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ABSTRACT

Dahlias are propagated through stem cuttings. Iry¢laes 2003—-2005, in a glasshouse of the Experahent
Station in Felin, University of Life Sciences in Ui the research was conducted to evaluate roating
different types of dahlia cuttings. The studiddhlia pinnata cultivars were: ‘Berliner Kleene’, ‘Gea’,
‘Orange’ and ‘Orietta’. Six types of cuttings weretéek cuttings with heel, without heel, tip ones,ltipg
ones, lateral and middle ones. The cuttings extigias started when sprouting shoots had 5-7 pairs of
leaves. The tip part with 2-3 pairs of leaves wasoffjtleaving at least 2 pairs of leaves on thenste
(tip cuttings). After about 2 weeks, in the nodesy sboots start to arise, which might be used asngstti
when they form 2—3 pairs of leaves. When the tipirogs are excised, new shoots will sprout direatbyrf

a tuber. They might be excised with a part of at@secuttings with heel or without it — cuttings wittho
heel. It is also possible to place tuberous ronte & glasshouse early, let the sprouting shoats fo
6-8 pairs of leaves, and then excise longer théarddips with 3—4 pairs of leaves (long tip cutthg
The remaining, middle parts of the stems with 29afrleaves, might be also used as lateral cuttings
ferent types of cuttings were used and all of theated very well. No matter the type of cutting, thsir-
vival exceeded 90%. The types of cuttings did rgnificantly affect the percentage of rooted cugsn
However, the intensity of taking the roots dependedhe cutting method. The growth started the edrlies
in case of cuttings with heel and tip ones. Plaotsiéd from these types of cuttings characterized thi¢
highest weight of the underground part as well. Dutirgthree years of the experiment, the higheshmea
weight of the above ground part was observed in cBp and long tip cuttings.
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INTRODUCTION

Dahlias are propagated vegetatively and generati\guarantees obtaining a large amount of equal plant
ly. The easiest method of vegetative propagation material, in terms of size and quality [Langeslang
dahlia, recommended especially in an amateur eultivi989, De Hertogh and Le Nard 1993, Clenet 1995,
tion, is division of tuberous roots. A large-scptepa- Chmiel 2000, Jerzy i Krzymska 2011]. It is also
gation aims at obtaining the most plants in thébtess used for propagation of dahlia. Soft cuttings dfilda
shortest time, so that the cuttings are usuallg.use are usually obtained through excision of sprouting

Propagation through cuttings is extremely effecshoots with a piece of root tuber — these are Bedca
tive for many ornamental or nursery plants speciccuttings with heel. They should be 6—8 cm long with
[Ochoa et al. 2000, Cameron et al. 2001, Kragka 2-3 pairs of healthy, undamaged leaves [Chmiel
and Czekalski 2002, Kolasiki 2005]. This method 2000; Jerzy and Krzymska 2011].
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The quality of cuttings depends on, among otheadvised not to water the cuttings that have nohéat
things, condition and health of mother plants. \tage roots yet, as the water excess causes rotting.rdo p
tive propagation might cause transferring pathogervent cuttings from wilting, it is necessary to mbun
including viruses, what directly worsens the quyalitlow foil tunnels or install automatic dispersion to
of yield, while the disinfection of reproduction tea keep a stable air humidity. The cuttings form roots
rial significantly increases the cost of cultivatio from 3 to 4 weeks [Jerzy and Krzytiska 2011].
[Winiarczyk et al. 2014]. Selected roots of dalitia Substances influencing a process of adventitious
stock nurseries must be completely free from visuseroots development in cuttings are auxins. They are
bacterial diseases and insects [De Hertogh and formed endogenously in leaves and buds of plants,
Nard 1993]. De Hertogh and Le Nard [1993] notand then they are transported basipetal, what means
that this method of da hlia propagation is ineffect they are accumulated in lower parts of cuttingszjle
According to Escher [1983], the number of sofand Krzymaska 2011]. An auxin is essential to in-
shoots sprouting from the tubers of dahlia whigh aiduce adventitious roots meristems on stems. Howev-
suitable for cuttings ranges from 15 to 50, andenorer, an auxin itself is not involved in a process of
over, there is always a risk to damage neighbourirfforming new roots primordia, but activates existing
buds which are able to produce successive cuttings.ones or starts forming the new ones, activating the

The research conducted in the Institute of Ornimitotic abilities and stimulating their development
mental Plants and Landscape Architecture (curreni{Swistowska and Hetman 2004]. The endogenous
the Department of Ornamental Plants and Landscaauxins include indoleacetic acid (IAA) and indole-
Architecture), of the University of Life Scienceas i -3-butyric acid (IBA). Their content in tissues ahss
Lublin, proved that there is a possibility to ugkes about the ability of cuttings to root. Rooting nidfe
types of cuttings, apart from the ones with heble T also enhanced through application of auxins froen th
cuttings might be broken out without a piece ooutside, both endogenous and synthetic ones. One of
a tuber, they are so called cuttings without hibely more important synthetic auxin is naphthaleneacetic
might be also cut with the tip part of the mainnste acid (NAA) [Jerzy and Krzyniska 2011].
with at least 4-5 pairs of leaves (apical cuttings) A research conducted by Pudelska and Hetman
longer shoot with at least 5—6 pairs of leavesc@pi [2001] proved that the choice of substrate andustim
long cuttings). Moreover, the leaf two-node cuttinglator containing auxins, decided about the rooting,
left after taking an apical part (so called middig- quality of rooting system and a quality of dahlig-c
tings) and the ones growing from axils of leaves cings. Very good results were obtained while using
the main shoot left after cutting the tip (latecalt- a rooting powder contaning 0.2% NAA and fungi-
tings) might also be used. The results allowed fcides, which improved both quality of the rooting
conclude that the types of cuttings other thanitracsystem and a quality of cuttings. Fungicides, sash
tional ones with heel, did not significantly infaee Kaptan 50WP, used in combination with an auxin,
the percentage of rooted plants [Pudelska 2000, Fimprove rooting of cuttings [Hocking and Thomas
delska et al. 2015]. The ability to form a rootsygs- 1979, Bojarczuk 1984, Czekalski 1988]. However,
tem by cuttings depends on many factors, both ethe effect of these substances depends on their con
dogenous and exogenous, such as a growing phas«centration and conditions of rooting. Too high con-
mother plants, quality of shoots selected for ng#i centration of fungicides, especially in high tengper
or physiological processes in a cutting, like aahaé ture, might have toxic properties [Pudelska and Het
between photosynthesis and transpiration [Biran aiman 2001].

Halevy 1973, Cuijpers 1995, Hartman et al. 1997, A substrate for rooting of soft cuttings should be
Serek et al. 1998, Krajnc et al. 2002, Szabo et iight, of low density, with good air-water charaise
2014]. The most important factor is temperaturee Tttics, high porosity, permeability, but at the saimee
temperature of a substrate during rooting should lable to retain water easily available for plantetH
22-23°C, while an air temperature 2—-3°C lowers It iman 1993]. Assurance of good soil porosity guaran-
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tees proper aeration, that is a sufficient numider o Type V — lateral cuttings (stem soft cuttings with

capillaries for transport, what allows natural deje 2 pairs of leaves growing from leaf axils after algie

of water excess from watering [Reinikainer 1993]tation);

Pudelska and Hetman [2001] recommend a mixture Type VI — middle cuttings (stem soft cuttings ex-

of sphagnum peat and pine bark or sphagnum pcised from the central part of stem after decapitét

with sand or perlite as the best substrate foriglahl Each year, the cuttings were excised successigely a

cuttings. new shoots sprouted, till the 26f April. A cutting
The aim of the research conducted in the yeawas conducted with a scalpel disinfected with 7G% o

2003-2005 was to estimate the most effective methmethyl alcohol. The cuttings were treated with &-mi

of obtaining soft cuttings of dahlia, in order tmp ture of 0.2% NAA and fungicide (Kaptan 1%) and

duce the higher number of good quality plants placed in 4.5 x 4.5 cm multipots filled with a s
of sphagnum peat, sand and lime (1 1: 11: 1 g).
MATERIALS AND METHODS The multipots were placed on the tables in thesglas

house. The air temperature during rooting was

The plant material to prepare cuttings were tubel8-19°C and the soil temperature was 22-23°C.
ous roots of mother plants of four cultivarsRdhlia The tables were covered with a foil tunnel to easur
pinnata: ‘Berliner Kleene’, ‘Gea’, ‘Orange’ and ‘Ori- the right air humidity. During a whole rooting ped|
etta’. ‘Gea’ and ‘Orietta’ are cultivars of Polisrigin, e cuttings were regularly misted, sprayed withfu
from dr Wieslaw Legutko Breeding and Seed Compgicides on a preventive baS|s_, and sha_ded withna no
ny Ltd. in Smolice, while ‘Berliner Kleene’ and ‘Or Woven fabric when the sunshine was high.
ange’ are Dutch cultivars. During winter, the tuher ~ After about 5 weeks from cuttings preparation, the
roots were stored in the temperature of 4-8°C 844 8 evaluation of rooting of different types of cuttggf
humidity. Each year, in the beginning of Februging all four cultivars was done. The soil remains were

roots were transported to a glasshouse and planied €Xactly washed out, the underground part was dut of
trays filled with sphagnum peat, limed to pH 5. andnd the above and underground parts of cuttings wer

enriched with 2 g-dfidzofoska (1 N : 0,5 §Os : weighed separately. The underground part consisted

1,4 K,0). Before planting, the roots were treated witlCf '00tS with the ending of shoots they had sprbute
0.5% powdered Kaptan 50WP (containing fungicidoM- The number of leaves on each cutting was

and Kaptan 50WP 50%), while trays were disinfectec0Untéd. the above ground part and the roots were

with a detergent. Roots were planted in a way thm(?asured. All remaining gut'Fings were planted into
aroot crown was above a ground. The trays weSOll €ach year, at the beginning of June and the pe
placed on the tables in the glasshouse in theeir t centage of wgll established plants was estimated.
perature 18-20°C and systematically watered. Tha The_ experiment was set up completely rando_mly,
sprouting shoots were cut as following: according to the triple classification. The obtqllng
Type | — cuttings with heel (stem soft cuttingshwit results of the measurements were analyzed statistic

23 pairs of leaves excised with a piece of tuber): ly with the use of analysis of variance for triglas-

Type Il — cuttings without heel (stem soft cuttingss'f'cat'on' The significance of differences be-

with 2-3 pairs of leaves excised without a piece Jween the means were established according to the

t ) Tukey's confidence intervals at the level of signif
uber); -
Type Il — tip cuttings (stem soft cuttings with2— cance = 0.05.
pairs of leaves, excised from shoots with 4-5 pafirs
leaves);
Type IV — long tip cuttings (stem soft cuttings

with 3—4 pairs of leaves, excised from shoots with During the three years of research, the highest
5-6 pairs of leaves); mean weight of the under ground part formed cut-

RESULTS
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tings with heel and tip ones. Their weight was on Looking at the interaction of a method of cutting
average 1.6 g. The lowest weight of the unde- years, the highest mean weight of the above groun
ground part was noted for lateral cuttings — 0.7 part characterized long tip cuttings — 2.4 g, thed-
(tab. 1). dle and tip ones — 2.3 g and 2.2 g in the year 2003

Taking into consideration a type of cutting and threspectively. The lowest weight was noted for kter
cultivar, the highest mean weight of the undergdburcuttings in the year 2004 — 0.9 g.
parts characterized tip and middle cuttings of the In case of cultivars, the highest weight was noted
‘Orange’ cultivar. Definitely the lowest weight aha for cuttings of the ‘Orange’ cultivar — 2.6 g, wdihe
acterized lateral cuttings of the ‘Berliner Kleea®’d lowest one — ‘Berliner Kleene’ (1.1 g).

‘Gea’ cultivars. As for the interaction of the typé The highest weight of the above ground part was
cutting and years, the highest mean weight of ttobserved for cuttings of the ‘Orange’ cultivar: 31
underground part had the cuttings with heel in thin 2003, 2.1 g in 2004 and 2.7 g in 2005. Defigitel
year 2003, while the lowest one was noted for tHlower weight had cuttings of the ‘Berliner Kleene’
lateral cuttings in 2004. (1.1 g in the years 2003 and 2005, 1.0 g in 206d) a

The highest mean weight of the underground pe'‘Gea’ cultivars (1.2 g in 2003, 0.8 g in 2004 and 4
was observed in 2003 — 1.5 g. Whereas the weightin 2005).
cuttings in the remaining years did not differ siign Looking at a whole experiment and the interaction
cantly and was 1.1 g in 2004 and 1.2 g in the yebetween the type of cutting, cultivar and years, th
2005. highest weight of the above ground part charadriz

In relation to cultivars, the highest weight characlong tip cuttings of the ‘Orange’ cultivar in thear
terized cuttings of all types of the ‘Orange’ cudti — 2003. Their mean weight was 4.4 g. The lowest
2.4 g, while the lowest one was noted for ‘Berlineweight had lateral cuttings of the ‘Gea’ cultivar i
Kleene’ ones (0.8 g). 2004.

Looking at a whole experiment, in relation to the In all three years of the experiment, the highest
type of cutting — cultivar — year interaction, thigh- were plants obtained from long tip cuttings (8.8.cm
est weight of the underground part had lateral cuThe lowest one were obtained from leaf axils (so
tings of the ‘Orange’ cultivar in the year 2003.€fih called lateral ones) — 6.3 cm (tab. 3).
mean weight was 3.6 g. The lowest weight character- Taking into consideration the type of cutting and
ized lateral cuttings of the ‘Berliner Kleene’ ¢ud#tr the cultivar, the highest (14 cm) were long tip-cut
in the years 2003 and 2005 — 0.02 g. tings of the ‘Orange’ cultivar. The lowest wereelat

The highest mean weight of the above ground pecuttings of the ‘Berliner Kleene’ and ‘Gea’ cultiga
in all three years of the experiment had the lapg t— 4.8 cm.
cuttings — 2.0 g and a similar, high weight wasedot  In the interaction between the type of cutting and
for tip cuttings — 1.9 g and middle cuttings —1.8 gyears, the highest were the long tip cuttings i@ th
The lowest weight of the above ground part charayear 2003 (9.1 cm), while the lowest were lateral
terized cuttings without heel. Their weight was .1 ones in 2005 — 5.6 cm.

(tab. 2). Definitely the highest (7.8 cm) were the cuttings

Taking into consideration the type of cutting andn the year 2003, while the lowest ones in 2005 —
the cultivar, the highest mean weight of the abov6.8 cm. In case of cultivars, the highest were the
ground part had long tip cuttings of the ‘Orangecuttings of the ‘Orietta’ cultivar — 9.3 cm, andeth
cultivar — 4.1 g. The lowest weight was observed ilowest of the ‘Gea’ cultivar — 5.3 cm.
case of lateral cuttings of the remaining thredi-cul Looking at the whole experiment, the interaction
vars: ‘Berliner Kleene’, ‘Gea’ and ‘Orietta’ (0.8) g between the type of cutting, cultivar and yearsasb
and middle cuttings of the ‘Gea’ cultivar, with thethat the highest were cuttings cut from a top pért
same weight. the shoot, with 5-6 pairs of leaves, so calledg |dip
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Table 1. The underground weight (g) of dahlia cuttings afterting (A x B x C, 2003—2005 means)

Type of cutting (C)

Years Cultivar Means
A) (B) with heel  without heel tip long tip middle lateral AxB
Berliner Kleene 2.6 a—f 2.1b- 1.3fp 0.9i-p 008 0.02p 1.2C
Gea 1.6 d—n 1.0 h-—p 1.6 d—n 1.0 h—p 0.2p 0.08 p 9 CD.
2003
Orange 2.8 a-e 2.3a-h 2.8 a-e 25a-g 3.0 abc a 3.6 28A
Orietta 0.8 j-p 1.2gp 1.6 d-n 1.2g-p 1.4fp H=p 1.2C
Berliner Kleene 1.7 c—m 15e-0 1.1h-p 1.0 h-—p p0.2 0.08 p 0.9CD
Gea 1.0h—p 0.5+p 1.1h-p 09i-p 0.1p 0.06p 00.6
2004
Orange 1.8 c- 1.9 bl 2.9 a-d 1.9 b 3.0 abc 4p3 2.1B
Orietta 0.7 k—p 0.7 k—p 1.0 h—p 0.8j—p 0.7 k—p (1)) 0.7 CD
Berliner Kleene 2.2 b-i 15e-0 0.7 k—p 1.3f-p (08 0.02p 0.9CD
Gea 1.2g-p 1.6 d—n 1.2gp 1.1h-p 0.1p 0.1p cD9
2005
Orange 2.0 b—k 1.4fp 3.2ab 1.8 c- 2.6 a—f iWc 218B
Orietta 0.8jp 0.7 k—p 0.8j—p 1.2gp 0.7 k—p [10)7] 0.7 CD
Means C 16 A 1.3 AB 16 A 1.3 AB 1.0CD 0.7D
Means B x C means B
Berliner Kleene 2.2 ABC 1.7C-F 1.0 F-l 1.1 FGH on K 0.02L 1.0B
Gea 1.3 EFG 1.0 F-l 1.3 EFG 1.0 F-I 0.1 KL 0.06 L 8B
Orange 2.2 ABC 1.9 CDE 29A 2.1 BCD 2.8 AB 2.2 ABC R4
Orietta 0.8 G-K 0.8 G-K 1.1 FGH 1.1 FGH 0.9 G-J G4 0.9B
Means A x C means A
2003 2.0A 1.6 ABC 1.8 AB 1.4 A-E 1.2C-G 1.2C-G 5A.
2004 1.3B-F 11C-H 1.5A-D 1.2C-G 1.0 C-I 041 1.18B
2005 1.5A-D 1.3B-F 1.5A-D 1.3B-F 0.9 E-I 0.5 HI 12B
NIRgsfor A= 0.1, for B = 0.2, for C = 0.3, for AB = 0.far AC = 0.6, for BC = 0.7, for ABC = 1.3
153
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Table 2. Fresh weight (g) of the above ground part of datuiings after rooting (A x B x C, 2003-2005 means)

Type of cutting (C)

Years Cultivar Means
A) (B) with heel  without heel tip longtp  middle  lateral A *B
Berliner Kleene 1.7 j-m 0.9im 1.0 tm 0.8m 1.4j-m 0.7m 1.1EF
Gea 0.8m 1.0 ltm 1.4j-m 1.7 j-m 1.0 ltm 1.2k-m 2 EF
2003
Orange 229+ 1.1 k-m 3.3a-h 44 a 4.3 ab 34a-g 3.1A
Orietta 1.1 k=m 1.6 j-m 3.1a-i 2.7d+ 2.3l 8 1.9CD
Berliner Kleene 0.8 m 1.5j-m 0.94im 0.7m 1.0 lim Relog! 1.0EF
Gea 1.0 km 0.8 m 0.7m 1.1 k—=m 0.8 m 0.5m 08F
2004
Orange 1.1 k-m 1.1 k-m 3.6 a—f 4.0 a—d 1.4j-m k&8 21cC
Orietta 1.1 k—-m 1.3 k—-m 2.4 e-k 1.5j-m 1.8i-m 0.9 1.5DE
Berliner Kleene 1.7 j-m 1.3 k-m 0.8m 1.1 k-m 1l.ink— 0.9im 1.1EF
Gea 1.5j-m 1.1 k—-m 1.1 k-m 0.94m 0.8m 0.6m BFO
2005
Orange 0.8m 1.1 k-m 2.4 e-k 4.1 abc 4.0 a—d R7a- 2.7AB
Orietta 0.9tm 1.1k-m 1.5j-m 1.8i-m 1.2 k-m M6 1.2 EF
Means C 12D 11D 1.9 AB 20A 1.8 ABC 13D
Means B x C means B
Berliner Kleene 1.4 FGH 1.2 FGH 09H 09H 11GH .8H 11C
Gea 1.1 GH 1.0H 1.1 GH 1.2 FGH 0.8H 0.8H 10C
Orange 1.4 FGH 1.1 GH 3.1BC 41A 3.2B 2.8 BCD 26 A
Orietta 1.0H 1.3 FGH 2.3 CDE 2.0 DEF 1.8 EFG 08H 15B
Means A x C means A
2003 1.4 C-F 11F 2.2 ABC 24 A 2.3 AB 15C-F A.8
2004 10F 1.2 EF 1.9 A-D 1.8 A-E 1.2 EF 09F a.s
2005 1.2 EF 1.2 EF 1.5C-F 2.0 ABC 1.8 A-E 14C-F 58

NIRggsfor A =0.1, for B =0.2, for C = 0.3, for AB = 0.far 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 datlitings after rooting (A x B x C, 2003—-2005 means)

Type of cutting (C)

Years Cultivar Means
A) (B) with heel  without heel  tip longtip  middle lateral AxB
Berliner Kleene 8.0 f-p 5.5 k—p 5.3k—p 5.6 k—p 6-p 5.3k—p 5.8 FG
Gea 5.5 k—p 7.0 h—p 5.3k—p 5.5 k—p 51+p 4.2 op 54G
2003
Orange 11.0a-h 7.0 h—p 7.8 fp 13.8 ab 104 b-i 7d8n 9.8 ABC
Orietta 6.5i—p 9.4 c- 123a—e 115a—g 12.8a-d 9.1c+ 10.3 A
Berliner Kleene 6.0 j—p 6.8 h—p 514p 6.1j—p .0 4.1 0p 54G
Gea 6.0 j—p 6.1j—p 5.6 k—p 4.4 op 5.4 k—p 5.0+p 54G
2004
Orange 7.0 h—p 7.0 h—p 8.0 f—p 13.2 abc 9.0c—m k-5p5 8.3 CDE
Orietta 9.1 c+ 79fp 115a—g 9.0c-m 119af 1.9Bk-f 10.2 AB
Berliner Kleene 6.4 i—p 5.5 k—p 521p 6.5i—p 65 514p 59FG
Gea 5.6 k—p 55k—p 50+p 4.7 nop 521p 514p 52G
2005
Orange 6.5i—p 7.0 h—p 6.3i—p 15.0a 9.5 ck 4™ f 8.7 A-D
Orietta 7.7 f-p 8.3 e-0 7.8 f-p 10.0 b—j 6.4i—p 3dp 7.4 DEF
Means C 7.1BC 6.9 BC 7.1BC 8.8A 7.6B 6.3C
Means B x C means B
Berliner Kleene 6.8 F-K 6.0 H—K 5.2 JK 6.1 F-K 53 J 4.8 K 57C
Gea 5.7 H-K 6.2 F-K 5.3JK 4.8 K 5.2 JK 4.8 K 53C
Orange 8.1 B-H 7.0 F—K 7.4E-J 140 A 9.6 B-E E 8.9 AB
Orietta 7.8 D- 8.5 B-F 105B 10.1 BCD 10.3BC 8.43B- 9.3A
Means A x C means A
2003 7.8 A-E 72A-G  7.7A-F 9.1A 8.4 ABC 6.8 C-G 8A
2004 7.0 B-G 6.9 C-G 7.6 A~G 8.2A-D 7.6 A-G 6.63C— 7.3 AB
2005 6.5 C-G 6.6 C-G 6.1 EFG 9.0 AB 6.9 C-G 56G 8B
NIRg gsfor A=0.5, for B =0.7, for C = 0.9, for AB =1.&IfAC = 2.0, for BC = 2.4, for ABC = 4.2
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Table 4. Length (cm) of roots of dahlia cuttings after rogt{A x B x C, 2003—2005 means)

Type of cutting (C)

Years Cultivar
Means A x B
(A) (B) with heel  without heel  tip longtip  middle lateral
Berliner Kleene 12.8 135 15.0 14.0 2.3 0.0 9.6 FG
Gea 11.2 12.0 10.5 11.1 5.4 2.6 8.8G
2003
Orange 18.6 245 19.8 18.5 225 26.1 21.6 A
Orietta 11.1 18.2 16.1 16.1 21.1 10.5 155D
Berliner Kleene 9.3 125 9.5 13.6 4.5 1.6 85G
Gea 14.6 8.3 7.8 14.8 3.3 0.0 8.1G
2004
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
Berliner Kleene 14.6 135 141 11.0 1.6 0.0 9.1G
Gea 12.8 10.3 10.3 12.8 2.6 2.8 8.6 G
2005
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 156 A 111 E 8.2
Means B x C means B
Berliner Kleene 12.2 G-M 13.1G-K 128G-t 128G-t 28R 05R 9.1C
Gea 129 G-L 10.4 H-O 95J-Q 129G-L 38R 18R 8.6 C
Orange 19.2 A-F 23.3A 198 A-E 21.2AB 21.1ABC 8A-D 209 A
Orietta 11.2 H-N 14.7 E-J 15.0 E-I 15.3 E-H6.7 B-G 9.7 I-P 13.8B
Means Ax C means A
2003 13.4 A-J 17.0A 15.3A-D 149 A-E128A-K 9.8G-M 139A
2004 14.3 A-H 144 A-G 127 A-L 15.7 ABC12.5 At 7.3 M 12.8 AB
2005 13.9 Al 14.7 A-F 149 A-E 16.1AB 7.9tM §S) 125B

NIRggsfor A=1.2, for B =1.6, for C = 2.1, for AB = 3.far 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(® x C, 2003—2005 means)

Type of cutting (C)

Years Cultivar Means
A) (B) with heel  without heel tip longtp  middle  lateral ~*B
Berliner Kleene 5.6 j—r 4.3 m-r 4.6 4-r 4.3 m-r m3r 3.3pr 44 G
Gea 5.3 k—r 5.0 I-r 5.6 j-r 5.3 k—r 26T 5.0 I-r 86
2003
Orange 113 ad 10.3 a—g 9.6 a—i 113 ad 9.6 a—i .3h-& 9.7 ABC
Orietta 7.6 d-n 9.6 a—i 133 a 12.3 abc 11.3a-d 3d& 104 A
Berliner Kleene 5.0 I-r 6.0 i—r 5.0 I-r 4.0 n—r 46 5.6 j-r 50G
Gea 5.6 j-r 5.6 j—r 4.3 m-r 3.0 pr 3.3pr 5.0 I-r 56
2004
Orange 9.0 a—k 10.6 a—f 103a—g 11.3a-d 9.3aj .3eD 9.6 A-D
Orietta 10.0 a-h 8.3 d- 12.6 ab 10.3 a—g 10.6 a—8.0 d—m 10.0 AB
Berliner Kleene 4.6 4—r 5.3 k—r 6.3 h—-r 3.6 opr -6 4.6 4-r 48G
Gea 5.3 k—r 5.0 I-r 4.3 m-r 26r 3.3pr 5.6 j-r 3a.
2005
Orange 8.3 d- 10.3 a—g 9.0 a—k 10.0 a-h 10.3 a—9.6 g-§ 9.1 A-F
Orietta 8.3 d+ 8.6 c-| 11.0a-e 11.3a-d 9.0 a-k .0 agk 9.5 A-E
Means C 7.1 BCD 7.4 AB 80A 7.4 AB 6.9 B-E 6.2E
Means B x C means B
Berliner Kleene 5.1L-N 5.2L-N 53LLtM  40tMN 45N 4.5LMN 4.7C
Gea 541t 5.2 L-N 4.7L-N 3.6 tMN 3.1N 5.2L-N 54C
Orange 9.5 B-H 10.4 A-D 9.6 B-G 10.8 ABC 9.7 B-F lel7 9.5 AB
Orietta 8.6 D-J 8.8 C-l 123 A 11.3 AB 10.3A-E B4 100 A
Means A x C means A
2003 7.5 A-D 7.3A-D 83A 83A 7.0 A-D 57D A3
2004 7.4 A-D 7.6 ABC 8.0 AB 7.1 A-D 7.0 A-D 65A-D 7.3A
2005 6.6 A-D 7.3A-D 76 ABC 6.9A-D 6.8 A-D 65A-D 69A
NIRg osfor A= 0.5, for B = 0.6, for C = 0.8, for AB = 1.far AC = 1.8 for BC = 2.2, for ABC = 3.8
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cuttings, of the ‘Orange’ cultivar in the year 200fand 2004, and 6.9 in 2005. In case of cultivars, th
(15.0 cm). Significantly the lowest (4.0 cm) weremost leaves characterized ‘Orietta’ cultivar — 10.
middle cuttings of the ‘Berliner Kleene’ cultivan i Similar number of leaves was noted for the ‘Orange’
2004. cultivar — 9.5 on average.

In all three years of the experiment, the longest Looking at a whole experiment and the interaction
roots formed long tip cuttings (15.6 cm), while thebetween the type of cutting, cultivar and the years
shortest ones were noted in case of lateral onthe most leaves were observed in case of cuttings
(8.2 cm) (tab. 4). excised from the top of stem with 3—4 pairs of &gV

Taking into consideration the type of cutting anso called tip cuttings, of the ‘Orietta’ cultivam the
cultivar, definitely the longest roots were noted iyear 2003. Their mean number was 13.3. The least
case of cuttings without heel of the ‘Orange’ ~ati leaves was noted in case of the middle cuttinghef
(23.3 cm), while the shortest ones were middle on‘Gea’ cultivar in the year 2003 (2.6).
of the ‘Berliner Kleene’ cultivar — 0.5 cm.

The longest roots formed cuttings in the year 200DISCUSSION
their mean length was 13.9 cm. The length of tiésro

of cuttings in the remaining years did not diffigns- In a large scale, commercial production, dahlias
icantly and was 12.8 cm in the year 2004 and 125 ¢, propagated mainly through stem cuttings

in 2005. In case of cultivars, the longest rootrab- [Grabowska et al. 1987, Chmiel 2000]. Most authors
teri_zed cuttings of the ‘Orange'_cultivar - 20-9’Cm[RzepeckaZelechowska and Zelechowski 1986,
while the shortest ones ‘Gea’ cultivar — 8.6 cm. Grabowska et al. 1987, Chmiel 2000] recommend to

Looking at the whole experiment and the interacgycise the cuttings with heel with a part of base
tion between the type of cutting, cultivar and thicrown tissue from the roots. However, this metted |
years of the experiment, the longest roots werethotineffective. The experiments conducted by Pudelska
in case of lateral cuttings of the ‘Orange’ cultiva  [2000], Hetman and Pudelska [2006] and Pudelska et
the year 2003 (26.1 cm). The shortest roots weg|. [2015] proved that other methods of cutting imig
observed in case of lateral cuttings of the ‘Berlin pe ysed which allow to enhance the productivengss o
Kleene’ cultivar in 2004 and middle ones of the samrgahlia nurseries.
cultivar in 2005 (1.6 cm). Hetman and Pudelska [2006] in the experiments

During the measurements conducted in the yezon rooting of different types of soft cuttings aftdia
2003 and 2005, it was noticed that plants formeproved that dahlia cultivars characterize with ayve
from lateral cuttings of the ‘Berliner Kleene’ had high differentiation in intensity of forming shoots
roots formed, only the healed wound left afteringtt proper for cuttings and the effectiveness of ramptin
with visible callus tissue in their lower part cdlde The percentage of cuttings that formed roots ranged
observed. The same situation was noticed in the yebetween 78 and 85. In the cited experiments there
2004 in case of plants formed from ‘Gea’ laterawasn't an automatic regulation of the rooting cendi
cuttings. tions.

In all three years of the experiment, the most In the presented experiment, over 90% of cuttings
leaves formed tip cuttings — 8 on average. Thet lecformed roots Types of cuttings did not significgntl
leaves formed lateral cuttings — 6.2 (tab. 5). influence the percentage of rooted cuttings. Howev

Taking into consideration the type of cutting ancer, the intensity of forming the roots dependedten
cultivar, definitely more leaves were noted in cafe method of cutting. While observing the cuttings-dur
tip cuttings of the ‘Orietta’ cultivar — 12.3. Theast ing rooting, it was noted that growth started thdie
leaves were noted in case of middle cuttings of trest in case of cuttings with heel and tip ones.séhe
‘Gea’ cultivar — 3.1. cuttings characterized with the highest weighthaf t

The number of leaves did not differ significantlyabove ground part as well. It means the process of
in the years of the experiment and was 7.3 in 20(roots forming in case of this type of cuttings tetdr
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the earliest. It appears that rooting would amourectly from mother roots. It is also possible, hiet
even to 100% in optimal conditions, which are autcroots are early placed in a glasshouse, to all@v th
matically regulated temperature, light, air andl sostem form 6—8 pairs of leaves, and then cut lotiger
humidity. According to Sochacki [2010], dahliascuttings with 3—-4 pairs of leaves. The remaining,
cuttings root very well in optimal conditions. How-middle part with 2 pairs of leaves, might also be
ever, the process of producing roots by cuttings dused. The stem will still have the remaining 1-Rpa
pends, to a large degree, on conditions, whichaare of leaves from which axils new shoots will grow,
and soil temperature and humidity [Jerzy anwhich after further 2-3 weeks might be used as lat-
Krzyminska 2011]. eral cuttings. This method of cutting allows toaibt
The type of cutting influenced morphological fea:100 or more cuttings from one, well branched tuber-
tures of the obtained plants. During all three ye#r ous roots, from February till the end of April.
the experiment, the highest mean weight of the @bov
ground part was noted in case of tip and long ticONCLUSIONS
cuttings. Such results are correlated with the drigh

weight of the cutti_ngs at the_moment of excis_ic:mfr 1. With the use of different types of stem cuttings
mother crowns, in comparison to the cuttings Okthere is a possibility to enhance effectiveness of
tained from lateral shoots or the ones without.heel panjia annabilis propagation.

Grabowska et al. [1987] and De Hertogh and Leé 3 The highest effectiveness of mother crowns
Nard [1993] state that the best term to establlsmight be obtained when tip cuttings with 2—3 paii's
anursery of dahlia is at the turn of February aneayes are excised from stems with 5-6 pairs of
March. On the basis of own experiments it might bigayes, and then two-node middle cuttings are taken
noted that cuttings obtained from the leaves axigrgm the nodes of the remaining stem with 12 pairs
(lateral ones) and from the central part of thensteqf |eaves new shoots will arise, which might be ex-
(middle ones) form roots longer, so that the dahlicgiseq as lateral cuttings when they form 2—3 paiirs
tuberous roots should be placed in a glasshouse at |g5yes.
beginning of February ar_1d eqused to light in ord.er 3. Cuttings excised in different ways root very
to hasten shoots sprouting, which would be earliye|| however the process of forming the roots runs
available for rooting. . ~in a different rate, depending onthe type of cgttin

The results obtained in the presented experimeang a cultivar. Roots are formed the fastest on the
as well as in the previous research of the authocyttings with heel and the tip ones, while the date
allow to estimate the recommendations on methmthey are observed in case of lateral cuttings.
of dahlia cuttings excision to obtain maximum effec 4 pjants obtained from different types of cuttings

tiveness of mother plants. To obtain the highest posfier 5 weeks of rooting, adapt well when planted
sible number of cuttings, dahlias roots should bj,iq the ground.
placed in a glasshouse at the beginning of Febinary
optimal conditions to start vegetation. So far, thﬁEFERENCES
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