
Volume 19(2), 87- 92, 2015 
JOURNAL of Horticulture, Forestry and Biotechnology 

www.journal-hfb.usab-tm.ro 

87 

Medicinal plants propagation development on pilot substratum 
observed with open source cad software’s 
 
Singureanu V.1, Sestraş R.1, Moldovan G.1, Ungur Rodica2, Onac I.2, Singureanu Victoria3 
 
1
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 3-5 Mănăştur Street, Romania; 

2
Iuliu Haţieganu University of Medicine and Pharmacy Cluj-Napoca, Babeş Street, No. 8, Romania; 

3
Rehabilitation Clinical Hospital Cluj-Napoca, Viilor Street, No. 46-50, Romania 

 
 *Corresponding author: singvalentin@gmail.com 
 
Abstract       In order to produce constant medicinal plants yields, the nursery 
sector must be diversified and directly related to producer needs. The paper 
focuses on new propagation approaches of medicinal plants on reusable 
organic substrate (water retaining starch polymers + granular perlite mixture 
2:4). The experimental propagation method consisted in edge cutting usage 
due to its genotypic conservation. The experimental plot was emplaced in a 
standard greenhouse located in U.S.A.M.V. Cluj-Napoca between 4.09.2014 - 
9.10.2014 considering it as research extension study on the same biological 
material in 2013. The experimental plot design was a 3 factor randomized plot 
with 4 replications as follows: biological material: Salvia officinalis L.- control, 
Mentha × piperita L. and Rosmarinus officinalis L.; propagation substratum: 
perlite (control) and water retaining starch polymers + granular perlite mixture 
2:4); shading method: unshaded experimental variants (control), shaded 
experimental variants. Environmental factors were observed in dynamic with a 
digital multimeter that recorded light intensity (lux), light spectophotometry, 
environmental temperature (

0
C), substrate temperature (

0
C) and relative 

humidity (%). At the end of the experiment, cuttings where photographed and 
imported in specific open source 3D software that helped the research team 
to investigate level of development generating an accurate 3D model of the 
cutting with a specific color diffusion map. Overall biological materials reacted 
different to types of substratum used: unshaded experimental variants 
propagated on water retaining starch polymers + glanural perlite mixture 2:4 
at Mentha × piperita L. obtained 100% rooting propagation; Rosmarinus 
officinalis L. and Salvia officinalis L. obtained optimum rooting percent on 
unshaded experimental variants propagated on perlite substratum. Even if 
water retaining starch polymers where used in a perlite mixture for oxygen 
permeability reasons, secondary roots suffered from water excess and lack of 
oxygen. The shading material reduced the light, reducing the propagation rate 
on Rosmarinus officinalis L. and Salvia officinalis L.   
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During the past years fluctuations of the international 

aromatic and medicinal plant market increased sharply 

involving trades between European and non-european 

countries. During 1995-2014 the traded amount of 

aromatic and medicinal plants raised, negatively 

correlated with the price/t in US$ [14]. Countries like 

Japan, China, USA play a key role in setting trade 

fluctuations on the market. Developing countries like 

Romania can benefit from the aromatic and medicinal 

plant trade market, related to their climatic conditions, 

less expensive labor force and tradition in cultivating 

aromatic plants. On the other hand our country needs to 

meet up the following requests: 

- poor harvesting (indiscriminate) and post-harvest 

treatment practices;  

- lack of research on development of high-yielding 

varieties, domestication, etc.;  

- inefficient processing techniques leading to low 

yields and poor quality products;  

- poor quality control procedures [10, 4];  

- lack of research and development on product and 

process development [6, 9];  

- difficulties in marketing;  

- lack of local markets for primary processed products; 

and  

- lack of access to latest technological and market 

information [3].  

 Economical survey of U.N. Comtrade 

statistics department show that exported value in 

thousand US dollars of medicinal plants in the world 
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was 4213145 (2014), 3399349 (2013) with a positive 

difference of 813796 thousand dollars [15]. In 

Romania, the export income generated by medicinal 

plant is rising with an amount of 3014 thousand dollars 

in 2013 [12]. 

 The cost prices for dried medicinal plants 

speak for themselves, for example, dried peppermint 

leaf costs approximately 1$ per 50g; liquid extracts are 

about 7$ per 50g. Enteric-coated peppermint oil 

capsules cost approximately 9$ for 60 capsules [11, 

13]. 

In general medicinal and aromatic plants are harvested 

for their esential oil content [5, 1].   

 Regarding the mentioned above aspects the 

paper illustrates an improved study of propagation 

method for aromatic and medicinal plants as an 

extension of the 2013 study [11]. The goal of the 

experimental design was to improve propagation 

substratum by replacing peat with water retaining 

starch polymers in different mixture ratios. After 

establishing a proper propagation method the research 

sector keen on medicinal and aromatic plants can set 

it's focus point upon marketing strategies.  

 
Materials and Methods 

 
The experimental plot was emplaced in a 

standard greenhouse located in Cluj-Napoca, Romania. 

The experimental plot duration spread between 

04.09.2014-09.10.2014. 

The experiment is a 3 factor randomized plot 

with 4 repetition as follows (Fig. 1).

 

 

 

 
 

Fig. 1. Experimental factors graduation (original) 

 

 

Each experimental variant consisted in 18 edge 

cuttings. All the cuttings where prevailed from the 

Botanical Garden of USAMV Cluj-Napoca. For the 

perlite substratum, we used granular perlite with a 

medium diameter of 1.5-3 mm. The water retaining 

starch polymers has represented by 15 g of raw 

material that cumulated 7000 ml of water (fig. 2).

 

 
 

Fig. 2. Development stages of water retaining starch polymers (original) 

 

 

The shading material is represented by a standard green 

plastic woven material with a light reflection capacity 

of 35%. During the experiment, environmental factors 

where observed in dynamic with a digital multimeter 

that recorded: light intensity (lux), environmental 

temperature (
0
C), substrate temperature (

0
C) and 

relative air humidity (%).  At the end of the experiment 

cuttings, where photographed and imported in specific 

3D software (ImageJ + SketchUP) that helped the 

research team to investigate level of cutting 

development reporting an accurate 3D model of the 

cutting with a specific color diffusion map [7]. 

 With the help of the mentioned above 

software solution we could establish automatically the 

following growth and development parameters: 

 - cutting length (cm); 

 - average root length (cm); 

 - total cutting length (cm); 

 - root system area (cm
2
); 

 - root system perimeter (cm); 

 - root system development on x radius (cm); 

 - root system development on y radius (cm); 

 - average number of leaves; 

Results and Discussions 

 

 
In order to assure optimum propagation 

conditions for the cuttings, environmental conditions 

inside the greenhouse where observed on decades and 
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divided by category: relative humidity (%), 

environmental temperature (
0
C), substrate temperature 

(
0
C) and light intensity (lux). For each determination 

point all the experimental factors presented above were 

recorded at 9 AM and 14 PM. 

 

 

 
 

Fig. 3. Relative air humidity observed in dynamic (original) 

 

The goal of this monitoring stage was to 

keep the average relative air humidity bellow 50%, in 

order to reduce the incidence of pest and diseases.  

The relative air humidity recorded the 

highest values at 9 PM in 10.09.2014 (55.03%) and 

08.10.2014 (49.20%). Relative air humidity outside the 

greenhouse reacted synergic to relative air humidity 

inside the greenhouse. Overall the relative air humidity 

was constant as average during the experimental 

procedure with average values of 44.16% at 9 AM and 

34.99 at 14 PM (Fig. 3). Therefore, we concluded that 

environmental conditions where in standard 

parameters.  

At 9 AM temperature of the greenhouse 

influenced substratum temperatures in the following 

order: starch polymer + perlite (2:4) substrate - shaded 

(10.86 
0
C), followed perlite substrate - shaded (11.87 

0
C). Minimum ambiental temperatures inside the 

greenhouse are observed between 23.09.2014 - 

06.10.2014 (17.30 
0
C). (Fig. 4).

 

 

 
 

Fig. 4. Temperature correlation between environment and substratum at 9 AM (original) 

 

 

The environment temperature directly influenced 

substratum temperature. Quantifiable data extracted 

from fig. 4 suggest that the substratum recipe reacted 

different to temperature conditions and light intensity: 

all the shaded experimental variants recorded lower 

substrate temperatures due to light intensity reduction 

and diminishing temperature;  starch polymer + perlite 

(2:4) shaded experimental variants recorded lowest 

temperature substratum due to their strong hold water 

capacity acting as a temperature regulator when sun 

rays are present or absent. 

 In dynamic the same conclusion can be 

applied to 14 PM temperature readings (fig. 5.). 

Identical temperature correlation where observed for 

the 14 PM readings, where the same substrates recipes 

recorded the lowest temperature values.
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Fig. 5. Temperature correlation between environment and substratum at 14 PM (original) 

 

 

Light intensity recorded in dynamic, above and under 

the shading material is present in figure 6. The main 

goal of the shading material was to reduce the water 

stress for the cuttings assuring optimum 

evapotranspiration. The shading material reacted as 

expected to environmental conditions reducing the 

light intensity with an average of 30% as shown by 

manufacturer. Figure 6 illustrate the light intensity 

reduction factor for the shaded experimental variants at 

9 AM (Fig. 6 - a) and 14 PM (Fig. 6 - b). Light 

intensity spreading charts where made with a help of a 

digital spectrophotometer that cumulated all the light 

intensity values and divided them by category.

  

 

 

 
Fig. 6. a) Light intensity recordings at 9 AM and light spreading capacity; b) Light intensity recordings at 14 PM and 

light spreading capacity 

 

At 9 AM (Fig. 6 - a) the light intensity spreading chart 

reports that most of the light intensity is situated 

between 5000-10000 lux. In dynamic the light intensity 

for 14 PM is situated between 10000-15000 lux (Fig. 6 

- b) enough for an optimum rooting percent [8, 2]. 

At the end of the experiment all cuttings where 

extracted from substrate, labeled, photographed and 

biometric determined in free software solutions (Image 

J + SketchUP) (fig. 7). 
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Fig. 7. Experimental stages of biometric determinations: a) photo enhancing for root detail upon area and perimeter 

development; b) 3D molding of the root system for observing volumetric properties; c) heat map of the 3D root system; 

d) biometric properties of the 2D cutting (original) 

 
 

Regarding the experimental variants represented by 

Mentha × piperita L. the highest rooting percent 

(100%) was obtained by Mentha x piperita L. starch + 

perlite unshaded and Mentha x piperita L. starch + 

perlite shaded experimental variants. Focusing the 

mentioned above aspect was observed that high 

perimeter and root area development assured optimum 

propagation of Mentha x piperita L. The improved 

substrate starch + perlite (2:4) represented optimum 

solution for these species propagation in shaded and 

un-shaded conditions outgoing the standard perlite 

substratum (fig. 8). 

 Substratum recipe influences experimental 

factors propagation. In the experimental case of 

Rosmarinus officinalis L. and Salvia officinalis L., 

perlite substratum assured optimum rooting percent as 

fallows: Rosmarinus officinalis L. perlite unshaded  

(72.22%), Rosmarinus officinalis L. perlite shaded 

(72.22%), Salvia officinalis L. perlite unshaded 

(88.88%), Salvia officinalis L. perlite shaded (61.11%). 

Observing figure 8 we can conclude that root number 

influences cutting development, directly related to 

affinity for different substrate recipes.

 

 
Fig. 8.  Rooting percent of experimental variants in different substrate recipes (original) 
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Conclusions  
  

 From the biological material point of view, 

Rosmarinus officinalis L. and Salvia officinalis L. 

obtained the highest rooting percent on perlite 

substrate, regarding the shading method. 

 Regarding the propagation on water retaining 

starch polymers + perlite, was observed that secondary 

roots suffered from water excess and lack of oxygen on 

Rosmarinus officinalis L. and Salvia officinalis L., 

creating roots prior to the collar with an positive 

tropism seeking for oxygen. It seems that in this 

experimental factor case the rooting substratum must 

be improved by perlite fraction increase.  

 Water retaining starch polymers must be used 

as propagation substratum only as constitutive element 

besides another compound. This conclusion opens new 

frontiers for further research studies and substrate 

research recipes. 

Mentha x piperita L. reacted positive to water retaining 

starch polymers + perlite substrate assuring maximum 

rooting percent in shaded and un-shaded experimental 

variants. 
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