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1 Introduction well as treatment of the cuttings derived therein are
' important in adventitious root formation.

Rosa hybrida, a sign of love, grace, inspiration

and tscf>urce of egjoymelnt. Glft;?”y it isf one (}f thi physiologically mature stem may vary depending on
mos am_olus_ and popu a& cu Ol\éveL’ 0 ‘Egn' |cand their positions on the mother stem (Rakibuzzaman et
commercial Importance. Rootstocks have been used o "5018: Otiende et al., 2017; Saifuddin et al., 2013)

;(I) |mpro_v(|e dpergormalr)tce cgt.the dscnt)nlsugg l‘? ’\&Igc.)r_, and the variation has been attributed to changes in
ower yield and quality (Otiende et al., » A endogenous carbohydrate content, mineral nutrients,

eEt al, .|2.014)’| nt;t(;ilesnt Zt_atus (Alb_acete et Sal.,hZ?flS; juvenility factors (Otiende et al., 2017; da Costa et al.,
smaelli et al., ), disease resistance (Suchoff et 2013; Osterc et al., 2009), endogenous auxin, and

al, 20.15; Cante:o-Na:j\{a_rro etLa}I., 2?162)06‘1%%_%?0“6 other biochemical components, including phenolics,
to environmental conditions (Li etal., »Bhatt et oontribute as auxin modulators or rooting co-factors

al, 20.15)' Multiplication of _the rootstocks can be (da Costa et al., 2013; Osterc et al., 2009). Response
done either by seed or vegetative means. Among the of cutting position to rooting may also vary

vegetative means, stem cutting Is mostly _used_ to depending on the type of vegetative propagation used.
maintain clones and genetic purity. The physiological For instance in the self-rooting experiment, apical

and biochemical characteristics of the stock plant as cuttings yielded significantly higher rooting potential

Rooting potential of the cuttings from a
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as compared to the cuttings from bottom position of
rose rootstock (Otiende et al., 2017). However, in the
top grafting experiment, grafts on bottom position
cuttings of the same rootstock had better rooting
potential than grafts on apical cuttings (Otiende et al.,
2016).

In literature adventitious root formation is well
known to be directly linked to functions of auxin,
produced naturally in the plant or exogenously
applied. In any of these cases auxin is important for
formation of adventitious roots (Ahkami et al., 2013;
Wendling et al, 2015; Gudeva et al., 2017).
Moreover, auxin concentration regulates rooting
capacity of cuttings (Ahkami et al., 2013). Indole-3-
butyric-acid (IBA), biologically stable compound, is
the main form of auxin exogenously applied to the
cutting to promote rooting and subsequent root
system for better vigor of plants. Optimal
concentration of IBA is key to stimulate cell division
in the vascular cambium (Husen, 2012). Subsequent
formation of root primordial or stimulating
redistribution and mobilization of some auxin co-
factors towards base of the cuttings promotes root
formation. Auxins have been used to stimulate
adventitious root formation in a number of
horticultural plants and forest trees. The influence of
cutting position and application of rooting hormones
has been reported in own rooted cuttings of Stevia
(Rakibuzzaman et al., 2018), honey bush (Cyclopia
spp.) (Mbangcolo et al., 2013), grafted rose cuttings
(Otiende et al., 2016) and woody plant species.

Involvement of carbohydrates to adventitious
roots formation is mainly as carbon and energy
source, essential for cell divisions, formation of root
meristems (da Costa et al, 2013). These
carbohydrates may already be present in the cutting or
accumulated through photosynthesis during the
rooting period.

Ample reserve of initial carbohydrates in the
cutting is required to ensure sufficient energy supply
throughout the rooting period (Ruedell et al., 2013).
In an effort to enhance multiplication of rose
rootstocks, this study was designed to investigate the
effects of IBA concentrations and cutting position on
rooting potential of own rooted rose stem cuttings.
We hypothesized that the concentration of exogenous
auxins differentially affects rooting of different
cutting positions of rose rootstocks.
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2. Materials and Methods
2.1. Experimental Layout and Treatments

Stem cuttings of two Rosa cultivars, Progress and
Natal Briar were obtained from mother stock plants
(3 month-old) grown at Finlays Flowers Company,
Kericho, Kenya. Uniform vertical shoots (150 cm
each) were further divided into three equal positions
of top (TPC), middle (MPC) and bottom (BPC)
(Otiende et al., 2017). Each stem cutting from each
position measured 5-6¢cm long. These cuttings of two
rootstocks (Natal Briar and Rosa Progress) were
categorized into 3 cutting positions (TPC, MPC, BPC)
and exposed to 4 IBA concentrations (0, 0.2%, 0.4%
and 0.6%). These treatments were laid out in a
completely randomized design (CRD) with factorial
combination and performed in triplicate. Each
experimental unit had 20 potted plants. During
planting the basal ends of the cuttings were dipped in
appropriate IBA concentrations for 5 seconds before
being inserted into jiffy bags containing clean sterile
coccus with a PH of 6.5-7.5 and electrical
conductivity (EC) of 0.18-0.24mS/cm. The
experiment was set in a greenhouse equipped with a
misting and heating system at Harvest Flower
Company in Athi River, Kenya. Relative humidity of
>90%, temperature of 30-35°C (day time) and 22-
24°C (night time) and misting cycles of 10-30
minutes (day time) and 1-2 h (night time) were
maintained in the first 2 weeks after planting and then
gradually reduced to harden the plants. Light intensity
was maintained at 300 watts/m? throughout the
growing period. After 30-days experiment various
shoot, leaf and root parameters were recorded using
standard procedures, including leaf number, shoot
and weights, total root number, length, and weights,
shooting, rooting and survival percentages .

2.2. Carbohydrate Analysis

The stem cuttings of randomly selected six
unrooted cuttings were collected on the day of
planting and stored at -20°C to inhibit enzymatic
activity. Each stem cutting was separated into two
sections; original leaf and stem bases (1 cm).
Collected samples were ground, separately for each
treatment, to fine particles and homogenize using
Wiley mill (Moullnex AR II, China). Modified high
performance liquid chromatography (HPLC) method
was adopted to determine soluble carbohydrates
(glucose,  fructose  and  sucrose)  through
chromatographic separation and using collected
samples (59 each) (Otiende et al., 2017; Rybak-
Chmielewska, 2007).
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Table 1. Interactive effect of rootstock and cutting position on shoot and root growth parameters of Rosa

hybrida rootstocks

Rootstock Cutting  Shoot Leaf Shoot Root Total Root Percent Percent Percent
Position  height number dry number root dry rooting  shooting survival
(cm) weight length weight
(9) (cm) (9)
‘Rosa Top 14.12 19.60 0.08 18.90 1104 0.07 94.9 94.3 93.6
Progress’ Middle 15.39 19.40 0.07 19.35 108.8 0.05 89.0 89.3 87.6
Bottom  7.37 13.47 0.05 11.45 64.2 0.04 71.0 74.6 69.2
‘Natal Top 2.57 7.85 0.13 14.80 92.6 0.12 87.5 85.6 82.2
Briar’ Middle  1.49 8.13 0.05 11.87 78.3 0.08 90.3 68.7 66.1
Bottom  1.27 7.38 0.04 9.04 57.0 0.03 76.2 60.8 55.7
LSD 2.45** 3.01* 0.02**  2.63* NS 0.02** NS 7.56** NS

LSD, least significant difference of means; *, significant at p < 0.05; **, significant at p < 0.001; NS, Not significant

Ethanol (40ml, 96%) was used to extract
carbohydrates from cuttings and subsequent
centrifugation (13,800 rpm for 20 minutes). The
extracts were then filtered through Whatman No. 2
filter paper then reconstituted with 50% v/v HPLC-
grade acetonitrile in water. The analysis by HPLC
(CBM-20A, Shimadzu, Japan) was performed under
isocratic conditions and room temperature (251 °C).
Stem sugars, at each cutting position, were identified
by using Autosampler (SIL-20A, Shimadzu, Japan)
and refractive index detector, by comparing retention
times of individual carbohydrates.

2.3. Statistical Analysis

A three-way analysis of variance (ANOVA) was
done using GENSTAT statistical package. Mean
separation was done using Fisher’s least significant
difference (LSD) at 5% significant level.

3. Results

3.1. Effects of cutting position on growth
parameters of Rosa hybrida rootstocks

The interaction of rootstock and cutting position
was significant and all the shoot and root growth
parameters measured increased acropetally in both
rootstocks with TPC having higher growth
performance than BPC (Table 1).

3.2. Effects of auxin treatment on growth
parameters of Rosa hybrida rootstocks

Auxin treatment significantly promoted the root
formation (Table 2) than the control in both
rootstocks. Among the IBA treatments, 0.6% IBA
exhibited higher root number than 0.2%IBA and
0.4%IBA in Natal Briar. However, IBA application
on Rosa Progress could not produce significant effect.

Table 2: Effects of interaction of rootstocks and IBA concentrations on rooting of Rosa hybrida

Parameter Rootstock IBA concentration (%)
0 (control) 0.2% 0.4% 0.6% LSD Values

Root number Rosa Progress 10.38 18.78 17.33 19.78 4.07*
Natal Briar 7.67 11.6 12.12 16.22

Total Root length Rosa Progress 70.2 101.4 100.6 105.8 NS
Natal Briar 39.4 90.5 78.6 106.3

Root dry weight (g) Rosa Progress 0.06 0.05 0.04 0.06 0.02*
Natal Briar 0.05 0.08 0.09 0.08

Root fresh weight (g) Rosa Progress 0.54 0.64 0.65 0.68 0.11*
Natal Briar 0.41 0.69 0.72 0.77

DRW:DSW Rosa Progress 0.20 0.18 0.20 0.21 0.04*
Natal Briar 0.18 0.23 0.28 0.25

Rooting percentage Rosa Progress 89.1 85.2 80.0 85.6 11.18*
Natal Briar 824 75.9 93.3 87.0

Percentage survival Rosa Progress 72.2 67.6 69.3 70.1 15.09*
Natal Briar 54.0 35.2 535 40.0

Shooting percentage Rosa Progress 94.8 84.1 80.0 85.4 12.34*
Natal Briar 86.1 57.0 81.5 62.2

Shoot height Rosa Progress 10.01 12.03 13.11 14.03 NS
Natal Briar 2.30 1.26 222 1.33

Shoot dry weight Rosa Progress 0.04 0.08 0.08 0.07 NS
Natal Briar 0.05 0.08 0.08 0.08

LSD, least significant difference of means; *, significant at p < 0.05; NS, Not significant.
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Table 3: Effects of IBA concentration on rooting Rosa hybrida rootstocks

Parameter

IBA concentration (%)

0 (control) 0.2% 0.4% 0.6% LSD Values

Root number 9.02 15.19 14.73 18.0 2.15*
Total Root length (cm) 54.8 90.5 89.6 106.1 12.77*
Root dry weight (g) 0.05 0.07 0.07 0.07 NS

Root fresh weight (g) 0.48 0.69 0.72 0.77 0.11*
DRW:DSW 0.19 0.21 0.24 0.25 0.03*
Rooting percentage 85.7 80.6 86.7 86.3 NS

Shooting percentage 90.5 70.6 80.7 73.8 8.73*
Percentage survival 834 69.4 77.8 72.3 8.01*
Shoot dry weight (g) 0.05 0.08 0.08 0.08 0.02*

LSD, least significant difference of means; *, significant at p <0.05; NS, Not significant.

No significant interaction effect of rootstock and
auxin was noted for total root length (Table 2),
however, the main factor of auxin was significant
(Table 3). The total root length increased from the
control to 0.2%IBA and 0.6%IBA. The total root
length of 0.4% IBA treated cuttings was not
significantly different from 0.2%IBA treated cuttings.
The control had significantly lower root dry weight
(Table 2) than IBA treated cuttings in Natal Briar,
however, no significant difference was noted among
the IBA treated cuttings. In Rosa Progress, 0.4%IBA
exhibited lower root dry weight than 0.6%IBA treated
cuttings. Among the IBA treated cuttings, 0.4%IBA
had significantly higher rooting percentage than
0.2%treated cuttings but not significantly different
from the control and 0.6%IBA treated cuttings in
Natal Briar (Table 2).

The root dry weight to shoot dry weight ratio
(RDW: SDW) was significantly higher in the auxin
treated cuttings than the control. Among the auxin
treated cuttings, application of 0.4% auxin
concentration had higher RDW: SDW than 0.2%IBA
treated cuttings (Table 3). Percent rooting and
survival were not significantly different among the
treatments in Rosa Progress though, the control had
high rooting and survival percentages (Table
2).Percent shooting was significantly higher in the
control than 0.4% IBA treated cuttings but not
significantly different from the other IBA treated
cuttings in Rosa Progress. In Natal Briar, 0.2%IBA
treated cuttings exhibited significantly lower
percentage shooting and survival than the control but
not significantly different from 0.6%IBA treated
cuttings (Table 2). The shoot height and shoot dry
weight were not affected by the auxin concentration
in both rootstocks (Table 2).

Table 4. Interactive effect of rootstock and cutting position on carbohydrate level (%) of the leaf on stem

cutting at the time of planting

Parameter Rootstock Cutting position Rootstock | LSD values
Top Middle Bottom  Means

Fructose Rosa Progress 0.46 0.59 0.47 0.51 Rootstock 0.12*
Natal Briar 1.47 0.56 0.24 0.76 Position 0.15**
Mean 0.97 0.59 0.36 Rootstock x position 0.21**

Glucose Rosa Progress 0.47 0.57 0.38 0.47 Rootstock 0.10*
Natal Briar 1.22 0.54 0.28 0.68 Position 0.12**
Mean 0.85 0.55 0.33 Rootstock x position 0.17**

Sucrose Rosa Progress 1.29 0.78 0.35 0.81 Rootstock 0.21**
Natal Briar 0.60 1.95 0.63 1.06 Position 0.17*
Mean 0.94 1.36 0.49 Rootstock x position 0.29**

LSD, least significant difference of means; *, significant at p < 0.05; **, significant at p < 0.001; NS, Not significant.
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Table 5. Effects of rootstock cultivars and cutting position on carbohydrate level (%6) of the stem base of stem
cutting at the time of planting

Parameter  Rootstocks Cutting position Rootstock | LSD values
Top Middle  Bottom Means
Fructose Rosa Progress 0.75 1.13 0.84 0.91 Rootstock NS
Natal Briar 0.70 0.85 0.85 0.78 Position 0.16*
Means 0.72 0.99 0.84 Rootstock x position NS
Glucose Rosa Progress 0.72 0.83 0.76 0.76 Rootstock NS
Natal Briar 0.8 0.78 0.76 0.78 Position NS
Means 0.76 0.8 0.76 Rootstock x position NS
Sucrose Rosa Progress 0.04 0.01 0.04 0.03 Rootstock NS
Natal Briar 0.06 0.04 0.04 0.05 Position NS
Means 0.05 0.03 0.04 Rootstock x position NS

LSD, least significant difference of means; *, significant at p <0.05; NS, Not significant.

3.3. Carbohydrate levels in the leaf and stem
base of the stem cuttings at the time of planting
as influenced by rootstock cultivars and cutting
position

Rootstock cultivars, cutting position and their
interaction produced significant effect on fructose,
glucose and sucrose level in the original leaf at the
time of planting (Table 4). In case of Natal Briar’,
concentrations of fructose and glucose showed
significant decreasing trend vertically from TPC to
the BPC. Interestingly, sucrose level was significantly
higher in MPC of Natal as compared to both TPC and
BPC (Table 4). Glucose level in BPC of Rosa
Progress was significantly lower than the MPC.
However, the glucose level of the TPC was
statistically at par with that from the MPC and BPC
(Table 4).

The sucrose level significantly decreased from the
TPC to the BPC in Rosa Progress. Fructose levels of
the three cutting positions were however, not
significantly different from each other in Rosa
Progress. Irrespective of cutting position, leaves of
Natal Briar had significantly higher fructose, glucose
and sucrose level than those of Rosa Progress (Table
4). In the stem base of the cuttings, the cutting
position significantly influenced the fructose content
and the MPC exhibited significantly higher fructose
content than the TPC (Table 5). However, the
fructose content of the BPC was not significantly
different from the other two positions (Table 5). The
cutting position however, had no significant effect on
the glucose and sucrose contents in the stem base of
the cuttings (Table 5).

4. Discussion

4.1. Effects of cutting position on growth
parameters of Rosa hybrida rootstocks

The acropetal increase in growth has been
associated with juvenility factors (Wendling et al.,
2015; Ahkami et al., 2013), endogenous root
promoting substances from the terminal buds (Osterc
et al., 2016) and high soluble carbohydrates, nitrogen
and zinc in the stem cutting (Otiende et al., 2017).

4.2. Effects of auxin treatment on growth
parameters of Rosa hybrida rootstocks

Auxin treatment had a promotive effect on rooting
potential (root number, fresh and dry weights of roots,
RDW: SDW and rooting percentage) of both
rootstocks. The promotive effect was more
pronounced in Natal Briar than Rosa Progress (Table
2). Auxin is believed to be an effective inducer of
adventitious root formation (Pacurar et al., 2014,
Rasmussen et al., 2015). Exogenous auxin application
stimulates cell differentiation, promotes starch
hydrolysis and involve in relocation of nutrients and
sugars to the cutting base. All these steps ultimately
promote rooting (Atangana et al., 2011).
Accumulated auxin concentration, exogenous and
endogenous, regulates the divisions of very first root
initials (Kochhar et al., 2005). Application of auxin
promotes the rooting of cuttings in roses and Malus
spp. (Hartman et al., 2011) and increases the number
of developing adventitious roots on cuttings (Ezekiel,
2010). The fine roots produced in stem cuttings are
capable of absorbing relatively more water and
minerals due to the increment of root surface and root
—soil interaction (Stokes et al., 2009). The increase in
root length observed in the IBA treated cuttings
(Table 3) could be attributed to metabolite
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accumulation at the site of application of auxins, cell
enlargement, enhanced hydrolysis of carbohydrates
which provides energy for meristematic tissues of
roots (Ezekiel, 2010), synthesis of new proteins and
cell division induced by the auxins (Shan et al.,2012).
Azad et al., (2016) and Babu et al., (2018)
demonstrated that IBA has an important role in the
development of adventitious roots, improving quality
of roots and increasing root biomass.

The rooting percentage modified significantly
depending on concentration of applied hormone
(Elhaak et al., 2015; Sevic and Guney, 2013). Among
the IBA treated cuttings, 0.4% IBA exhibited
significantly higher rooting percentage than 0.2%IBA
treated cuttings in Natal Briar (Table 2). Percent
rooting and survival were not significantly different
among the treatments in Rosa Progress though, the
control had high rooting and survival percentages
(Table 2). Sevic and Guney (2013) and Asl et al.
(2012) also reported comparable results for both the
auxin treated cuttings and the control in Melissa
officinalis and Bougainvillea species respectively.
Percent shooting was significantly higher in the
control than 0.4% IBA treated cuttings but not
significantly different from the other IBA treated
cuttings in Rosa Progress (Table 2). It is possible that
the cuttings of the rootstock Rosa Progress had
sufficient amount of endogenous auxins to facilitate
adventitious root formation or the concentration of
exogenously applied IBA was slightly higher thus
slowing adventitious root formation. In Natal Briar,
0.2% IBA treated cuttings exhibited significantly
lower percentage shooting and survival than the
control but not significantly different from 0.6% IBA
treated cuttings. Percentage shooting was dependent
on the number of cuttings which produced shoots.
Whereas, the survival was based on the number of
cuttings that had both roots and shoot. Root and shoot
growth are interrelated as they depend on the
photoassimilates from the leaves and hormones
especially cytokinins and auxins from the roots and
shoot respectively. Both cytokinin synthesized in the
roots (Nordstrom et al., 2004) or locally in the node
bearing the bud (Xu et al., 2015) regulates the bud
outgrowth. After stem decapitation, indole-3-acetic
acid (IAA) suppresses the genes involved in synthesis
of cytokinins in the node terminates, causing the
increased levels of cytokinins (Muller et al., 2015; Xu
et al., 2015). Hence the presence of endogenous
cytokinin in the stem tissues (Wroblewska, 2013)
with the addition of auxin into the basal ends might
have eventually promoted the formation of shoot
from the cuttings.
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Accelerated root formation in Schefflera cuttings,
resulted in early onset of axillary bud growth (Hansen
and Kristensen, 2006). The promotive effect of auxin
on the vegetative growth can be attributed to the
enhanced rooting percentage and root growth on the
auxin treated cuttings which has higher potential of
water and nutrients uptake from the growing medium.

4.3. Carbohydrate levels in the leaf and stem
base of the stem cuttings at the time of planting
as influenced by rootstock cultivars and cutting
position

Being photosynthetically active, the original leaf
act as the key source of carbohydrate supply. In
addition, it also provides indole-acetic acid, organic
nitrogen, vitamins and rooting co-factors, needed for
rooting. The carbohydrate (glucose, fructose and
sucrose) level increased acropetally in the rootstock
Natal Briar with BPC leaves (Table 4) recording
lower levels than TPC leaves and this was related to
high root-shoot growth responses in TPC (Tables 1).
Carbohydrates, being rich source of energy and
carbon, promote formation of adventitious roots,
mainly by triggering cell division, establishment of
the new root meristems and root formation itself (da
Costa et al., 2013). The original leaf of single-node
soft wood cuttings has a strong effect on survival and
rooting success (Thomas and Schiefelbin, 2004) and
the growth of the primary shoot and axillary bud of
cuttings depends on the assimilate supply from the
subtending leaf (Thomas and Schiefelbin, 2004).

In rose plant, ample supply of carbohydrates by
the leaf ensures axillary bud outgrowth (Van Labeke
et al., 2001). Sucrose promotes auxin export out of
the bud which has been associated with bud
outgrowth (Barbier et al., 2015; Mason et al., 2014)
possibly due to increased levels of cytokinins. This
explains the enhanced shoot growth in the TPC.

The stem can be a potential energy source energy
or a storage buffer, through the reserves accumulated
prior severance, contributing to growth and
maintenance of the roots or the primary shoot (Costa
and Chall, 2002). Moreover, it also act as sink for
photoassimilates from the leaves, mainly due to its
respiratory activity (maintenance and growth), storage
capacity and little photosynthetic activity. The
carbohydrate levels in the cutting tissues is affected
by the initial carbohydrate reserves (Druege et al.,
2004) and the current carbon assimilation during
rooting by photosynthetic activities (Rapaka et al.,
2005). At the time of severance, the carbohydrate
content of the stem base of the three positions was not
significantly different for sucrose and glucose except
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for fructose that was significantly higher in the MPC
than TPC of both rootstock cultivars (Table 5).

The high carbohydrate reserves at the time of
severance observed in the leaves located at TPC and
MPC of both rootstock cultivars (Table 4). Potentially
it will ensure continuous supply of carbohydrates to
the stem base during formation of adventitious roots
(Otiende et al., 2017), which recorded lower levels of
sucrose (Table 5). Leaf sugar concentration at
planting time, particularly sucrose, is vital for
subsequent formation of adventitious roots in
pelargonium cuttings. Because it will ensure
carbohydrate supply to the stem bases, site of rooting
(Druege et al., 2004; Rapaka et al., 2005). Sucrose is
usually hydrolyzed into its constituent
monosaccharides (fructose and glucose) by the
increased activities of cell wall invertase or decreased
activities of vacuolar and cytosolic invertases before
it can be utilized in metabolic processes (Kerner et al.,
2000; Ahkami et al., 2009).

The acropetal increase in rooting percentage
recorded in both rootstock cultivars (Table 1) could
be attributed to the high carbohydrate content of the
apical leaves at the time of severance in addition to
other rooting factors such as mineral nutrition
(Otiende et al., 2017) auxins and co factors. The low
carbohydrate content of the BPC leaf (Table 4) could
be due to declined rate of photosynthesis with
increasing leaf age.

5. Conclusion

The carbohydrate content of leaf on the cuttings at
the time of severance is important for rooting stem
cuttings of the two rootstocks and the bottom position
cuttings with low carbohydrate content had the least
rooting percentage. Auxin treatment also promoted
rooting of the stem cuttings. Further studies can be
done to examine the endogenous levels of auxins and
rooting co factors that favored rooting in non-IBA
treated stem cuttings of Rosa Progress.

List of Abbreviations:

ANOVA, Analysis of Variance; BPC, bottom
position cutting; DAAD, Deutscher Akademischer
Austausch Dienst (German Academic Exchange
Service); EC, electrical conductivity; GENSTAT-
General Statistics software package; HPLC, High
Performance Liquid Chromatography; IBA, Indole-
butyric acid; NACOSTI- National Commission for
Science, Technology and Innovation, ; MPC, middle
position cutting; RDW: SDW-Root Dry Weight to
Shoot Dry Weight ratio,. TPC, top position cutting.
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