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Abstract 
 
Ornamental flowering plants are used worldwide for landscape design and as cut flowers. Most are imported from 
abroad and climatic conditions are different in their countries of origin. Although they produce seeds, these are often 
sterile and cannot germinate. Therefore, such species are multiplied vegetatively. In the present study it was 
investigated the propagation of two varieties of Mandevilla sanderi under the effect of three different rooting hormones 
(Incit 8, Radi-Stim® nr.1, Radi-Stim® nr.2), and two different rooting media (peat-perlite and peat). Untreated cuttings 
were considered as control. The results indicate that significant changes were obtained under the effect of the selected 
rooting stimulants, and that the rooting media did not influence the root initiation of the cuttings. Furthermore, no 
significant changes were observed on cuttings growth after transplantation. In conclusion, the current research shows 
that I8 and R2 increase the rooting of Mandevilla cuttings, and that the rooting media have no effect on the plants. 
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INTRODUCTION 
 
Floriculture is part of the horticultural industry 
and encompasses the production of flowering 
and ornamental plants for landscaping and 
floristry (Paiva, 2018; Wani et al., 2018). 
Floriculture in recent years has become the 
fastest growing industry in the commercial 
horticulture trades, due to people's rising living 
standards and demands (Manikas et al., 2020). 
With the increasing demand, flower nurseries 
need to find new and efficient/fast methods to 
propagate different species. 
The genus Mandevilla Lindl. belongs to the 
family Apocynaceae, and is native to the 
American continent, with 191 species (The 
Plant List, 2021). It includes flowering 
climbing/liana species, and some shrubby herbs 
or epiphytes (de Sales et al., 2006). Plants of 
this genus are beloved as ornamentals in pots or 
containers, and are excellent for indoors or on 
balconies decoration (Kozak et al., 2019; 
Kozak et al., 2021). Because of the beauty of 
their flowers, Mandevilla species, known as 
rock trumpets, are among the most widely 

cultivated ornamental plants worldwide 
(Cordeiro et al., 2012). 
Mandevilla sanderi (Hemsl.) Woodson (syn. 
Dipladenia sanderi Hemsl.), is known under its 
commercial name of “Brazilian jasmine” (Oder 
et al., 2016). At least 50 Mandevilla species are 
native to Brazil (Cordeiro et al., 2011; Favara 
et al., 2020). M. sanderi is a vine with funnel-
shaped pink, white or red flowers, blooming 
between late spring and fall. 
The species can be propagated by seeds, stem 
cuttings and also by micropropagation. Seed 
germination has the disadvantage that it 
requires favourable environmental conditions 
and seed-propagated plants may not retain the 
characteristics and genetics of the mother 
plants, and obtaining mature plants would take 
much longer. On the other hand, M. sanderi can 
be multiplied by micropropagation, with a high 
production rate of new plants (Cordeiro et al., 
2014a; Cordeiro et al., 2014b). However, this 
type of propagation requires laboratory 
equipment and is too expensive for smaller 
nurseries to purchase. Vegetative propagation 
ensures that all characteristics of the parent 
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plant are retained. The success of vegetative 
propagation is mainly affected by 
environmental factors, the quality of the 
growing medium and rooting hormones (Faust 
et al., 2014). 
Plant hormones are naturally present in plants, 
although in low concentrations, and are organic 
substances that influence the physiological 
process, thus influencing plant functions and 
development, such as rooting, fruit ripening 
and plant growth (Mirihagalla & Fernando, 
2020; Anfang & Shani, 2021), they may also 
have an effect on stomatal movement (Davies, 
2010). 
In floriculture, hormones are often used to 
stimulate root initiation of cuttings (Faust et al., 
2014), on the other hand this process provides 
the basis for clonal multiplication of plants 
(Druege et al., 2016). Adventitious root 
formation is a critical phase for the survival and 
development of unrooted cuttings (Koroch et 
al., 2002), and involves biological, 
morphological and even physiological changes 
(Geiss et al., 2009; Zhang et al., 2017). 
The present study investigated the influence of 
three rooting hormones commonly used in 
Romanian floriculture (Incit 8, Radi-Stim® nr. 
1 and Radi-Stim® nr. 2) and of different rooting 
media (peat-perlite and peat) on two                       
M. sanderi varieties. The influence of the 
hormones on rooting percentage, number of 
roots, root length, root volume was 
investigated, and their effect on the growth of 
plants, as only little information is available on 
this species vegetative propagation, especially 
with rooting hormones. We aimed to determine 
which rooting hormone and growth media are 
most suitable for the vegetative propagation of 
this species. 
 
MATERIALS AND METHODS 
 
Plant material and study site 
The experiment was carried out between 22 
March and 21 July 2021 in a commercial 
greenhouse with controlled temperature and 
humidity, located at Mureș County, Sărățeni 
(46°33’37.6” N 25°00’43.1” E). The mother 
plants were obtained from a local garden 
centre. Two varieties of Mandevilla sanderi 
were selected: ‘Classic Red’ (Red) - red 
flowers and ‘Classic White '16’ (White) - white 

flowers, both valuable as ornamental pot vines. 
The two varieties have medium-early flowering 
and are suitable for hanging pot cultivation. 
Apical cuttings were harvested from the mother 
plants and immediately immersed in the rooting 
hormones and planted in the specific growth 
media for each treatment. Humidity and 
temperature were measured using a Testo 
175H1 (Testo Romania, Cluj-Napoca, 
Romania). Recorded humidity during the 
experiment was 70-95%, and the average 
temperature 16.87 °C (Figure 1). 
 

 
Figure 1. Average humidity and temperature during the 

greenhouse experiment 
 
Growth media and rooting hormones 
As substrates a mixture of peat-perlite (PP) (50-
50%) and simple peat (P) were compared. The 
peat used in the experiment was Ageresti OÜ 
(Pärnu, Estonia). The pH of the substrate was 
5-6.5, the fraction between 0 and 20 mm, and 
N:P:K content 14:10:18. Yet, we have 
supplemented the N:P:K content with 50-           
260 mg/L of N, 50-260 mg/L P2O5, and 50-    
340 mg/L of K2O. The perlite granule size was 
6 mm. 
The selected rooting hormones for the 
treatments were Incit 8-I8 (0.8% 1–
Naphthaleneacetic acid) (AMVAC Chemical 
UK Ltd., Surrey, UK), Radi-Stim® nr. 1 - R1 
(CCDB Bios, Cluj, Romania), and Radi-Stim® 
nr. 2 - R2 (CCDB Bios, Cluj, Romania). 
Mandevilla cuttings without treatment were 
considered as control. The rooting hormones 
were selected because of their availability on 
the market for ornamental plants producers and 
for their successful use in previous studies for 
vegetative propagation (Panea et al., 1997; 
Vlad & Vlad, 2008; Jeberean & Bala, 2017; 
Vlad et al., 2019; Boboc et al., 2020). 
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Experimental design 
On 17 May 2021 the cuttings from the first 
experiment were transplanted into 0.3 L pots in 
the previously mentioned growth media (PP 
and P), plants from the second experiment were 
transplanted on 7 July similarly to the first. 
After transplantation the plants were watered 
alternately with tap water and Universol Green 
23-6-10 complex fertilizer (Holland Farming 
Agro SRL, Bucharest, Romania). 
 
Data evaluation 
Rooting percentage (% of the cuttings that 
developed at least one root), root volume (cm3), 
number of roots, root length (cm) 
measurements were collected on the day of 
transplantation in larger pots of the cuttings. 
The volume of the roots was determined by 
filling a test tube with water in which the 
cuttings were immersed, and the volume of 
water displaced was measured. For both 
propagation periods growth (cm) measurements 
were made on day 0 on day 15 after 
transplantation. 
 
Statistical analysis 
Data were analyzed using Past 4 statistical 
software (Oslo, Norway). Data were tested for 
normality of errors and homogeneity of 
variance. All data were normally distributed. 
The significance of the differences between the 
treatments was tested by applying ANOVA, at 
a confidence level of 95%. When the ANOVA 
null hypothesis was rejected, Tukey’s post hoc 
test was carried out to establish the statistically 
significant differences at p < 0.05. 
Bars in the figures represent the means ± SE (n 
= 30). Different lowercase letters above the 
bars indicate significant differences between 
treatments, and uppercase letters indicate the 
significant differences between the two–growth 
media (Peat-Perlite and Peat), according to 
Tukey’s test (p < 0.05). 
 
RESULTS AND DISCUSSIONS 
 
Rooting percentage 
The rooting percentage of the Mandevilla 
varieties was affected in different ways by the 
applied rooting hormones (Figure 2). Small 
increases were observed in the red flower 
variety (peat-perlite growth medium) in the 

first propagation, under the influence of I8 and 
R2, on the other hand an inhibition of rooting 
percentage was recorded in the cuttings under 
the R1 treatment. However, in the peat 
substrate, high increases were recorded under 
the hormone treatments compared to the 
control (Figure 2a). According to the results 
obtained in PP, a small inhibition was observed 
in plants subjected to rooting hormones, 
however, in the P substrate significant increases 
were detected in the I8 and R2 treatments 
(Figure 2b). Here too, an increase in cuttings 
was observed under treatment I8 in PP growth 
medium, but no significant differences were 
recorded in P (Figure 2c). In white Mandevilla 
cuttings (second propagation) high increases in 
all three rooting hormones were observed in 
PP, on the other hand there was no significance 
in P (Figure 2d). An increase in rooting 
percentage was observed in the second 
propagation period among the white 
Mandevilla controls (Figure 2d), the root 
fitness of the cuttings increased significantly in 
the peat substrate. However, in the other results 
no differences were found when comparing 
growth media. 
 

 
Figure 2. Influence of rooting stimulants (I8 - Incit 8;          

R1 - Radi-Stim® nr. 1; R2 - Radi-Stim® nr. 2) on rooting 
percentage of Mandevilla: (a) ‘Classic Red’ first 

propagation; (b) ‘Classic White 16’ first propagation;  
(c) ‘Classic Red’ second propagation; (d) ‘Classic White 

16’ second propagation 
 
Number of roots 
As expected, the root number was significantly 
affected by the rooting hormones (Figure 3). A 
high increase in cuttings was detected in PP 
under R2 compared to the control. On the other 
hand, the number of roots of Mandevilla in peat 
was strongly influenced by all three hormone 
products (Figure 3a). No significant differences 
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were determined between the control and the I8 
treatment, but R1 and R2 greatly increased the 
number of roots in the PP growing medium. On 
P substrate, in the first propagation period, the 
number of roots of white Mandevilla cuttings 
was significantly increased by I8 and R2 
hormones compared to the control (Figure 3b). 
In the second propagation period, the number 
of roots of red Mandevilla cuttings increased 
with I8 and R2 in peat-peat moss, however in 
peat significant differences were determined 
only in R2 (Figure 3c). Root number was 
greatly improved in the I8 treatment and in PP 
growth medium; no significance was observed 
in the other two treatments. A small inhibition 
of root number was recorded in R1/P compared 
to the control, also I8 and R2 increased root 
number, but by a small percentage (Figure 3d). 
Significant differences between growth media 
were observed in the second propagation period 
in the white cuttings (Figure 3d); in the peat 
substrate the number of roots was significantly 
higher than in peat-perlite only in the control 
and R2 treatments. 
 

 
Figure 3. Influence of rooting stimulants (I8 - Incit 8;          

R1 - Radi-Stim® nr. 1; R2 - Radi-Stim® nr. 2) on number 
of roots of Mandevilla: (a) ‘Classic Red’ first 

propagation; (b) ‘Classic White 16’ first propagation;  
(c) ‘Classic Red’ second propagation, (d) ‘Classic White 

16’ second propagation  
 
Root length 
Regarding root length, the hormones influenced 
the root growth in different ways, although in 
most cases their effect was positive (Figure 4). 
In the first propagation trial, rooting hormones 
increased the root length of the cuttings in all 
treatments/culture media compared to the 
control (Figure 4a). Root length of white 
cuttings was also positively affected under the 

treatments in both substrates; however, in the 
peat substrate no significant differences were 
found between control and R1 (Figure 4b). In 
the second propagation period, root length of 
red Mandevilla cuttings only increased in I8 
and R2 on PP growing media, and in peat under 
R1 and R2 treatments (Figure 4c). As for the 
white cuttings in the second propagation 
period, their root length increased significantly 
with all three hormones compared to the 
untreated ones in PP. However, only small 
increases were observed in the peat substrate 
between treatments, and R1 even decreased 
root length (Figure 4d). When comparing 
growth media, increases in root length were 
detected in red cuttings in the second 
propagation period (Figure 4c), but only in the 
R1 treatments; root volume increased greatly in 
peat growth media compared to peat-perlite. 
 

 
Figure 4. Influence of rooting stimulants (I8 - Incit 8; R1 
- Radi-Stim® nr. 1; R2 - Radi-Stim® nr. 2) on root length 

of Mandevilla: (a) ‘Classic Red’ first propagation;           
(b) ‘Classic White 16’ first propagation; (c) ‘Classic 

Red’ second propagation; (d) ‘Classic White 16’ second 
propagation. Bars represent the means ± SE (n = 30)  

 
Root volume 
As expected, root volume significantly 
increased in almost all treatments compared to 
control (Figure 5). In the first propagation 
experiment rooting hormones highly increased 
the root volume of the Mandevilla cuttings on 
both growth media (Figure 5a). Similar to the 
previous results significant differences were 
determined when comparing the treated and 
untreated cuttings (Figure 5b). Under our 
experimental conditions significant differences 
between the growth media were observed in the 
second propagation time: the red variety´s root 
volume considerably increased on peat-perlite 
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substrate in cuttings treated with I8 (Figure 5c) 
and that of white Mandevilla increased 
significantly on peat in the untreated plants 
(Figure 5d). No significant differences were 
found between the cuttings treated with R1 in 
PP, but the application of I8 and R2 highly 
increased the root volume. Although cuttings 
planted in peat showed an increased volume 
when subjected to the selected treatments 
(Figure 5c). In the white variety planted on PP 
growth medium, significant differences were 
determined when comparing I8 and R2 treated 
cuttings with the control, however in P only in 
the R2 treatment were found increments 
compared to the untreated cuttings (Figure 5d). 
 

 
Figure 5. Influence of rooting stimulants (I8 - Incit 8; R1 

- Radi-Stim® nr. 1; R2 - Radi-Stim® nr. 2) on root 
volume of Mandevilla: (a) ‘Classic Red’ first 

propagation; (b) ‘Classic White 16’ first propagation;  
(c) ‘Classic Red’ second propagation; (d) ‘Classic White 

16’ second propagation 
 
Growth 
It was observed that rooting hormones can 
influence growth only to a minor extent (Figure 
6). In the red Mandevilla cuttings from the first 
propagation experiment, only in the growth 
medium PP R1 did the growth of the cuttings 
increase significantly (Figure 6a). In the white 
cuttings, no significant differences were found 
in any of the treatments or growth media after 
15 days of observation (Figure 6b). In the case 
of red cuttings in the second propagation 
period, significant increases were only recorded 
in peat-perlite in the R2 treatment; no 
significant differences were determined in the 
other variants (Figure 6c). Similar to the 
previous results, no significant changes were 
recorded in PP, and in P only growth inhibition 

was observed in treatment I8 compared to 
untreated cuttings (Figure 6d). Comparing the 
results of the growth media, it can be stated that 
the growth of cuttings in peat-perlite exceeded 
that of cuttings planted in peat only (Figure 6d). 
 

 
Figure 6. Influence of rooting stimulants (I8 - Incit 8; R1 
- Radi-Stim® nr. 1; R2 - Radi-Stim® nr. 2) on growth of 

Mandevilla: (a) ‘Classic Red’ first propagation;           
(b) ‘Classic White 16’ first propagation; (c) ‘Classic 

Red’ second propagation; (d) ‘Classic White 16’ second 
propagation 

 
The results of the present study indicate that 
appropriate rooting stimulants can have a 
positive influence on the rooting of Brazilian 
jasmine. Rooting hormones can influence the 
rooting ability of different ornamental plants to 
obtain maximum percentage of rooted cuttings 
in a short period of time (Chaudhari et al., 
2018; Kumar et al., 2019; Kumar et al., 2020; 
Kaushik & Shukla, 2020; Sao, 2021). The 
addition of external hormones to unrooted 
cuttings can influence and accelerate the 
rooting process of the plants and may even 
influence plant growth. Rooting hormones 
application can improve recovery of the 
wounded surface, also can influence a rapid 
appearance of adventitious roots, which can 
highly increase the survival rate (Kentelky et 
al., 2021). 
Growth and development of plants are affected 
by different factors, among which rooting 
media is one of the most vital factors which can 
have a major role in the adventitious rooting 
appearance (Kumar et al., 2019). For proper 
rooting and growth, the substrate must provide 
water, supply nutrients, permit gas exchange 
and should also support the plant (Younis et al., 
2007; Waseem et al., 2013). Our findings 
indicate that the growth media in some cases 
induced changes in the measured parameters, 
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but no distinguishable results were found, so 
we cannot state that one of the substrates is 
more efficient than the other for the rooting 
process. Therefore, we can assume that for 
rooting of Mandevilla both types of growth 
media are optimal to be used for vegetative 
propagation. 
From our results, it can be concluded that the 
hormones enhanced the rooting percentage of 
the two Mandevilla varieties. However, it is 
important to mention that in the second 
propagation period in the peat growth medium 
there was no significant increase in the treated 
cuttings compared to the untreated ones. This 
could be explained by an effect of the planting 
substrate, with better peat retaining moisture 
better and ensuring a higher amount of 
nutrients for the unrooted cuttings. In a 
previous study Radi-Stim was reported to 
increase the rooting percentage of Campsis and 
Lonicera cuttings compared to another 
stimulator (Jeberean et al., 2016). 
The application of rooting stimulants increased 
the number of roots; however, I8 and R2 
induced greater increases than R1. In previous 
studies it was reported that Radi-Stim® nr. 2 
increased the number of roots of Laurus nobilis 
by 85% compared to the control (Vlad & Vlad, 
2008). Also, it was determined that 0.001% of 
1-Naphthaleneacetic acid clearly increased the 
rooting percentage of Ficus benjamina L. 
(Topacoglu et al., 2016). 
The data obtained show that rooting stimulants 
can have a clearly positive effect on the root 
length of Mandevilla cuttings. In our 
experimental conditions, I8 and R2 greatly 
increased root length in both varieties and 
propagation periods. On the other hand, the 
rooting hormone R1 did not report such a high 
increase, however in the first propagation 
period the red and white cuttings on PP 
substrate and in the second propagation 
experiment the red ones on P and the white 
ones on PP induced an increase in root length 
compared to the control. Previously Radi-Stim 
was found to positively influence the root 
length of Bougainvillea brasiliensis (Vlad et 
al., 2009). 
The root volume of the cuttings was affected by 
the rooting hormones used, especially in the 
first propagation period, where all three 

stimulants increased the root volume in the two 
varieties. In the second propagation period, on 
PP substrate, only I8 and R2 showed significant 
effects and on peat the two Radi-Stim products 
determined significant changes. A similar 
influence was observed in peat-perlite on white 
variety’s cuttings, although in peat only R2 
increased the root volume. Previous studies 
have also reported great increases in root 
volume under different stimulants (Asănică et 
al., 2017). 
From our results, it can be concluded that the 
rooting stimulator did not have strong effect on 
growth after 15 days. R1 increased the growth 
of the cuttings only in the PP growth medium 
in the red Mandevilla cuttings in the first 
propagation period. A positive influence was 
also observed in the second propagation period 
in the red cuttings in the same substrate, but in 
this case in the cuttings treated with R2. In the 
second propagation period of white cuttings in 
peat, an inhibition was determined in plants 
subjected to rooting hormone I8. Altogether, 
can be concluded that stimulants could have 
positive/beneficial effects on the rooting and 
survival rate of the cuttings (Nita & Iancu, 
2009; Ghosh et al., 2017; Kumar et al., 2020). 
 
CONCLUSIONS 
 
The present study provides data on the 
comparison of three rooting hormones and two 
rooting media on the propagation of two 
varieties of Mandevilla sanderi. According to 
the results, it can be concluded that Incit 8, 
Radi-Stim® nr. 1 and Radi-Stim® nr. 2 have a 
positive effect on rooting of cuttings, but 
mostly when cuttings were treated with I8 and 
R2. These two rooting stimulants had a greater 
effect on the rooting percentage of the cuttings 
and also on the other measurements. However, 
none of the applied treatments showed any 
effect on the growth of the cuttings. With 
regard to the growth media, it was found that 
peat-perlite and peat did not influence the 
initiation of the roots of the cuttings or their 
growth. Regarding the differences between the 
two varieties could be concluded that in most 
of the case both varieties recorded almost 
similar data, although the ‘Classic Red’ variety 
growth was above the ‘Classic White 16’. 
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