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Utilizing Plant Preservative Mixture™  
to eliminate endophytic bacterial contamination  

and establish in vitro cultures of blackberry varieties

Abstract: Bacterial, fungal, and viral contaminations pose a pervasive challenge to in vitro propagation of 
berry crops, presenting significant economic hurdles for the preservation of plant genetic resources and the 
commercialization of micropropagation. This study aimed to diagnose endophytic and viral contamination 
in commercial blackberry cultivars and while developing an in vitro method to eliminate bacterial con-
tamination from the Chaсanska Bestrna variety. The Plant Preservative Mixture™ (PPM™) was utilized 
as a broad-spectrum bactericidal agent within the blackberry in vitro tissue culture. Contaminated shoots 
were cultured on Murashige and Skoog medium supplemented with 0.2% v/v PPM™, maintained over 
a 12-week period through three subcultures, before being transferred to medium devoid of PPM™ for 
an additional 12 weeks. The results were evaluated after 12 and 32 weeks of culture on medium without 
PPM™. This study demonstrated that PPM™ is an effective control agent and can be successfully used 
to manage the growth of endophytic contamination. For the Chaсanska Bestrna blackberry variety, 100% 
aseptic shoots were obtained in vitro without any negative effects on the shoot growth. However, the results 
indicate the opportunity for further testing of PPM™ on other blackberry varieties experiencing bacterial 
contamination, as it is possible that the contamination in this study was superficial and the selected con-
centration of the bactericide proved to be successful. To obtain virus-free planting stocks, in vitro rooted 
shoots were transferred to a soil substrate consisting of peat (40%), black soil (50%), and perlite (10%), and 
then adapted in a greenhouse at 20-23°С. The survival rate of blackberry varieties in greenhouse conditions 
was 93-99%.
Key words: blackberry; tissue culture; in vitro contamination; micropropagation; broad-spectrum biocide.

Introduction

The cultivation of berries stands as one of the 
most vibrant and flourishing sectors within the realm 
of agriculture, marked by its dynamic growth and lu-
crative potential. According to the Food and Agricul-
ture Organization (FAO), the Republic currently pro-
duces about 420 thousand tons of fruits and berries, 
while the population of the country requires more 
than 2.5 million tons of products according to world 
standards; about 70% of fruit and berry products are 
imported [1]. One of the limiting factors in the devel-
opment of this industry in Kazakhstan is the lack of 
high-quality planting material. In this regard, the de-

velopment of micropropagation techniques to obtain 
healthy planting material for berry crops is extremely 
important.

Blackberry is a valuable berry crop, the fruits of 
which have high nutritional and healing properties, 
due to their rich chemical composition. These ex-
quisite berries possess approximately 10% carbohy-
drates along with a medley of organic acids, pectin, 
fiber, and a rich array of vitamins including P, B, E, 
and C, complemented by a diverse spectrum of mac-
ro and microelements [2]. The allure of blackberries 
extends beyond their delightful taste and captivating 
aroma; they are celebrated for their robust concen-
trations of anthocyanins and phenols, both of which 
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exhibit powerful antioxidant and anticancer proper-
ties [3]. Furthermore, blackberries lend themselves 
to the creation of high-quality processed delicacies, 
such as jams, jellies, marmalade, juices, and extracts, 
as well as delightful wines and beverages. These 
fruits are equally adept at swift freezing, perfect for 
crafting vibrant food colorings that enhance culinary 
creations. Despite the high value of this berry crop, 
blackberries are still not as popular among farmers 
in Kazakhstan as raspberries and strawberries. The 
main difficulties in cultivating this crop are associ-
ated, first of all, with the need to select high-quality, 
highly productive varieties suitable for the soil and 
climatic conditions of the country, as well as the use 
of modern agricultural technologies [4]. In addition, 
Kazakhstani farmers use blackberry planting stocks 
purchased from foreign producers because there is 
no high-quality, pathogen-free material of domestic 
production available.

Traditionally, varieties of berry crops are propa-
gated by green or woody cuttings, which is often 
not very effective [5-7]. Micropropagation is cur-
rently the only way to produce healthy planting ma-
terial on an industrial scale, widely used in many 
countries [8]. The development of blackberry mi-
cropropagation technologies is being fruitfully pur-
sued in the USA [9], Russia [10-11], and European 
Union countries [12-13]. There are no scientific 
publications on micropropagation of blackberries in 
Kazakhstan.

When producing planting material, it is very im-
portant to monitor its virological status. Blackberry 
varieties are propagated vegetatively and can accu-
mulate viruses during various development stages. 
More than 30 different viruses are known to infect 
native and cultivated blackberries [14-16]. Raspber-
ry bushy dwarf virus (RBDV) is the most harmful 
and widespread pathogen of Rubus genus including 
blackberry [17]. RBDV was discovered worldwide in 
Rubus commercial growing regions, including North 
and South America, Europe, China, and New Zea-
land [13-19, 17-23]. The occurrence of RBDV both 
in cultivated and native raspberry plants was recently 
reported in Kazakhstan [24]. Blackberry yellow vein 
associated virus (BYVaV) has been described in the 
USA in blackberries with symptoms of vein clear-
ing, yellow mottling and plant decline [25]. Black 
raspberry (Rubus occidentalis) plantings in Oregon 
(USA) also declined by Black raspberry necrosis 
virus (BRNV) [26]. Apple mosaic virus (ApMV), 
which is widespread throughout the world, has also 
been found in symptomless Rubus plants in the Unit-
ed States and Germany [16]. 

One of the indispensable stages of micropropa-
gation is in vitro culture initiation. Contamination of 
field plant material with bacterial and fungal patho-
gens can significantly reduce the percentage of asep-
tic shoots. Surface disinfection helps eliminate epi-
phytic bacterial and fungal contaminations; however, 
sterilizing agents usually have no effect on endophyt-
ic bacteria that inhabit inner tissues and organs [8, 27, 
28, 29]. A wide variety of endophytic bacteria have 
been identified in tissue culture of various plants, 
including Curtobacterium, Mycobacterium, Paeni-
bacillus, Pseudomonas, Stenotrophomonas found in 
in vitro shoots of Rubus ideaus [25, 30]. Antibiotic 
treatment has been shown to be effective in eliminat-
ing bacterial contamination from micropropagated 
strawberry plants [31]. A combination of several an-
tibiotics may have advantages over the use of a single 
antibiotic in preventing the emergence of resistant 
strains [27, 31, 32]. The use of the broad-spectrum 
biocide Plant Preservative MixtureTM (PPMTM) has 
shown high efficiency in eliminating endophytic con-
tamination from explants taken in field collections of 
various plants and propagated in vitro: rhododendron 
and European birch [33], Acacia [32], Malus [35], 
and walnut [36].

The purpose of this work was to study the weight 
of PPMTM on the elimination of endophytic bacteria 
and the production of blackberry varieties aseptic 
plants.

Materials and methods

Plant Material. One-year-old shoots of three 
blackberries varieties were cut for in vitro initiation 
in June 2023 from the field collection of the “Semi-
rechye” nursery in Almaty region. Three blackberry 
varieties were used: Chester, Natchez (USA) and 
Chacanska Bestrna (Serbia).

In vitro Culture Initiation and Micropropagation. 
Cuttings approximately 15-20 cm long were washed 
in soapy water and rinsed in tap water, then apices 
(1.5-2.5 cm long) were excised from the stem and 
in a laminar flow hood were surface disinfected with 
0.1% mercuric chloride with a few drops of “Tween 
20” for 5 or 7 min. Following washing with sterile 
water, the delicate shoot apices were placed within 
25 × 250 mm glass tubes, cradled in Murashige and 
Skoog medium (MS) [35] enriched with doubled 
dose of iron chelate, 0.5 mg L-1 6-benzylaminopurine 
(BAP), 0.01 mg·L-1 indolyl-3-butyric acid (IBA), 
30 g·L-1 sucrose, 4 g·L-1 agar sourced from (Phyto-
Technology Laboratories®, Lenexa, KS, USA), 1.25 
g·L-1 GelriteTM (PhytoTechnology Laboratories®, 
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Lenexa, KS, USA). The medium was adjusted to pH 
5.7 using 0.1 N NaOH, followed by autoclaving at 
121°C for 20 min.

The burgeoning shoot cultures thrived within a 
growth room-maintained 24°C basking under a 16-
hour photoperiod (light intensity of 40 μmol·m-2·s-1) 
illuminated by the gentle glow of two types of OP-
PLE tubular fluorescent lamps: YK21RR 16/G 21 W 
6500 K RGB and YK21RL 16/G 21 W 4000 K RGB 
(Opple, China).

The number of viable shoots, shoots with bac-
terial and fungal contamination, and necrosis were 
evaluated using visual inspection during the first 
two weeks culturing. Visually clean shoots were 
indexed for endophytic contamination using 523 
detection medium [36]. The bases of the shoots 
were placed in Petri dishes with 523 medium with 
10 g·L-1 sucrose, 8 g·L-1 casein hydrolysate (Sigma-
Aldrich, St. Louis, MO, USA), 4 g·L-1 yeast ex-
tract, 6 g·L-1 GelriteTM, 2 g·L-1 KH2PO4, 0.15 g·L-1 
MgSO4·7H2O, pH 6.9. 

Contaminated shoots 2-3 cm in size with 3-5 
leaves, after testing on the 523 medium with identi-
fied endophytic bacterial contamination were divided 
into 2 parts: 1) cultivated on MS medium mentioned 
earlier for three passages during 4 weeks each – Con-
trol; 2) cultured on MS medium with 0.2% (volume/
volume,) for three passages during 4 weeks each (Ex-
periment 1 (E1). After this all shoots were transferred 
to MS medium without PPMTM. for three subcultures 
during 4 weeks each (Experiment 2 (E2). After each 
cultivation, indexing for endophytes was carried out 
using 523 medium. After experiment E2, in vitro 
shoots were further propagated under the conditions 
described above, after 8 cultivations of 4 weeks each 
(32 weeks), in vitro shoots were again tested on 523 
medium (Experiment 3 (E3).

Virus detection. In vitro shoots were evaluated for 
five viruses: Raspberry bushy dwarf virus (RBDV), 
Strawberry necrotic shock virus (SNSV), Apple mo-
saic virus (ApMV), Black raspberry necrosis virus 
(BRNV), and Blackberry yellow vein associated 
virus (BYVaV) by multiplex reverse transcription 
polymerase chain reaction (RT-PCR). Sequences of 
oligonucleotides used for virus detection are present-
ed in Table 1.

Total RNA was extracted from in vitro black-
berry leaves using the CTAB method [39, 40, 41]. 
The quality of the exported RNA was evaluated in 
Tris-acetate buffer (TAE) by electrophoresis in 2% 
agarose gel. Reverse transcription was carried out in 

a reaction mixture with a volume of 20 μl, which con-
tained 0.5 μg/μl of universal primer and 200 units of 
reverse transcriptase RevertAid. At the first stage, a 
mixture containing total RNA (at least 200 ng) and a 
universal primer was incubated at 72°C for 10 min. 
Next (second step), to a 15 μL reaction mixture 4 μL 
of 5x Buffer RT, 200 μM dNTP, and RevertAid re-
verse transcriptase were supplemented. cDNA syn-
thesis at 45°C for 60 min was carried out. The reac-
tion mixture for PCR contained 2 μl of cDNA, 1x 
Dream Taq Buffer, 200 μM dNTP, 0.2 μM reverse 
and forward specific primer for each virus and 1.5 
units Dream Taq polymerase (Thermo Fisher Scien-
tific Inc., Vilnius, Lithuania).

Next, MasterMixt was prepared using the fol-
lowing components: 8.80 μl of H2O, 1.80 μl of 10X 
reaction mixture, 0.45 μl of 100 mM MgCl2. 1.20 µl 
5 mM dNTPs, 1.80 µl primer F, 1.80 µl primer R, 
0.15 µl Taq polymerase. The reaction program con-
sisted of the following stages: denaturation at 95°C 
for 5 min; 30 cycles: denaturation for 30 sec at 95°C, 
aniling for 20 sec at 52°C, elongation for 40 sec at 
72°C; last elongation at 72°C for 5 min. Amplifica-
tion products in a 2% agarose gel in Tris-borate buf-
fer (TBE) were investigated by gel electrophoresis. 
Confirmation of the RNA purity was obtained by the 
separation of the 28S and 18S ribosomal RNA on 
the electropherogram (Thermo Fisher Scientific Inc., 
Vilnius, Lithuania) [43].

Obtaining of Virus-Free Blackberry Planting 
Stocks. To obtain planting stocks, rooted in vitro 
plants were transferred to (250 ml) polyethylene con-
tainers with soil substrate: black soil (“Ahty” https://
almaty.flagma.kz/342682/), peat (Kekkila DSM 1 
W EXTRA, Finland), and perlite (Union Perlite, Al-
maty, RK https://perlite.kz/ ) in a percentage correla-
tion of 50:40:10. The containers with the plants were 
covered with transparent plastic caps and kept to a 
three-layer polyethylene film greenhouse (240 m²) 
with a temperature range from 18°C to 25°C and hu-
midity from 40% to 80%. The temperature regime in 
the greenhouse was controlled using a floor-standing 
column-type air conditioner, Almacom ACP-60A 
(Almacom, China). The influence of temperature 
and humidity in the greenhouse on the survival and 
adaptation of the plants was monitored. After one 
week, the plastic caps were taken out for a period 
– 10-15 min, and later on, the ventilation duration 
was increased to 8 h. The adaptation period was for 
3-6 weeks. For continued adaptation, the plastic caps 
were taken out.
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 Table 1 – Sequences of oligonucleotides used for virus detection.

Virus Primer 
name Sequence (5’→3’) Amplicon size 

(bp)
Annealing 

temperature (°C) Reference

ApMV
ApMV-F AGGGTCCTGAGCAGTCGAGA

264 64 [16]
ApMV-R GTTTGGAGGGGCTTCCCACT

BRNV
BRNV-F ATGCTGAGCCACTTGTGA

417 54 [24]
BRNV-R ATCTGGTGTGTTCCGCAT

BYVaV
BYVaV-F CGTAAGAAGTTCAACATCCA

180 58 [25]
BYVaV-R CTTCCAGAATAGAGCACTCG

RBDV
RBDV-F TTCATCCTCCAAATCTCAGCAAC

245 73 [26]
RBDV-R CGTCGACGGCACCGCCCACCACA

SNSV
SNSV-F CAGTGTTTACGGCTGCGAAG

823 69 [42]
SNSV-R GGGATCGATTGGTTAGGACCGTCAT

Statistical Analysis. Fifteen explants of each 
variety for each treatment in triplicate (n=45) were 
used to initiate in vitro culture. For testing on the 523 
medium, in vitro shoots were used in triplicate (n = 
15). Results were statistically processed as the mean 
values ± standard error (SE). Means were compared 
using SYSTAT 13.0, Statistics Software; SYSTAT 
Software, Inc.: San Jose, CA, USA, 2009 [44]

Results and discussion

In Vitro Culture Initiation. After placing the 
surface-disinfected apexes into tubes containing 
culture medium (Figure 1), a visual inspection was 
conducted after one week to assess the number of vi-
able explants, as well as the occurrence of necrosis 
and contamination. The results of visual inspection 
of the in vitro apexes of the three varieties Ches-
ter, Natchez and Chaсanska Bestrna are presented 
in Figure 2. 

Fungal contamination was not detected in any 
variety and any disinfection duration. Epiphytic bac-
terial contamination was noted in a small number of 
explants: with 5 minutes of disinfection – from 2.2 to 
6.7%, on average 5.2%; with 7 minutes of disinfec-
tion – from 0 to 4.4%, on average 2.2%. The percent-
age of necrosis significantly increased in the apices 
of the Chester and Chaсanska Bestrna varieties when 
the treatment duration increased to 7 minutes and 
averaged 47.4% for the three varieties compared to 
24.4% when treated for 5 minutes. The percentage of 
viable apices without visual signs of contamination 

was significantly higher with a 5-minute treatment in 
the Chester and Chachanska Bestrna varieties and on 
average for the three varieties was 70.4% compared 
to 50.4% with a 7-minute treatment.

In general, disinfection with mercuric chloride 
for 5 minutes was a gentler treatment, but sufficient 
to eliminate epiphytic contamination and obtain 
60.0% viable shoots for ‘Chaсanska Bestrna’, 71.1% 
for ‘Chester’ and 80.0% for ‘Natchez’ (Figure 2).

In contrast, all shoots of Chaсanska Bestrna were 
affected by endophytic contamination, as shown in 
Figure 4 c highlighting the importance for further 
study the reasons it’s susceptibility to endophytes. 
The results of testing on medium 523 can serve as the 
basis for optimizing protocols for different varieties, 
which in turn will increase the overall productivity 
and stability of the crop. 

Virus detection. In vitro shoots of all three black-
berry varieties were tested for the presence of five 
viruses: Raspberry bushy dwarf virus (RBDV), 
Strawberry necrotic shock virus (SNSV), Apple mo-
saic virus (ApMV), Black raspberry necrosis virus 
(BRNV), and Blackberry yellow vein associated vi-
rus (BYVaV). This test is necessary to assess virus 
infection and ensure the quality of cultures. Identify-
ing viruses in the early stages allows to take measures 
to eliminate them and minimize risks during further 
plant propagation. Virus load research researches 
allow to select the most resistant varieties for suc-
cessful micropropagation and improved agronomic 
characteristics. As a result, viruses were absent in all 
samples as shown on Figure 4.
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Figure 1 – Shoot apexes of blackberry cultivars Natchez (a) and Chacanska Bestrna (b) newly cultured  
on Murashige and Skoog medium with doubled dose of iron chelate, 0.5 mg·L-1 6-benzylaminopurine, 

 0.01 mg·L-1 indolyl-3-butyric acid, 30 g·L-1 sucrose, 4 g·L-1 agar, 1.25 g·L-1 GelriteTM, pH 5.7. Scale bars = 1 cm 

Figure 2 – Effect of duration disinfection with HgCl2 (5 or 7 min) during in vitro initiation  
three blackberry varieties Chester, Natchez, and Chacanska Bestrna. The results are average values ± standard error (SE).  

Means denoted by different letters are significantly different at p≤ 0.05 using Tukey’s mean separation test 

Detection of Endophytic Contamination. Con-
tamination of plant tissue culture by pathogens is 
indeed a serious problem in micropropagation, be-
cause even apparently aseptic shoots can contain en-
dophytes contamination [44-45]. Careful inspection 
of explant purity is important to minimize the risk of 
endophytic contamination. The use of a specialized 

523 medium allows to detect of these contaminants, 
improves the quality of the culture and increases the 
success of micropropagation and further cryopreser-
vation of shoot tips [ 28, 36, 45]. The study revealed 
that all shoots of the Natchez and Chester varieties 
were aseptic, which may indicate their high resis-
tance to infections, as shown in Figure 3.
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Figure 3 – Testing in vitro blackberry shoots for contamination on specialized bacteriological growth medium 523.  
Clean cultures of Chester variety (a) and Natchez variety (b). Bacterial growth on and around shoot initials  

of the Chaсanska Bestrna variety shoots on specialized bacteriological growth medium 523 (c). Scale bars = 1 cm

The absence of virus contamination may be attrib-
uted to the fact that the source material was obtained 
from certified planting stocks grown in container cul-
ture. Since these planting stocks were not propagated 
in open ground, they were less exposed to potential 
virus contamination, ensuring a virus-free plant mate-
rial. This finding indicates that the in vitro cultures of 
all tested blackberry varieties are free from virus con-
tamination, this is essential for future micropropaga-
tion, cryopreservation and planting stocks obtaining.

Obtaining contamination-free in vitro shoots us-
ing chemotherapy with PPMTM. In light of the per-
vasive endophytic contamination affecting all speci-
mens of the Chaсanska Bestrna variety, subsequent 
experiments called for the transplantation of in vitro 

shoots from this accession into a basic MS medium, 
enhanced with the bactericide PPMTM. Following 
a meticulous examination for the absence of endo-
phytic microflora on the specialized bacteriological 
medium 523, it was established that the formation of 
colonies on the MS medium with PPMTM had ceased 
entirely. The medium itself transformed, devoid of 
any signs of contamination. Thus, the addition of 
PPMTM. to the culture medium gave good results, 
demonstrating the cessation of microbial growth as 
shown on figure 4. As a result, a method was devel-
oped for obtaining blackberry in vitro shoots that are 
free from endophytic contamination. The results of 
the set free of in vitro shoots from contaminant infec-
tion are given in the Table 2.

Figure 4 – Representative electrophoretic analysis of RT-PCR products from micropropagated blackberry accessions  
to test for the presence of five viruses: Raspberry bushy dwarf virus (RBDV), Strawberry necrotic shock virus (SNSV),  

Apple mosaic virus (ApMV), Black raspberry necrosis virus (BRNV), and Blackberry yellow vein associated virus (BYVaV).  
(a) K+ RBDV and BYVaV. (b) K+ SNSV, BRNV and ApMV. M – DNA marker for electrophoresis 100bp Plus (ThermoFisher),  

K – negative control; 1-2 – Chester, 3-4 – Natchez, 5 – Chaсanska Bestrna
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Specialized medium 523 contains amino acids 
from hydrolyzed casein, vitamins from yeast extract 
and sucrose as an energy source, therefore it is an ide-
al medium for bacteria and fungi to grow. In current 
experiments, contamination was observed in 100% 
of the control shoots (without PPMTM treatment) 
after 4 weeks of cultivation on specialized medium 
523, contamination was already evident at the first 
week, indicating the effectiveness of this specialized 
bacteriological medium in detecting contamination. 
Therefore, our results show that PPMTM controlled in 
vitro shoots contamination on medium with PPMTM 

(0.2% v/v) for three cycles with 4 weeks duration 
(E1), the aseptic rates of shoots ranged from 46.7% 
to 100% (Table 2, E1) (Figure 5).

Results represent mean ± standard error (SE). 
Control comprised of shoot basal segment were iso-
lated from four-week-old cultures with contamina-
tion and cultured on basal medium without PPMТМ 
for three passages of four weeks each (total of 12 
weeks of cultivation). Average values denoted by 
different letters within each section were signifi-
cantly different at p ≤ 0.05 using Tukey’s mean 
separation test.

Figure 5 – Chaсanska Bestrna variety four weeks after subcultivation on MS with doubled dose of iron chelate,  
0.5 mg·L-1 BAP, 0.01 mg·L-1 IBA, 30 g·L-1 sucrose, 4 g·L-1 agar, 1.25 g·L-1 GelriteTM, 0.2% (v/v) PPMТМ, pH 5.7.  

(a) Testing Chacanska Bestrna in vitro shoots for the contamination on specialized bacteriological growth medium 523.  
Shoot were grown 12 weeks (three subcultures of 4 weeks each) on MS medium with PPMTM (0.2% v/v)  

and then were transferred to MS medium without PPMTM and cultured for three additional subcultures (total of 24  
weeks of cultivation). No bacterial growth detected (b). Scale bars = 1 cm

Table 2 – Percentage of aseptic blackberry Chacanska Bestrna in vitro shoots cultures grown for 12 weeks (three passages by 4 weeks 
duration each) in a medium with 0.2% v/v Plant Preservative Mixture™ (PPM™) (Experiment 1, E1), later pre-treated shoots from 
E1 grown in a medium without PPM™ for 12 weeks (three passages by 4 weeks duration each) (Experiment 2, E2) and then the 8 
cultivation by 4 weeks duration each (32 weeks) from E2 (Experiment 3 (E3)

Experiment name Number of subcultures zAseptic shoots (%)

Control
the first subculture 0a

the second subculture 0a

the third subculture 0a

Experiment 1 (E1)
the first subculture 46.7±6.7b

the second subculture 100d

the third subculture 100d
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Experiment name Number of subcultures zAseptic shoots (%)

Experiment 2 (E2)
the first subculture 86.3±17.4c

the second subculture 96.6±3.9d

the third subculture 100d

Experiment 3 (E3) the eighth subculture 100d

Continuation of the table

Shoots obtained from E1 were transferred to 
medium without PPMTM. and cultured for more than 
three subculture cycles by 4 weeks duration each (12 
weeks in total) before testing microbial growth (E2). 
After 12 weeks of cultivation, bacterial contamina-
tion was completely removed. Further testing on 523 
medium of in vitro shoots, cultured on MS medium 
without PPMTM after 28 weeks (Experiment 3 (E3) 
also showed the absence of contaminated plants. 

Studies by many authors show positive dynamics 
of using PPMTM for rejection contamination in vitro 
shoot culture. As the results show, the effect of PPM-
TM varies for different genotypes from 0 to 100% of 
aseptic shoots, which may indicate that the efficiency 
of that procedure for elimination of endophytic con-
tamination condition on the type of tested plants and, 
mainly, on the type of contamination that has multi-
plied in the plant tissue [48-53.]. In the study obtain-
ing, 100% of aseptic shoots were obtained in vitro 
for the blackberry variety Chaсanska Bestrna without 
any negative effect on the growth of cultures in vitro. 
Perhaps this is due to the blackberry culture itself, 
since two of the three studied varieties were not at all 
susceptible to the action of contamination; perhaps 
the contamination was superficial and the selected 
concentration of the bactericide was successful.

Obtaining of Virus-Free Blackberry Planting 
Stocks. Already now in many countries it has signifi-
cantly displaced raspberries, as it significantly sur-
passes them in terms of yield, transportability and 
medicinal properties. Commercially valuable variet-
ies, such as those mentioned in this study, are unique 
thornless breeding specimens adapted to cultivation 
conditions. With proper agricultural techniques, their 
yield can reach 16-28 tons per hectare. If we consider 
that the original planting stocks are virus-free and 
free from endophytic contamination, the yield can be 
increased to 35 tons per hectare [1].

To obtain the planting stocks, shoots with roots 
were taken from a virus-free in vitro collection, free 
from endophytic contamination. It should be noted 
that blackberry root in vitro formation occurs inde-
pendently on MS medium for micropropagation. 

Rooted blackberry plants were transplanted into 
a soil substrate consisting of a mixture of black soil, 
peat, and perlite. For a week, the plants were adapted 
to reduced humidity by removing the plastic caps 
from the cultivation containers.

To ventilate the plants, the plastic cap was re-
moved for 10-15 min, and in the next few days, the 
ventilation duration was increased to 8 h. The dura-
tion of planting stocks adaptation amounts from 3 to 
6 weeks. In the greenhouse, where the plants were 
adapted, temperature and humidity were monitored 
daily. The survival rate of blackberry plants in the 
greenhouse at 20-23° reached 99.0%, while a de-
crease or increase in temperature led to a slight de-
crease in the survival rate of planting stocks to 94.3% 
and 93.0% respectively. When comparing statistical 
differences, no difference was noted between the 
options. However, when averaging the data, it was 
found that the optimal temperature for transferring 
aseptic plants to the soil is 20-23°С. Visually, the 
plants were also indistinguishable. Planting stocks 
adapted to greenhouse conditions are shown in Fig-
ure 6.

The planting stocks obtained from in vitro cul-
ture, of a high purity category and adapted to field 
conditions, will be used for the establishment of an 
elite nursery, as well as for mass production for sub-
sequent commercialization within the framework of 
the project. Besides, the in vitro accessions will serve 
for conducting a wide range of biological research, 
including the long preservation and genetic resources 
international exchange for the creation of duplicate 
collections.
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Figure 6 – Planting stocks of blackberry cultivar Chaсanska Bestrna transplanted into a soil substrate: 
 black soil, peat, and perlite (50:40:10) at 20–23°C and humidity from 40% to 80%. Scale bars = 1 cm 

Conclusion

Bacteria, fungi and viruses are the constant threat 
to growth in vitro plants, however methods for con-
trolling and, in some cases, eliminating contamina-
tion are already developed. In this research, the us-
ing of PPM™ (0.2% v/v) for 12 weeks of cultivation 
was found to be effective in controlling endophyte 
growth in vitro tissue cultures of the Chaсanska Be-
strna blackberry variety. Given that only one variety 
was affected by contamination in this case, there is 
a need for further testing of PPM™ on other black-
berry varieties with bacterial outbreaks to confirm 
the study’s results or for further investigation. From 
virus-free in vitro shoots of three blackberry varieties 
free from endophytic contamination, planting stocks 

adapted to greenhouse conditions (20-23°C) and soil 
substrate were obtained, that suitable for planting in 
field conditions.
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