Effect of growth regulators on rooting cuttings of Karwinskia

species under in vivo conditions

M. Henselova, A. Lux, E. Masarovicova

Faculty of Natural Sciences, Comenius University, Bratislava, Slovak Republic

ABSTRACT

Effect of the growth regulators Atonik, Rastim 30 DKV, Stimulator AS 1, and Stimulax |11 on rooting of half-woody shoots
of the species Karwinskia humboldtiana (Roem et Schut) Zucc. and Karwinskia parvifolia Rose was studied. Rooting does
not occur without stimulation in these species, after stimulation rhizogenesis takes 14 to 16 weeks. Growth regulators, with
the exception of the preparation Atonik, showed a significantly stimulating effect on rhizogenesis, and effect of them de-
clined in the order Stimulax 111, Stimulator AS, and Rastim 30 DKV. The percentage of rooting in the species Karwinskia
humboldtiana was higher than that in Karwinskia parvifolia and this was dependent on the age of the plants, the type of

stimulator, cutting, substrate, and conditions of cultivation.
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Of the fifteen Karwinskia species described (family
Rhamnaceae), ten grow in Mexico (Fernandéz 1992).
Among them the species Karwinskia parvifolia and
Karwinskia humboldtiana are of special importance for
the highest content of toxins (Waksman et al. 1989) based
on dimeric anthracenones (Dreyer et al. 1975) with a se-
lective antitumour effect (Pifieyro Lopez et al. 1994). To
provide sufficient and continuous production of the
most effective toxin T-514 (peroxisomicine A, ) attention
was paid to the propagation and cultivation of these spe-
cies mainly under in vitro conditions (Liskova et al. 1994,
1999, Lux etal. 1997/1998).

According to Liskova et al. (1994), rooting under in
vitro conditions was obtained in stem explants, howev-
er, the plants contained lower amount of peroxisomicine
A than those cultivated under in vivo condition. For this
reason cultivation of half-woody summer cuttings of
Karwinskia species was also started using rhizogenesis
stimulators (Lux et al. 2002).

Plant growth regulators are frequently used in vegeta-
tive propagation to promote rooting of cuttings (Criley
and Parvin 1979, Fibijian et al. 1981, Davis and Hassig
1990, Tantos et al. 2000). Preparations are based mostly
on auxinoids (Haissig 1974, Gaspar and Hofinger 1988,
Rauscherova et al. 1991, Dolinay and Kohaut 2000,
Henselova 2002), retardants (Davis et al. 1985, Up-
adhyaya et al. 1986, Marino 1988, Sebanek et al. 1991, Tari
and Nagy 1996), and eventually their mixtures (Smith and
Thorpe 1975, Obdrzalek 1987, Pan and Zhao 1994).

The present work summarizes the results of a three-
year study of vegetative propagation of two Karwin-
skia species under in vivo conditions, with a discussion
of the effect of different factors in the rhizogenesis pro-
cess.
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MATERIAL AND METHODS

Plant material. Cuttings from Karwinskia humboldti-
ana (Roem & Schut) Zucc. and Karwinskia parvifolia
Rose species were taken from one-year old half-woody
shoots (these were taken from 5- to 7-year old trees:
July 2, 1997, July 15, 1998, July 10, 1999). The Karwin-
skia species grew in the greenhouse at the Department
of Plant Physiology, Faculty of Natural Sciences, Come-
nius University, Bratislava and had been grown from
seeds originating from the locality Villa de Garcia in the
State of Nuevo Ledn (K. humboldtiana) and from the
state Sinaloa, Mexico (K. parvifolia). Specifically, apical
and basal cuttings (1997) and their mixture in the ratio 1:1
(1998 and 1999) were cut to the length of 8 to 10 cm, with
2 to 4 leaves left, the leaf area being reduced by one half,
and in the case of the apical cuttings, immature terminal
parts were also removed.

Treatment of cuttings. The bases of the cuttings (50 to
250 specimens per variant in three repetitions) were
treated with tested growth regulators (Table 1). The
treatment in the case of Stimulator AS 1 was realized by
dusting, in that of Stimulax III by dipping the basal part
(1 cm) directly in the preparation. In the case of prepa-
ration Rastim 30 DKV in 0.03% and that of Atonik, the
cuttings were immersed in a 0.3% solution for 12 hours.
Control cuttings were immersed for the same time in dis-
tilled water or treated with pure talk. Afterwards the
cuttings were planted in two substrates: sand + peat in
the ratio 2:1 (s,) and pure sand (s,). Five days prior to
the planting of the cuttings substrate s, was chemically
sterilized with Previcur 607 SL (containing 607 g/l of the
active substance propamocarb — producer AgrEvo
Frankfurt am Main, Germany), in a concentration of
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Table 1. List of the growth regulators used

Preparate Active substance Content of active formylation Producer
substance (g or %)
Atonik sodium 2-nitrophenolate 2 gl! SL Asahi Chemical Co. Ltd. Tokyo (Japan)
sodium 4-nitrophenolate 3gl!
sodium 2-methoxy-5-nitrophenolate 1 gl
Rastim 30 DKV benzolinone 300 g.I! SC Istrochem, Co. Bratislava (Slovakia)
Stimulator AS 1 nicotinic acid 0.06% DP Zahradkatské potfeby Uhfetice (Czech Republic)
a-naphtylacetic acid 0.072%
Stimulax III B-indolylacetic acid 0.06% G Hiiben Co. Ceréany (Czech Republic)
o-naphtylacetic acid 0.06%
B-naphtyl-n-butyric acid 0.05%

DP = dispersible powder, G = gel, SC = soluble concentrate (flowable), SL = soluble liquid

0.15% solution in a volume of 5 liters per m2. The cut-
tings were maintained in a greenhouse, under a plastic
foil tunnel, at a day temperature 26 + 2°C, relative air
humidity 80 to 90%, with one-minute fogging during the
day, at 2 hour-intervals.

Evaluation of results. The percentage of rooted cut-
tings and the number of adventitious roots, were evalu-
ated after a period of 14 to 16 weeks. Afterwards the
rooted cuttings were transferred into vessels with a mix-
ture of sand and peat in a 3:1 ratio. The plants were cul-
tivated in the greenhouse at the temperature 18 £2°C, and
subsequently at winter temperature 10 +£2°C. The results
were statistically evaluated using the Student’s z-test.

RESULTS

The species K. humboldtiana and K. parvifolia are
heavy rooting woody tree species. Their cuttings do not
form roots at all unless stimulated. The preparations Sti-
mulax III, Stimulator AS 1, Rastim 30 DKV and Atonik had
a significant effect on callogenesis, the callus being pre-
dominantly formed on the base, exceptionally also on the
lateral parts of cuttings. Stimulated cuttings formed roots
in 14 or 16 weeks. Growth regulators, with the exception

of Atonik, had significant stimulatory effect on the root-
ing rate of the species K. humboldtiana, the effect de-
clining in the order Stimulax III (15 up to 41%), Stimulator
AS 1(10to 15%) and Rastim 30 DKV (5 to 10%) (Figure 1).
Atonik did not significantly influence rhizogenesis and
its effect, not exceeding 1%, became apparent only in
basal cuttings. In K. humboldtiana a better rooting abil-
ity was achieved in the basal than in the apical cuttings
— 10 to 41% and 3 to 13% respectively (Figure 1). This
species also had a superior rooting ability to K. parvifo-
lia, but a higher rooting percentage was achieved in both
species with the combined substrate sand + peat (Fig-
ure 2A, B), than in pure sand (Figure 2C, D). In the years
1998 and 1999, propagation of Karwinskia species be-
came restricted to only two of the most active prepara-
tions, viz. Stimulax III and Stimulator AS 1. An evident
effect of the preparations on the rhizogenesis of cuttings
was also achieved in these subsequent years, but it was
weaker than that of 1997. In K. humboldtiana the efficien-
cy of Stimulax III declined from 28% rooted cuttings (bas-
al +apical) in 1997, t0 23.5% in 1998 and to 18.6% in 1999.
A similar declining trend in the action was also noted with
the preparation Stimulax III where it decreased from 13%
in 1997 t0 9.5% in 1999 (Figures 1 and 2). In K. parvifolia
we observed a lower stimulating effect of the prepara-
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Figure 2. Effect of plant growth regulators on rooting of Karwinskia parvifolia (KP) and K. humboldtiana (KH) cuttings in substrates
sand + peat in 1998 (A) and 1999 (B) and sand in 1998 (C) and 1999 (D); values presented are means += SE (n = 3)

tions Stimulax III and Stimulator AS 1 on rooting of cut-
tings, with different effect in individual years.

The effect of Stimulax III decreased from 13.5% in 1998
to 11% in 1999 and that of Stimulator AS 1 from 3.3% to
2.3% (Figures 2A, B). A similar declining tendency in the
effect of the preparations was observed in the sand sub-
strate (Figures 2C, D) during the periods followed. An in-
ter-specific difference also manifested not only in the
percentage yield of rooted cuttings, but also in the quality
of the root system (Figure 3). A higher abundance of roots
was produced by cuttings in the combined substrate sand
+ peat, as well as in pure sand (Table 2). In K. humbold-
tiana, the number of roots per cutting ranged from 4.4 +
0.34t05.1+0.48in(S,) and from 3.3+ 0.26t0 3.5+ 0.22in
(S)),and in K. parvifolia, from 1.8 £0.25t02.9+£0.31in(S))
and from 1.4+0.16t0 1.9+ 0.26 in (S, ) (Table 2).

DISCUSSION

The production of adventitious roots in plants is con-
trolled by growth substances (Davis and Hassig 1990),
a key role in this process being played by auxins. This is
especially true of nonrooting, or heavy-rooting cuttings,
such as were those in the present study. The prepara-
tions Stimulax III, Stimulator AS 1, and Rastim 30 DKV
based on active substances of the auxinoid type exerted
an evident effect on rhizogenesis of both Karwinskia
species. A higher percentage of rooted stem explants in
K. humboldtiana than in K. parvifolia under in vitro
conditions was also obtained by Liskova et al. (1994) and
Lux etal. (1997/1998). There may be several reasons for
the different rooting ability in the Karwinskia species
under in vivo conditions. A low rooting capacity of the

Table 2. The number of roots of Karwinskia humboldtiana (KH) and K. parvifolia (KP) after 16 weeks of growth of cuttings in two
substrates (sand and sand + peat); values presented are means + SE, n = 20

Root number per cuttings

Treatment
sand sand + peat (2:1)
KH KP KH KP
Stimulax III 3.5+£0.22 1.9 £ 0.26 5.1 +£0.48 2.9 + 0.31
Stimulator AS 1 3.3+ 0.26 1.4 £0.16 4.4 + 0.34 1.8 £ 0.25

Values between K. humboldtia and K. parvifolia are significantly different at P = 0.01
Values between Stimulax III and Stimulator AS 1 are significantly different at P = 0.05 in the substrate sand + peat only
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species may be related to a low content of endogenous
auxins. According to Sebanek and Kralik (1983), the cor-
relation had been found in plants between the content of
their endogenous auxins and rooting ability. Hence, an
exogenous application of synthetic auxinoids in the form
of the preparations studied here may have reinforced the
effect of endogenous auxins or directly induced rhizogen-
esis. The inter-specific difference has also been found in
the propagation of poplars (Kralik and Sebanek 1980),
and also of cherry-trees, or cherry rootstocks (Marino
1988, Kosina and Kracikova 1999). Differences in the
rooting of Karwinskia species may likewise be geneti-
cally determined and come from their disparate natural
occurrence. The species K. humboldtiana is character-
ized by a greater adaptability. It occurs in broader range
of altitudes and grows over a wider area than the species
K. parvifolia. The degree of maturity is manifested in
a better rooting of the basal rather than the apical cut-
tings, even though Rauscherova et al. (1991), on the con-
trary, reported a better rooting ability of the apical
cuttings in Ligustrum vulgare L.

According to our opinion, the higher rooting of basal
cuttings may be determined by higher resistance of these
cuttings to higher temperature during the propagation.
In addition, basal cuttings proved to be more resistant to
botrytide, which often attacked the less mature apical
cuttings under the plastic cover. Rooting ability of Kar-
winskia species also decreased with the age of the plants.
Rooting was highest in 5-year old and lowest in 7-year
old trees, which may be related to their different regener-
ation capacity. This is also supported by the results of
Kralik et al. (1989) who obtained 95% rooting ability in two-
year old plants of Ligustrum vulgare, while in plants over
10 years of age the rooting ability decreased to 45-66%.
A lack of plant material prevented us to compare the root-
ing ability in younger plants. Cuttings from Karwinskia
species were taken in July. According to Tureckaya and
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Figure 3. The root system of 16 weeks old cuttings of Karwinskia
parvifolia (A) and K. humboldtiana (B) without treatment (un)
and after treatment (tr) with preparate Stimulax III and plants
established in soil after twenty months (C)

Polikarpova (1968), the best month for majority of woody
species is June, but of course, this depends on the start
of growing season. An earlier date for cutting Karwin-
skia species is not recommended, because these plants
tiller intensively during May and June and simultaneous
flowering also culminates (Lux et al. 2002). Obdrzalek
(1983) obtained the best rooting in Japanese maple trees
likewise when the cuttings were taken prior to, or just after
the growth had been completed and rooting on the con-
trary was bad if that was done during intensive tillering.
Propagation with hard cuttings in February was unsuc-
cessful with Karwinskia species (Henselova, unpub-
lished data). This may be related to the ongoing
endogenous dormancy of the species, even though
Carey (1974) and Carville (1975) achieved satisfactory
rooting of Japanese maples and corresponding to the
period before the start of growing season. According to
Kralik et al. (1989) endogenous dormancy of woody
plants strongly inhibits the formation of adventitious
roots. Inter-specific differences also appeared in the
quality of the root system of the cuttings. A higher num-
ber of roots were formed by cuttings of K. humbold-
tiana, in contrast to those of K. parvifolia. Similarly
Liskovaetal. (1994) and Lux et al. (1997/1998) observed
a better root formation under in vitro conditions in K. Aum-
boldtiana, than in K. parvifolia. Rhizogenesis in Karwin-
skia species lasts from July until October, a period
unsuitable for transplanting cuttings, because of high
loses (70—80%) during wintering. It was better to leave
the cuttings in the substrate and transplant them the next
spring, however, the greenhouse temperature should not
fall below 15°C, eventually the transplanted rooted cut-
tings should be transferred into conditions with a tem-
perature gradually rising up to 25°C. According to
Liskova et al. (1994), rooted stem segments of K. hum-
boldtiana were capable of adaptation from in vitro con-
ditions into those of the greenhouse if the temperature
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gradually increased with a decreasing humidity for at
least one month. In the view of the above authors, such
a progressive adaptability simulates semi-arid conditions
of their natural habitat. In vivo propagation of Karwin-
skia species depends on controllable conditions, chief-
ly those of the temperature, both of the air (which should
not exceed 28°C), and of the substrate, which on the con-
trary should be somewhat higher, in the first weeks of
rhizogenesis. It was noted that a temperature of the air
higher than that of the substrate causes new shoots to
sprout, however, the cuttings rooted badly.

The type of growth regulator, as also the mode of stim-
ulation decisively influenced the percentage of rooted
cuttings. The rooting potential of the species differs and
some species are weakly rooting such as Fagus and Be-
tula (Spethman 1982), other are not rooting at all, such as
Magnolia stellata (Henselova 2002), and in Karwinskia
species rooting depends on stimulation. The prepara-
tions Stimulax III and Stimulator AS 1, on the basis of
several effective auxinoids and a short-term stimulation
of 3 to 5 seconds, are more advantageous to Karwinskia
species. On the other hand a 12-hour stimulation of the
cuttings was less efficient with the preparation Rastim
30 DKV and little efficient with that of Atonik. This is also
supported by the results of Lux et al. (2002) where
a short-term stimulation of a few seconds with a con-
centrated ethanol solution of a mixture on the basis of
IAA + IBA + NAA, had a stimulating effect on rooting
of Karwinskia species comparable to that exerted by the
preparation Stimulax III. The most evident stimulating
effect on the rhizogenesis of Karwinskia species by the
preparations Stimulax IIT and Stimulator AS 1 is probably
achieved by a mutual synergism of the active substanc-
es. A similar effective synergism was also achieved by
Tantos et al. (2000) between IBA and the preparation
Triacontanol in propagating Malus domestica, and Cera-
sus vulgaris, Pan and Zhao (1994) between IBA and
growth retardants with Phaseolus aureus L., and also
Henselova (2002) in the mixture benzolinon + IBA + fun-
gicides (captan or Trichoderma harzianum), when prop-
agating deciduous woody plants.
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Vliv ristovych regulatorii na zakorenovani rizki druh@ Karwinskia v podminkach in vive

Byl sledovan vliv rustovych regulatori Atonik, Rastim 30 DKV, Stimulator AS 1 a Stimulax III na zakofefiovani polozdiev-
nat&lych fizké druhtt Karwinskia humboldtiana (Roem et Schut) Zucc. a Karwinskia parvifolia Rose. Rizky druhtt Karwin-
skia bez stimulace nezakofenuji, se stimulaci rhizogeneze trva 14 az 16 tydnl. Regulatory rustu s vyjimkou piipravku
Atonik prukazné stimulovaly rhizogenezi, vliv se snizoval v pofadi Stimulax III, Stimulator AS 1 a Rastim 30 DKV. Vyssi

procento zakofenénych fizkd bylo zjisténo u druhu Karwinskia humboldtiana nez v druhu Karwinskia parvifolia, pti¢emz
bylo zavislé na stafi rostliny, typu stimulatoru, fizku, substratu a podminkach mnozeni.

Klicova slova: Karwinskia humboldtiana; Karwinskia parvifolia; regulatory rustu rostlin; zakotfenovani; fizky
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