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Development of micropropagation protocol for production
of elite blueberry planting material in Kazakhstan

This study presents an optimized protocol for micropropagation of commercially valuable highbush blueberry
(Vaccinium corymbosum L.) varieties adapted to climatic conditions of Kazakhstan. An effective explant sur-
face disinfection technique was established, providing a high percentage of aseptic plants. Various nutrient
media with auxins (IBA, 1AA) and cytokinins (zeatin, BAP) were evaluated for shoot proliferation and root-
ing. The optimal medium for micropropagation was identified as Woodt Plant Medium (WPM) with a double
concentration of Ca(NOs),, 2 mg/L zeatin, 30 g/L sucrose, 3.5 g/L agar, 1.5 g/L gelzan, pH 5.2. The most ef-
fective shoot rooting was achieved on half-strength WPM medium with 0.5 mg/L IBA, 30 g/L sucrose, and
vermiculite (pH 5.2). In vitro rooted plants were successfully acclimatized to soil conditions by gradually re-
ducing humidity in a controlled greenhouse environment at 20-23 °C. The developed micropropagation pro-
tocol enables rapid and mass propagation of elite blueberry varieties, ensuring genetic stability and minimiz-
ing the risk of pathogen infection. The results obtained contribute to the development of industrial blueberry
cultivation in Kazakhstan and promote of modern biotechnological approaches in berry crop production.
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Introduction

Highbush blueberry (Vaccinium corymbosum L.) belongs to the Ericaceae family and is a promising
berry crop showing a steady growth in global consumption and expansion of cultivation areas [1-2]. In recent
years, global blueberry production has been increasing at an average annual rate of 10 %, reaching nearly
2 million tons in 2023, more than double the five-year average. The high economic and biological value of
blueberries is due to the rich content of biologically active substances, including polyphenols, combined with
low caloric content and excellent taste [1]. Blueberry is used to strengthen blood capillaries, its positive ef-
fect on the thyroid gland has been revealed; berries have antisclerotic, anti-inflammatory and antitumor ef-
fects [3].

Based on information from Kazakhstan’s Ministry of Agriculture, the current production of fruits and
berries in the country is about 420 thousand tons, but more than 2.5 million tons are required to fully meet
the needs of the population. In this regard, about 70 % of fruit and berry products are imported, which em-
phasizes the need to develop domestic production of berry crops, including blueberries.

Traditional methods of vegetative propagation (green and woody cuttings) are widely used in nursery
farming, but their efficiency is limited by low rooting rate and accumulation of intracellular pathogens,
which negatively affects the quality of berry products and leads to significant yield losses. In this regard,
micropropagation is the most effective method that allows to quickly and massively obtain healthy and high-
quality plants, reduce the risks of pathogen spread, maintain genetic homogeneity and obtain high-quality
planting material.

Scientific research in the field of micropropagation of blueberry is actively carried out in the USA
[4, 5], Russia [6], Belarus [3, 7], EU countries [8, 9]. In Kazakhstan, studies on micropropagation of blueber-
ry were initiated at the Kazakh National Agrarian University, but they included only the development of the
mode of sterilization of explants and selection of nutrient medium at the step of in vitro culture initiation,
while the issues of propagation and in vitro shoots rooting, as well as obtaining planting material with a
closed root system were not considered in this article [10].

The purpose of this work is to develop biotechnology of accelerated micropropagation of blueberry and
obtaining elite planting material of promising for Kazakhstan berry culture for further implementation in the
practice of nursery farming.
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Materials and Research Methods

Plant Material and Conditions of In Vitro Culture. Commercially valuable blueberry varieties were
used as research objects: Bluecrop, Blue Gold, Chandler, Duke, Legacy, Meader, Spartan (USA).

The in vitro culture method was used to initiation in vitro plant material and micropropagation of berry
plants [11].

To initiate in vitro culture of blueberry varieties, shoots (15-20 cm long) from container-grown plants
were washed with soapy water, rinsed, cut into 1.0-1.5 cm pieces, disinfected in 0.1 % mercuric chloride for
3-10 minutes, and rinsed three times with sterile distilled water. Microcuttings were placed in tubes with
various variants of Woody Plant Medium (WPM) supplemented with growth regulators: zeatin, 6-
benzylaminopurine (BAP), indole-3-butyric acid (IBA) and gibberellic acid (GA) (Table 1).Composition of
WPM medium (mg/L): NH4NO3400, H3;BOs; 6.2, CaCl,72.5, Ca(NO3),386, CuSO4*5H,0O 0.25, Na,
EDTA°2H20 373, FESO4'7H20 2785, MgSO41807, MnSO4°H20 223, NazMOO4’2Hzo 0,25, KHZPO4170,
K,S0,990, ZnSO,+7H,0 8.6, Gelzan™1.5, Agar 3.5, pH 5.2 [12].

The number of green shoots, as well as shoots with bacterial and/or fungal contamination and necrosis
were counted. After 4 weeks, in vitro green plants, without visible signs of contamination, were tested on
selective medium 523 for the presence of endophytic bacteria [13]. Composition of the 523 medium: sucrose
10.0, casein hydrolysate 8.0, yeast extract 4.0, KH,PO, 2.0, MgSO,+7H,0 0.15, Gelzan™ 6.0, pH 6.9. Only
aseptic plants were used for subsequent micropropagation. In vitro plants were cultured at 24 °C, 25 umolem’
2e¢*light intensity, 16-h photoperiod, and transferred to fresh medium every 4 weeks.

Table 1
Variants of media used for blueberry micropropagation
Nutrientmedia Growth rggulators pH Reference
concentration(mg/L)
Modified WPM with doubled concentration of .
Ca (NO), Zeatin2.0 5.2 [14]
Standard WPM Zeatin 2.0.+ IBA0.2 5.8 [15]
Standard WPM BAP 0.1 52 -
Standard WPM BAP0.1+GAO0.4 52 -
Standard WPM BAP 0.05 5.2 -
Standard WPM BAP 0.05+GA 0.4 5.2 -
The multiplication rate was calculated by the formula (1):
Mr= a/bec, @

a — the number of newly formed shoots

b — the number of shoots transferred for micropropagation

¢ — number of subcultures

Rooting of in vitro plants was carried out using WPM medium with vermiculite, with half the mineral
salts, and with 0.5 mg/L IBA, pH 5.2. 10 g of agrotechnical vermiculite (BioMaster) were placed in culture
vessels (Magenta boxes) and 85 ml of liquid WPM medium were poured in. The Magenta boxes prepared in
this way were autoclaved at 0.8-1.0 atm for 20 min.

To obtain planting material, the in vitro plants with roots were transferred into soil substrate consisting
of peat, chernozem and perlite in various combinations and transferred to the greenhouse. The effect of tem-
perature and humidity in the greenhouse on plant establishment and adaptation was recorded.

The experiments were repeated in three replicates (n = 25-30). Data presented are means and standard
deviations. Statistical analysis was performed according to generally accepted methods [16].

Results and Discussion

In vitro culture initiation and propagation of aseptic plants

The initiation of in vitro culture and obtaining aseptic plants represents the initial and essential step in
developing micropropagation techniques. One of the important issues of this stage is the selection of effec-
tive disinfection of plant material introduced into in vitro culture, since the donor plants were grown in con-
tainers, i.e. in non-sterile conditions (Fig. 1).
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Figure 1. Donor blueberry plants used for in vitro culture initiation

For disinfecting plant material, a 0.1 % solution of mercuric chloride was used. During the initiation of
in vitro culture of blueberry varieties, it was observed that shoot apices were sensitive to this disinfectant. A
10-minute exposure resulted in complete necrosis of all explants. Reducing the treatment time to 7 minutes
led to necrosis in 40-50 % of the apices. However, shortening the duration to 4 minutes significantly im-
proved outcomes, promoting the development of green shoots. Under this treatment, bacterial and fungal
contamination occurred in only 3.2-10.3 % of explants, necrosis ranged from 0 to 34.2 %, and green shoot
formation was achieved in 39.4-93.7 % of explants, depending on the variety. The Duke variety showed the
highest necrosis rate (34.2 %), while the Meader variety produced the highest number of green plants
(93.7 %) (Fig. 2).
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Figure 2. In vitro culture initiation results for the blueberry cultivars Legacy, Duke, and Meader

In vitro plant testing for endophytic contamination

An important stage of this study was to test plants for endophytic bacterial contamination. Four weeks
after in vitro culture initiation, green plants without visible signs of contamination were tested on selective
medium 523 to detect endophytic bacteria [13]. During passaging, basal parts of shoots were placed in Petri
dishes with 523 medium. The development of bacterial contamination on selective medium 523 indicated
endophytic contamination of in vitroplants (Fig. 3).
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a b

Arrows indicate bacterial contamination on the basal parts of in vitro shoots
Scale 1 cm.

Figure 3. Detection of endophytic bacterial contamination in tissues of Duke (a)
and Meader (b) blueberry varieties on 523 selective medium

In vitro plants showing endophytic bacterial contamination were discarded. Following contamination
screening, aseptic plants of seven blueberry varieties were successfully obtained. The proportion of aseptic
plants ranged from 26.3 % to 75 %, depending on the variety, and these plants were suitable for further
micropropagation (Fig. 4).

% B |

Scale 1 cm.
Figure 4. Aseptic shoots of Meader blueberry variety suitable for further micropropagation

It is noteworthy that this method of testing plant material for endophytic contamination is not consist-
ently applied in other studies [10, 14, 17-19]. However, this step is crucial for ensuring the production of
healthy planting material and is also essential for successful cryopreservation and long-term storage of plant
genetic resources in cryobanks.
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Micropropagation of blueberries

An equally important stage in the micropropagation process is optimizing the composition of the nutri-
ent medium. For blueberries, the goal of nutrient medium selection was to maximize the multiplication
rate (Mr) and ensure optimal plant quality—characterized by bright green leaves, absence of pigmentation or
necrosis on leaves and shoots, and no callus formation. Phytohormones as BAP, IBA, GA are the main
growth regulators used in in vitro blueberry propagation [14, 17]. In studies conducted by Reed B.M., it was
demonstrated that the use of modified WPM medium with double concentration of Ca(NOs), and supple-
mented with zeatin significantly enhanced plant quality and Mr compared to media containing BAP as
cytokinin [14].

Six variants of nutrient media based on the WPM with various plant regulators—zeatin, BAP, IBA, and
GA were tested for blueberry micropropagation (Table 1). The results showed that excessive callus for-
mation on leaves and shoots was the main limiting factor in the micropropagation process. This issue was
especially evident when using WPM medium supplemented with BAP, even at a low concentration of
0.1 mg/L (Fig. 5). Replacing BAP with zeatin at 2.0 mg/L significantly improved shoot quality, eliminated
callus formation, and increased the multiplication rate (Mr) (Fig. 5).

A | b _ P &

Arrows indicate callus formation on leaves and shoots.
Scalel cm.

Figure 5. Blueberry shoots of Blue Gold variety on WPM medium with 0.1 mg/L BAP (a, b),
shoots of Meader variety on WPM medium with 2.0 mg/L zeatin (c)

The Mr of blueberry varieties on the modified WPM medium varied from 6.3 for the Spartan variety to
8.5 for the Meader variety, and on average for all varieties was 7.5 (Table 2).

Table 2
Multiplication rate, rooting percentage and adaptation percentage of blueberry in vitro plants
Cultivar Mr* Rooting**, % Adaptation***, %
Bluecrop 6.6+0,89 96.3 92.0
Blue Gold 8.1+0.76 92.6 100
Chandler 7.2+0.53 100 96.6
Duke 8.1+0.31 96.7 96.6
Legacy 7.5+0.23 92.6 92.0
Meader 8.5+0.31 100 100
Spartan 6.3+0.31 88.9 88.0
Mean 7.5+0.82 95.3+3.37 95.0+3.74
Note*. n =30 (3 x 10)
Note**. n = 27-30 (3 x 9-10)
Note***, All rooted plants were transferred for adaptation, n = 25-30
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In the article by V. Litwinczuk [17], micropropagation of blueberry was carried out in two stages,
differing in the content of phytohormones. At the first stage, cytokinin zeatin (0.5-1.0 mg/L) was used during
in vitro culture in 2-3 passages, which was replaced by cytokinin 2-isopentyladenine (2-iP) (5-10 mg/L) in
subsequent propagation. This approach was used by the author to reduce the cost of purchasing the expensive
hormone zeatin, although some authors [16] have noted that zeatin is a more suitable phytohormone for in
vitro culture initiation and micropropagation of blueberry. In this study, a high Mr of blueberry cultivars was
also achieved on medium with zeatin (Fig. 5, c).

In vitro rooted plants and adaptation to soil substrate

The aseptic blueberry plants obtained were propagated in sufficient numbers to carry out the subsequent
shoot rooting step. The in vitro rooting process is a difficult step, especially for hard-to-root species. Several
variants of nutrient medium with auxins: IBA and indole-3-acetic acid (IAA) were tested for rooting blueber-
ries.

Earlier foreign studies have shown that ex vitro rooting can be carried out both without pretreatment
with auxins and after a short-term immersion in the IBA solution [18]. This method helps lower the cost of
plant propagation; however, its effectiveness is limited by a reduced root formation rate compared to in vitro
rooting. Previous studies have shown that in vitro rooting reduces the risk of disease and enhances resistance
to environmental stress factors [19].

In the present work, an improved method of rooting blueberry shoots was applied based on the use of
vermiculite added to the medium instead of agar, which ensured a high percentage of rooting of blueberry in
vitro shoots (Table 2), as well as higher adaptability of plants when transferred to a soil substrate (Fig. 6, a).
The optimal medium for shoot rooting was determined to be half-strength WPM containing 0.5 mg/L IBA,
30 g/L sucrose and vermiculite at pH 5.2. The rooting percentage varied from 88.9 % for the Spartan variety
to 100 % (Meader, Chandler), and the average for varieties was 95.3 % (Table 2).

The rooted plants in in vitro culture were transplanted into soil substrate consisting of mixture of black
and brown peat: perlite (9:1). Within a week, plants were adapted to reduced humidity by removing the lids
from the cultivation containers. Temperature and humidity were monitored daily in the greenhouse where the
plants were adapted. The optimal temperature for transferring aseptic plants to soil is 20-23°C.

b

I

Figure 6. a) Shoot rooting on half-strength WPM medium containing 0.5 mg/L IBA,
30 g/L sucrose and vermiculite, pH 5.2. b) Blueberry plants in container culture in the greenhouse
c) rooted blueberry plant (Meader variety)
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Due to the fact that blueberry grows best in peat soils, the following composition of soil substrate was
used: a mixture of black and brown peat: perlite (9:1), a small depression was made in it for the volume of
the root system and filled with perlite, where the plant was transplanted. As a result, on average 95.0 % of
blueberry plants adapted to the soil substrate (Table 2).

Based on the conducted research, a protocol for accelerated in vitro propagation of plants of commer-
cially valuable blueberry varieties was developed (Fig. 7)

Step I a Optimization of Step I b Testing for endophytic ¥
the composition of the nutrient |~ ”| contamination on 523 detection medium |—» | ; FA~
g fSteP I . medium (callus formation) (1 week) I & & Aseptic plants
election of material, in vitro i 26,3-73,3%
culture initiation - { T o ﬁ‘; ? %
(2 weeks) . - 4 WA
‘ — - Viability
39,4-93,7%
Step II MWPM (modified woody plant medium) with
Micropropagation __, | double concentration of Ca (NO3)2, 2 mg/L zeatin, — = L
(1 passage — 4 weeks) 30 /L sucrose, 3.5 g/L agar, 1.5 g/L gelzan, pH | — @3: Multiplication
50 TEA rate Kp 7,5
W el %2 WPM medium with 0.5 mg/L IBA, 30 gL | e
SECHIZ 613 Dags =] — sucrose and vermiculite (pH 5.2). il
(3-4 weeks) rooted shoots
Step IV -
Plants adaptation to the soil | | Seil substrate: a mixture of black and brown peat: Adaptation
substrate perlite (9:1) 95%
(3-4 weeks)

Figure 7. Protocol for micropropagation of blueberry varieties

The developed protocol for accelerated in vitro propagation of commercially valuable blueberry varie-
ties includes a number of consecutive stages: selection of plant material, in vitro culture initiation of shoot
apices, disinfection from epiphytic and endophytic fungal and bacterial contamination, micropropagation and
rooting of in vitro shoots, in vitro plants adaptation to soil substrate

Conclusion

As a result of this research, an effective method of micropropagation of highbush blueberry (Vaccinium
corymbosum L.) has been developed. Disinfection treatment for explants were optimized, providing a high
percentage of aseptic plants. The most effective nutrient medium for micropropagation and rooting was es-
tablished, which allowed to obtain healthy planting material with a high degree of rooting.

The developed technologies allow rapid and mass multiplication of promising blueberry varieties, re-
ducing the risk of pathogen spread and increasing the genetic homogeneity of plants. The results obtained
can be used for industrial cultivation of blueberries and introduction of modern biotechnological approaches
in berry growing in Kazakhstan.
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H.K. PrimxanoBa, Y.A. Manankanosa, H.B. Muxaiinenko, C.B. Kyminapenko

Ka3akcTranaa :orapsl canajibl KOKKHICK KOIIEeTTePiH 6HAIpY YUIiH
MHUKPOKJIOHAJIAbI KOOEHTY JiCiH 33ipiey

3eprreyne KazakcTaHHBIH KIMMATTHIK JKaFqainapeiHa OeiiMeNnreH, mapyambUibKTa KYHIbI OHik OyTasbl
kekxkunek  (Vaccinium corymbosum L.) copTTapblHBIH ~MHKPOKIOHAJIbl KeOelTyre apHaiFaH
OHTAIIAHBIPBLUTFAH TPOTOKOJIBI YCHIHBUIABL. JKyMBIC GaphICHIHIIA AKCILIAHTTAPABI TUIM/II 3apapChI3JaHIbIpy
omicTepi O3IpJCHIN, JKOFaphl MAWBI3ABIK AaCENTUKAIBIK OCIMAIKTED KaMTaMmachl3 eTurmi. Ockinmepai
MHKPOKJIOHAJIIBI KOOCHTY *KoHE ONapibIH TaMBIPIaHYBIH KaMmTaMachkl3 ety ymiH aykcuaiep (UMK, NYK)
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MeH uuToKnHuHep (3eatuH, BAIT) KochUIFaH TYpJi KOPEKTIK opTajap ChiHAMAbl. MUKPOKIOHAIIb KOOCUTY
YLIiH OHTailnbl opta perinae kocapnanran memuepaeri Ca(NOs),, 2 Mr/n 3earun, 30 r/x caxaposa, 3,5 /i
arap, 1,5 r/n mxenpaiit xone pH 5,2 6onatsisn WPM opTackl aHBIKTabl. OCKiHAEPAl TaMBIpIaHAbIpyIa €H
Kakcel HoTmwkenep 2 WPM opraceinpa, 0,5 mr/n UMK, 30 r/n caxaposa »xoHe Bepmukymut (pH 5,2)
KOJIIaHbLIFaH Karaaiaa ansiHasl. In vitro tameipsr Gap ecimaikrep 20-23°C temneparypajia OaKbUIAHATHIH
JKBUIBDKAH OpPTACBHIHIA BUIFAJIBUIBIKTEL OIPTIHAC TOMEHAETY apKbUIBl TONBIPAK JKarjaiblHA COTTI
OeftiMaenyi. O3ipJIeHTeH IPOTOKON KOKOKUICKTIH AIIMTANBIK CYPHIITAphIH JKamai opi jkemen kebeiryre
MYMKIHIIK Oepeni, TeHEeTHKANbIK TYPaKTBIIBIKTEI KaMTaMachl3 €Telli JKoHE IaTOTeHIepMeH 3aKbIMIaHy
KaymiH asaiTansl. byn Hotmkenep Kasakcranza KeKXKHIEKTI OHEPKACINTIK ©CIpyAi JaMBITyFa XoHE KHICK
HIapyalIbUIbIFBIH/AA 3aMaHayH OMOTEXHOIOTHSUIBIK 9/IICTEP/Il CHII3yTe 63 YJIECiH KOCaIbl.

Kinm ce3dep: kexxuek, Vaccinium corymbosum L., MUKpOKIIOHAIIBI KOGEHTY, iN VItro TaMbIpaasisIpy.

H.K. PeimxanoBa, Y.A. Manankanoa, H.B. Muxaiinenko, C.B. Kymnapenko

Pa3pa6oTka cnocoda MUKPOKJIOHATbHOTO PA3MHOKEHHS
AJIsl MPOM3BOACTBA JIUTHOTO MOCAI0YHOT0 MaTepuasa roaxyonkn B Kazaxcrane

B nanHOM HCClleOBaHWY NPENCTABICH ONTHMHM3UPOBAHHBEIA NMPOTOKOJ MHKPOKJIOHAJIEHOTO Pa3MHOXKEHHUS
KOMMEPUECKH LIEHHBIX COPTOB roiyOHKH BbIcOKOpocioi (Vaccinium corymbosum L.), aganTHpoBaHHBIX K
KIuMaTHdeckuM ycnoBusiM Kazaxcrana. PaspaGoran >¢@ekTuBHBIA cnoco0 Ie3uMH(QEKINH 3KCIUIaHTOB,
00eCcTIeunBarOIUi BHICOKHI MPOIEHT ACENTHYECKUX PACTEHUH. BBUIM mpoTecTHpOBaHBI pa3iWYHbIC MHTa-
TenpHBIE cpenpl ¢ nobasneHneM aykcuHoB (UMK, UYK) u nuroxunnaoB (3eatuH, BAII) mns Mukpoxio-
HAJIBHOTO Pa3MHOXKEHHS MOOETOB M MX yKOpeHeHus. OnTuManbHas cpefa Uil MAKPOKJIOHAIBHOTO pa3MHO-
JKeHust okasanachk cpena WPM ¢ yaBoennoii kounenrparueit Ca(NOs),, 2 mr/i 3earuna, 30 r/n caxapossl, 3,5
r/n arapa, 1,5 r/n mwkenpaiita, pH 5,2. Haunydmivie pe3ynbTaTsl 0 YKOPEHEHUIO TOOETOB OBLIH MOJTYYCHBI
npu Ucmoib3oBanu WPM cpenbl ¢ TIOJOBHHHOW KOHIICHTpAIUEeH MHUHEPAJIBHBIX KOMIOHEHTOB, ¢ 0,5 Mr/n
VMK, 30 r/n caxapo3sl U BepmukyiutoM (pH 5,2). YkopeHEHHBbIe in Vitro pacTeHus GbUTH YCIEIUIHO aKKIIU-
MAaTH3HPOBAHBI K IIOYBEHHBIM YCIOBHSAM ITyTEM ITIOCTEIICHHOTO CHIDKECHHS BIIQ)KHOCTH B KOHTPOJIHPYEMOH Te-
wingHo# cpene npu temmeparype 20-23 °C. Pa3paboTaHHBIH MPOTOKOI MO3BOJISIET OBICTPO U MACCOBO pas3-
MHOaTh DJIUTHBIE COPTa TONYOHKH, 00ecTedrnBasi TeHETHYECKYIO CTA0MIBHOCTE U MHHUMH3HPYS PHCK 3apa-
JKeHHsl maTtoreHamu. [loiydeHHbIE pe3ynbTaThl CIIOCOOCTBYIOT PAa3BHTHIO NMPOMBIIIICHHOTO BBIPALIMBAHHA
ronyouku B Kazaxcrane U BHEIPEHUIO COBPEMEHHBIX OMOTEXHOJIOTHYECKUX METOJIOB B SITOIOBOJCTBO.

Kuiouesvle cnosa: romybuka, Vaccinium corymbosum L., MHKpOKIIOHAIBHOE Pa3MHOXXCHHE, YKOPECHEHHE
invitro.
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