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Досліджено фактори, які впливають на ефективність коренеутворення у живців декоративних рослин 

(Buxus sempervirens L., Thuja occidentalis L.). Встановлена доцільність використання Rhizopon AA poeder 

для укорінення стеблових живців Т. occidentalis в умовах дрібнодисперсного зволоження. Рекомендовано 

для вирощування садивного матеріалу із закритою кореневою системою використовувати субстрат: 

торф, пісок, перегній у співвідношенні 1:1:0,5 

Ключові слова: Buxus sempervirens, Thuja occidentalis, регулятори росту, живцювання, укорінення, фу-

мар, Rhizopon 

 

1. Introduction 
Nowadays, Buxus sempervirens and Thuja oc- 

cidentalis are wide spread ornamentals in Ukraine. Both 

of them are typically grown in evenly moist, well-drained 

loam soils (e. g., sand-clay mixture) in full sun to part 

shade. The plants prefer soils with a pH of slightly acidic 

to slightly alkaline, tolerates somewhat wide range of 

soils and some dry conditions. Root rot can also be a 

problem in poorly-drained and less mulch soils.  

Production of cultivating propagation material of 

the ornamental plants, for example on the farms in 

Ukraine, does not provide the growing needs of the 

gardeners. One of the main reasons is that the existing 

technologies of their reproduction are ineffective, they 

are rather time-consuming, and thus it represses the 

spread of new species and their forms in landscape archi-

tecture [1].  

To obtain a good, healthy plant, various soil me-

dia, growth regulators, vary the timing of cuttings, the 

size of the cuttings and the conditions for further rooting 

can be optimized [2]. Propagation by stem cuttings is the 

most commonly used method to propagate many woody 

ornamental plants. Stem cuttings of many favorite shrubs 

are quite easy to root. Typically, stem cuttings of tree 

species are more difficult to root. In addition, each spe-

cies of plants requires an individual selection of phyto-

hormones, which will be optimal for using under certain 

conditions [3]. Therefore, in order to improve the plant 

material, the study aimed at optimising propagation and 

adventitious rooting techniques of stem cuttings Buxus 

sempervirens and Thuja occidentalis was conducted. 

 

2. Literature review 

Vegetative propagation is the most common 

method used in commercial production of many garden. 

In many species, vegetative propagation depends on the 

regeneration ability and growing of adventitious roots on 

overground parts of the plants [4]. The efficiency of veg-

etative propagation is also significantly influenced by the 

environment in the propagation house, such as tempera-

ture, quality of the used substrate, and the air humidity. 

Other important aspects include the care for mother 

plants, selection of appropriate term for taking the cut-

tings, and quality of storage of the plant material before 

the cuttings are taken [5]. 

It is known that for vegetative propagation 

methods it is preferably to harvest cuttings from spring to 

late fall. But the best time is April-May, that is the time 

when energy of their growth increases [4]. In the process 

of propagation, hereditary properties of the plant 

organism are important, in this case each species and 

even form reacts differently to the terms of cutting [6]. 

Depend on environmental conditions of research differ-

ent terms of propagation were recommended. 

The analysis of recent research and publications 

shows that studies on cultivating plant propagation 

materials B. sempervirens and T. occidentalis contain 

insufficient information about the influence of the type of 

substrate and its acidity, terms of plant cutting and mod-

ern biologically active compounds on the process of 

rhizogenes of cuttings [7]. The best substrate for rooting 

cuttings of some ornamentals is a mixture consisting of 

peat with acidity pH 5.2–6.0 [8].  

Processes of plant growth and development are 

controlled by various phytohormones produced by the 

plant. In particular, a number of phytohormones regulate 

formation of the plant root system: cytokinins, auxins, 

ethylene, gibberellins, abscisic acid and brassinosteroids 

[9]. Using bioactive compounds for the plant propagation 

helps researchers considerably solve the problem of 

increasing planting material production [10]. It was 

proved that physiologically active substances are 

analogues of phytohormones or their antagonists that can 

change the hormonal balance of plants in the desired 

direction. The regeneration of the root system sufficient-

ly depends on auxins, and they interact with other 

endogenous phytohormones. Formation of the root 

system does not depend on the content of auxins and 

inhibitors in the plant organism but it depends on their 

correlation [11]. 

Using phytohormones in optimal concentrations 

and expositions, roots on cuttings are formed earlier and in 

greater numbers, the callus formation is stimulated, and 

after rooting the shoot growth of the treated cuttings 

significantly enhances. Generally, biologically active 

substances are used for cuttings of difficult-to-root species. 

Phytohormones have a direct (interacting with 

other hormones and molecules) influence on the regener-

ative ability of the plant [4]. Auxins play an important 

role in controlling the growth and development of the  
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plants [12]. The most commonly used auxin is synthetic 

3-indolylbutyric acid (IBA), which proves to be the most 

effective hormone promoting the production of adventi-

tious roots compared to natural indolyl-3- acetic acid 

(IAA) [13]. For successful propagation by cuttings it is 

also necessary to select the correct time for taking the 

cuttings, which closely relates to the content of natural 

phytohormones. One of the commercially available 

products is Rhizopon stimulator, which is distributed to 

the market in multiple forms (solution, powder, gel, tab-

lets) and also in different concentrations. The active 

component of this stimulator is synthetic auxin IBA and 

NAA /synthetic auxin is -naphthylacetic acid [5].  

The data of Chezh researchers showed that stimu-

lators prove good effect for some ornamentals, but they 

say about no efficiency it for Buxus. For example, using 

Rhizopon АА powder 1% for Buxus sempervirens «Win-

ter beaty» rooting percentage was 92,9 %, 2 % – 88.6, 

0.5 % – 87.1, and control (without any hormones) – 92.9 %. 

For species «Globosa» control 97.9 % 1 % – 92,5 %, Ro-

tundifolia – 88.9 and 96.8 % respectively [5].  

Other researchers underlined that rooting of Buxus 

hyrcana is slow and they also set up positive effect of 

growth regulators on rooting of semi-hardwood cuttings 

in greenhouse condition, but the best percentage was ob-

tained of 6-benzylaminopurine (BAP) comparing with 

NAA and IBA [14]. 

In Ukraine, there is a tendency toward the 

increase in the share of the planting material production 

of ornamental species with the closed root system, which 

requires development and justification of the cultivation 

technology. Thus, it is necessary to study some elements 

of cultivating technology of planting materials under 

conditions of optimal hydration. 

 

3. Aim and research problems  

The aim was to improve the techniques and 

methods of artificial propagation of some species of 

ornamental plants, particularly B. sempervirens and T. 

occidentalis under conditions of artificial fog. 

Research problems: 

1. Set up the best substrate for cuttings. 

2. Find out the optional terms for propagation. 

3. Figure out the more effective growth regulators 

for the best rooting. 

 

4. Materials and methods 

Experimental research was carried out in the 

laboratory of the educational and practical center of Su-

my National Agrarian University during 2014–2015. 

The objects of the study were ornamental species: 

B. sempervirens and T. occidentalis, which were stocked 

with a „butt‟. For cuttings uterine plants of 20-year-old 

ornamental species were used. 

The given study was a part of scientific theme 

“Improvement of existing and development of new 

technologies of cultivating planting material of the 

ornamental and berry crops” (the number of Ukrainian 

state registration 0116U003341). The scheme of re-

search is: factor A – type of the substrate: control 

(peat+humus (1:1)), peat+sand+humus (1:1:1), peat+ 

+sand (1:1); factor B – acidity of the substrate: control 

(sand+peat (pH 3.5)), sand+perlite+peat (pH 3.5), 

sand+peat (pH 6.0); factor C – terms of plant cutting: 

control (April), June and August; factor D – plant 

growth regulators (phytohormones): control (water), 

fumar, kornevin or Rhizopon AA poeder 1 %; factor E – 

structure of the substrate: control (peat+sand (1:1)), 

peat+sand+humus (1:1:0.5). Fumar is unparalleled uni-

versal high-performance plant growth stimulator, dime-

thyl amino ester of fumaric acid (producer is Research 

and production association «Agrodar», Dnepr, Uk- 

raine). Kornevin is also a unique biostimulator, on sale 

it can be found in the form of a powder. The composi-

tion includes indolyl-butyric acid (IMC) at a concentra-

tion of 5 g/kg. But comparing with Rhizopon it contents 

also potassium and phosphorus, as well as macro ele-

ments: manganese, molybdenum, etc. 

The peat of the Lithuanian company DOMOFLOR 

(pH 6.0 and 3.5) was used for conducting the research. 

In March, the rooted cuttings of the studied species 

were transplanted into pots of the volume of 1.1 liters. 

To conduct the research the methods of 

application of phytohormones into the open and protect-

ed ground were used [15]. The statistical data processing 

was performed with the method of analysis of variance 

[16] and the computer programs. 

 

5. Results of the research 

Until recently, the vegetative propagation for ob-

taining the planting material of ornamental species was 

rarely used, but due to the intensive development of 

selection, the role of this method in propagating 

ornamentals has significantly increased. However, it is 

based on the capacity of plants to restore the root 

system. An important condition for the regeneration of 

the root system is the optimal composition of the 

substrate (Fig. 1). 

The study of the effect of substrates on rooting 

has showed that cuttings take root differently on different 

substrates, and the best substrate among the studied types 

for the root formation is the mixture of peat 

DOMOFLOR (pH 6.0) and sand in the ratio 1:1, but 

roots of cuttings T. occidentalis are not formed on the 

substrates containing humus. It may be due to the fact 

that the substrate contains humus excessively enriched 

with nutrients, especially nitrogen, which at the stage of 

rooting adversely affects the process of hizogenes. The 

surplus of nutrient elements in some substrates caused 

burns of the roots and even yellowing of B. sempervirens 

tops of cuttings. 

The maximum rooting of cuttings B. sempervirens 

was observed in the variant with the substrate mixture of 

sand and peat, and the smallest – in the control variant 

(peat+sand+humus). 

When the mixture of sand and peat was used, 

the indicator of the rooting of cuttings (T. occidenta- 

lis) marked 16 %, which is 8 times more than in the 

control plants. While using peat and humus, the 

above-mentioned index was within the control norm 

(LSD05 4.71). 

The process of rhizogenes of cuttings is influ-

enced not only by the type of the substrate but biological 

properties of the studied species. For example, in 2015 

while using peat and sand, the rooting rate of cuttings  

B. sempervirens marked 95 %, and T. occidentalis – 16 %. 
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At the stage of rhizogenes of cuttings, the 

substrate should hold sufficient moisture and be 

manageable for the roots, which were formed, to grow 

and develop. 

At the first phase of vegetative propagation, i.e 

during rooting cuttings, the digestion of nutrient elements 

from the substrate probably does not occur. However, in this 

period, they are very sensitive both to the shortage and the 

excessive concentration of hydrogen cations, aluminum, 

iron, manganese, sodium in the soil solution [17]. 

One of the important conditions for the rege- 

neration of the root system is the substrate with the opti-

mal level of acidity. However, the discrepancy between 

the acidity of the substrate and biological properties of 

plants negatively affecs the the root formation process in 

stem cuttings (Table 1). 

 

 
Fig. 1. The effect of the substrate type on the rooting process of cuttings, % 

 

Table 1 

Effects of acidity of the substrate on the rooting process of cuttings 

No. Type of substrate 
B. sempervirens T. occidentalis 

Rooting, % ± before control Rooting, % ± before control 

1 Control (sand+peat (рН 3,5)) 35 – 0 – 

2 Sand+perlite+peat (рН 3,5) 30 –5 0 0 

3 Sand+peat (рН 6.0) 95 +60 16 +16 

LSD05 8,37  3,35  

 

According to the research, the rooting of cuttings 

(B. sempervirens) is affected by the acidity of the 

substrate. However, in the control variant the rooting rate 

is 35 %, while the acidity of the substrate is pH 6.0–95 %. 

Thus, high acidity of the substrate adversely affects the 

process of rhizogenes of cuttings T. occidentalis [1]. The 

maximum rooting rate of stem cuttings of ornamental 

plants was observed in the substrate with neutral acidity. 

Statistical analysis of the indicators of the research has 

revealed differences between the options (LSD05 8.37 

and 3.35). 

The research results have revealed significant 

differences between the effect of the acidity of the 

substrate and biological properties of ornamental plants 

on the process of rhizogenes of cuttings of the above-

mentioned species. Thus, it have proved that rooting cut-

tings is influenced not only by the acidity of the substrate 

but biological properties of the studied pecies. 

Therefore, for the normal plant growth and 

development it is important to create and maintain a cer-

tain hydrogen ion concentration (pH) in a nutrient 

solution, which must meet biological characteristics of 

the species. All this must be considered while applying 

the technology of cultivating plant propagation material. 

The development of decorative plant propagation 

requires intensification of technological processes and 

significant improvement of farming cultivation of plant-

ing materials of ornamental species. Thus, the choice of 

optimal time for plant cutting enhances the efficiency of 

the propagation technology, as shown in Table 2. 
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Table 2 

Effects of terms of plant cutting on the process of rhizogenes of cuttings 

No. 
Terms of plant cut-

ting 

2014 2015 

Rooting, % ± before control Rooting, % ± before control 

B. sempervirens 

1 Control (April) 93 – 95 – 

2 June 96 +3 97 +2 

3 August 91 –2 94 –1 

LSD05 4,0  3,16  

T. occidentalis 

1 Control (April) 16 – 19 – 

2 June 3 –13 4 –15 

3 August 0 –16 0 –19 

LSD05 3,3  6,73  

 

The results of research devoted to the rooting of 

plant cuttings B. sempervirens indicate that the terms of 

plant cuttings do not affect the process of rhizogenes. 

When vegetative propagation was used, 16 % of 

cuttings T. occidentalis formed root in April that is  

5.3 times more than in the first experimental variant 

(June). Minimum rooting rate was recorded in the 

variants where cutting was done in August. A similar 

tendency of rooting cuttings of this species also was 

observed in 2015. 

The research has proved significant differences 

between the variants, and there was considered that prop-

agation of T. occidentalis by stiff stem cuttings should be 

used in mid-April. 

Probably, different regenerative capacity of 

cuttings of the studied species harvested in different 

phenological phases is caused by a varying activity of 

growth promoters as well as growth inhibitors. 

The optimal time for cutting of ornamental 

species or forms is defined by the calendar period and the 

degree of woodiness of shoots, indicating biological 

properties of plants. Thus, cutting at the best time allows 

to purposefully regulate physiological processes in the 

plant organism and increase the efficiency of technologi-

cal operations. 

Using biologically active compounds is an 

effective agrotechnical method, which improves tech- 

nologies of propagating planting material (Table 3). 

 

Table 3 

Effects of plant growth regulators on the rooting process of cuttings, % 

No. Variant of the experiment 
2014 2015 

Rooting, % ± before control Rooting, % ± before control 

B. sempervirens 

1 Control (water) 93 – 95 – 

2 Fumar 90 –3 92 –3 

3 Kornevin 94 +4 94 –1 

LSD05 3,78  3,4  

T. occidentalis 

1  Control (water) 15 – 19 

2  Fumar 28 +13 34 

3  
Rhizopon AA 

poeder 
73 +58 81 

LSD05 7,16  10,27  

 

On average, the results of two-year research have 

proved that the change of the natural hormonal balance 

of cuttings B. sempervirens under the influence of phyto-

hormones does not affect the rooting process compared 

with plant cutting without them (LSD05 3.78 and 3.4). 

With vegetative propagation of the above-

mentioned species under conditions of fine hydration, 

excellent results can be obtained even without using 

physiologically active compounds. 

According to some researchers [10], rhizogenes 

activity of cuttings depends on the auxin concentration. 

Due to its content in the plant organism the effect of 

stimulation or inhibition becomes possible. However, its 

high concentration stimulates the rooting process. It is 

synthesized in the cones of growing shoots. Since in 

shoots auxin is always transported down, then its 

molecules are gradually accumulated at the lower cut of 

the cutting and contribute to the root formation. 

Probably, a slight disruption of living systems 

functioning of stem cuttings T. occidentalis under the 

influence of exogenous physiologically active sub- 

stances, in particular Rhizopon AA poeder, affects the 

auxin concentration in the the lower part of the cutting, 

which significantly influences the root system formation. 

For example, when using the compound in 2015, the 

rooting rate was 81 %, that is 62 % and 47 % more com-

pared with the control variant and fumar. 

Thus, it has been proved that the use of Rhizopon 

AA poeder for treating stem cuttings of the studied 

species (T. occidentalis) in comparison with fumar 
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makes it possible to maximize the rooting percentage and 

the output of planting material. Therefore, it is recom-

mended to use plant growth regulators. 

According to the research results, B. sempervirens 

belongs to „easy-to-root‟ species, and T. occidentalis – to 

difficult-to-root ones. 

With vegetative propagation, the treatment of 

cuttings with biologically active compounds increases 

their rooting percentage, significantly reduces terms of 

plant rooting, which ensures the development of a strong 

root system, and positively affects the plant growth and 

development (Table 4).  

 

Table 4 

Biometric indicators of rooted cuttings 

No. 
Variant of the experi-

ment 

Biometric indicators of plants 

number of 

roots of 1 or-

der, pcs. 

weight, g 

root system 
± before con-

trol 
aerial part 

± before con-

trol 

B. sempervirens 

1 Control 4 0,61 – 2,02  

2 Fumar 5 0,97 +0,36 2,13 +0,11 

% before control 125 159,0  105,4  

3 Kornevin 5 1,26 +0,65 2,41 +0,39 

% before control 125 206,6  119,3  

LSD05  0,26  0,2  

T. occidentalis 

1 Control 4 0,32  2,4  

2 Fumar 8 0,51 +0,19 2,95 +0,55 

% before control 200 159,4  122,9 +0,63 

3 Rhizopon AA poeder 10 0,79 +47 3,03  

% before control 250 246,9  126,3  

LSD05  0,11  0,24  

 

The cuttings of B. sempervirens ornamental 

species have formed 4–5 roots. According to the study, 

cuttings T. occidentalis in the control sample have 

formed 4 roots of the first order, it is 2 and 2.5 times less 

than in the experimental variants, when fumar and 

Rhizopon AA poeder were used. 

The treatment of cuttings (T. occidentalis) with 

plant growth regulators (fumar, Rhizopon AA poeder) 

more significantly affects root formation of order 1, 

compared with the other type (B. sempervirens). 

When using kornevin, the weight of the root 

system of plants B. sempervirens reached 1.26 g, it is 

0.29 g and 0.65 g less than in other variants where the 

cuttings were soaked in fumar and water (LSD05 0.26). 

Some growth regulators significantly influenced 

not only the wieght of the root system, but the aerial part 

of the studied species. For example, in the control vari-

ant, the weight of the aerial part of plants B. sem- 

pervirens was 2.02 g, it is 0.1 g and 0.39 g less than in 

the variants, when biologically active compounds were 

used (LSD05 0.26). 

The research results suggest that the use of 

biologically active compounds influences the biometric 

indicators of the rooted cuttings T. occidentalis. 

The weight of the root system in the control variant 

was 0.32 g, it is 0.19 g and 0.47 g less than in the other vari-

ants, when fumar and Rhizopon AA poeder were used. The 

treatment of cuttings with physiologically active compounds 

significantly influenced the root growth (LSD05 0.11). 

When using Rhizopon AA poeder, the root system 

of the cuttings of the studied species was more fibrous in 

comparison with the control group and fumar. 

Treating cuttings of the above-mentioned species 

with root stimulants influenced not only the weight of the 

root system but aerial parts as well. For example, the 

weight of the aerial parts of plants (T. occidentalis) was 

within 2.4–3.03 g and significant differences were ob-

served between the variants (LSD05 0.24 g). 

Thus, plant growth regulators influence the growth 

and development of stem cuttings of ornamentals. In the 

control variants, biometric indicators of the plants proved 

to be minimal in comparision with the research options. 

The most effective compounds are kornevin and Rhizopon 

AA poeder, which significantly change not only the growth 

and development of the root system but the aerial parts of 

ornamental species. 

According to the standarts for planting materi-

als, their quality is determined by certain biometric 

parameters of development of aerial and root systems. 

The research results have proved that the growth 

and development of ornamentals is significantly influ-

enced by the substrate type (Table 5).  
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Table 5 

Effects of substrate type on the growth and development of plants 

No. Variant 

Length, cm Weight, g 

aerial part growth aerial part root system 
± before 

control 
plants 

B. sempervirens 

1 Peat+sand 13,0 – 2,7 1,37 – 4,07 

2 Peat+sand+humus 20,2 7,8 3,79 7,13 +5,76 10,92 

LSD05 1,24   1,26   

T. occidentalis 

1 Peat+sand 18,7 1.2 11,6 2,1 – 13,7 

2 Peat+sand+humus 25,9 8,1 17,3 4,9 +2,8 22,2 

LSD05 1,02   0,87   

 

In the control sample, the aerial part of plants B. 

sempervirens was 13.0 cm; it is 7.2 cm lower than the 

experimental variant (LSD05 1.24). When using the 

mixture of peat, sand and humus, the plant growth of the 

aerial part of this species was 7.8 cm, and in the control 

sample there was no growth. 

The study indicates that the substrate type influ-

ences not only the size of the aerial parts but the mass of 

aerial and root systems of the above-mentioned species. 

The weight of the root system in the control vari-

ant was 7.13 g, that is 5.76 g less than in the variant with 

the mixture of peat and sand (LSD05 1.26). 

The total weight of the control plants was 4.07 g, 

that is almost 2.7 times less compared with the use of 

peat, sand and humus. 

In the control plants, biometric parameters of the 

species B sempervirens were minimal compared with the 

other variant (peat+sand+humus). 

The length of the aerial part of plants T. occi- 

dentalis in the research variant was 25.9 cm, that is  

138.5 % more than in the control sample. The research 

results prove that the growth of the aerial part of  

T. occidentalis in the mixture of peat, sand and humus 

reached 8.1 cm and in the control sample – 1.2 cm. The 

substrate type also significantly influenced on the mass 

of the plant root system of that sort, and its weight was 

within 11.6–17.3 g. Minimum weight of the root system 

of the above-mentioned plants was recorded for the con-

trol plants (sand+peat) and was 2.1 g, it is 2.33 times  

less in comparison with the experimental variant 

(sand+peat+humus). 

Thus, the maximum figures of biometric pa- 

rameters of B. sempervirens and T. occidentalis were 

noted in the variant with the substrate of t mixture of 

sand, peat and humus. 

Due to hereditary properties, the plants react 

specifically to conditions of their growth, particularly to 

using fertilizers. This demonstrates the need for develop-

ing a system of fertilization not for plants in general, but 

for certain plant species and forms – for their optimal 

growth and development under specific soil and climatic 

conditions. 

 

6. Conclusions 

The research of vegetative propagation of B. 

sempervirens and T. occidentalis has proved that: 

1) for cultivating planting material with the closed 

root system, it is recommended to use the substrate 

containing the peat DOMOFLOR (pH 6.0), sand and 

humus in the ratio 1:1:0.5, which positively influences 

the plant growth and development of the studied species; 

2) under conditions of the mist, B. sempervirens 

can be successfully propagated from April to August by 

stem cuttings; propagation of T. occidentalis by stem 

cutting should done in April; 

3) for cultivating plant propagation material of  

T. occidentalis it is recommended to use the root stimu-

lant (Rhizopon AA poeder).  
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