
of heritability values for flower colours based on ant-
hocyanins (MARSHALL et al. 1983) and winter hardiness
(SVEJDA 1979) were estimated.

The present work includes information on the gene-
tic basis of the horticulturally important traits pink flo-
wer colour, double flower, recurrent flowering, and the
presence of prickles in diploid rose populations. 

Materials and methods

Plant material
The genotypes and characters analyzed are described in
Table 1. They are derived from the rose collection of
the Institute for Ornamental Plant Breeding,
Ahrensburg. The wild species R.multiflora genotype
2704 was originally obtained from Prof. Spethmann,
Hannover Germany. R.multiflora nana is a hybrid of
unknown origin obtained from the private breeding
company W. Kordes und Söhne, Sparrieshoop,
Germany. The genotypes 81/42-15 and 82/253-1 repre-
sent diploid plants. They occurred spontaneously after
open pollination of triploid F1 hybrids out of R.multif-
lora (2n = 2x) x garden roses (2n = 4x) (REIMANN-
PHILIPP 1981). The two genotypes express characters
of tetraploid garden roses, e.g. pink flowers, double
flowers (Table 1) and broad leaves. The genotypes
93/1-1, 93/1-2, 93/1-10, 93/1-16, 93/1-38, 93/1-117
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and 93/1-119 (Table 1) are diploid and derived by open
pollination from genotype 81/42-15 (Table1).

Cultivation of plant material
Rose seedlings were grown in the greenhouse in a sandy
peat-soil mixture. The temperature was kept above
+16 °C during the winter period and the greenhouse
was shaded at an ambient temperature of more than
+30 °C in summer. Other climatic parameters were not
controlled. Each genotype (Table 2) was regularly cut
back and flowered and formed shoots more than eight
times within a two year interval.

Crosses
Crosses (Table 2) were performed in the greenhouse at
around +20 °C and additional light between January
1994 and April 1994. Pollen was harvested from flowers
one or two days before opening by removing all anthers
and dehiscing them at room temperature over night in
dessicators containing dry silica gel. The pollen was
either used immediately or stored dry at –80oC. The
mother plants were emasculated as soon as their petal
color became fully visible between the sepals. Flowers
were pollinated immediately or the day after with small
paint brushes. The hips were harvested in autumn and
the seeds washed and sown immediately. To enhance
germination the trays were kept moist at +4 °C for
about 8 weeks. After the first seedlings emerged the
trays were moved to a greenhouse compartment at
+20 °C.

Ploidy determination
For the four genotypes R.multiflora 2704, R.multiflora
nana, 93/1-117 and 93/1-119 chromosomes were
counted after a method modified from Snow (1963).
Fresh root tips from greenhouse grown plants were
fixed in a 3:1 solution of ethanol:acetic acid for 24
hours and stored in 70% ethanol at +4 °C until further
processed. The tips were stained in an alcoholic carmi-
ne-solution according to Snow (1963) for 24 hours and
then macerated for another 24 hours in 45% acetic
acid. The preparations were mounted and squashed on
slides in a solution of 33% glycerol and 30% acetic acid
and analyzed with a Zeiss Axioskop microscope. A
minimum of ten mitotic divisions per genotype were
determined.

All genotypes were also subjected to a flow cytome-
tric analysis using young partially unfolded leaves.
These were chopped with a razor blade in a buffer
according to De Laat and Blaas (1984) and analysed on
a Pas II flow cytometer (Partec GmbH, Münster,
Germany). Apart from an analysis with all eleven indi-
vidual plant genotypes, two analyses were performed
where tissue of the cytologically characterized geno-
types R.multiflora nana and 93/1-119 were used as
internal standards, respectively.

Flower morphology
For the analysis of flower morphology in the cross
93/1-117 × 93/1-119, 30 flowers per parental genotype
and five flowers per F1 individual were cut from the

plant to count and compute the mean number of petals.
The frequency distribution of mean petal numbers for
the F1 plants from the cross 93/1-117 × 93/1-119 was
calculated and drawn with the computer program
Microsoft Excel 5.0. Chi2-values were calculated ac-
cording to standard procedures (Sachs 1978). For the
other crosses flowers were visually inspected in the
greehouse. All genotypes with an average petal number
of more than seven petals were considered to be double
while genotypes with an average number of less than
serven petals were considered to be single.

Flower colour
Flowers were visually inspected and considered to be
white if no trace of red or pink was detected. The pink
class was not further subdivided into classes of diffe-
rent colour intensity.

Prickles
Prickles were only recorded as absent or present on at
least ten different shoots per genotype.

Recurrent Flowering
Recurrent flowering was recorded as the ability to form
flowers from March to October continuously. Plants
that did not flower over the whole observation period
were classified as non recurrent flowering.

Results

Ploidy determination
As some of the diploid parents used for the present
genetic analyses had tetraploid garden roses as ances-
tors, it was necessary to determine their actual ploidy
level.1

Table 1. Rose genotypes used as crossing parents and charac-
ters analysed in segregating populations. 
Prickles : + = with prickles on the stem – = without prickles
on the stem.
Recurrent flowering : – = nonrecurrent flowering + = recur-
rent flowering.
Als Kreuzungseltern verwendete Rosengenotypen und die in den
spaltenden Nachkommenschaften untersuchten Merkmale. 
Prickles (Bestachelung): + = bestachelt – = unbestachelt.
Recurrent flowering: – = nicht remontierend + = remontie-
rend.

Genotype Flower Flower Prickles Recurrent 
morphology colour flowering

81/42-15 single red + –
82/253-1 double white – –
R.multiflora 2704 single white – –
R.multiflora nana double white + +
93/1-1 double pink – +
93/1-2 double pink – +
93/1-10 double pink – +
93/1-16 double pink – +
93/1-38 double pink – +
93/1-117 single pink – +
93/1-119 double pink – +
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The chromosomal counts for the genotypes R.multi-
flora 2704, R.multiflora nana, 93/1-117 and 93/1-119
detected only cells with 14 chromosomes and showed
that these genotypes are diploid. The individual flow
cytometric analyses of the eleven crossing parents used
(Table 1) as well as all genotypes with R.multiflora 2704
or 93/1-119 as internal standards showed no deviation
from the diploid level. Figure 1 displays the histograms
for ten of the eleven crossing parents, all with the geno-
type 93/1-119 as an internal standard. Identical results
according to the position of the 2x peaks were obtained
when the eleven genotypes were analysed individually
or with R.multiflora 2704 as internal standard (data not
shown).

Flower morphology
The segregation of single (<7 petals) versus double
flowers (>7 petals) was investigated in four F1 pro-
genies (Table 2). Double flowers contained additional
petals which are most probably derived from trans-
formed stamens. The number of stamens was reduced
in strongly double flowers and some of the inner petals
showed an intermediate morphology between stamens
and petals. The character double flower segregates 1:1
in the cross 93/1-117 ( single) × 93/1-119 (double) and
3:1 (double : single) in the crosses 93/1-2 (double) ×
93/1-38 (double), 93/1-10 (double) × 93/1-16
(double) and 93/1-1 (double) × R.multiflora nana
(double). A more detailed analysis was performed in
the cross 93/1-117 × 93/1-119 (Table2). For both
parents and each offspring the petals of 30 flowers or
five flowers respectively, were counted and the average
number of petals per flower per F1 plant was displayed
in a histogram (Fig.2). The single-flowered parent
93/1-117 has an average of 5.2 petals (sd= 0.48, mini-
mum = 5, maximum = 7), whereas the double flower-
ed parent 93/1-119 has an average of 57.3 petals ( sd =

13,1, minimum = 40, maximum = 86). In the segregat-
ing F1 population, apart from about 50% of single
flowering plants with mean values of 5 to 7 petals per
flower, the double flowering plants varied considerably
from 15 to 80 petals, displaying a large variation.
Genotypes with an average petal number between 8 and
14 were not found.

Flower colour
The inheritance of flower colour was analysed in the
cross 93/1-117 (pink) × 93/1-119 (pink) by visual in-
spection. Only two types of coloration, pink and white,
could be distinguished in this population. Differences
between the coloured genotypes, which varied between
pink and red, were not recorded. The ratio of white ver-
sus pink flowering individuals was found to be 1:3
(Table 3).

Prickles
The segregation of armed (bearing prickles on the
stems) versus unarmed genotypes was analysed in six
crosses (Table 4). 

The segregation of armed versus unarmed plants in
the crosses 81/42-15 (prickles) × R. multiflora 2704
(no prickles) and 81/42-15 (prickles) × 82/253-1 (no

Table 2. Segregation of double (>7 petals) versus single (<7 petals) flowers. 
Aufspaltung gefüllter (> 7 Petalen) gegenüber ungefüllten (<7 Petalen) Blüten.

Cross N Double Single Segregation ratio. χχ2 P

93/1-117 × 93/1-119 104 54 50 1:1 0.15 0.5–0.7
93/1-2 × 93/1-38 109 79 30 3:1 0.37 0.5–0.7
93/1-10 × 93/1-16 61 48 13 3:1 0.44 0.5–0.7
93/1-1 × R. mult. nana 81 61 20 3:1 0.004 0.9–0.95

Table 3. Segregation of flower colour in the cross 93/1-117 (pink) × 93/1-119 (pink).
Aufspaltung der Blütenfarbe in der Kreuzung 93/1-117 (rosa) × 93/1-119 (rosa).

Cross N Pink White Segregation ratio. χχ2 P

93/1-117 × 93/1-119 104 81 23 3:1 0.46 0.5–0.7

Table 4. Segregation of armed (plants with prickles) versus unarmed plants ( without prickles).
Aufspaltung von bestachelten zu unbestachelten Pflanzen.

Cross N Armed Unarmed Segregation ratio χχ2 P

93/1-117 × 93/1-119 104 0 104 0:1 – –
93/1-2 × 93/1-38 109 0 109 0:1 – –
93/1-10 × 93/1-16 61 0 61 0:1 – –
93/1-1 × R. mult. nana 84 84 0 1:0 – –
81/42-15 × R. mult. 2704 72 34 38 1:1 0.22 0.5–0.7
81/42-15 × 82/253-1 67 35 28 1:1 0.78 0.3–0.5

Fig. 1. Flow cytometric analysis of the ploidy level of 10 of
the parental genotypes with 93/1-119 as an internal standard.
The major peaks represent 2x peaks on a relative flourescence
scale. The y axis displays the counted number of flourescent
particles, i.e. stained nuclei. 
Durchflußzytometrische Bestimmung des Ploidiegrades der 10
Elterngenotypen mit dem Genotyp 93/1-119 als internem
Standard. Die Signalmaxima stellen die Peaks für die diploiden
Genome auf einer relativen Floureszenstärkeskala dar. Auf der
y-Achse ist jeweils die Zahl der floureszierenden Partikel (d.h.
der gefärbten Zellkerne) dargestellt.
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prickles) both fit a 1:1 ratio. No segregation was ob-
served in the cross 93/1-1 × R. multiflora nana (all
plants armed)(Table 4). 

All parents in the present investigation carried prick-
les on their leaf rachis. No segregation in any of the
populations could be observed, indicating a different
genetic control for this trait.

Recurrent flowering
Recurrent flowering was analysed in six crosses (Table
5). Flower formation was observed in plants from the
seedling stage for two years. Recurrent flowering geno-
types started to flower a few weeks after germination
whereas nonrecurrent flowering genotypes did not
flower in the greenhouse during the first two years. In
the crosses between recurrent flowering parents all
progenies were only recurrent flowering. In the cross
between the non recurrent flowering parents 81/42-15
× R.multiflora 2704 no recurrent flowering could be
observed in the progeny. In contrast about 30% of the
progeny of the cross between the nonrecurrent flower-
ing parents 81/42-15 and 82/253-1 showed the recur-
rent flowering phenotype indicating the presence of a
single recessive gene for recurrent flowering in both
parents (Table 5).

Discussion
In the 1970s a population of diploid Rosa multiflora
hybrids was generated in the Institute for Ornamental
Plant Breeding in Ahrensburg/Germany. This was
achieved by crossing various tetraploid rose varieties
with diploid Rosa multiflora genotypes. After control-
led and open pollinations, sterile triploid hybrids occa-
sionally yielded diploid progeny. The exact mechanism
of this process is not known (REIMANN-PHILIPP 1981).
These diploid plants most probably carry genes from
the cultivated varieties in a diploid R. multiflora back-
ground, as displayed by a large variation in morphologi-
cal (e.g. double flowers and broader leaves) and physio-
logical (e.g. red and pink flower colour) characters that
do occur in garden roses but are absent in wild R. mul-
tiflora. Therefore they are considered to be a valuable
source of genotypes for the genetic analysis of horticul-
turally important characters in roses at the diploid
level.

At present only three monogenic traits have been
characterized in roses, namely “recurrent flowering”
(SEMENIUK 1971a, b, DE VRIES and DUBOIS 1978), the
“moss character” (DE VRIES and DUBOIS 1984), and the
“dwarf character” (DUBOIS and DE VRIES 1987). To a
certain extent this can be explained by the fact that
most genetic experiments and breeding efforts concen-

trated on tetraploid genotypes, which are difficult to
analyse genetically.

The present work provides first evidence that double
flowers, pink flower colour and prickles are inherited as
single dominant genes or as complementary genes in
crosses between diploid R.multiflora hybrids. A clear
distinction between these hypotheses requires the ana-
lyses of F2 or backcross populations. This is very diffi-
cult to achieve in the present genetic material because
diploid roses are mostly self incompatible. Thus it was
not possible to obtain any seed after self pollination of
the diploid roses used in the present study (Table 1,
data not shown).

Recurrent flowering segregates as a single recessive
gene confirming earlier studies in tetraploid cultivated
roses (DE VRIES and DUBOIS 1984) and diploid
R.wichuraiana populations (SEMENIUK 1971a, b). All
four characters represent important traits for the selec-
tion process in present day rose breeding. 

Double flowers are known to be inherited as mono-
genic traits in many plant species and several are trans-
mitted as dominant genes (LAMMERTS 1945, ZINN

1938). First results in F2 and backcross populations of
tetraploid cultivated roses demonstrate for example a
monogenic inheritance of double flowers as well (data
not shown). F1 individuals of a cross between 93/1-117
(single) and 91/1-119 (double) expressed a large varia-
tion in the average number of petals per plant genotype
in the double flowered fraction (Fig. 2). This may be
explained by the influence of environmental factors
and/or the involvement of additional minor genes that
modify the expression of the expected major gene for
double flower. The fact, that the double flowered
parent 93/1-119 displays also a broad variation in the
number of petals (e.g. from 40 to 86 petals per flower)
is an indication for the influence of environmental fac-
tors. Although the presence of two complementary
genes in double flowering genotypes can not be exclu-
ded, two observations support the presence of a single
dominant gene. First, in all crosses involving the double
flowering parents, the double flower trait segregates 3:1
(double: single)(Table 2). For the expectation of two
complementary genes involved, each parent has to
carry heterozygous and homozygous loci. In case that
both parents carry only two heterozygous loci, a ratio
of 9:7 (double : single) is expected. In case that one
parent is homozygous for both loci, no segregation is
expected at all (all plants double). Second, the double
flowering parents are derived from open pollination of
the single flowering genotype 81/42-15 (Table 1). They
are at least half sibs.

The red and pink flower colours of roses are mainly
caused by the accumulation of anthocyanins in the
petal cells (BIOLLEY and JAY 1993). The inheritance of

Table 5. Segregation of recurrent flowering.
Auspaltung des Remontantmerkmals.

Cross N Recurrent Nonrecurrent Segregation ratio χχ2 P

93/1-117 × 93/1-119 104 104 0 1:0 – –
93/1-2 × 93/1-38 109 109 0 1:0 – –
93/1-10 × 93/1-16 61 61 0 1:0 – –
93/1-1 × R. mult. nana 81 81 0 1:0 – –
81/42-15 × R. mult 2704 72 0 72 0:1 – –
81/42-15 × 82/253-1 67 23 44 1:3 3.1 0.05–0.1
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pink flower colour in the R. multiflora hybrid popula-
tions as studied is controlled by a single or two comple-
mentary genes. This is in accordance to the fact that
differences in the anthocyanin content of flowers can
be caused by single genetic factors (FORKMANN 1993).
However, based on the general knowledge about the
complexity of anthocyanin expression in plants
(FORKMANN 1993) it can’t be excluded that additional
genes are responsible for differences in pink and red
flower colours in other rose genotypes. 

The present data support an inheritance of prickles
caused either by a single or two complementary domi-
nant genes in the investigated diploid rose populations.
The inheritance as a single dominant gene is supported
by the fact that progenies from crosses between un-
armed parents ( 93/1-117, 93/1-119, 93/1-2, 93/1-38,
93/1-10 and 93/1-16) are completely unarmed.

Prickles, as an unwanted character in cut roses, are of
great interest in rose breeding. The restriction of prick-
les to the Rosaceae family and the wealth of morpholo-
gical variation in wild roses makes this trait an inter-
esting target for research on in developmental biology
of roses.

A monogenic recessive inheritance of recurrent
flowering in the populations under study is in accord-
ance with earlier results reported for cultivated roses
(DE VRIES and DUBOIS 1978) and wild roses (SEMENIUK

1971 a, b). This can be interpreted either as a general
mode of inheritance of this trait in roses or as caused by
the introgression of this trait into all cultivated roses
from one donor species (DE VRIES and DUBOIS 1978).
This question may be answered by tagging the chromo-
somal fragment carrying this gene with molecular mar-
kers allowing the analysis of the genetic relatedness
between homologous fragments from putative donor
species and the selected gene(s) from recurrent flower-
ing genotypes.

The present work represents a first approach in the
genetic analysis of horticulturally important genes in
roses utilizing diploid populations of R.multiflora
hybrids. These analyses are a prerequisite for advanced
breeding strategies in which several ornamental traits,
e.g. flower shape, colour and fragrance, have to be com-

bined with characters not present in modern varieties,
e.g. disease resistances and stress tolerances. A detailed
knowledge about the genetic complexity of the desired
traits will greatly facilitate the development of new
selection strategies.

The utilization of molecular markers for genetic ana-
lyses in roses in diploid populations is under way
(DEBENER and MATTIESCH 1996, DEBENER et al. 1996).
The localisation of the above mentioned characters on
molecular marker maps will allow to develop closely
linked molecular markers and to use them in marker
based selection strategies in the near future. In combi-
nation with crosses between rose genotypes from out-
side the taxonomic range of R.multiflora, further analy-
ses of the genetic complexity in the genus Rosa will be
possible.

G.Geenen from Plant Cytometry Services, Leiden, The Netherlands is kindly
acknowledged for the flow cytometric analyses of rose leaves. Prof. Dr. J.
Grunewaldt, Ahrensburg is kindly acknowledged for critically reading the
manuskript.
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Summary
A review is presented of literature on harvest date pre-
diction for major field vegetables of North Western
Europe. The most common approach used for harvest
date prediction is based on a relation of harvest date
with accumulated day-degrees, whether or not in com-
bination with other factors. For the majority of crops
no method for harvest date prediction is available.
Indeed, many of them do not have a particularly critical
harvest date and a number of them can be stored, which
gives flexibility in marketing. However, at least in the
Netherlands, accurate prediction of when and how
much of a field vegetable product is ready for market-
ing is becoming increasingly important as marketing
shifts from a supply-based to a demand-based system.
It is expected that systems will be developed whereby
progressively more accurate estimates of the amount
and quality of produce that will be ready for marketing
on a specific date will be provided to the marketing
organisation by each individual producer, based on his
planning and on field observations.

Zusammenfassung
Es wird eine Literaturzusammenfassung über die Vor-
hersage von Ernteterminen der wichtigsten Freiland-
gemüse Nordwesteuropas gegeben. Im allgemeinen
basierten Ernteterminvorhersagen auf akkumulierten
Tag-Graden, teilweise kombiniert mit anderen Fakto-
ren. Für die Mehrzahl der Gemüse gibt es keine Vor-
hersage von Ernteterminen. Sicher haben viele von
ihnen keine besonders kritischen Termine, sie können
gelagert werden und geben damit genügend Flexibilität
bei der Vermarktung. Jedoch wird es in den Niederlan-
den zunehmend wichtig, eine genaue Vorhersage
darüber zu treffen wann und wieviel Freilandgemüse
für die Vermarktung zur Verfügung steht, weil sich der
Markt vom Angebots- zum Nachfragesystem ändert.
Es ist zu erwarten, daß sich Systeme entwickeln wer-
den, die zunehmend genauer Menge und Qualität des
Produkts schätzen, das zu einem bestimmten Termin
vermarktet werden kann und das durch den Einzelpro-
duzenten auf Grund seiner Planung und der Feld-
beobachtungen der Vermarktungsorganisation ange-
kündigt wird.
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