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Fjälkestadsvägen 123-1, S-29194 Kristianstad, Sweden

Accepted 7 June 2002

Abstract

Microshoots and softwood stem cuttings of five clematis varieties (Clematis section Atragene)

were rooted in different substrates (perlite, peat–perlite, and sand–perlite). Microshoots rooted better

and quicker than stem cuttings, independent of the substrate. Root dry mass of microshoots was more

than twice as high compared to root dry mass of stem cuttings.

For microshoots, number of primary roots was highest in sand–perlite and pure perlite. The

continued growth resulted, however, in the highest total root length, number of root tips and number

of forks in peat–perlite. Microshoots obtained the largest average root diameter in pure perlite. There

was no difference in root dry mass of microshoots among the substrates.

For stem cuttings, rooting percentage and speed of rooting was higher in pure perlite (71%), and

lower in peat–perlite (36%). The number of primary roots and root dry mass of stem cuttings was

highest in sand–perlite and pure perlite.
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1. Introduction

Varieties of clematis can be propagated by division, by layering, by grafting, by

softwood and hardwood stem cuttings or by microshoots (micropropagation) (Lloyd,

1989; Evison, 1991; Johnson, 2001; Buczacki, 1998). Until the middle of the 20th century,

the main method of propagation of large-flowering clematis was by grafting. Only some

very easily struck groups like montanas, and the small-flowering clematis like alpinas and

macropetalas, were rooted from cuttings (Lloyd, 1989). Current commercial production is
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mainly based on cuttings although a few nurseries still use the labour demanding grafting

method because of the rapid plant growth when Clematis vitalba or C. viticella are used as

rootstocks. Certain varieties of clematis can however be difficult to propagate by cuttings,

which is one reason for the development and commercial use of in vitro methods. In addition,

in vitro methods make it possible to free the stock material from viruses, bacteria and plant

borne fungi thus supplying the nurseries with healthy plant material. This is particularly

important for early large-flowering varieties, and for varieties with C. lanuginosa parentage,

which seem to be especially susceptible to clematis wilt (Howells, 1994). In a COST

publication on European Tissue Culture Laboratories 1996–1997, 11 laboratories have been

listed as working with micropropagation of clematis (Rı́ordáin, 1999).

In commercial clematis production, inadequate rooting is a problem for many growers.

Previous studies do not provide congruent information concerning optimum substrate for

rooting and thus different substrates have been recommended. For example, Evison (1977)

recommended 1 loam:1 peat:2 grit:2 screening sand, Auld and Carrall (1983) recom-

mended 2 peat:3 coarse washed sand, Johnson (2001) recommended 1 coarse sand:1 peat at

neutral pH and Erwin et al. (1997) recommended sand or perlite. Erwin et al. (1997) also

noticed that rooting was quicker in sand and perlite, and slower in peat–perlite, regardless

of whether a growth regulator (indole-butyric acid, IBA) was used.

This investigation was designed to compare, for the first time, rooting of softwood stem

cuttings and microshoots for varieties of small-flowering clematis. Different substrates

were compared in order to optimise the propagation method.

2. Materials and methods

2.1. Plant material and substrates

The rooting of microshoots and softwood stem cuttings were compared for five clematis

varieties in the section Atragene: ‘Columella’, ‘Propertius’, ‘Ballet Skirt’, ‘Tage Lundell’

and ‘Riga’ (Johnson, 2001). In addition, three combinations of substrates were studied: (1)

1 peat:1 perlite, (2) 1 sand:1 perlite and (3) pure perlite. The peat was a sphagnum moss

peat. The porosity of the perlite was 80 kg m�3 corresponding to a diameter of 0–3 mm.

The sand was a coarse, washed quartz sand, with particles less than 2 mm in diameter.

Rooting took place in trays with 4 cm � 4 cm � 5 cm holes.

2.1.1. Microshoots

In vitro cultures were established by washing soft nodes in a NaOCl solution (10%) for

12 min and rinsing the material in sterile water three times before culturing. All varieties were

established and multiplied on a modified Margara medium III (Margara, 1978) containing 6-

benzyl-amino-purine (BA) (1 mg l�1), glucose (20 g l�1) and Difco Bacto agar (6.5 g l�1).

The growing room temperature was kept at 23 � 1 8C and light was provided with cool-white

fluorescent tubes (PAR, 40 mmol m�2 s�1) at a 16 h photo-period.

Microshoots of ‘Ballet Skirt’ were pre-treated on rooting medium for 2 weeks prior to

planting, whereas microshoots of the other varieties were planted directly. In the rooting

medium BA was omitted and IBA included (0.5 mg l�1). Prior to planting, the shoots were
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rinsed twice with water to remove agar and put into plastic bags to prevent desiccation

during transport to the greenhouse.

2.1.2. Stem cuttings

Stock plants for production of stem cuttings were kept at a temperature of 15 8C. To

promote growth and good quality of the vine, supplemental lighting was provided by high

pressure Na lamps (50 W m�2) at a 19 h photo-period. The single-node stem cuttings were

cut to a length of 3 cm, leaving only one leaf or one leaflet on each cutting, depending on

the size of the leaves of the variety.

2.2. Experimental design

The experiment was set up with randomisation of treatments ðthree substrates�
two propagation methods � two replicatesÞ, and randomisation of the five varieties within

treatments. Each plot consisted of 20 propagules. Guard plants surrounded each treatment.

The trial was evaluated 2 weeks from start and later once a week until 7 weeks from start.

Estimation of rooting time required lifting and replanting the propagules. Rooting

percentage, time of rooting (when the first root was 3 mm long), number of primary

roots and root dry mass were measured for both cuttings and microshoots. In addition, for

microshoots, the total root length, average root diameter, number of root tips and forks

were estimated by image analysis (MacRHIZO, Régent Instruments, Canada).

2.3. Management

Before striking the propagules the substrates were irrigated with nematodes Steinernema

feltiae against Sciaridae larvae (0.5 million nematodes m�2). The trays were then put in a

plastic tent in the greenhouse at a temperature of 25 8C. Propagules were continuously

sprayed with water to prevent desiccation during striking. A preventive spray against

Botrytis spp. (with Rovral AquaTM 0.05% and TopsinTM 0.1%) was made after 2 days and

was repeated after 1 and 2 weeks. The trial was watered and ventilated as frequently as

required to provide an optimum environment for rooting.

2.4. Data analysis

Percentage data were arcsine transformed before statistical analysis. Analysis of

variance (ANOVA) was performed by the software SuperANOVA and whenever applic-

able, Fischer’s LSD (significance level P ¼ 0:05) were conducted.

3. Results and discussion

3.1. Experimental considerations

A problem when making comparative trials with different varieties is that it is not

possible to create optimum rooting conditions for each variety and treatment in the same
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environment. It is for example not possible to ventilate a completely randomised trial

according to the need of each variety. Microshoots need a higher relative humidity (100%)

than cuttings (80–90%) during the first days of acclimatisation. This results in too high a

humidity for the stem cuttings, rendering them more susceptible to grey mould. Rooting

percentage is therefore likely to be underestimated, especially for the slowly rooting stem

cuttings.

After 4 weeks an attack of Sciaridae larvae was noticed on stem cuttings, more severely

in peat–perlite than in other substrates. No attack of Sciaridae larvae was noticed on

microshoots. The Sciaridae fly is common in nature and its larvae feed on young roots and

fleshy tissues. Our preventive treatment with nematodes against Sciaridae larvae was

obviously not sufficient and therefore rooting percentage of stem cuttings is biased and

probably reduced. Almost all microshoots were rooted already at the second week and

therefore not vulnerable to Sciaridae larvae.

Susceptibility to fungi differed among varieties, and especially the variety ‘Ballet Skirt’

suffered from grey mould (Botrytis cinerea), which also may bias rooting percentage. The

problem with fungi was, in general, less severe for the rapidly rooting microshoots

compared to the slowly rooting stem cuttings.

Fig. 1. Rooting of cuttings (sc) and microshoots (ms) for different substrates (average of varieties). There were

significant differences ðP ¼ 0:05Þ between substrates for cuttings but not for microshoots.
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3.2. Rooting of microshoots and cuttings in different substrates

Microshoots of all five varieties rooted equally well and quickly, independent of the

substrate (Fig. 1). Already after 2 weeks 95% of the microshoots were rooted, and after 4

weeks almost 100% were rooted. Although there were no differences in root dry mass on

microshoots among the substrates (Table 1), morphology of the root system was affected.

Microshoots obtained a significantly higher number of primary roots in sand–perlite and

perlite compared to peat–perlite. In general, total root length, number of root tips and forks

were higher in peat–perlite (Fig. 2A–C) whereas average root diameter was highest in pure

perlite (Fig. 2D). However, there were significant interactions between substrate and

varieties (Table 2). It should therefore be possible to optimise the propagation method

according to the specific need of each variety.

Fig. 2. Total root length (A), number of root tips (B), root forks (C) and root diameter (D) of rooted microshoots

(average of varieties). Different letters indicate significant differences between substrates ðP ¼ 0:05Þ.
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The first roots of stem cuttings appeared after 2 weeks, but after 4 weeks only 22% of the

cuttings were rooted at the best substrate (Fig. 1). Rooting percentage strongly increased

between weeks 3 and 5, and new roots continued to develop between weeks 5 and 7.

Rooting took almost twice as long time for stem cuttings compared to microshoots. Stem

cuttings rooted quickest and best in perlite (71%), whereas the slowest rooting and the

lowest rooting percentage was obtained in peat–perlite (36%), and sand–perlite fell in-

between (58%). That roots on stem cuttings were formed first in perlite, then in sand and

finally in peat–perlite, agrees with results previously reported for clematis in the section

Viticella by Erwin et al. (1997). Stem cuttings had a significantly higher number of primary

roots and also a higher root dry mass by using sand–perlite or perlite as substrate compared

to peat–perlite (Table 1). This is also in agreement with previous results (Erwin et al.,

Table 1

Number of primary roots (n) and root dry mass (g) of stem cuttings and microshoots, respectively (average of

five varieties)a

Substrate Primary roots (n) Root dry mass (g)

Cuttings Microshoots Cuttings Microshoots

Peat–perlite 5.6 a 9.6 a 0.008 a 0.046 a

Perlite 10.3 b 11.0 b 0.019 b 0.049 a

Sand–perlite 9.9 b 11.6 b 0.024 b 0.048 a

a Different letters in one column indicate significant differences between substrates, whereas an italic

number indicates significant differences between propagation methods ðP ¼ 0:05Þ.

Table 2

Total root length (cm), average root diameter (mm) and number of root tips (n) of microshoots, for each variety

and substrate combinationa

Variety Substrate Root length (cm) Root diameter (mm) Root tips (n)

Ballet Skirt Peat–perlite 186 a 0.46 a 246 b

Perlite 188 a 0.55 b 186 a

Sand–perlite 173 a 0.51 a 197 ab

Columella Peat–perlite 174 b 0.41 b 287 b

Perlite 118 a 0.50 a 125 a

Sand–perlite 102 a 0.51 a 139 a

Propertius Peat–perlite 169 a 0.62 a 264 b

Perlite 89 a 2.48 b 89 a

Sand–perlite 98 a 0.84 a 110 a

Riga Peat–perlite 125 b 0.47 a 257 b

Perlite 86 a 1.70 b 134 a

Sand–perlite 72 a 0.43 a 125 a

Tage Lundell Peat–perlite 137 b 0.43 a 175 b

Perlite 60 a 0.49 a 86 a

Sand–perlite 67 a 0.51 a 87 a

a Different letters in one column indicate significant differences between substrates, for each variety

separately ðP ¼ 0:05Þ.
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1997). Perlite is the most porous of the substrates tested. It drains water very efficiently and

at the same time allows oxygen to penetrate. No organic matter is present and at least from

the start of the trial, only a very low microbial population, was present which could

compete for oxygen. This substrate seems to be especially favourable for rooting of

clematis stem cuttings.

Root dry mass was considerably larger (0.05 g) on microshoots than on cuttings (0.02 g)

(Table 1), as a consequence of the more rapid rooting of microshoots. These results are in

agreement with literature, where micropropagated woody plants are reported in general

superior in adventitious root formation and frequently have a rapid rooting (Howard et al.,

1989; Plietzsch and Jesch, 1998).

4. Conclusion

Microshoots rooted better and faster than stem cuttings independent of substrate,

whereas stem cuttings rooted better in pure perlite. The rapid rooting and the high rooting

percentage of microshoots makes micropropagation most suitable for propagation of

ornamental clematis that are in general more difficult to propagate by softwood stem

cuttings.
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