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ABSTRACT 

Dahlias are propagated through stem cuttings. In the years 2003–2005, in a glasshouse of the Experimental 
Station in Felin, University of Life Sciences in Lublin, the research was conducted to evaluate rooting of 
different types of dahlia cuttings. The studied Dahlia pinnata cultivars were: ‘Berliner Kleene’, ‘Gea’,  
‘Orange’ and ‘Orietta’. Six types of cuttings were tested: cuttings with heel, without heel, tip ones, tip long 
ones, lateral and middle ones. The cuttings excision was started when sprouting shoots had 5–7 pairs of 
leaves. The tip part with 2–3 pairs of leaves was cut off, leaving at least 2 pairs of leaves on the stem 
(tip cuttings). After about 2 weeks, in the nodes, new shoots start to arise, which might be used as cuttings 
when they form 2–3 pairs of leaves. When the tip cuttings are excised, new shoots will sprout directly from 
a tuber. They might be excised with a part of a tuber as cuttings with heel or without it – cuttings without 
heel. It is also possible to place tuberous roots into a glasshouse early, let the sprouting shoots form  
6–8 pairs of leaves, and then excise longer then before tips with 3–4 pairs of leaves (long tip cuttings). 
The remaining, middle parts of the stems with 2 pairs of leaves, might be also used as lateral cuttings. Dif-
ferent types of cuttings were used and all of them rooted very well. No matter the type of cutting, their sur-
vival exceeded 90%. The types of cuttings did not significantly affect the percentage of rooted cuttings. 
However, the intensity of taking the roots depended on the cutting method. The growth started the earliest 
in case of cuttings with heel and tip ones. Plants formed from these types of cuttings characterized with the 
highest weight of the underground part as well. During the three years of the experiment, the highest mean 
weight of the above ground part was observed in case of tip and long tip cuttings.  
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INTRODUCTION 

Dahlias are propagated vegetatively and generative-
ly. The easiest method of vegetative propagation of 
dahlia, recommended especially in an amateur cultiva-
tion, is division of tuberous roots. A large-scale propa-
gation aims at obtaining the most plants in the ossible 
shortest time, so that the cuttings are usually used. 

Propagation through cuttings is extremely effec-
tive for many ornamental or nursery plants species  
[Ochoa et al. 2000, Cameron et al. 2001, Krzymińska 
and Czekalski 2002, Kolasiński 2005]. This method 

guarantees obtaining a large amount of equal plant 
material, in terms of size and quality [Langeslang 
1989, De Hertogh and Le Nard 1993, Clenet 1995, 
Chmiel 2000, Jerzy i Krzymińska 2011]. It is also 
used for propagation of dahlia. Soft cuttings of dahlia 
are usually obtained through excision of sprouting 
shoots with a piece of root tuber – these are so called 
cuttings with heel. They should be 6–8 cm long with 
2–3 pairs of healthy, undamaged leaves [Chmiel 
2000; Jerzy and Krzymińska 2011]. 
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The quality of cuttings depends on, among other 
things, condition and health of mother plants. Vegeta-
tive propagation might cause transferring pathogens, 
including viruses, what directly worsens the quality 
of yield, while the disinfection of reproduction mate-
rial significantly increases the cost of cultivation 
[Winiarczyk et al. 2014]. Selected roots of dahlia for 
stock nurseries must be completely free from viruses, 
bacterial diseases and insects [De Hertogh and Le 
Nard 1993]. De Hertogh and Le Nard [1993] note 
that this method of da hlia propagation is ineffective. 
According to Escher [1983], the number of soft 
shoots sprouting from the tubers of dahlia which are 
suitable for cuttings ranges from 15 to 50, and more-
over, there is always a risk to damage neighbouring 
buds which are able to produce successive cuttings. 

The research conducted in the Institute of Orna-
mental Plants and Landscape Architecture (currently 
the Department of Ornamental Plants and Landscape 
Architecture), of the University of Life Sciences in 
Lublin, proved that there is a possibility to use other 
types of cuttings, apart from the ones with heel. The 
cuttings might be broken out without a piece of 
a tuber, they are so called cuttings without heel, they 
might be also cut with the tip part of the main stem 
with at least 4–5 pairs of leaves (apical cuttings) or 
longer shoot with at least 5–6 pairs of leaves (apical 
long cuttings). Moreover, the leaf two-node cuttings 
left after taking an apical part (so called middle cut-
tings) and the ones growing from axils of leaves of 
the main shoot left after cutting the tip (lateral cut-
tings) might also be used. The results allowed to 
conclude that the types of cuttings other than tradi-
tional ones with heel, did not significantly influence 
the percentage of rooted plants [Pudelska 2000, Pu-
delska et al. 2015]. The ability to form a rooting sys-
tem by cuttings depends on many factors, both en-
dogenous and exogenous, such as a growing phase of 
mother plants, quality of shoots selected for cuttings 
or physiological processes in a cutting, like a balance 
between photosynthesis and transpiration [Biran and 
Halevy 1973, Cuijpers 1995, Hartman et al. 1997, 
Serek et al. 1998, Krajnc et al. 2002, Szabo et al. 
2014]. The most important factor is temperature. The 
temperature of a substrate during rooting should be 
22–23°C, while an air temperature 2–3°C lower. It is 

advised not to water the cuttings that have not formed 
roots yet, as the water excess causes rotting. To pre-
vent cuttings from wilting, it is necessary to mount 
low foil tunnels or install automatic dispersion to 
keep a stable air humidity. The cuttings form roots 
from 3 to 4 weeks [Jerzy and Krzymińska 2011]. 

Substances influencing a process of adventitious 
roots development in cuttings are auxins. They are 
formed endogenously in leaves and buds of plants, 
and then they are transported basipetal, what means 
they are accumulated in lower parts of cuttings [Jerzy 
and Krzymińska 2011]. An auxin is essential to in-
duce adventitious roots meristems on stems. Howev-
er, an auxin itself is not involved in a process of 
forming new roots primordia, but activates existing 
ones or starts forming the new ones, activating their 
mitotic abilities and stimulating their development 
[Świstowska and Hetman 2004]. The endogenous 
auxins include indoleacetic acid (IAA) and indole- 
-3-butyric acid (IBA). Their content in tissues decides 
about the ability of cuttings to root. Rooting might be 
also enhanced through application of auxins from the 
outside, both endogenous and synthetic ones. One of 
more important synthetic auxin is naphthaleneacetic 
acid (NAA) [Jerzy and Krzymińska 2011]. 

A research conducted by Pudelska and Hetman 
[2001] proved that the choice of substrate and stimu-
lator containing auxins, decided about the rooting, 
quality of rooting system and a quality of dahlia cut-
tings. Very good results were obtained while using 
a rooting powder contaning 0.2% NAA and fungi-
cides, which improved both quality of the rooting 
system and a quality of cuttings. Fungicides, such as 
Kaptan 50WP, used in combination with an auxin, 
improve rooting of cuttings [Hocking and Thomas 
1979, Bojarczuk 1984, Czekalski 1988]. However, 
the effect of these substances depends on their con-
centration and conditions of rooting. Too high con-
centration of fungicides, especially in high tempera-
ture, might have toxic properties [Pudelska and Het-
man 2001]. 

A substrate for rooting of soft cuttings should be 
light, of low density, with good air-water characteris-
tics, high porosity, permeability, but at the same time 
able to retain water easily available for plants [Het-
man 1993]. Assurance of good soil porosity guaran-
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tees proper aeration, that is a sufficient number of 
capillaries for transport, what allows natural drainage 
of water excess from watering [Reinikainer 1993]. 
Pudelska and Hetman [2001] recommend a mixture 
of sphagnum peat and pine bark or sphagnum peat 
with sand or perlite as the best substrate for dahlia 
cuttings. 

The aim of the research conducted in the years 
2003–2005 was to estimate the most effective method 
of obtaining soft cuttings of dahlia, in order to pro-
duce the higher number of good quality plants  

MATERIALS AND METHODS 

The plant material to prepare cuttings were tuber-
ous roots of mother plants of four cultivars of Dahlia 
pinnata: ‘Berliner Kleene’, ‘Gea’, ‘Orange’ and ‘Ori-
etta’. ‘Gea’ and ‘Orietta’ are cultivars of Polish origin, 
from dr Wieslaw Legutko Breeding and Seed Compa-
ny Ltd. in Smolice, while ‘Berliner Kleene’ and ‘Or-
ange’ are Dutch cultivars. During winter, the tuberous 
roots were stored in the temperature of 4–8°C and 80% 
humidity. Each year, in the beginning of February, the 
roots were transported to a glasshouse and planted into 
trays filled with sphagnum peat, limed to pH 5.6 and 
enriched with 2 g·dm-3Azofoska (1 N : 0,5 P2O5 : 
1,4 K2O). Before planting, the roots were treated with 
0.5% powdered Kaptan 50WP (containing fungicide 
and Kaptan 50WP 50%), while trays were disinfected 
with a detergent. Roots were planted in a way that 
a root crown was above a ground. The trays were 
placed on the tables in the glasshouse in the air tem-
perature 18–20°C and systematically watered. The 
sprouting shoots were cut as following: 

Type I – cuttings with heel (stem soft cuttings with 
2–3 pairs of leaves excised with a piece of tuber); 

Type II – cuttings without heel (stem soft cuttings 
with 2–3 pairs of leaves excised without a piece of 
tuber); 

Type III – tip cuttings (stem soft cuttings with 2–3 
pairs of leaves, excised from shoots with 4–5 pairs of 
leaves); 

Type IV – long tip cuttings (stem soft cuttings 
with 3–4 pairs of leaves, excised from shoots with  
5–6 pairs of leaves); 

Type V – lateral cuttings (stem soft cuttings with 
2 pairs of leaves growing from leaf axils after decapi-
tation); 

Type VI – middle cuttings (stem soft cuttings ex-
cised from the central part of stem after decapitation). 

Each year, the cuttings were excised successively as 
new shoots sprouted, till the 25th of April. A cutting 
was conducted with a scalpel disinfected with 70% of 
methyl alcohol. The cuttings were treated with a mix-
ture of 0.2% NAA and fungicide (Kaptan 1%) and 
placed in 4.5 × 4.5 cm multipots filled with a mixture 
of sphagnum peat, sand and lime (1 l : 1 l : 1 g). 
The multipots were placed on the tables in the glass-
house. The air temperature during rooting was  
18–19°C and the soil temperature was 22–23°C. 
The tables were covered with a foil tunnel to ensure 
the right air humidity. During a whole rooting period, 
the cuttings were regularly misted, sprayed with fun-
gicides on a preventive basis, and shaded with a non-
woven fabric when the sunshine was high.  

After about 5 weeks from cuttings preparation, the 
evaluation of rooting of different types of cuttings of 
all four cultivars was done. The soil remains were 
exactly washed out, the underground part was cut off 
and the above and underground parts of cuttings were 
weighed separately. The underground part consisted 
of roots with the ending of shoots they had sprouted 
from. The number of leaves on each cutting was 
counted, the above ground part and the roots were 
measured. All remaining cuttings were planted into 
soil each year, at the beginning of June and the per-
centage of well established plants was estimated. 

The experiment was set up completely randomly, 
according to the triple classification. The obtained 
results of the measurements were analyzed statistical-
ly with the use of analysis of variance for triple clas-
sification. The significance of differences be-
tween the means were established according to the 
Tukey's confidence intervals at the level of signifi-
cance = 0.05. 

RESULTS 

During the three years of research, the highest 
mean weight of the under ground part formed cut-
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tings with heel and tip ones. Their weight was on 
average 1.6 g. The lowest weight of the under-
ground part was noted for lateral cuttings – 0.7 g 
(tab. 1). 

Taking into consideration a type of cutting and the 
cultivar, the highest mean weight of the underground 
parts characterized tip and middle cuttings of the 
‘Orange’ cultivar. Definitely the lowest weight char-
acterized lateral cuttings of the ‘Berliner Kleene’ and 
‘Gea’ cultivars. As for the interaction of the type of 
cutting and years, the highest mean weight of the 
underground part had the cuttings with heel in the 
year 2003, while the lowest one was noted for the 
lateral cuttings in 2004. 

The highest mean weight of the underground part 
was observed in 2003 – 1.5 g. Whereas the weight of 
cuttings in the remaining years did not differ signifi-
cantly and was 1.1 g in 2004 and 1.2 g in the year 
2005. 

In relation to cultivars, the highest weight charac-
terized cuttings of all types of the ‘Orange’ cultivar – 
2.4 g, while the lowest one was noted for ‘Berliner 
Kleene’ ones (0.8 g). 

Looking at a whole experiment, in relation to the 
type of cutting – cultivar – year interaction, the high-
est weight of the underground part had lateral cut-
tings of the ‘Orange’ cultivar in the year 2003. Their 
mean weight was 3.6 g. The lowest weight character-
ized lateral cuttings of the ‘Berliner Kleene’ cultivar 
in the years 2003 and 2005 – 0.02 g. 

The highest mean weight of the above ground part 
in all three years of the experiment had the long tip 
cuttings – 2.0 g and a similar, high weight was noted 
for tip cuttings – 1.9 g and middle cuttings –1.8 g. 
The lowest weight of the above ground part charac-
terized cuttings without heel. Their weight was 1.1 g 
(tab. 2).  

Taking into consideration the type of cutting and 
the cultivar, the highest mean weight of the above 
ground part had long tip cuttings of the ‘Orange’ 
cultivar – 4.1 g. The lowest weight was observed in 
case of lateral cuttings of the remaining three culti-
vars: ‘Berliner Kleene’, ‘Gea’ and ‘Orietta’ (0.8 g) 
and middle cuttings of the ‘Gea’ cultivar, with the 
same weight. 

Looking at the interaction of a method of cutting 
– years, the highest mean weight of the above ground 
part characterized long tip cuttings – 2.4 g, then mid-
dle and tip ones – 2.3 g and 2.2 g in the year 2003, 
respectively. The lowest weight was noted for lateral 
cuttings in the year 2004 – 0.9 g. 

In case of cultivars, the highest weight was noted 
for cuttings of the ‘Orange’ cultivar – 2.6 g, while the 
lowest one – ‘Berliner Kleene’ (1.1 g). 

The highest weight of the above ground part was 
observed for cuttings of the ‘Orange’ cultivar: 3.1 g 
in 2003, 2.1 g in 2004 and 2.7 g in 2005. Definitely 
lower weight had cuttings of the ‘Berliner Kleene’ 
(1.1 g in the years 2003 and 2005, 1.0 g in 2004) and 
‘Gea’ cultivars (1.2 g in 2003, 0.8 g in 2004 and 1.0 g 
in 2005). 

Looking at a whole experiment and the interaction 
between the type of cutting, cultivar and years, the 
highest weight of the above ground part characterized 
long tip cuttings of the ‘Orange’ cultivar in the year 
2003. Their mean weight was 4.4 g. The lowest 
weight had lateral cuttings of the ‘Gea’ cultivar in 
2004. 

In all three years of the experiment, the highest 
were plants obtained from long tip cuttings (8.8 cm). 
The lowest one were obtained from leaf axils (so 
called lateral ones) – 6.3 cm (tab. 3). 

Taking into consideration the type of cutting and 
the cultivar, the highest (14 cm) were long tip cut-
tings of the ‘Orange’ cultivar. The lowest were lateral 
cuttings of the ‘Berliner Kleene’ and ‘Gea’ cultivars 
– 4.8 cm. 

In the interaction between the type of cutting and 
years, the highest were the long tip cuttings in the 
year 2003 (9.1 cm), while the lowest were lateral 
ones in 2005 – 5.6 cm. 

Definitely the highest (7.8 cm) were the cuttings 
in the year 2003, while the lowest ones in 2005 – 
6.8 cm. In case of cultivars, the highest were the 
cuttings of the ‘Orietta’ cultivar – 9.3 cm, and the 
lowest of the ‘Gea’ cultivar – 5.3 cm. 
Looking at the whole experiment, the interaction 
between the type of cutting, cultivar and years showed  
that the highest were cuttings cut from a top part of 
the shoot, with 5–6 pairs of leaves, so called  long  tip  
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Table 1. The underground weight (g) of dahlia cuttings after rooting (A × B × C, 2003–2005 means) 

Years 
(A) 

Cultivar 
(B) 

Type of cutting (C) 
Means 
A × B 

with heel without heel tip long tip middle lateral 

2003 

Berliner Kleene 2.6 a–f 2.1 b–j 1.3 f–p 0.9 i–p 0.08 p 0.02 p 1.2 C 

Gea 1.6 d–n 1.0 h–p 1.6 d–n 1.0 h–p 0.2 p 0.08 p 0.9 CD 

Orange 2.8 a–e 2.3 a–h 2.8 a–e 2.5 a–g 3.0 abc 3.6 a 2,8 A 

Orietta 0.8 j–p 1.2 g–p 1.6 d–n 1.2 g–p 1.4 f–p 1.0 h–p 1.2 C 

2004 

Berliner Kleene 1.7 c–m 1.5 e–o 1.1 h–p 1.0 h–p 0.2 p 0.08 p 0.9 CD 

Gea 1.0 h–p 0.5 ł–p 1.1 h–p 0.9 i–p 0.1 p 0.06p 0.6 D 

Orange 1.8 c–ł 1.9 b–l 2.9 a–d 1.9 b–l 3.0 abc 1.3 f–p 2.1 B 

Orietta 0.7 k–p 0.7 k–p 1.0 h–p 0.8 j–p 0.7 k–p 0.4 nop 0.7 CD 

2005 

Berliner Kleene 2.2 b–i 1.5 e–o 0.7 k–p 1.3 f–p 0.08 p 0.02 p 0.9 CD 

Gea 1.2 g–p 1.6 d–n 1.2 g–p 1.1 h–p 0.1 p 0.1 p 0.9 CD 

Orange 2.0 b–k 1.4 f–p 3.2 ab 1.8 c–ł 2.6 a–f 1.7 c–m 2.1 B 

Orietta 0.8 j–p 0.7 k–p 0.8 j–p 1.2 g–p 0.7 k–p 0.3 nop 0.7 CD 

Means C 1.6 A 1.3 AB 1.6 A 1.3 AB 1.0 CD 0.7 D  

Means B × C       means B 

Berliner Kleene 2.2 ABC 1.7 C–F 1.0 F–I 1.1 FGH 0.1 KL 0.02 L 1.0 B 

Gea 1.3 EFG 1.0 F–I 1.3 EFG 1.0 F–I 0.1 KL 0.06 L 0.8 B 

Orange 2.2 ABC 1.9 CDE 2.9 A 2.1 BCD 2.8 AB 2.2 ABC 2.4 A 

Orietta 0.8 G-K 0.8 G–K 1.1 FGH 1.1 FGH 0.9 G–J 0.6 G–L 0.9 B 

Means A × C means A 

2003 2.0 A 1.6 ABC 1.8 AB 1.4 A–E 1.2 C–G 1.2 C–G 1.5 A 

2004 1.3 B-F 1.1 C–H 1.5 A–D 1.2 C–G 1.0 C–I 0.4 I 1.1 B 

2005 1.5 A-D 1.3 B–F 1.5 A–D 1.3 B–F 0.9 E–I 0.5 HI 1.2 B 

 
NIR0.05 for A = 0.1, for B = 0.2, for C = 0.3, for AB = 0.5, for AC = 0.6, for BC = 0.7, for ABC = 1.3  
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Table 2. Fresh weight (g) of the above ground part of dahlia cuttings after rooting (A × B × C, 2003–2005 means) 

Years 
(A) 

Cultivar 
(B) 

Type of cutting (C) 
Means 
A × B 

with heel without heel tip long tip middle lateral 

2003 

Berliner Kleene 1.7 j–m 0.9 łm 1.0 lłm 0.8 m 1.4 j–m 0.7 m 1.1 EF 

Gea 0.8 m 1.0 lłm 1.4 j–m 1.7 j–m 1.0 lłm 1.2 k–m 1.2 EF 

Orange 2.2 g–ł 1.1 k–m 3.3 a–h 4.4 a 4.3 ab 3.4 a–g 3.1 A 

Orietta 1.1 k–m 1.6 j–m 3.1 a–i 2.7 d–j 2.3 f–l 0.8 m 1.9 CD 

2004 

Berliner Kleene 0.8 m 1.5 j–m 0.9 łm 0.7 m 1.0 lłm 0.9 m 1.0 EF 

Gea 1.0 lłm 0.8 m 0.7 m 1.1 k–m 0.8 m 0.5 m 0.8 F 

Orange 1.1 k–m 1.1 k–m 3.6 a–f 4.0 a–d 1.4 j–m 1.3 k–m 2.1 C 

Orietta 1.1 k–m 1.3 k–m 2.4 e–k 1.5 j–m 1.8 i–m 0.9 m 1.5 DE 

2005 

Berliner Kleene 1.7 j–m 1.3 k–m 0.8 m 1.1 k–m 1.1 k–m 0.9 łm 1.1 EF 

Gea 1.5 j–m 1.1 k–m 1.1 k–m 0.9 łm 0.8 m 0.6 m 1.0 EF 

Orange 0.8 m 1.1 k–m 2.4 e–k 4.1 abc 4.0 a–d 3.7 a–e 2.7 AB 

Orietta 0.9 łm 1.1 k–m 1.5 j–m 1.8 i–m 1.2 k–m 0.6 m 1.2 EF 

Means C 1.2 D 1.1 D 1.9 AB 2.0 A 1.8 ABC 1.3 D  

Means B × C       means B 

Berliner Kleene 1.4 FGH 1.2 FGH 0.9 H 0.9 H 1.1 GH 0.8 H 1.1 C 

Gea 1.1 GH 1.0 H 1.1 GH 1.2 FGH 0.8 H 0.8 H 1.0 C 

Orange 1.4 FGH 1.1 GH 3.1 BC 4.1 A 3.2 B 2.8 BCD 2.6 A 

Orietta 1.0 H 1.3 FGH 2.3 CDE 2.0 DEF 1.8 EFG 0.8 H 1.5 B 

Means A × C means A 

2003 1.4 C–F 1.1 F 2.2 ABC 2.4 A 2.3 AB 1.5 C–F 1.8 A 

2004 1.0 F 1.2 EF 1.9 A–D 1.8 A–E 1.2 EF 0.9 F 1.3 C 

2005 1.2 EF 1.2 EF 1.5 C–F 2.0 ABC 1.8 A–E 1.4 C–F 1.5 B 

 
NIR0.05 for A = 0.1, for B = 0.2, for C = 0.3, for AB = 0.5, for AC = 0.6, for BC = 0.8, for ABC = 1.3  
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Table 3. The height (cm) of the above ground part of dahlia cuttings after rooting (A × B × C, 2003–2005 means) 

Years 
(A) 

Cultivar 
(B) 

Type of cutting (C) 
Means 
A × B 

with heel without heel tip long tip middle lateral 

2003 

Berliner Kleene 8.0 f–p 5.5 k–p 5.3 k–p 5.6 k–p 5.3 k–p 5.3 k–p 5.8 FG 

Gea 5.5 k–p 7.0 h–p 5.3 k–p 5.5 k–p 5.1 ł–p 4.2 op 5.4 G 

Orange 11.0 a–h 7.0 h–p 7.8 f–p 13.8 ab 10.4 b–i 8.7 d–n 9.8 ABC 

Orietta 6.5 i–p 9.4 c–l 12.3 a–e 11.5 a–g 12.8 a–d 9.1 c–ł 10.3 A 

2004 

Berliner Kleene 6.0 j–p 6.8 h–p 5.1 ł–p 6.1 j–p 4.0 p 4.1 op 5.4 G 

Gea 6.0 j–p 6.1 j–p 5.6 k–p 4.4 op 5.4 k–p 5.0 ł–p 5.4 G 

Orange 7.0 h–p 7.0 h–p 8.0 f–p 13.2 abc 9.0 c–m 5.5 k–p 8.3 CDE 

Orietta 9.1 c–ł 7.9 f–p 11.5 a–g 9.0 c–m 11.9 a–f 11.9 a–f 10.2 AB 

2005 

Berliner Kleene 6.4 i–p 5.5 k–p 5.2 l–p 6.5 i–p 6.5 i–p 5.1 ł–p 5.9 FG 

Gea 5.6 k–p 5.5 k–p 5.0 ł–p 4.7 nop 5.2 l–p 5.1 ł–p 5.2 G 

Orange 6.5 i–p 7.0 h–p 6.3 i–p 15.0 a 9.5 c–k 7.9 f–p 8.7 A-D 

Orietta 7.7 f–p 8.3 e–o 7.8 f–p 10.0 b–j 6.4 i–p 4.3 op 7.4 DEF 

Means C 7.1 BC 6.9 BC 7.1 BC 8.8 A 7.6 B 6.3 C  

Means B × C       means B 

Berliner Kleene 6.8 F-K 6.0 H–K 5.2 JK 6.1 F–K 5.3 JK 4.8 K 5.7 C 

Gea 5.7 H-K 6.2 F–K 5.3 JK 4.8 K 5.2 JK 4.8 K 5.3 C 

Orange 8.1 B-H 7.0 F–K 7.4 E–J 14.0 A 9.6 B–E 7.4 E–J 8.9 AB 

Orietta 7.8 D-I 8.5 B–F 10.5 B 10.1 BCD 10.3 BC 8.4 B–G 9.3 A 

Means A × C means A 

2003 7.8 A-E 7.2 A–G 7.7 A–F 9.1 A 8.4 ABC 6.8 C–G 7.8 A 

2004 7.0 B-G 6.9 C–G 7.6 A–G 8.2 A–D 7.6 A–G 6.6 C–G 7.3 AB 

2005 6.5 C-G 6.6 C–G 6.1 EFG 9.0 AB 6.9 C–G 5.6 G 6.8 B 

 
NIR0.05 for A = 0.5, for B = 0.7, for C = 0.9, for AB =1.6, for AC = 2.0, for BC = 2.4, for ABC = 4.2 
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Table 4. Length (cm) of roots of dahlia cuttings after rooting (A × B × C, 2003–2005 means) 

Years 

(A) 

Cultivar 

(B) 

Type of cutting (C) 
Means A × B 

with heel without heel tip long tip middle lateral 

2003 

Berliner Kleene 12.8 13.5 15.0 14.0 2.3 0.0 9.6 FG 

Gea 11.2 12.0 10.5 11.1 5.4 2.6 8.8 G 

Orange 18.6 24.5 19.8 18.5 22.5 26.1 21.6 A 

Orietta 11.1 18.2 16.1 16.1 21.1 10.5 15.5 D 

2004 

Berliner Kleene 9.3 12.5 9.5 13.6 4.5 1.6 8.5 G 

Gea 14.6 8.3 7.8 14.8 3.3 0.0 8.1 G 

Orange 22.3 23.8 19.0 22.0 24.0 18.1 21.5 AB 

Orietta 11.1 12.7 14.5 12.4 18.4 9.6 13.1 DE 

2005 

Berliner Kleene 14.6 13.5 14.1 11.0 1.6 0.0 9.1 G 

Gea 12.8 10.3 10.3 12.8 2.6 2.8 8.6 G 

Orange 16.8 21.6 20.8 23.3 16.8 18.1 19.6 ABC 

Orietta 11.5 13.3 14.4 17.5 10.7 9.0 12.7 DEF 

Means C 13.9 A–D 15.4 AB 14.3 ABC 15.6 A 11.1 E 8.2 F  

Means B × C       means B 

Berliner Kleene 12.2 G–M 13.1 G–K 12.8 G–Ł 12.8 G–Ł 2.8 R 0.5 R 9.1 C 

Gea 12.9 G–L 10.4 H–O 9.5 J–Q 12.9 G–L 3.8 R 1.8 R 8.6 C 

Orange 19.2 A–F 23.3 A 19.8 A–E 21.2 AB 21.1 ABC 20.8 A–D 20.9 A 

Orietta 11.2 H–N 14.7 E–J 15.0 E–I 15.3 E–H 16.7 B–G 9.7 I–P 13.8 B 

Means A × C means A 

2003 13.4 A–J 17.0 A 15.3 A–D 14.9 A–E 12.8 A–K 9.8 G–M 13.9 A 

2004 14.3 A–H 14.4 A–G 12.7 A–L 15.7 ABC 12.5 A–Ł 7.3 M 12.8 AB 

2005 13.9 A–I 14.7 A–F 14.9 A–E 16.1 AB 7.9 ŁM 7.5 M 12.5 B 

 
NIR0.05 for A = 1.2, for B = 1.6, for C = 2.1, for AB = 3.5, for AC = 4.6, for BC = 5.4, for ABC = 9.4  
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Table 5. Number of leaves of dahlia cuttings after rooting (A × B × C, 2003–2005 means) 

Years 
(A) 

Cultivar 
(B) 

Type of cutting (C) 
Means 
A × B 

with heel without heel tip long tip middle lateral 

2003 

Berliner Kleene 5.6 j–r 4.3 m–r 4.6 ł–r 4.3 m–r 4.3 m–r 3.3 pr 4.4 G 

Gea 5.3 k–r 5.0 l–r 5.6 j–r 5.3 k–r 2.6 r 5.0 l–r 4.8 G 

Orange 11.3 a–d 10.3 a–g 9.6 a–i 11.3 a–d 9.6 a–i 6.3 h–r 9.7 ABC 

Orietta 7.6 d–n 9.6 a–i 13.3 a 12.3 abc 11.3 a–d 8.3 d–ł 10.4 A 

2004 

Berliner Kleene 5.0 l–r 6.0 i–r 5.0 l–r 4.0 n–r 4.6 ł–r 5.6 j–r 5.0 G 

Gea 5.6 j–r 5.6 j–r 4.3 m–r 3.0 pr 3.3 pr 5.0 l–r 4.5 G 

Orange 9.0 a–k 10.6 a–f 10.3 a–g 11.3 a–d 9.3 a–j 7.3 e–o 9.6 A–D 

Orietta 10.0 a–h 8.3 d–ł 12.6 ab 10.3 a–g 10.6 a–f 8.0 d–m 10.0 AB 

2005 

Berliner Kleene 4.6 ł–r 5.3 k–r 6.3 h–r 3.6 opr 4.6 ł–r 4.6 ł–r 4.8 G 

Gea 5.3 k–r 5.0 l–r 4.3 m–r 2.6 r 3.3 pr 5.6 j–r 4.3 G 

Orange 8.3 d–ł 10.3 a–g 9.0 a–k 10.0 a–h 10.3 a–g 6.6 g–p 9.1 A–F 

Orietta 8.3 d–ł 8.6 c–l 11.0 a–e 11.3 a–d 9.0 a–k 9.0 a–k 9.5 A–E 

Means C 7.1 BCD 7.4 AB 8.0 A 7.4 AB 6.9 B–E 6.2 E  

Means B × C       means B 

Berliner Kleene 5.1 L–N 5.2 L–N 5.3 LŁM 4.0 ŁMN 4.5 ŁMN 4.5 ŁMN 4.7 C 

Gea 5.4 LŁ 5.2 L–N 4.7 L–N 3.6 ŁMN 3.1 N 5.2 L–N 4.5 C 

Orange 9.5 B–H 10.4 A–D 9.6 B–G 10.8 ABC 9.7 B–F 6.7 I–L 9.5 AB 

Orietta 8.6 D–J 8.8 C–I 12.3 A 11.3 AB 10.3 A–E 8.4 D–K 10.0 A 

Means A × C means A 

2003 7.5 A–D 7.3 A–D 8.3 A 8.3 A 7.0 A–D 5.7 D 7.3 A 

2004 7.4 A–D 7.6 ABC 8.0 AB 7.1 A–D 7.0 A–D 6.5 A–D 7.3 A 

2005 6.6 A–D 7.3 A–D 7.6 ABC 6.9 A–D 6.8 A–D 6.5 A–D 6.9 A 

 
NIR0.05 for A = 0.5, for B = 0.6, for C = 0.8, for AB = 1.4, for AC = 1.8 for BC = 2.2, for ABC = 3.8     
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cuttings, of the ‘Orange’ cultivar in the year 2005 
(15.0 cm). Significantly the lowest (4.0 cm) were 
middle cuttings of the ‘Berliner Kleene’ cultivar in 
2004.  

In all three years of the experiment, the longest 
roots formed long tip cuttings (15.6 cm), while the 
shortest ones were noted in case of lateral ones 
(8.2 cm) (tab. 4). 

Taking into consideration the type of cutting and 
cultivar, definitely the longest roots were noted in 
case of cuttings without heel of the ‘Orange’ cultivar 
(23.3 cm), while the shortest ones were middle ones 
of the ‘Berliner Kleene’ cultivar – 0.5 cm. 

The longest roots formed cuttings in the year 2003, 
their mean length was 13.9 cm. The length of the roots 
of cuttings in the remaining years did not differ signif-
icantly and was 12.8 cm in the year 2004 and 12.5 cm 
in 2005. In case of cultivars, the longest roots charac-
terized cuttings of the ‘Orange’ cultivar – 20.9 cm, 
while the shortest ones ‘Gea’ cultivar – 8.6 cm. 

Looking at the whole experiment and the interac-
tion between the type of cutting, cultivar and the 
years of the experiment, the longest roots were noted 
in case of lateral cuttings of the ‘Orange’ cultivar in 
the year 2003 (26.1 cm). The shortest roots were 
observed in case of lateral cuttings of the ‘Berliner 
Kleene’ cultivar in 2004 and middle ones of the same 
cultivar in 2005 (1.6 cm). 

During the measurements conducted in the years 
2003 and 2005, it was noticed that plants formed 
from lateral cuttings of the ‘Berliner Kleene’ had no 
roots formed, only the healed wound left after cutting 
with visible callus tissue in their lower part could be 
observed. The same situation was noticed in the year 
2004 in case of plants formed from ‘Gea’ lateral 
cuttings. 

In all three years of the experiment, the most 
leaves formed tip cuttings – 8 on average. The least 
leaves formed lateral cuttings – 6.2 (tab. 5). 

Taking into consideration the type of cutting and 
cultivar, definitely more leaves were noted in case of 
tip cuttings of the ‘Orietta’ cultivar – 12.3. The least 
leaves were noted in case of middle cuttings of the 
‘Gea’ cultivar – 3.1. 

The number of leaves did not differ significantly 
in the years of the experiment and was 7.3 in 2003 

and 2004, and 6.9 in 2005. In case of cultivars, the 
most leaves characterized ‘Orietta’ cultivar – 10. 
Similar number of leaves was noted for the ‘Orange’ 
cultivar – 9.5 on average. 

Looking at a whole experiment and the interaction 
between the type of cutting, cultivar and the years, 
the most leaves were observed in case of cuttings 
excised from the top of stem with 3–4 pairs of leaves, 
so called tip cuttings, of the ‘Orietta’ cultivar in the 
year 2003. Their mean number was 13.3. The least 
leaves was noted in case of the middle cuttings of the 
‘Gea’ cultivar in the year 2003 (2.6). 

DISCUSSION 

In a large scale, commercial production, dahlias 
are propagated mainly through stem cuttings 
[Grabowska et al. 1987, Chmiel 2000]. Most authors 
[Rzepecka-Żelechowska and Żelechowski 1986, 
Grabowska et al. 1987, Chmiel 2000] recommend to 
excise the cuttings with heel with a part of base 
crown tissue from the roots. However, this method is 
ineffective. The experiments conducted by Pudelska 
[2000], Hetman and Pudelska [2006] and Pudelska et 
al. [2015] proved that other methods of cutting might 
be used which allow to enhance the productiveness of 
dahlia nurseries. 

Hetman and Pudelska [2006] in the experiments 
on rooting of different types of soft cuttings of dahlia 
proved that dahlia cultivars characterize with a very 
high differentiation in intensity of forming shoots 
proper for cuttings and the effectiveness of rooting. 
The percentage of cuttings that formed roots ranged 
between 78 and 85. In the cited experiments there 
wasn’t an automatic regulation of the rooting condi-
tions.  

In the presented experiment, over 90% of cuttings 
formed roots Types of cuttings did not significantly 
influence the percentage of rooted cuttings.  Howev-
er, the intensity of forming the roots depended on the 
method of cutting. While observing the cuttings dur-
ing rooting, it was noted that growth started the earli-
est in case of cuttings with heel and tip ones. These 
cuttings characterized with the highest weight of the 
above ground part as well. It means the process of 
roots forming in case of this type of cuttings started 
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the earliest. It appears that rooting would amount 
even to 100% in optimal conditions, which are auto-
matically regulated temperature, light, air and soil 
humidity. According to Sochacki [2010], dahlias 
cuttings root very well in optimal conditions. How-
ever, the process of producing roots by cuttings de-
pends, to a large degree, on conditions, which are air 
and soil temperature and humidity [Jerzy and 
Krzymińska 2011]. 

The type of cutting influenced morphological fea-
tures of the obtained plants. During all three years of 
the experiment, the highest mean weight of the above 
ground part was noted in case of tip and long tip 
cuttings. Such results are correlated with the higher 
weight of the cuttings at the moment of excision from 
mother crowns, in comparison to the cuttings ob-
tained from lateral shoots or the ones without heel.  

Grabowska et al. [1987] and De Hertogh and Le 
Nard [1993] state that the best term to establish 
a nursery of dahlia is at the turn of February and 
March. On the basis of own experiments it might be 
noted that cuttings obtained from the leaves axils 
(lateral ones) and from the central part of the stem 
(middle ones) form roots longer, so that the dahlias 
tuberous roots should be placed in a glasshouse at the 
beginning of February and exposed to light in order 
to hasten shoots sprouting, which would be earlier 
available for rooting.  

The results obtained in the presented experiment 
as well as in the previous research of the authors, 
allow to estimate the recommendations on methods 
of dahlia cuttings excision to obtain maximum effec-
tiveness of mother plants. To obtain the highest pos-
sible number of cuttings, dahlias roots should be 
placed in a glasshouse at the beginning of February in 
optimal conditions to start vegetation. So far, the 
most often advised date to establish nurseries is the 
turn of February and March [Grabowska et al. 1987, 
De Hertogh and Le Nard 1993]. Cuttings should be 
excised when sprouting shoots achieve 5–7 pairs of 
leaves. Then the top part with 2–3 pairs of leaves 
should be cut off, leaving at least 2 pairs of leaves 
on the stem. After around 2 weeks, in leaves axils 
new shoots start to be visible, which, after forming  
2–3 pairs of leaves, might be used as cuttings. Just 
after taking top cuttings, new shoots will sprout di-

rectly from mother roots. It is also possible, if the 
roots are early placed in a glasshouse, to allow the 
stem form 6–8 pairs of leaves, and then cut longer tip 
cuttings with 3–4 pairs of leaves. The remaining, 
middle part with 2 pairs of leaves, might also be 
used. The stem will still have the remaining 1–2 pairs 
of leaves from which axils new shoots will grow, 
which after further 2–3 weeks might be used as lat-
eral cuttings. This method of cutting allows to obtain 
100 or more cuttings from one, well branched tuber-
ous roots, from February till the end of April. 

CONCLUSIONS 

1. With the use of different types of stem cuttings 
there is a possibility to enhance effectiveness of 
Dahlia annabilis propagation. 

2. The highest effectiveness of mother crowns 
might be obtained when tip cuttings with 2–3 pairs of 
leaves are excised from stems with 5–6 pairs of 
leaves, and then two-node middle cuttings are taken. 
From the nodes of the remaining stem with 1–2 pairs 
of leaves new shoots will arise, which might be ex-
cised as lateral cuttings when they form 2–3 pairs of 
leaves. 

 3. Cuttings excised in different ways root very 
well, however the process of forming the roots runs 
in a different rate, depending onthe type of cutting 
and a cultivar. Roots are formed the fastest on the 
cuttings with heel and the tip ones, while the latest 
they are observed in case of lateral cuttings. 

4. Plants obtained from different types of cuttings 
after 5 weeks of rooting, adapt well when planted 
into the ground.  
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