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ABSTRACT

Female and male plants of difficult-to-root species Leucadendron elimense subsp. elimense were investi-
gated for rooting potential with three rooting hormones: indole-3-acetic acid (IAA), 1-naphthaleneacetic acid
(NAA), and indole-3-butyric acid (IBA) at three different concentrations (2000 ppm, 4000 ppm, and 6000 ppm).
The experiment was made under essential misting, bottom heat, and a naturally ventilated greenhouse. After 18
weeks the experiment terminated and callusing and rooting percentage, root number, and root length were de-
termined. Female cuttings rooted in the highest percentage (80%), root number (>30), and root length (close to
100 mm) after treatment with IAA at 4000 ppm. Under the above treatment male cuttings rooted in 70%, with
a mean root number of 24 and root length of 90 mm. The efficient rooting results could aid in saving the species
in its natural habitat and supporting restoration ecology, as well as introducing this species into the flower market.
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INTRODUCTION

Leucadendron elimense subsp. elimense is an
endemic species of the Proteaceae family, found
along the road from Elim to Bredasdorp in the Over-
berg region, South Africa, and more specifically
from the town of Elim, arising to the epithet name
of the species (Mustart et al. 1997; Rebelo 2001;
Carolus & Porter 2008). The habitat of L. elimense
in the southwestern part of the Western Cape Prov-
ince fynbos biome encompasses fynbos and Renos-
terveld species. This biome has little structural di-
versity as three plant families dominate the area,
namely the Proteaceae, Ericaceae, and the Restiona-
ceae (Tansley & Brown 2000; Born et al. 2007).
Over 7000 plants can be found in the fynbos biome,
of which over 80% are endemic to the region, mostly
growing on well-leached Cape sandstone soil
(Rebelo 2001). Harvesting of this species from natu-
ral habitats is illegal since it is on the Red List and
its status is endangered, therefore it has become
important to investigate its potential using vegetative
propagation (Rebelo 2001; Carolus & Porter 2008).
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The species is dioecious, with a clear distinc-
tion between male and female plants. Female plants
have only a few branches to a growth height of
1.5m on single stems compared to more multi-
branched stems from male plants (Rebelo 2001;
Carolus & Porter 2008). The leaves of the species
are elliptic and slightly larger in female plants,
reaching a length of 14-57 mm and width of 7—
21 mm, whereas leaves from male plants grow up to
13-49 mm long and 5-19 mm wide (Rebelo 2001).
Both male and female plants have yellow involucral
leaves which overlap the base of the flower head.
Flowers appear from July to September and the
fruits and cones develop in February (Hall & Veld-
huis 1985; Carolus & Porter 2008).

The species mainly reproduces from seeds in its
natural habitat. The pungent smell of the male and
female flower heads indicates that they are insect-
pollinated by flies and beetles and the main pollinator
is the monkey beetle (Clania glenlyonensis) (Carolus
& Porter 2008). L. elimense is also known as the Elim
cone bush, and belongs to the crown cone bushes,
subsection Ventricosa. The crown cone bushes have
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hairless seeds that bulge outward on one side and go
inward on the other, they have a ridged perimeter
(Rebelo 2001). The cone bracts are free from one another,
and all species in this group release their seeds after
five months of ripening (Ben-Jaacov & Silber 2006).

Germination of the seed is fire-dependent to
ensure that the species reproduction cycle is com-
pleted. Proteaceae fynbos must burn at an age of 6
to 45 years to propagate (Brown & Botha 2004).
Some species are either resprouters or reseeders,
meaning they either grow again from an existing
plant or they grow from seed after a fire. The reseed-
ers either keep their seeds safe in a cone until a fire
occurs or drop them after a few months, and ants
bury them in the ground to keep them safe from ro-
dents and consumption by fire (Brown & Botha
2004; Holmes & Newton 2004).

L. elimense grows inland, meaning at least two
kilometers from the coast at an altitude between 20 to
200 meters. It grows in shallow soils which have fer-
ricrete over clay (Carolus & Porter 2008). The Elim
ferricrete fynbos can be found in low-lying areas from
Botrivier to De Hoop and this species remains threat-
ened, critically endangered due to alien invasive spe-
cies, land transformation, and poor fire regimes.
L. elimense mostly grows on south-facing slopes but
can also be found on the north and west-facing slopes
and a few grow on east-facing slopes (Holmes &
Newton 2004; Brown & Duncan 2006; Curtis 2013).

Considering the economic potential of both
male and female cut flowers, there have not been
many attempts to cultivate these sexes individually.
Earlier reports from Laubscher and Ndakidemi
(20084, b) indicated that there is no scientific evi-
dence that L. elimense propagates clonally, as no
previous studies have been recorded on the vegeta-
tive propagation of this species. A cultivation proto-
col to propagate these individual-gender plants
could support the commercial cultivation of the spe-
cies and further reduce the species’ red-listed status.
This study, therefore, aimed to investigate the vege-
tative propagation of L. elimense female and male
plants to establish which hormone treatment would
be most suitable for which gender plant. The com-
mercial value of this species has further potential for
the cut flower industry as much of its potential re-
mains unexplored and underexploited, mainly due
to the unavailability of saleable plants.

MATERIALS AND METHODS

Greenhouse experiment and environment

The experiment was conducted from 23 May until
24 September 2019 in the propagation greenhouse on
the Cape Peninsula University of Technology, Bell-
ville Campus South Africa. This part of the green-
house is a semi-controlled environment (Viljoen et al.
2021). The sides of the greenhouse are made of in-
sect-proof netting to allow for natural airflow and
moisture penetrating the building; however, the roof
prevented rain from above. Temperatures ranged be-
tween 15 and 26 °C while the relative humidity
ranged from 90 to 96% (Faber et al. 2020). During
the rooting period, plant bags were placed on hotbeds
with a temperature of 22 °C and received intermitted
mist irrigation alternating every 40 minutes for 21
seconds (Nichols 2005; Malan 2012; Reinten 2014).
The amount of water received per interval of irriga-
tion measured 500 ml during the rooting stage. Once
the cuttings had rooted, they were moved to a hard-
ening-off section where they received a mist spray
every 50 minutes for 18 seconds; the amount of water
received per interval of irrigation measured 150 mL.
Plant material and cutting preparation

The plant material of L. elimense subsp. elimense was
collected with permission on the land of the Elim
church, a German mission station in the Western
Cape Province of South Africa (Schoeman & Vis-
agie 2014). To ensure sustainable harvesting, the
plant material was collected from randomly selected,
different plants with cuttings taken from 50 female
and 50 male plants. The plant material was stored in
moist newspaper overnight to ensure it did not dry
out. The following morning the cuttings were taken
to the greenhouse and processed (Faruchi etal. 1997;
Brown & Duncan 2006). The terminal cuttings were
cut into uniform lengths of 15 cm for female plants
and 10 cm for male plants (Fig. 1) just below the
node with a straight cut, and then sprayed with 4 g-L*
of Captab (captan) fungicide manufactured by Uni-
versal Crop Protection (Pty) Ltd., South Africa. The
bottom 1/3 of the leaves were removed and the treat-
ment was administered. Two hundred terminal cut-
tings were then planted into perforated transparent
bags 125 x 190 mm, obtained from Packit 354,
Voortrekker Road, Maitland, Cape Town, Western
Cape, with a mix of an acidic, well-drained medium
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consisting of coarse river sand (2 mm diameter), coco
peat, and perlite (2 : 1: 1). The cuttings were buried
one-third deep in the substrate to ensure good aera-
tion (Ben-Jaacov & Silber 2006; Brown & Duncan
2006; Reinten 2014). The plants were then placed on
the hotbeds in the greenhouse and watered thoroughly.

Figure 1. Cuttings of Leucadendron elimense var.
elimense — female (left) and male (right)

Experimental treatments

The treatments consisted of three rooting hormones,
namely indole-3-acetic acid (IAA), 1-naphtha-
leneacetic acid (NAA), and indole-3-butyric acid
(IBA) (Sigma Aldrich) at concentrations of 2000
ppm, 4000 ppm, and 6000 ppm. The treatments
were laid out in a randomized block design with ten
female and ten male plants to allow for 10 repeti-
tions for each treatment. Treatments were done with
cuttings dipped in the liquid for ten seconds at a
depth of one to two centimeters. The control cut-
tings were not treated with growth regulators.
Treatment of cuttings during the growing period
Cuttings were continuously monitored for the stress
of overwatering and treated weekly with a preven-
tative fungicide spray. A ratio 1:1 of a mixture of
Captab (4 g'L?1), and 5 mL-L? Kelpak, fertilizer
containing seaweed extract, manufactured by Kelp
Products (Pty) Ltd. (Simon’s Town, South Africa)
was sprayed on the cuttings at 12 pm weekly
(Laubscher & Ndakidemi 2008a; Xego 2017).
Overwatering, signs of blacking on leaves and stems,

and rotting were monitored during the rooting period
and yellow and dead leaves were removed from cut-
tings. At week 13, the cuttings were moved to the
hardening-off condition, where they received 150 ml
of water via mist sprayers every 50 minutes for 18
seconds. The plants were sprayed weekly with
a mixture of Captab (4 g-L*) and Kelpak (5 mL-L2).
Determination of plant growth parameters

At week 18, the cuttings were removed, the substrate
was carefully rinsed off the roots, and measurements
were done. The callusing percentage was determined
on the number of cuttings that developed successful
callus tissue of parenchyma cells which covered the
wounded area at the basal cut end and node of each
cutting. The rooting result was presented as the num-
ber of cuttings that developed adventitious roots
from the callused tissue, the number of roots, and the
length of the longest root. Rooting time could vary
but cuttings should root between six to sixteen weeks
and develop roots that were visible on the sides of
the bag as an indication that they are ready to be
planted out (Brown & Duncan 2006; Reinten 2014).
Statistical analysis

The data was analyzed by using a two-way analysis
of variance (ANOVA), with the computing software
program STATISTICA 13 and MINITAB 17. The
occurrence of statistical differences were determined
by using the Fisher's least significant difference
(LSD) at values of p <0.05 levels of significance.

RESULTS

Cuttings that were not treated with auxin did
not form callus or roots, whether they were from
male or female plants, and 50% of them died, also
regardless of their origin. The value of rooting pa-
rameters depended on the type and concentration of
auxin. Overall, the male plant cuttings took root in
a higher percentage, but it was dependent on the
type and concentration of auxin.

Callusing percentage

The auxin 1AA at 4000 ppm was highly successful
with an 80% callusing although it was not statistically
different from other treatments except for NAA 600,
IBA 400 and 600 ppm (female), and IAA 6000 and
NAA 6000 (male). The treatments of the 2000 and
4000 ppm IAA were most effective for callusing of
male and female cuttings (Fig. 2).
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Rooting percentage

The cuttings’ ability to form roots was a reflection
of their ability to form callus. The greatest number
of female cuttings (80%) formed roots after treat-
ment with IAA at a concentration of 4000 ppm
(Fig. 3). After treatment with IBA 4000 or 6000,
approximately 20% and 10% of the female cuttings

took root and the female cuttings treated with NAA
6000 ppm did not take root at all. Male cuttings took
root in 70% after treatment with IAA 4000 and
6000 ppm, NAA 4000 and IBA 6000 ppm. Signifi-
cantly fewer cuttings rooted after the IAA 6000 ppm
treatment (20%) and after the 6000 ppm NAA treat-
ment (40%).
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Figure 2. The effect of auxins on the callusing percentage of female and male cuttings of L. elimense. Means followed

with the same letters do not differ significantly at p < 0.05
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Figure 3. The effect of auxins on the rooting percentage of female and male cuttings of L. elimense. Means followed

with the same letters do not differ significantly at p < 0.05
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Number of roots

The greatest number of roots on female cuttings
(over 30) was formed after the IAA treatment of
4000 ppm (Fig. 4). Similar results, from 15 to 20
roots, were obtained on female cuttings treated with
2000 and 6000 ppm 1AA, 2000 and 4000 ppm NAA
and 2000 ppm IBA. About 5 roots formed on female
cuttings treated with IBA 4000 and 6000 ppm. Male
cuttings rooted significantly less after treatment with
IAA 6000 ppm, NAA 6000 ppm, and IBA 6000 ppm
(from 2 to 6 roots). The remaining auxin combina-
tions produced a similar number of roots (14-17).
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Root length

The longest roots, from 85 to 102 mm, were
found among rooted female cuttings treated with
IAA and IBA of 2000 ppm (Fig. 5). Roots from
50 to 70 mm were produced on female cuttings
treated with NAA 2000 and 4000 ppm, while
those rooted after IBA 4000 and 6000 ppm treat-
ments were 18 to 30 mm long. The roots of the
male cuttings were generally longer than that of
the female ones, measuring from 60 to 100 mm;
only the roots after IAA treatment at 6000 ppm
were just over 20 mm.
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Figure 4. The effect of auxins on the root number of female and male cuttings of L. elimense. Means followed with

the same letters do not differ significantly at p <0.05
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Figure 5. The effect of auxins on the root length of female and male cuttings of L. elimense. Means followed with the

same letters do not differ significantly at p <0.05
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DISCUSSION

The best results of callusing of female and male
cuttings of L. elimense using IAA 4000 ppm are sim-
ilar to those obtained by Laubscher and Ndakidemi
(2008a) on L. laxum, a close relative of L. elimense.
According to Blythe et al. (2007) and Gouws et al.
(1990), auxins such as 1AA are absorbed within the
first seconds of application through the basal cut sur-
face of the cutting. It is further speculated that the
absorption of a proper amount of hormone depends
on species, and it is regulated by the time of exposi-
tion to auxin. For plant species difficult to root, an
adequate amount of auxin is absorbed in a longer
time and rooting is long-time process, which is what
has happened in this study. Proteaceae are known as
plants difficult to root, compared to several other
fynbos species. Ludwig-Miiller (2003) investigated
rooting potential in relation to peroxidase activity
and stated that difficult-to-root Protea showed
a higher peroxidase activity in the leaves and middle
stem parts, although there was no difference in the
uptake of IAA. It can mean that the proper hormone
amount is taken up faster in easy-to-root species
while difficult-to-root species need a longer period.
This could explain why callusing of L. elimense was
slow but increased over an extended rooting period
of 16 to 18 weeks.

In this study, the cuttings of the female gender
rooted the best with the use of IAA, with a maxi-
mum at 4000 ppm. The male cuttings accepted IBA
better, especially at 2000 and 4000 ppm. According
to reports of Perry and Trueman (1999) NAA should
be avoided as auxin for rooting of Conospermum
mitchellii to prevent the death of cuttings. Gouws et
al. (1990) reported that NAA resulted in tissue die-
back at the basal cut surface of Protea species. Sim-
ilar results were confirmed by Laubscher and Nda-
kidemi (2008b) in the experiment on the rooting of
L. laxum. Results from our study confirmed that
NAA is less effective in rooting of L. elimense and
should preferably be avoided. An optimal concen-
tration applied could be sufficient for root initiation
and development; however, over-optimal concen-
tration, especially in powder preparations, can cause
burning of the parenchyma tissue with delay in root-
ing and or death of the cutting (Janick 2007).

IBA has been reported as the most popular
auxin used for cuttings propagation with various de-
grees of success documented in Proteaceae. The
concentration IBA of 2000 ppm (Faruchi etal. 1997,
Reinten 2014) was recommended for rooting of
Leucadendron species, although most successful re-
sults for cone bushes were reported by Ben-Jaacov
and Silber (2006) using 2000 ppm of IBA. This
finding was later confirmed by Laubscher and Nda-
kidemi (2008b) with 1000 to 2000 ppm IBA as the
most significant in rooting for L. laxum; however,
they also confirmed that concentrations higher than
4000 ppm inhibit rooting of cuttings, which was
confirmed in our experiment for female cuttings.
Rodriguez-Pérez et al. (2001) reported that after 8
weeks of experimentation with IBA at 4000 ppm,
cuttings of L. cordifolium showed satisfactory re-
sults, while IBA at 2000 ppm showed the best re-
sults after 20 weeks. Pefia-Baracaldo et al. (2018)
had reported that IBA improved rooting signifi-
cantly in Leucadendron spp. and according to Ben-
Jaacov et al. (1986), the hormone IBA at 2000 ppm
should be used for best results in Leucadendron spe-
cies. However, the results from this study do not
agree with Rodriguez-Pérez et al. (2009) who found
that IBA at 4000 ppm gave the best rooting results
for the propagation of Protea hybrid ‘Susara’.

As reported by Pérez-Francés et al. (2001), the
cuttings of L. discolor and L. ‘Safari Sunset’ should
be treated with 4000 ppm of IBA for best results. On
the other hand, Laubscher and Ndakidemi (2008b)
found that IBA at 1000 ppm showed the best results
in the propagation of L. laxum whereas Worrall
(1976) and Seemann et al. (2013) found that
4000 ppm of IBA gave the best rooting results ini-
tially, but delayed toxicity has happened, therefore
treatment of 2000 ppm IBA was recommended.
Several studies on using IBA rooting hormone were
made, but the results were not always consistent.
This study found that IBA was the proper auxin to
use in rooting of male cuttings, especially at
2000 ppm, but not female cuttings, of L. elimense.

As can be seen from the above results, IAA at
4000 ppm consistently yielded the best results for
the female cuttings. These results support
Laubscher and Ndakidemi’s (2008a) studies, who
observed a significant difference in the root length
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and number of roots by IAA concentration. The male
cuttings did not show consistent results; the only
certain result was that IBA was the best hormone for
them in all concentrations with the exception of root
number, where 2000 ppm was better than other con-
centrations. In the previous research by Laubscher
and Ndakidemi (2008Db), it was shown that IBA at
concentrations of 4000 ppm and higher suppressed
rooting, and similar results were shown with all hor-
mones used in this experiment.

Due to availability and access to cutting mate-
rial, it was difficult to complete this experiment dur-
ing autumn, as was recommended as highly efficient
by Ben-Jaacov and Silber (2006), Brown and Dun-
can (2006), Malan (2012), and Reinten (2014). Alt-
hough the influence of seasons was not studied in
our experiment, it is interesting to note that the col-
lection of cuttings later in the season provided an
extended period for cutting propagation of Leuca-
dendron species.

CONCLUSION

This study established that L. elimense can be
successfully propagated vegetatively from cuttings
using IAA rooting hormone at a concentration of
4000 ppm. These results for this species would
greatly contribute to developing a cultivation proto-
col for L. elimense which could aid in saving the
species in its natural habitat and support restoration
ecology, as well as to introduce this species into the
flower market. Hence, future propagation of
L. elimense could be explored by using IAA hor-
mone of 4000 ppm concentrations for in-vitro cul-
ture purposes.
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