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The cultivation of sweet cherry trees is very pop-
ular in Poland and worldwide. However, rootstock 
that reduces the growth vigor of the trees is required 
to intensify the cultivation of this species. Additional-
ly, some rootstocks are difficult to obtain and can be 
propagated using the in vitro method [Štefančič et al. 

2007, Sedlak et al. 2008], which increases the produc-
tion cost of sweet cherry trees in nurseries. Therefore, 
research is necessary to improve the methods of ob-
taining the rootstock, e.g., with the use of softwood 
cuttings. According to Bourrain and Charlot [2014], 
one of the most interesting rootstocks is “Pi-ku 1” 
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ABSTRACT

The low-cost propagation of semi-dwarf cherry rootstock is an essential issue in the production of maiden 
trees of this species. Among the promising rootstocks is ‘Pi-ku 1’, obtained in Germany. However, the possi-
bility of its propagation using shoot cuttings has not been investigated. It was the purpose of this study. Two 
ways of cuttings treatment before placing them in the substrate were assessed. One used two preparations in 
powder (Rhizopon AA and Ukorzeniacz AB), and the second used two alcoholic auxin solutions (IAA and 
IBA). Instead of synthetic auxins, foliar spraying with two biostimulants was performed (Goteo and Bispeed). 
All the applied treatments increased the rooting percentage of ‘Pi-ku 1’ rootstock cuttings compared to the 
control from 5% for Rhizopon AA to 18.2% for auxin IBA. The exception was the lack of a positive effect of 
the Bispeed biostimulant (less than 5.2%). The use of synthetic auxins increased the number of cutting roots 
more than three times (IBA) or almost twice (Ukorzeniacz AB) and their length more than twofold (IAA, 
Rhizopon AA) in proportion to the control. The effect of synthetic auxin treatments on the remaining growth 
parameters under study was also positive. Foliar treatment of cuttings with biostimulants did not change their 
growth. Only in one of the two years of the study did the fresh mass of cuttings improve after using Goteo 
biostimulant (7.5%). As part of the experiment, the effect of two substrate types – peat mixed with perlite and 
peat with sand – was also tested. During the two years of research, the cuttings were rooted several percent 
better in peat and sand (2.7% – 2018 and 4.4% – 2019). Using peat with sand as a rooting substrate signifi-
cantly improved the number and length of roots (11.90 and 125.10) of Pi-ku 1 rootstock cuttings compared to 
the second one (9.23 and 109.08, respectively). All treatments applied to cuttings, except two biostimulants, 
increased the amount of chlorophyll in the leaves. 
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(P. avium × P. canescens × P. tomentosa). According to 
some authors [Cmelik et al. 2004, Gyeviki et al. 2008, 
Usenik et al. 2008, Franken-Bembenek 2010, Sporn-
berger et al. 2015, Bassi 2016], this rootstock, due to 
its low soil requirements and high yielding capacity, 
can be planted in places unsuitable for more demand-
ing rootstocks. Moreover, ‘Pi-ku 1’ rootstock positive-
ly affects the size of cherry fruit [Usenik et al. 2005, 
Gyeviki et al. 2008, Spornberger et al. 2015]. It is one 
of the best rootstocks for growing cherry trees [Gyevi-
ki et al. 2008, Hrotkó et al. 2009a, 2009b], especially 
in the northern part of Europe [Sansavini and Lugli 
2009]. So far, rootstocks for sweet cherries have been 
propagated using hardwood cuttings or the in-vitro 
method [Dessy et al. 2004, Bourrain and Charlot 2014, 
Eremin et al. 2017, Gergoff Grozeff et al. 2018, Aysa-
nov et al. 2019]. According to many authors [Mezey 
and Leško 2014, Markovski et al. 2015, Sharma and 
Kumar 2019], rootstocks that are difficult to propa-
gate rooted more effectively with hardwood cuttings 
than softwood ones. Additionally, the propagation of 
some sweet cherry rootstocks by softwood cuttings is 
very effective and gives 85% to 90% of rooted cuttings 
[Drabudko et al. 2016]. Of the rootstocks obtained by 
this method, 70%, after further cultivation in green-
house conditions, acclimatize well in the nursery even 
in a relatively dry spring [Мyndra et al. 2010]. There 
are no publications on the propagation efficiency of 
‘Pi-ku 1’ rootstock using softwood cuttings.

When rooting shoot cuttings, synthetic auxins are 
used as substances that stimulate the growth of the 
roots. IBA is the best form of auxin that improves 
the rooting efficiency of cuttings [Skůpa et al. 2014]. 
There are many results on synthetic auxins’ effect in 
supporting cuttings’ rooting [Dinkova et al. 2006, Raju 
and Prasad 2010, Pacholczak et al. 2013]. However, in 
recent years, synthetic compounds have been replaced 
by biostimulants. Of particular interest are biostimu-
lants produced from seaweed extracts, including from 
brown algae. Seaweed products sometimes contain 
many phytohormones necessary for plants, including 
auxins, gibberellins, and cytokinins, which increase 
their development [Wang et al. 2016]. So far, such 
preparations have been used mainly for propagating 
various species of ornamental shrubs [Pacholczak et 
al. 2012, 2016, Monder 2019, Loconsole et al. 2022]. 
Biostimulants increase the ability of plants to use nu-

trients, improve tolerance to stress factors, contribute 
to better root system growth, and increase the efficien-
cy of photosynthesis and other metabolic processes in 
plants [Calvo et al. 2014, Rouphael et al. 2018]. The 
potential of biostimulants is emphasized; however, 
their efficiency differs depending on the species and 
varieties of plants and other factors such as climatic 
or soil conditions [Murawska et al. 2017, Dorobek et 
al. 2019]. So far, biostimulators included in this exper-
iment have been used in other experiments [Pachol-
czak et al. 2016, Pacholczak and Nowakowska 2017, 
Malinowska et al. 2018, Świerczyński 2023] obtaining 
not always positive results.

In order to determine the effectiveness of the prop-
agation of the ‘Pi-ku 1’rootstock, this experiment was 
carried out using softwood cuttings with the applica-
tion of powdered synthetic auxins and their alcoholic 
solution as well as by foliar application of biostimu-
lants. The two tested biostimulants were selected for 
research based on previous positive results of our ex-
periments and those of other authors indicated above. 
Additionally, the usefulness of two substrates for root-
ing these cuttings was compared.

MATERIAL AND METHODS

The cuttings were taken from four-year-old mother 
plants without visual disease symptoms and rooted in 
2018–2019. Stem cuttings (10 cm long) were obtained 
in the first days of June and consisted of 4 internodes. 
After harvesting, the cuttings were treated with the 
formulations listed below (Tab. 1) and then placed in 
plastic trays filled with substrate. Auxin application in 
the form of an alcohol solution took place in a room 
with limited access to light. 

Two substrates were used in the experiment. The 
first was high peat and sand river 2 : 1 (pH 6.0).  
The second one was prepared as a mixture of ready-
made substrate TS1 (Klasmann-Deilmann) with the 
addition of perlite in proportion 2 : 1 (pH 6.5). Both 
substrates were supplemented with a compound fertil-
izer PG Mix (1 kg·m–³) (N 14%, P 16, K 18%, and mi-
croelements). The cuttings were rooted in a low tunnel 
with an automatic fogging system inside. During the 
cuttings’ rooting period, the tunnel’s air temperature 
was maintained at 18–28ºC, and air humidity was 
80–85%. The cuttings were protected against fungal 
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diseases by spraying with fungicides at one-week  
intervals. Five spraying treatments were carried out, 
alternating with Amistar 250SC 0.1% and Switch 
62,5 WG 0.1%.

The experiment consisted of six treatments with 
various preparations stimulating the rooting of the cut-
tings and a control one without additional treatments. 
The names of the preparations, their concentrations, and 
the application method are presented in Table 1. The 
experiment included fourteen treatments (seven cutting 

treatments and two substrates). Thirty cuttings were 
subjected to each treatment, ten in three repetitions.

Three foliar treatments with biostimulators were 
applied at intervals of two weeks – the first one right 
after placing the cuttings in the substrate. The bio-
stimulant concentrations corresponded to the man-
ufacturer’s recommendations (Tab. 1). Bispeed bio-
stimulant contains three groups of nitrophenolates: 
potassium 4-nitrophenolate (potassium para-nitro-
phenolate) 0.25–0.30% m/m; potassium 2-nitrophe-

        Table 1. Treatments of cutting used in the experiment 

Treatments Method of application 

Control Three-spray treatment with distilled water 

Ukorzeniacz AB (0.2% NAA; 0.1% IBA; 0.1% amid 
NAA) powder 

One treatment and three-spray treatment with distilled 
water 

Rhizopon AA (0.2% IBA) powder 
One treatment and three-spray treatment with distilled 
water 

IAA (2 g·L−1), the auxins were dissolved in pure  
ethanol and filled up with water to obtain 1% 

Quick-dipped for about 5 s and three-spray treatment 
with distilled water 

IBA (2 g·L−1), the auxins were dissolved in pure  
ethanol and filled up with water to obtain 1% 

Quick-dipped for about 5 s and three-spray treatment 
with distilled water 

Goteo 0.2% Three-spray treatment 

Bispeed 0.5% Three-spray treatment 

 
 

 

 

 

Fig. 1. The appearance of ‘Pi-ku 1’ rootstock cuttings after treatment (from left to right): Control, Rhizopon AA,  
Ukorzeniacz AB, IAA, IBA, Goteo, Bispeed
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nolate (potassium ortho-nitrophenolate) 0.14–0.20% 
m/m; potassium 5-nitroguaiacolate (potassium 2-me-
thoxy-5-nitrophenolate) 0.07–0.10% m/m. According 
to the manufacturer, this biostimulant can be used as 
foliar fertilizers in agricultural, vegetable, ornamental, 
and fruit crops grown in the ground and under cover. 
It stimulates plant growth, supports the action of natu-
ral auxins, and increases the ability of the roots to ab-
sorb mineral compounds. Goteo biostimulant contains 
GA142-biologically active extracts from Ascophyllum 
nodosum, 13.0% phosphorus pentoxide, and 5.0% po-
tassium oxide soluble in water. The manufacturer rec-
ommends using the Goteo to produce cuttings of many 
species of ornamental and fruit plants. Goteo improves 
the development of the root system and the growth of 
hairy roots, providing a more effective absorption of 
minerals from the substrate.

At the end of October 2018–2019, all leaves from 
ten randomly selected cuttings for each treatment were 
picked, and their fresh weight (g) was determined. Us-
ing the ‘Skwer’ program (IksmodaR, Poland), the total 
area of leaf blades (cm2) of previously scanned leaves 
(Brother DCP-9020CDW) was obtained. Moreover, 
the number of rooted cuttings in proportion to those 
placed in the substrate was calculated. After the leaves 
fell, all cuttings were removed from the containers, the 
number of shoots was counted, the length of the shoots 
on the cutting was measured, and the number of roots 
was determined. 

At the beginning of August 2019, the level of chlo-
roplast pigments in leaves was measured. Leaves for 
testing were taken from the middle part of the side 
shoot without visible disease symptoms. The proce-
dure for determining the pigment content was based 
on the method of Hiscox and Israelstam [1979], us-
ing dimethyl sulfoxide without crushing the leaves. 
The content of pigments was calculated according to 
the modified Arnon formulas [Hiscox and Israelstam 
1979]. The content of chlorophyll pigments was de-
termined using a spectrophotometer Specol type (Carl 
Zeiss, Jena, Germany).

The results obtained in the experiment were com-
pared using the Statistica 13.1 program (StatSoft, Po-
land). Duncan’s test was used, with a probability level 
of p = 0.05. The percentage results (rooted cuttings) 
were recalculated by arc sine transformation. Plant 
growth parameters were subjected to a two-factor 

analysis of variance (treatment, substrate). Calcula-
tions were made separately for two years of research. 
Fresh weight and leaf blade area of cuttings, chloro-
phyll, and carotenoid contents were analyzed by one-
way analysis of variance (treatment).

RESULTS

In the first year of the study, the percentage of root-
ed cuttings of ‘Pi-ku 1’ rootstock for Ukorzeniacz AB 
preparation, auxin IBA, and Goteo biostimulant was 
the highest (Tab. 2). Lower values were obtained for 
auxin IAA, followed by Rhizopon AA. The lowest 
number of rooted cuttings was obtained for the Bi-
speed biostimulant and the control. In the second year 
of the study, the best result was obtained for auxin IBA, 
followed by, in decreasing order and with different re-
sults, Goteo biostimulant, auxin IAA, Rhizopon AA, 
and Ukorzeniacz AA. The lowest percentage of rooted 
cuttings was observed for Bispeed biostimulant, and 
the control was better. In the first and second years of 
the experiment, the average result for the peat and sand 
substrate was better than for peat with perlite (Tab. 2). 

Concerning the fresh weight of cuttings, the best 
result was obtained for the two auxins and Rhizopon 
AA preparation, which did not differ from Ukorzeni-
acz AB and Goteo biostimulant (Tab. 2). The lowest 
fresh weight of cuttings was recorded for the Bispeed 
biostimulant and the control. In the second round of 
the experiment, the best value of the weight of cuttings 
was recorded for auxin IBA, followed by the second 
type of auxin IAA. The results of other treatments did 
not differ significantly. In both rounds of the experi-
ment, the average results for the substrates were not 
different (Tab. 2). 

In 2018, the most significant number of side shoots 
on a cutting was obtained for auxin IBA, followed 
by auxin IAA, Rhizopon AA, and Ukorzeniacz AB  
(Tab. 3). The other treatments resulted in a lower 
number of side shoots, not significantly different. The 
composition of the substrate did not affect the number 
of shoots. In the second year of the study, a signifi-
cantly lower number of shoots was obtained for the 
two biostimulants and the control compared to the 
other treatments. More shoots were obtained when 
rooting the peat and perlite substrate cuttings than 
rooting the peat with sand (Tab. 3). 
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Table 2. Percentage (%) and fresh mass (FM) of rooted softwood cuttings of ‘Pi-ku 1’ rootstock depending on treatments 
and substrates in the years 2018–2019 

Treatment 2018
(%)

2019
(%)

2018
FM (g)

2019
FM (g)

Control 76.95 ab 75.86 b 2.03 a 2.02 a

Ukorzeniacz AB 94.11 d 79.77 c 2.34 bc 2.32 ab

Rhizopon AA 78.22 b 82.61 c 2.54 cd 2.31 ab

IAA 84.68 c 87.41 d 2.74 d 2.52 b

IBA 94.18 d 92.61 f 2.80 d 2.96 c

Goteo 93.29 d 89.78 e 2.34 bc 2.26 ab

Bispeed 73.81 a 70.71 a 2.22 ab 2.09 a

Average for year 84.96 82.68 2.43 2.35

Standard deviation 4.25 3.47 0.56 0.67

Average for substrate
PS    87.20 b
PP    84.92 a

85.15 b
81.39 a

2.48 a
2.38 a

2.40 a
2.31 a

PS – peat with sand, PP – peat with perlite
Data followed by the same letters do not differ significantly at p = 0.05 for each parameter, according to Duncan’s test.

Table 3. Number of shoots (NS) and a sum of shoots length (SSL) of softwood cuttings of ‘Pi-ku 1’ rootstock depending 
on treatments and substrates in the years 2018–2019

Treatments
2018
NS

2019
NS

2018
SSL (cm)

2019
SSL (cm)

Control 0.00 a 0.00 a 0.00 a 0.00 a

Ukorzeniacz AB 0.27 b 0.50 b 2.00 ab 7.50 c

Rhizopon AA 0.30 b 0.53 b 1.83 ab 4.47 b

IAA 0.67 c 0.63 b 3.90 b 5.93 bc

IBA 1.40 d 0.57 b 14.97 c 5.37 bc

Goteo 0.03 a 0.03 a 0.73 a 0.73 a

Bispeed 0.00 a 0.00 a 0.00 a 0.00 a

Average for year 0.38 0.32 3.35 3.43

Standard deviation 0.56 0.54 6.65 5.93

Average for substrate
PS 0.31 a
PP    0.45 a

0.13 a
0.51 b

3.90 a
2.79 a

1.10 a
5.75 b

PS – peat with sand, PP – peat with perlite 
Data followed by the same letters do not differ significantly at p = 0.05 for each parameter according to Duncan’s test.
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Table 4. Number of roots (NR) and a sum of roots length (SRL) of softwood cuttings of ‘Pi-ku 1’ rootstock
depending on treatments and substrates in the years 2018–2019

Treatments
2018
NR

2019
NR

2018
SRL (cm)

2019
SRL (cm)

Control 5.40 a 5.90 a 72.4 a 79.77 a

Ukorzeniacz AB 9.90 b 14.63 b 105.6 b 148.17 b

Rhizopon AA 14.40 c 13.93 b 155.67 c 142.17 b

IAA 15.63 cd 20.33 c 179.2 d 191.10 c

IBA 16.73 d 26.40 d 142.43 c 209.80 c

Goteo 6.30 a 6.83 a 86.87 ab 78.87 a

Bispeed 5.60 a 6.40 a 77.47 a 79.80 a

Average for year 10.57 13.49 117.09 132.81

Standard deviation 5.82 8.99 58.04 68.48

Average 
for substrate

PS 11.90 b
PP 9.23 a

13.68 a
13.30 a

125.10 b
109.08 a

136.46 a
129.16 a

PS – peat with sand, PP – peat with perlite 
Data followed by the same letters do not differ significantly at p = 0.05 for each parameter according to Duncan’s test.

Table 5. Fresh mass (FM) and leaf blade area (LBA) of softwood cuttings leaves of ‘Pi-ku 1’ rootstock depending 
on treatments in 2018–2019

Treatments
2018

FM (g)
2019

FM (g) 
2018

LBA (cm2)
2019

LBA (cm2)

Control 0.93 a 0.86 a 37.51 a 35.01 a

Ukorzeniacz AB 1.01 b 1.01 cd 43.29 ab 45.79 c

Rhizopon AA 1.13 c 1.00 c 43.66 b 41.16 b

IAA 1.17 cd 0.93 b 45.16 b 40.16 b

IBA 1.19 d 1.07 d 46.89 b 41.89 bc

Goteo 0.97 ab 0.93 b 42.31 ab 37.31 ab

Bispeed 0.96 ab 0.89 ab 41.75 ab 38.25 ab

Average for year 1.05 0.96 42.94 39.94

Standard deviation 0.11 0.80 4,25 4.23

Data followed by the same letters do not differ significantly at p = 0.05 for each parameter according to Duncan’s test.
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In the first stage of the experiment, the best sum of 
shoot lengths of the ‘Pi-ku 1’ rootstock cuttings was 
obtained for auxin IBA, and a significantly lower sum 
was noticed for IAA (Tab. 3). The values obtained for 
other treatments did not differ. The averages for the 
substrates were also similar. Applying the Ukorzeni-
acz AB agent resulted in the most extended shoots in 
the second year of the study; this result did not differ 
from the results obtained using the two types of aux-
ins and Rhizopon AA. Lower values of the parame-
ter under consideration were observed concerning the 
three other treatments. Peat with perlite as a substrate 
increased the sum of shoot lengths compared to peat 
and sand in the second year of the experiment (Tab. 3). 

Considering the outcome of the individual treat-
ments, the best number of roots of the cuttings was 
obtained for auxin IBA and IAA. The result of the 
latter was not different from Rhizopon AA (Tab. 4). 
The number of roots was the lowest for the control and 
the two biostimulants and the result was significantly 
better for Ukorzeniacz AB. A better type of substrate 
turned out to be a mixture of peat and sand than the 
second used. As in the first year of the study, a higher 
number of roots was obtained for Auxin IBA. Subse-
quently, a significantly lower value was obtained for 
the second auxin – IAA. The lowest number of roots 
was found for the control and the two biostimulants. 
Compared to those treatments, significantly higher 

values were found for Ukorzeniacz AB and Rhizopon 
AA. In the experiment’s second year, the substrate 
type did not influence the number of roots (Tab. 4). 

The sum of root lengths was the best for auxin 
IAA and significantly lower for Rhizopon AA and the 
second auxin IBA (Tab. 4). The lowest value of that 
parameter was obtained for the control and the two 
biostimulants. The average result for Ukorzeniacz AB 
was significantly higher than for the control and Bi-
speed preparation. The mixture of peat and sand was 
a better substrate than the second one. In the follow-
ing year of observation, the most significant length 
of roots was found for the two auxins; the roots were 
significantly shorter in the case of Ukorzeniacz AB 
and Rhizopon. The lowest sum of root lengths was ob-
served in the control plants and plants treated with two 
biostimulants. The average result for the given type of 
substrate did not differ significantly (Tab. 4). 

In 2018, the fresh weight of leaves of ‘Pi-ku 1’ 
rootstock cuttings was significantly higher for auxin 
IBA (Tab. 5). It was followed in descending order by 
auxin IAA, Rhizopon AA, and Ukorzeniacz AB. The 
lowest fresh weight of leaves was recorded for the 
control, which did not differ significantly from the val-
ues obtained for the two biostimulants. In the second 
year of the research, the best result regarding the fresh 
weight of leaves of the cuttings was obtained for aux-
in IBA, Ukorzeniacz AB, and Rhizopon AA. Signifi-

1

Table 6. Content of chlorophyll A, B, A + B, and carotenoids in leaves of ‘Pi-ku 1’ rootstock cuttings depending on the 
treatments in the year 2019

Treatments Chlorophyll A Chlorophyll B Chlorophyll A + B Carotenoids
(mg·g–1 fresh mass)

Control 2.17 a 0.48 a 2.65 a 5.98 a
Ukorzeniacz AB 2.36 bc 0.57 c 2.93 bc 6.50 ab
Rhizopon AA 2.41 c 0.56 c 2.97 c 6.41 ab
IAA 2.36 bc 0.53 bc 2.89 bc 6.55 ab
IBA 2.41 c 0.62 d 3.02 c 6.67 b
Goteo 2.27 ab 0.51 ab 2.78 ab 6.17 ab
Bispeed 2.22 a 0.49 a 2.71 a 6.29 ab

Data followed by the same letters do not differ significantly at p = 0.05 for each parameter according to Duncan’s test.
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cantly lower values were obtained for auxin IAA and 
Goteo preparation. The lowest fresh weight of leaves 
was obtained for the control, which did not differ from 
the Bispeed biostimulant (Tab. 5). The appearance of 
the cuttings, depending on the treatments, is shown in 
Figure 1.

In the first year of the experiment, the leaf area of 
cuttings of ‘Pi-ku 1’ rootstock was significantly larger 
after applying IBA and IAA auxins and Rhizopon AA 
preparation concerning control (Tab. 5). In the second 
year of the study, Ukorzeniacz AB and auxin IBA in-
creased the leaf area of the cuttings most significant-
ly, subsequently, Rhizopon AA and auxin IAA. The 
smallest leaf area was observed for the control and two 
biostimulants (Tab. 5). 

Higher chlorophyll A and A + B contents were 
noticed for Rhizopon AA, auxins IBA and IAA, and 
Ukorzeniacz AB (Tab. 6). The values obtained for 
Goteo and Bispeed preparations and the control were 
significantly lower. The highest chlorophyll B content 
was observed for auxin IBA treatment, followed by 
Ukorzeniacz AB, Rhizopon, Auxin IAA, and Goteo. 
The lowest value was obtained for Bispeed prepara-
tion and the control. Only for auxin IBA was a higher 
level of carotenoids in the leaves of the cuttings deter-
mined compared to the control (Tab. 6).

DISCUSSION

Due to the lack of available research on the rooting 
of ‘Pi-ku 1’ rootstock shoot cuttings, the results were 
compared to other types of rootstock and woody plant 
species treated with auxins and biostimulants. In the 
experiment, significant differences in the percentage 
of rooted cuttings depending on the treatments were 
found, which was 84% for all treatments, on aver-
age. Applying the rooting stimulants significantly im-
proved the rooting percentage of the cuttings. Com-
pared to the control, better results were noticed for all 
treatments with synthetic auxins and Goteo biostim-
ulant. The best results were obtained for both auxins 
applied in the form of an alcoholic solution, especially 
IBA. Better rooting of cuttings was obtained after us-
ing auxin IBA, which other authors did not confirm. 
No differences in the efficiency of the two tested aux-
ins (IBA, IAA) applied on rooting of ‘GiSelA5’ root-
stock cuttings were found by Štefančič et al. [2005, 

2006]. It may have been due to the very good rooting 
conditions of the cuttings (a fogging system was used) 
and the young age of the mother plants, as indicated 
by the authors mentioned above. The research con-
ducted by Markovski et al. [2015] also confirmed no 
significant difference in the effect of IBA 2% and NAA 
0.2% auxins on the rooting of softwood and hardwood 
cuttings of various types of sweet cherry rootstocks. 
However, the results obtained by those authors for 
GiSelA 4 and GiSelA 5 rootstocks, which are difficult 
to root, differed only by a few percent. Similar results 
to those obtained in the considered experiment for in 
vitro propagation of GiSela 5 rootstock were obtained 
by Kumar et al. [2020], where auxin IBA turned out to 
be better than NAA and IAA. Other researchers also 
proved the positive effect of auxin IBA on the rooting 
of cuttings of different types of woody plants [Nasri 
et al. 2015, Otiende et al. 2017]. Sharma and Kumar 
[2019], when propagating plum rootstock using soft-
wood cuttings, despite a deficient rooting percentage 
while using auxin IBA, obtained a better result than 
the control, where the cuttings did not root. 

In the conducted experiment, the use of synthetic 
preparations in the form of powder gave better rooting 
results compared to the control. Opposite results were 
obtained by Nečas and Krška [2013], who rooted soft-
wood cuttings of different types of Prunus rootstocks 
and did not obtain a higher percentage of rooting of 
the cuttings using Rhizopon AA compared to the con-
trol. It could have been due to the use of bottom heat 
ground for their research, which was not the case in 
the experiment under consideration and stimulated 
rooting of the cuttings. For the rootstock under study, 
applying Goteo biostimulant had a positive effect. In 
the first year, the results obtained with its use were the 
same as for the best synthetic auxin treatment, and in 
the second year, only the results obtained with the use 
of auxin IBA were better. The positive effect of Goteo 
and Rhizopon AA on the number of rooted dogwood 
cuttings was confirmed by the research conducted by 
Pacholczak et al. [2016]. Also, Szabó et al. [2016] 
demonstrated the significant effect of foliar spraying 
of cuttings of Prunus mahaleb rootstock with a ma-
rine algae biostimulant compared to the treatment with 
only auxin IBA. Similarly, when rooting ground cover 
roses, Pacholczak and Nowakowska [2020] found out 
that the application of auxin IBA and Goteo biostimu-
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lant resulted in a similar level of rooting. However, us-
ing the second biostimulant Bispeed in the experiment 
did not improve the rooting of the cuttings. 

Considering most of the tested growth parameters 
of the cuttings after rooting, the best results were ob-
tained for alcohol solutions of auxins. It was partic-
ularly noticeable in the number of roots, three times 
higher in the first year and four times higher in the 
second year, compared to the control. The above is 
consistent with the results of the experiments con-
ducted by Štefančič et al. [2005, 2006], who obtained 
greater root length for GiSelA 5 rootstock cuttings for 
both auxins (IBA and IAA) at the same concentration. 
The positive effect of IBA on the number and length of 
roots of softwood cuttings of GiSela 5 rootstock was 
also confirmed by Trobec et al. [2005]. However, it 
was only when the cuttings were taken from the upper 
parts of the growth over a given year, not from the 
lower part of the plant, which, in their opinion, was 
already partially woody. Likewise, Gergoff Grozeff et 
al. [2018], when propagating the Ferdor Julior root-
stock, obtained a two-fold increase in the number of 
roots of woody cuttings treated with auxin IBA com-
pared to the control.

The experiment found no improvement in the cut-
tings’ rooting level after the treatment with the tested 
biostimulants. The opposite correlation was observed 
by Loconsole et al. [2022], who treated shoot cuttings 
of two species of ornamental shrubs with Goteo foliar 
biostimulant and noticed a more significant number of 
roots and shoots. Kapczyńska et al. [2020] also proved 
the positive effect of Goteo preparation on the length 
of roots of Pennisetum purpureum cuttings. Similarly, 
in the case of propagation using cuttings of Robinia 
pseudoacacia, the application of microalgae extract 
improved the growth parameters of cuttings [Kaviani 
et al. 2016]. In turn, the results are consistent with the 
outcomes of the research conducted by Traversari et al. 
[2022], who, when rooting rose cuttings, used IBA to-
gether with NAA and obtained higher root length com-
pared to Phylgreen biostimulant. It can be concluded 
that the results of applying biostimulants depend on 
many factors, including the type of propagated species 
and the rooting conditions of the cuttings.

When the two auxins under study were applied, 
the highest fresh weight of ‘Pi-ku 1’ cuttings was 
obtained. It confirms the efficiency of their applica-

tion when rooting cuttings of that type of rootstock. 
Similarly, after applying auxin IBA, Sarropoulou et 
al. [2015] obtained a higher fresh and dry weight of 
rootstock cuttings for sweet cherries. When analyzing 
the effect of the tested biostimulants on the parameter 
in question, a greater weight of cuttings while using 
Goteo biostimulant was recorded for only one year 
compared to the control. Similarly, Szabó et al. [2016] 
found no increase in the fresh weight of Prunus ma-
haleb cuttings when applying a similar biostimulant. 
However, the fresh weight of leaves for that biostim-
ulant was higher in the second year of the study. The 
number and length of new shoots did not differ for 
two biostimulants compared to the control. That ob-
servation is inconsistent with the results obtained by 
Pacholaczak et al. [2016], who observed more shoots 
of ninebark stem cuttings after foliar treatment using 
Goteo preparation. The fresh weight and leaf area of 
the cuttings after applying the Goteo biostimulant 
were better than the control for one parameter and one 
year. It is inconsistent with the result obtained by Lo-
console et al. [2022], who recorded a more significant 
number of leaves and generally larger leaf area for cut-
tings of two species of ornamental shrubs treated with 
that biostimulant. 

According to Bondarenko [2019], an increase in 
photosynthetic activity in plants occurs with an in-
crease in the content of chloroplast pigments in the 
leaves. Also, in the opinion of Borowiak and Korszun 
[2012], the intensity of photosynthesis may be deter-
mined by the leaf area of the plants. In the experiment, 
all preparations containing synthetic auxins increased 
the leaf area and the content of chloroplast pigments, 
which suggested more significant growth activity of 
cuttings, confirmed by better growth parameters ob-
tained in the study. Based on the conducted experi-
ment and the opinions of other researchers [Sims and 
Gamon 2002, Steele et al. 2008], it can be concluded 
that determining the content of chloroplast pigments 
in leaves can provide us with valuable information 
about the physiological state of the tested plants. 

Research was also conducted on selecting appro-
priate substrates for rooting shoot cuttings to ensure 
optimal air-water relations [Owen 2007]. Many au-
thors [Sardoei 2016, Rajkumar et al. 2017, Kapczyńs-
ka et al. 2020] confirmed the improvement in rooting 
of woody plant shoot cuttings when perlite was used as 
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a homogeneous substrate or as one of its components. 
The results of our experiment are different. A higher 
percentage of rooting of shoot cuttings of ‘Pi-ku 1’ 
rootstock was obtained when peat mixed with sand 
was used as a substrate. Other authors [Štefančič and 
Stampar 2005, Exadaktylou 2009, Mezey and Leško 
2014] used different substrates for rooting shoot cut-
tings of cherry rootstocks. The results of their exper-
iments and this study confirm that the composition of 
the substrate does not have a significant effect on the 
rooting of cuttings of Prunus rootstock. Moreover, the 
substrates tested in this experiment had an equally fa-
vorable effect on the number and sum of root lengths. 

CONCLUSIONS

The use of synthetic auxins significantly improved 
the percentage of rooting of ‘Pi-ku 1’ cuttings. Tak-
ing the two applied biostimulants into account, only 
Goteo increased the rooting percentage of the cuttings 
compared to the control. Although the cuttings of the 
rootstock under study were rooted without additional 
treatment with auxins, using the auxins improved the 
results by several percent. Also, the number of roots 
of the cuttings increased by three times for four auxin 
treatments, on average, and their length increased by 
two-times, depending on the year. Such a strong effect 
of auxin treatments concerning the intensity of devel-
opment of the above-ground parts of the cuttings has 
not been observed. However, all parameters improved 
significantly. The effect of the applied biostimulants 
on the growth of cuttings turned out to be insignifi-
cant. A higher percentage of rooting of the cuttings 
was obtained in the peat and sand substrate. Also, in 
one year of the research, the number and sum of root 
lengths were higher for that substrate. An inverse rela-
tionship was found between the number of shoots and 
their sum depending on the type of substrate used. The 
synthetic auxins increased the chlorophyll content in 
the leaves of the cuttings. The most effective treatment 
was the use of two auxins in the form of an alcohol 
solution at a concentration of 1%. The Goteo biostim-
ulant also increased the percentage of rooted cuttings.
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