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Abstract — A topinambour collection was analyzed to determine the genetic variability of 141 accessions in reaction to the
length of day (light), its influence on vegetative and flowering phases, tuber number and mass. Day length significantly
influenced flowering, which started with the first shorter days (15.6 h) in the third decade of June, while the majority of
accessions flowered in the third decade of August (13.3 h). Differences between accessions were statistically significant for
the analyzed phenotype traits. A significantly longer vegetative phase was found in Montenegrin accessions in comparison
to the other groups of origin. Duration of the vegetative phase was significantly and positively correlated to tuber mass and
negatively to their number, while duration of the reproductive phase had an opposite effect. For further work on topinam-
bour breeding, it would be important to describe the mechanism of photoperiodic control of flowering initialization. Only
by obtaining accessions neutral to the photoperiod could topinambour become a cultivated crop.

Key words: Genetic variability, Helianthus tuberosus, photoperiod, tubers, vegetation phase

INTRODUCTION

Of all the species in the Helianthus genus, topinam-
bour (Helianthus tuberosus L.) and cultivated sun-
flower (H. annuus var. macrocarpus (DC) CKkll.) are
among the first cultivated species on the territory of
the USA (Heiser, 1995). The life cycle of topinam-
bour can be divided into five basic phases: emer-
gence, canopy development, tuber and rhizome for-
mation, flowering and senescence (McLaurin et al.,
1999). The time of flowering and tuber formation is
influenced by day length and not by the time of sow-
ing which limits growth to one generation per year
(Shoemaker, 1927).

Topinambour, as a short-day plant, first needs
long periods of light for vegetative growth, followed
by short days that initiate the reproductive phase

175

(Kays and Nottingham, 2008). The biochemical
mechanism of plant sensitivity to photoperiodism
lies in photomorphogenesis and it depends on a pro-
tein pigment phytochrome (Taiz and Zeiger, 2006).
The most obvious influence of phytochromes is on
cell permeability to K* and CI', by which the osmotic
pressure and cell size change to cause leaf and stem
movement. Phytochromes can also influence gene
transcription and cause plant greening (Taiz and
Zeiger, 2006). The wide spectra and various mech-
anisms of phytochrome action imply that to deter-
mine the mechanism that influence a trait such as
flowering, it is useful to find neutral genotypes or
some with significantly different reactions.

There are ten topinambour collections in Eu-
rope, of which the largest one is in Serbia, and it is
the second largest in the world (Kays and Notting-
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ham, 2008). To determine the genetic variability of
accessions in reaction to day length we assumed that:
(1) because of the distinctively different geographical
origin and the nature of accessions, there is signifi-
cant variability in reaction to the day length; (2) the
relation of the analyzed traits can be defined by cal-
culating correlation coefficients and factorial analysis
of variance; (3) better understanding of the material
could be of significance for future work on the col-
lection and the explanation of photoperiodic influ-
ence on flowering initialization in topinambour.

MATERIALS AND METHODS

The trial was performed in Rimski Sancevi, on the
quarantine field of the Oil Crops Department of the
Institute for Field and Vegetable Crops in Novi Sad.
The material consisted of 141 accessions of H. tu-
berosus. The majority of accessions were brought to
the collection after several collecting trips to Mon-
tenegro (73) and the USA (38). Topinambour culti-
vars (27) were obtained through exchange with other
European collections (TUB BP) and three local pop-
ulations were collected locally in the vicinity of Novi
Sad and Grabovci.

Accessions were grown in plots 1.0 m wide and
7.5 m long with 1 row of 15 plants. Sowing was made
by planting the tubers in the part of the quarantine
field agrotechnically prepared for cultivated sun-
flower with a total surface of 1.2 ha. Plants were ferti-
lized with 300 kg/ha of NPK fertilizer type 15:15:15.
Plants were drip-irrigated to maintain maximum
plant growth.

Phenotypic observations were made in the field
during vegetation on ten plants per accession. Dates
of emergence, forming of the flower bud (budding),
flowering and senescence were noted for every acces-
sion. Tuber yield per plant, number, and mass were
determined in growth conditions without competi-
tion for resources. The mass of individual tubers was
determined on three plants with four replications (12
replications per accession).

Because of the various accession origins and
levels of human influence on the material used in
the trial, the factor of origin was added to the sta-
tistical analysis. Obtained raw data were analyzed
using descriptive statistics and the variability
was analyzed using factorial analysis of variance.
Least significant difference (LSD) was calculated
by multiplying critical values from the t distribu-
tion table with standard error of difference. Inter-
relationships between analyzed traits were deter-
mined by calculating Pearson’s linear correlation
coefficients.

RESULTS

Day shortening starts in the third decade of June
when the light period reaches a maximum of 15.5 h.
In the third decade of August, the light period is in
the range of 13 and 13.5 h, which is considered as a
critical value for the start of the reproductive phase
for the majority of accessions. Flowering began with
the shortening of the day in the majority of the ac-
cessions, except for six of them, which did not even
form flower buds until senescence. The beginning
and duration of the flowering phase were very vari-
able. Two maxima were found when the beginning of
flowering was compared; the first was in the middle
of July, and the second in the third decade of August
(Graphs 1, 2).

Vegetation phases

Among all the vegetation phases, the duration of
budding and flowering was found to be the most
variable. The shortest budding phase of 3 days was
found for accession TUB 2062, while the longest of
68 days was found for TUB NS 2. Flowering time
varied from 5 days in TUB CG 50 to 63 days in TUB
8 (Graph 3).

Five accessions from Montenegro (TUB CG 14,
27, 45, 56, 59) and one from the USA (TUB 2052)
did not flower or form flower buds until senescence,
although they all had a vegetative phase equal to or
longer than 180 days (Graph 3).
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Graph. 1. Beginning of flowering phase for 141 topinambour
accessions
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Graph. 2. Flowering phase duration of topinambour accessions
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Graph. 3. Length of vegetation phases for topinambour accessions sorted according to their origin and given in days from planting to
senescence (1-73 Montenegro, 74-111 USA, 112-138 cultivars, 139-141 local populations)
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Table 1. Basic statistical parameters for vegetative phase duration of topinambour

N* Mean Min. Max. Std. Dev. CV (%) LSD (0,05)

Vegetative phase duration

(days)

* N - total number of samples, Std. Dev — standard deviation, CV - coefficient of variation

141 126 66 186 21 26 28
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180
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Graph. 4. Vegetative phase duration of topinambour (1-73 Montenegro, 74-111 USA, 112-138 cultivars, 139-141 local populations)

Vegetative phase A significantly longer vegetative phase was found
in the accessions from Montenegro in comparison to
The longest phase in the vegetation of all accessions the cultivars and accessions collected in the USA.
was vegetative (canopy development, from emer- Variability within the groups varied, but it was two-
gence to budding). It was shortest in the cultivars fold times larges in the cultivars and accessions col-
TUBBP 15, 24 and 26 with 66 days, and longest in ac- lected in the USA (CV=24 and 25%) than it was in
cession TUBCG50 with 186 days (Tab. 1; Graph 4). the Montenegrin accessions (CV=13%) (Graph 4,
5).
- Origin  1.(139) 2.(111) 3.(117) 4.(117)
130 1. Montenegro 0,001** 0,001** 0,104
g 120 2. USA 0,001** 0,225 0,648
- 3. Cultivars _ 0,001** 0,225 0,957
“ 4. Local 0,104 0,648 0,957
80 populations
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Graph. 5. Vegetative phase variability of topinambour in relation to the origin
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Table 2. Vegetation phase length and tuber yield component correlations in topinambour

Vegetation phase Accessions Correlation coeflicient ps
Reproductive phase / Tuber mass 141 -0,442%% 0,0001
Reproductive phase / Yield per plant 141 -0,382%* 0,0001
Flowering / Tuber mass 141 -0,355** 0,0001
Flowering / Yield per plant 141 -0,354** 0,0001
Budding / Tuber mass 141 -0,261** 0,0018
Vegetative phase / Tuber number 141 -0,247%* 0,0031
Budding / Yield per plant 141 -0,220%* 0,0087
Budding / Tuber number 141 -0,085 0,3189
Reproductive phase / Tuber number 141 0,200* 0,0173
Vegetative phase / Yield per plant 141 0,311** 0,0002
Flowering / Tuber number 141 0,331** 0,0001
Vegetative phase / Tuber mass 141 0,347** 0,0001

§ p - risk of rejecting the null hypothesis, ** significant at the 0,01 level, * at 0,05

Vegetation phase length and tuber yield correlations

The reproductive phase (budding and flowering)
was in negative correlation to the tuber mass and
tuber yield per plant. The only positive correlation
was found in relation to tuber number per plant. The
length of the vegetative phase positively influenced
tuber yield through increased tuber mass, even
though it was negatively correlated to tuber number
(Tab. 2).

DISCUSSION

Some phenotypic traits significantly depend on en-
vironmental conditions, where competition for
resources has considerable influence. This is why
phenotype evaluation was performed in controlled
conditions where plants were grown with equal spac-
ing and on a uniformly prepared field. Differences
between the topinambour accessions were statistical-
ly significant for all evaluated phenotypic traits (du-
ration of vegetative and reproductive phase, budding
and flowering, tuber mass, tuber number and yield
per plant), which confirms the existence of genetic
variability among accessions.

Most of the analyzed accessions originated
from Montenegro. By analyzing the influence of day
length on flowering initiation and the length of the
vegetative phase, it was found that their variability
was lower than in accessions from the USA and cul-
tivars. Accessions originating from the USA can be
considered as typical representatives of the species
from its natural habitat and the center of origin. That
is why it could be expected for them to show greater
variability than a group of accessions that after in-
troduction, remained on the relatively small area of
Montenegro (Dozet et al., 1993; Vasi¢ et al., 2002).
The cultivated accessions that were analyzed in this
trial were obtained after substantial breeding efforts
and it was expected they would differ significantly
from the other accessions.

Flowering initiation and duration

The key phase of topinambour vegetation from
which tuber yield is directly dependent is the veg-
etative. The initiation of the reproductive phase is
induced by the photoperiod and because of this the
photoperiodic response is one of the most analyzed
traits in topinambour breeding. Ideally, a cultivar
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should be neutral to the photoperiod because this
would allow for easier planning of breeding efforts.
The flowering of such cultivars would only depend
on the rate of plant development, or, in other words,
the planting date. Two groups of accessions were
found for flowering initiation in regard to the day
length. The first corresponds to the defined critical
day length for topinambour of 13 to 13.5 h (Zhou
et al., 1984) and these were mostly accessions from
Montenegro and cultivars. The other group flowered
when day shortening started at 15.5 h, and it con-
tained mostly wild accessions from the US. There
are two possible causes for the existence of the sec-
ond flowering group. The first is that those are ac-
cessions neutral to photoperiod and that they flow-
ered approximately in the same time because of the
same planting date and similar growth conditions.
The other possibility is that for those accessions,
as short-day plants, either the critical day length is
greater and close to 15 h, or that they react on the
first shortening day. By early flowering these acces-
sions ensure enough time for flowering, pollination
and seed production, which is a characteristic for
wild accessions and opposite to cultivars. Six acces-
sions remained in the vegetative phase during the
whole vegetation. It is possible that for these acces-
sions the critical photoperiod was shorter than 10
h, which was the length at the beginning of Novem-
ber and the start of senescence. The reproductive
phase of the other accessions started in mid June
and lasted until the first half of October, which can
point to photoperiod neutrality, especially for early
flowering ones (Kays and Kultur, 2005), and vari-
ability in the duration of the vegetation phases.

Vegetation phase length and tuber yield correlations

Breeding had a substantial influence on the analyzed
tuber traits. Selection pressure was made for devel-
oping larger tubers closer to the stem to obtain high-
er yield and easier harvest (Le Cochec, 1990). Wild
accessions from the USA had a significantly higher
tuber number and the lowest tuber yield per plant in
comparison to the other groups. This implies a mul-
tiplication strategy where yield is not as important
as the ability to survive and occupy new territory.

In this respect a larger tuber number is beneficial
(Swanton, 1986).

The calculated correlation coefficients for the du-
ration of the vegetative and reproductive phases in
relation to tuber mass and number per plant, con-
firmed different multiplication strategies between
wild and cultivated accessions. Tuber mass and yield
per plant was affected negatively by the duration of
the reproductive phase and positively by the dura-
tion of the vegetative phase.

High yield per plant and tuber mass are traits by
which cultivated accessions could be differentiated
from other groups and confirm the effect of breed-
ing. A few accessions with similar yield and tuber
mass were only found in the Montenegrin group. On
average, the plants formed 44 tubers, which classifies
them as spreading, while most of the accessions in
the fast-spreading group, with more than 69 tubers
per plant (Pasko, 1973), were wild USA accessions.

Although there are cultivars neutral to photope-
riod initiation of flowering (Kays and Kultur, 2005),
there are still no cultivars in which tuber formation
is not influenced by the shortening of the day (Kays
and Nottingham, 2008). For the purpose of breed-
ing, flowering is even artificially controlled by shad-
ing (Sawicka and Wadysaw, 2005).

To establish the possibility of controlling the influ-
ence of photoperiod on topinambour development,
it is necessary first to determine the signal transduc-
tion pathway, starting from the phytochrome as the
receptor of light. Photoperiod as a factor has mul-
tiple effects on the topinambour, such as the initia-
tion of flowering, certain aspects of tuberization and
vegetative growth (Hackbarth, 1937). This is why it is
necessary to determine the point at which the pho-
toperiodic influence on flowering can be interrupted
without changing other processes.

A transduction pathway described on Arabidop-
sis indicates that several genes interact prior to flow-
ering initialization (Velverde et al., 2004; An et al,,
2004; Abe et al., 2005; Lifschitz et al., 2006). In cul-
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tivated sunflower, temperature and photoperiod are
found to be the key environmental factors affecting
the time from emergence to floral initiation. Genetic
investigations on the number of days from emer-
gence to flowering suggested polygenic inheritance
patterns. Some evidence was also found for genetic
factors with major, qualitative effects on flowering
and the transduction pathway (Leon et al., 2001; De-
zar et al., 2011).

It is possible to apply various manipulations on
the molecular level, such as antisense mRNA for the
genes involved in the signal transduction pathway, to
interrupt flowering but also to help explain their ef-
fect. Locating the genes that are responsible for the
photoperiodic response in the topinambour could be
initiated by comparing accessions that are neutral to
the photoperiod with the wild type.

CONCLUSION

Differences between accessions and, in most cases,
between the groups of origin were statistically signif-
icant for all the studied phenotypic traits (duration
of the vegetative and reproductive phases, budding
and flowering, tuber mass, tuber number and yield
per plant), which confirmed the existence of genetic
variability in the collection.

The vegetative phase duration can be regarded
as an important trait for cultivated topinambour
because it is positively correlated to tuber mass and
yield and negatively to tuber number, which simpli-
fies harvest. On the other hand, the reproductive
phase in general, and the flowering phase, had the
highest negative influence on tuber mass and yield
per plant.

Wild and cultivated accessions differ in multipli-
cation strategies. Cultivated accessions form smaller
numbers of larger tubers during a long vegetative
phase, while the wild-type forms large numbers of
small tubers and have a long reproductive phase.

The transition from the vegetative to reproduc-
tive phase is influenced by the photoperiod in the

topinambour. Therefore, it would be of great advan-
tage for a cultivated form to be neutral to the pho-
toperiodic initiation of flowering, because this would
allow easier breeding and the topinambour could be
further developed as a cultivated crop.
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