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Abstract: The effect of low initial medium pH on shoot and root development of
five white poplar (Populus alba L.) genotypes was tested. The shoot height, fresh
mass of shoots per jar, dry mass of shoots per jar, number of roots, as well as the
length of the longest root were measured and final pH of the media determined, af-
ter 35 days of culture in vitro. Three initial pH values of the medium were tested:
3.0,4.0 and 5.5 as control. Agar solidification at pH 3.0 was not achieved after steri-
lization in autoclave, but it was successful after sterilizing in a microwave oven.
The obtained results indicate that the tested genotypes are able to significantly in-
fluence the changes of media pH during culture. The effect of differences among
the examined media was significant for biomass accumulation and final media pH.
Generally, significantly higher values of fresh and dry shoot mass, shoot height
and the longest root length were recorded on a medium with initial pH 3.0 then on
a standard medium with pH 5.5.The implications of the obtained results for the im-
provement of in vitro propagation of white poplars are discussed.
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E®EKAT HUCKE ITOYETHE pH BPETHOCTHU XPAH/bUBE ITOAJIOTE HA PACT
BEJIE TOIIOJIE IN VITRO

H3Boa: VY ucrtpaxuBamy je TecTHpaH edekarT HuUCKe modeTHe pH BpemHOoCTH
XpaHJbHUBE MOJAJIOre Ha pa3Boj M3bojaka M KOpeHa MeT reHoTuroBa Oene gomahe
tomnoie (Populus alba L.). Hakon 35 nana kyaTtuBanuje y KyJaTypH in vitro MepeHn
Cy BHCHHA H300jaka, CBe)ka Maca u300jaka Mo TErJHUIM, CyBa Maca M30ojaka Io
TerunH, Opoj KOpeHoBa, NyKMHA HajayXKer KopeHa n oapehena je xomawna pH
BpPEIHOCT XpaHsbuBe noasore. Tpu moyetne Bpexnoctu pH meamujyma - 3,0, 4,0 u
5,5- ucnuTase cy kao crannapaHa pH BpegHocT Menujyma (koHTposa). [Ipodaemu
ca ouspmhaBameM IMOJIOre KOJ MOAJIOra ca HUCKOM IOYeTHOM pH HakoH
CTepHiIM3alLUje, IpeBasuljeHe Cy CTEPUIIM3ALMjOM IOJIOre Y MHUKPOTAJIACHO]
nehnumy. JloOujenn pe3yaTaTtu yka3yjy Ha TO Ja UCIIUTUBAHHU I'€HOTHUIIOBH UMajy
MoryhHOCT 1a yTHdYy Ha IpoMeHy pH mosuore TokoM y3roja y KyITYpH in vitro.
Behuna ncnutrBaHUX TEHOTHIIOBA Oelie TOIOJIE OCTBApHIIa je 3HA4ajHO 00JBU pacT
1 pa3Boj M300jKa M KOPEHOBOT CUCTEMa, Ka0 U aKyMyJalujy Onomace Ha MOAJIO3H
ca moyetHoM BpenHotthy pH. V pany ce AuCKyTyje 0 HMIUTHKanKjamMa J00UjeHuX
pe3yJiTara 3a noOoJblLIakE in Vitro pa3MHOXKaBamwa 0esie ToroJe.

Kupyune peun: Populus alba, Mukporponaranmja, CTepriIn3anija MUKpoTalacuMa

1. INTRODUCTION

White poplar (Populus alba L.) is a tree species that is widely spread throughout
Europe, eastern Asia and northern Africa. However, in spite of its high adaptability, it is
considered to be a threatened species and an indicator of biodiversity (Kovacevic etal.,
2010a). Beside its use for wood and biomass production, this species has a wide imple-
mentation in horticulture and landscaping, especially the genotypes with a pyramidal tree
shape (Eggens etal., 1972; Kovacevic efal.,2010b). Since the propagation of this spe-
cies by stem cuttings is rather difficult and is one of the main obstacles for wider growing
of this species, there is a considerable interest in its propagation by tissue culture (A huja,
1984; Guzina et al., 1986). In addition, white poplar (Populus alba L.) is one of the most
interesting model tree species in biotechnology, where the tissue culture is an important
propagation technique (Confalonieri et al., 2000). It is known that different genotypes
of the same species differ in their requirements for growth in in vitro conditions. Thus,
it is necessary to search for optimal culture conditions, in order to achieve satisfactory
micropropagation rates and improve and optimize white poplar tissue culture procedures.

Medium pH is one of the important factors of physico-chemical environment dur-
ing the development of plant tissues in vitro. It influences the utilization of medium com-
ponents such as macro- and microelements and growth regulators (De Klerk et al.,
2008). The optimum pH of in vitro medium for different phases of the morphogenesis of
woody species varies (Saborio et al., 1997). However, the most effective pH value is
specific to the individual plant species and even cultivars, and has to be determined ex-
perimentally (Ostrolucka et al., 2010; Ruzic, Cerovic, 2001).
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Tissue culture has also been extensively used to evaluate the abiotic stress toler-
ance of many species, since responses are relatively fast, the generation times are short,
and the environment is controlled (Cui ef al., 2010, Lokhande et al., 2010). It is a good
tool to test the in vitro ability of the species to form roots and growth in the low pH con-
ditions as most of the factors affecting in vitro growth are similar to those limiting the
growth in vivo (Kovacevic efal., 2010a). Thus, the effect of low medium pH on in vitro
growth will be useful to understand their tolerance to low pH, without the interference
of indirect factors.

In this research, the growth and development of shoots and roots of five different
white poplar genotypes were observed with the aim to optimize the culture conditions
for plant propagation. In addition, the ability of the tested genotypes to grow in vitro on
media with low initial pH was investigated.

2. MATERIALS AND METHODS

2.1. Plant material

Five white poplar genotypes, considered interesting for wood production, horticul-
ture and landscaping, were used in the experiment (Tab. 1).

Table 1. Examined white poplar genotypes
Ta6eaa 1. UcniuTuBaHu IeHOTUIIOBH O€Jie TOIIOJIE

Name Origin® Description
HUme Iopexi1o Omnnc
nillafranca” Italy' Model genotype, straight, narrow tree shape

Uranuja Mojielt TeHOTHII, IPaBO CTabJI0 y3aHE KPOLIHE

L-12 Serbia Experimental clone, vigorous straight tree shape
Cpbuja ExcriepuMeHTaIHN KJIOH, BUTOPO3aHO MTPaBo cTablio

L-80 Serbia Experimental clone, vigorous straight tree shape
Cpbuja ExcnepuMeHTanHu KJIOH, BATOPO3aHO MIPaBo CTalIIo

LBM Serbia Horticultural genotype, straight pyramidal tree shape
Cpbuja ['eHOTHIT XOPTHUKYITYPHOT 3Ha4aja, IPaBO UPAMHUIAIHO CTA0IO

KAl Serbia From natural stand, vigorous, slightly curved tree shape
Cpbuja |13 mpupojHe cacTojiuHe, BUTOPO3HO C1a00 3aKPUBJLEHO CTAOIO

Legend/Jlerenna: a) All examined genotypes were selected in Institute of Lowland Forest-
ry and Environment, Novi Sad, Serbia, except the clone “Villafranca”, that
was selected in Poplar Research Institute in Casale Monferrato, Italy./ a)
CBH T'€HOTHIIOBH Cy CEJICKTOBaHH Yy MHCTUTYTY 3a HU3HMJCKO LIYMapCTBO H
KuBOTHY cpenuny, Hosu Can, Cpbuja, usyses kiona “Villafranca”, koju je
cenekoBaH y Istituto di Sperimentazione per la pioppicoltura, Casale Monfer-

rato, Uranuja
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Shoots of all five tested genotypes were multiplied by culture of axillary buds, as
described by Ahuja (1984). The cultures were sub-cultured at 4-week intervals and kept
at 26+2 °C, under a 16 h photoperiod (cool white fluorescent lamps, 3500 1x), till their use
in the experiment.

2.2. Media preparation

At the initial stages of the experiment, the media were sterilized by autoclaving at
120°C and 1.1 bar for 25 min. As there were problems with the solidification of the media
with low initial pH (pH 3.0 and 4.0), the sterilization of growing media in a microwave
oven was tested. 250 ml of the growing medium was poured into 400 ml Erlenmeyer
flasks, sterilized at 800 W for 5 min, and then poured into autoclaved empty 190 ml jars.
Agar and Gelrite in different concentrations were used as gelling agents (Tab. 2). As there
were no problems with the solidification of microwaved low pH media, all media used in
the experiment were sterilized in a microwave oven. Mineral growing medium ACM (As-
pen Culture Medium) described by Ahuja (1984), supplemented with 9gL-!' agar, 20gL"!
sucrose and with no growing hormones in it, was used in the experiment. The pH of the
medium was adjusted to 3.0, 4.0 or 5.5 before sterilization.

2.3. Influence of medium pH on shoot and root growth

In order to investigate the effect of initial medium pH on the shoot and root growth
of the tested genotypes, 1.0-1.5 cm long shoot tips of the previously multiplied shoots
were placed on the media with different initial pH values: pH 3.0, pH 4.0 and pH 5.5 (con-
trol). Five shoot tips were cultured per 190 ml jar with 25 mL of culture medium. There
were three jars per examined medium within a genotype. The cultures were kept at 26+2
°C in the white fluorescent light (3500 1x) with a 16-hour photoperiod.

After 35 days of culture, the shoot and root growth was assessed for shoot height
(SH), the number of roots per rooted shoot (RN), the length of the longest root (LLR), the
fresh shoot mass per jar (FM) and dry shoot mass per jar (DM).

2.4. Changes in media pH

For the purpose of determining the changes in media pH, the pH of the media was
measured for each jar separately after 35 days of culture (final pH). The medium in the
jars was squashed manually with a plastic fork and then mixed with a similar quantity of
deionised water on a magnetic stirrer for 3 min. After that, the pH was measured by in-
serting a pH electrode in the obtained emulsion.

2.5. Statistical analysis

The examined characters were measured either per jar (FM, DM and final pH) or
the average value per jar was calculated after the measurement of individual plants (SH,
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RN and LLR). There were three repetitions within each genotype for each tested ini-
tial pH. The design of the experiment was totally randomized. The number of roots was
transformed by square transformation (/x+1) in order to meet the normal distribution of
frequencies. The obtained data were analysed by the two-way ANOVA and an LSD test
with the STATISTICA 10 (StatSoft Inc., 2011) statistical program.

3. RESULTS

3.1. Media preparation

There were problems with the solidification of the autoclaved low pH media, es-
pecially when agar was used as a gelling agent. The autoclaved pH 3.0 medium with agar
could not solidify, and the pH 4.0 medium was not sufficiently solid (Tab. 2). Better re-
sults were obtained with the Gelrite, but with the concentrations that were several times
higher than the recommended one. On the other hand, microwaved media solidified well,
regardless of the pH or the gelling agent (Tab. 2). That is why autoclaving was completely
replaced by microwave oven sterilization, while agar was used for the solidification of
media for shoot and root growth assessment.

Table 2. Solidification effect of gelatinous substance and means of sterilisation in low pH media
Tadena 2. EQexar cpenctBa renupukanyje 1 HauMHa CTEPUIM3AMje Ha YBPCTONY moaiore

npu HUckom pH
pH 3.0 pH 4.0
Agar Gelrite
Arap I'eapur Microwave oven Microwave oven
Autoclave Autoclave
(g’L) (g’L) MukporanacHa MuxpoTtanacHa
AyToKJIaB AyToKJIaB
nehuuna nehuuna
9 + - a) + -
10 + - + +/-
12 + - + +
14 + - + +
2 + - + 4
4 + +/- + +
6 + + + +
8 + + + +
Legend/Jlerenga: a) Medium solidification labels: "-” - not solidified; "+/-" - partially solidi-
fied; "+" - solidified / a) O3nak uBpcTOhe mozmore: "-" — Huje uBpcTa; "+/-" —

JETMMHUYHO 04YBpcia; "+ — uBpcTa
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3.2. The influence of medium pH on shoot and root growth

Table 3. The results of two-way analysis of variance for examined white poplar genotypes and
initial pH a)
Ta6eusa 3. Pesynratu qBohakToprjaliHe aHATH3e BAPHjaHCE 38 UCITMTUBAHE TEHOTHUIIOBE Oelre
TomoJje u nouetHa pH a)

Mean square F-test
Cpenuna kBajgpara F-Tect
] ]
Character o = E_ =) 2 = :n. £E
CBojcTB & E o= g = B i~ E [~ g =
0JCTBO b =~ _— o = 2 <} b =~ —_ o = A
o o< E=N--] ® S x = e o« i=N--] c® S x
2 = 8 < s %< s = =~ =T 5 8"<
L v = - = L @ =N - =
Qo ~ E = = = @) o =) = =
— - —
= = = =

Root number
Bpoj xopenosa
Shoot height
Bucuna n36ojka

Length of the
longest root
JyxuHa HajxyxKer
KOpeHa

9.634 2.259 2.259 1.402 | 6.873%%* 1.611 1.202

1474.802 | 328.414 | 328.414 | 101.332 | 14.554** 3.241 0.578

280.197 | 149.372 | 149.372 | 71.104 | 3.941* 2.101 2.590%*

Fresh shoot mass
Caexa maca 0.160 0.678 0.678 0.061 2.602 11.058** | 0.728

n300jka

Dry shoot mass
CyBa maca 0.001 0.005 0.005 0.001 1.519 5.962%* | 0.404

n300jka
Final pH
Kpajmu pH

0.664 0.027 0.027 0.008 | 82.790** | 3.380* | 7.973*

Legend/Jlerenna: a) Degrees of freedom for genotype was DFA =4, degrees of freedom for ini-
tial pH DFB = 2, degrees of freedom for interaction genotype X pH DFAxB =
8, degrees of freedom for error DFERR = 28 and degrees of freedom for to-
tal DFT = 42./ a) Crenenu cnoboze 3a renotur: DFA = 4, crenenu ciobone
3a noyetHu pH DFB = 2, crenenu cinobone 3a nnrepakuujy AxB: DFAXB =
8, crenenu ciobdone 3a norpemky DFERR = 28 u cTenenu cinoboxe Totaia
DFT =42.

The number of roots varied among genotypes from 3.31 (KA1) to 5.59 (L-12) roots
per shoot, the length of the longest root from 26.64 mm (KAT1) to 41.72 mm (L-80) and
shoot height from 36.21 mm (L-80) to 71.47 mm (KAT) (Tab. 3). The LSD-test showed
that there were no significant differences between the pH 4.0 medium and the control for
all examined morphological traits in all genotypes (Tab. 4). The medium with the initial
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pH 3.0 did not have significant effect on the number of roots and shoot height in all tested
genotypes, while the positive effect of the same medium was observed for length of the
longest root in Villafranca and L80, fresh mass in LBM, Villafranca and KA1, as well as
for dry mass in KA. The only negative effect of the initial pH 3.0 was recorded on the
length of the longest root in KA1. Overall, the initial pH 3.0 medium had a mostly signifi-
cant positive effect on all the examined traits except for the number of roots.

Table 4. LSD-test for measured morphological characters of examined white poplar genotypes a)
Ta6ena 4. H3P-tect 3a Mmepena MopoJIonka CBOjCTBa HCITUTHBAHUX I'E€HOTHIIOBA OeJie TOIOJIE a)

Root Shoot Length of the | Fresh shoot | Dry shoot
Initial pH height longest root mass mass
Genotype number
FenoTumn IloyerHa Bpoj Bncy{Ha . Jyxuna CBe)Ka.Maca CyBa It’laca
pH KopenoBa u300jka | Hajay:Ker KopeHa | H300jka u300jKa
(mm) (mm) ® @®
L12 3.0 4.902b¢ 51.000¢ 33.803bcde 0.57b¢d 0.082%
L12 4.0 6.18% 54.50b¢d 25.48d 0.49b¢d 0.077%
L12 5.5 5.67%® 42.803b¢ 30.53¢de 0.48b¢d 0.076%
LBM 3.0 5.130be 50.80b° 36.2020cd 0.74b¢ 0.0913b¢
LBM 4.0 6.532 50.53b 33.670¢ 0.45b¢d 0.064%
LBM 5.5 5.00%° 43.47bd 28.47% 0.33¢ 0.049¢
L111/81 3.0 4.602b¢ 58.13% 46.27% 0.81° 0.102%
L111/81 4.0 3.40« 44.15% 32.15¢ 0.40b¢d 0.064%
L111/81 5.5 4.83abe 41.78bcd 23.80% 0.37¢ 0.058b¢
L80 3.0 3.20¢ 40.60 49.132 0.71bed 0.086%°
L80 4.0 4.27b 40.83¢ 42.70%0¢ 0.39¢d 0.060°
L80 5.5 3.22¢d 27.20¢ 33.33bed 0.37¢d 0.059b¢
KA1 3.0 2.204 70.47* 17.13¢ 1.282 0.130?
KA1 4.0 3.60 72.87* 28.534 0.58b¢d 0.085%¢
KA1 5.5 4.13bed 71.07* 34.27bed 0.57b¢d 0.077%
L12 5.59* 48.49° 30.02° 0.51° 0.083%
Genotype LBM 5.56* 48.27° 32.78° 0.51° 0.068%
Tenommn L111/81 4.28° 43.02° 34.07% 0.53° 0.076%
L80 3.56° 36.21¢ 41.72* 0.49° 0.066°
KA1 3310 71.47* 26.64° 0.812 0.094*
Initial pH 3.0 3.942 54.432 36.70* 0.84* 0.099*
[TouerHa 4.0 4.70* 52.44% 33.01% 0.46° 0.069°
pH 5.5 4.57* 45.26° 30.08° 0.42° 0.069°

Legend/JIerenaa: a) The differences among values of particular characteristic marked with
the same letter are not significant at the level 00.05./a) Paznuke mehy Bpe-
JHOCTHMA TOCMATPAaHOT CBOJjCTBA O0CJICKEHUX HCTHM CIOBOM HHCY 3Ha-
yajHe Ha HUBOY 0.0.05.
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Diagram 1. Average final pH of the media after 35 days of cultivation of examined White poplar
genotypes. The letters at the top of the bars correspond to the LSD-test, where the same
letter represents the same homogenous group at the level o 0.05
I'padukon 1. [Ipoceuna konauna pH BpeqHOCT XpaHJbUBE MOUIOTE MOCIIE 35 qaHa KyJITHBAIIN]e KO
HCTIUTUBAHUX TeHOTUTIOBA Oeie Tomoune. CiioBa Ha BpXy Oapa oaroapajy LSD Tecry,
JIOK HCTO CJIOBO MPEJICTaBba HCTY XOMOTEHY IpyIy Ha HuBoy o 0.05

Final pH
6.2

[l pH 3.0
[ JoH40
|] pH 5.5

6.0

5.3 [ E

5.6 8 3
54 & E
52 .
5.0 b1 -
4.8 1 :

4.6

L-12

L-111/81

Diagram 2. Final pH of media after 35 days of cultivation for different initial medium pH and ex-
amined White poplar genotypes. The letters at the top of the bars correspond to the
LSD-test, where same letter represent the same homogenous group at the level a0.05
I'paduxon 2. Konayna pH BpeaHoCT XpaHsbHBe MOAIOTE TOCie 35 gaHa KyITHBALM]E 32 Pa3IHduTe
nouetHe pH BpeIHOCTH XpaHJbHMBE MOUIOTE KOZA reHoTHnosa Oeine Tonone. CioBa
Ha BpXy Oapa oarosapajy LSD TecTy, 0K HCTO CIIOBO IPEICTaBIba UCTY XOMOTCHY

rpymy Ha HuBoy o 0.05.
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3.3. Changes in media pH

The LSD-test showed that there were significant differences, regarding the aver-
age final pH, among the tested genotypes. Generally, the average final pH varied among
genotypes with the pH value ranging from 5.2 (KAI) to 5.9 (L-12) (Fig. 1). Consider-
ing initial and final pH, significant changes in media pH of the media with initial pH 5.5
(control) were observed in two out of five tested genotypes (KA1 - significant decrease,
L-12 - significant increase) (Fig. 2). In the media with lower initial pH (3.0 and 4.0), there
was a significant increase in pH in all tested genotypes, with the final pH values near the
standard pH value (5.5).

4. DISCUSSION

One of the main obstacles in the research of the effect of low pH media on in vitro
development of plant shoots and roots is the loss of the solidifying ability of agar at pH
values lower than 4.5 (De Klerk et al., 2008). In our work, we have faced the same
problem when autoclaving was used as the sterilization method. De Klerk ez al. (2008)
and Woodward et al. (2006) managed to solidify the autoclaved media with low pH
with Gelrite, but the initial pH was not lower than 4.5. In our experiment neither 0.2% nor
0.4% Gelrite was enough to solidify the growing media with pH 3.0 after autoclaving.
The optimal media consistency was obtained only with 0.6% and 0.8% Gelrite, which is
several times higher than the recommended concentration (0.2%). However, according
to Van Winkle et al. (2003), higher Gelrite concentrations could affect the in vitro
growth, as the doubling of Gelrite concentration in the medium reduces the availability
of nutrients by up to 20%. We have managed to overcome the problems with low initial
medium pH solidification by sterilizing the media in the microwave oven. Thus, this way
of sterilization could be recommended for the experiments on low initial pH solid media.
Youssef, Amin (2001) used microwave sterilization for the sterilization of media for the
culture of white poplar shoots, but with regular initial medium pH.

Many authors have examined the effect of culture medium pH on the in vitro
growth of different plant species (De Klerk et al, 2008; Ostrolucka et al., 2010;
Anderson, Ievinsh, 2008; Bhatia, Ashwath, 2005; Liefert et al., 1995; Mar-
tins etal., 2011; Ruzic, 2004). However, as far as we know, no such research has been
performed on white poplars. In our experiment, we have tested the effect of medium pH
on shoot and root growth of five different white poplar genotypes in order to determine
the optimum culture conditions for plant propagation. According to the obtained results,
root number in all tested genotypes was not affected by medium pH, which is in agree-
ment with the results of Martins et al. (2011) who found that medium pH had no effect
on the number of roots of two Plantago species. Bennett et al. (2003) also observed that
the pH of the medium did not affect the number of roots produced by Eucalyptus globules
shoots. The length of the longest root was not affected by 4.0 pH, while 3.0 pH had the
effect of a stimulant on this parameter. Consistently, Martins et al. (2011) found that in
Plantago algarbiensis the roots obtained at 4.50 pH were longer than those obtained at 5.75
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pH. However, in our work, the genotype KA1 showed the opposite reaction, suggesting
significant variability within the species.

Generally, shoot height was significantly higher on the 3.0 pH medium, while there
were no significant differences between the 4.0 pH and the control (pH 5.5). Martins et
al. (2011) did not observe any significant differences in the shoot length of P. algarbiensis
and P. almogravensis grown on low and normal pH media. Naik et al. (2010) observed
that shoot regeneration of Bacopa monnieri was significantly affected by medium pH, ob-
taining the best results with pH 4.5. Culture on the pH 3.0 medium also had a stimulating
effect on the fresh and dry mass produced per jar, as both fresh and dry biomass accumu-
lation was by almost 60% higher on the medium with initial pH 3.0 than on the other two
examined media. Several reasons for the stimulating effect of the low pH 3.0 on shoot and
root development were suggested:

e the increased initial uptake of microelements at low pH (Van Winkle,
Pullman (2003);

* the increased initial uptake of auxins at low pH, as suggested by De Klerk
et al. (2008);

» the buffering capacity of plants in vitro, as suggested by Shang et al. (1991),
as the higher pH is restored for further optimal uptake of macronutrients.

The final pH in all tested media was higher than the initial one, varying from pH
5.2 to nearly pH 6.0. The only exception was observed in the genotype KA1l on the me-
dium with the initial pH 5.5, where pH decreased to final 5.2. This is not in agreement
with the results of Woodward et al. (2006), who observed a considerable decrement in
rooting media pH in Eucalyptus marginata in vitro culture - from the initial pH 5.5 to the
final pH 3.0, after 28 days of culture. Martins ef al. (2011) have also found that the pH
significantly decreased on the media inoculated with Plantago algarbiensis and Plantago
almogravensis cultures, after 6 weeks of culture, with the exception of P.almogravensis
during proliferation.

There were significant differences among the tested genotypes regarding the final
pH value, and all genotypes could be divided into three groups according to the final pH.
The first group comprises L-12 and LBM with final pH higher than pH 5.5, the second
L-80 with final pH near 5.5, and the third Villafranca and KA1 with the final pH lower
than 5.5. A shift of a a wide range of initial pH to the same final pH value was observed
in Cucumis melo callus liquid culture by Skrivin et al. (1986). This was also observed
in the species Plantago on a solid medium by Martins et al. (2011), who also recorded
differences among the examined Plantago species in the final pH on both rooting and
proliferation media.

In our work all tested white poplar genotypes were able to achieve and maintain a
particular pH (from pH 5.2 to 6.0), regardless of the initial pH (from pH 3.0 to 5.5). It is well
known that standard tissue culture media are poorly buffered (De Klerk et al., 2008;
Woodward et al., 2006; Owen et al., 1991). Thus, it was found that medium pH could
be influenced by media composition, storage conditions and autoclaving (Anderson,
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Tevinsh 2008; Owen et al., 1991; Sarma et al., 1990). In addition, it was found that it
could also be influenced by the selective uptake of anions and cations by explants (espe-
cially in the case of NH," and NO,") from media (Woodward et al., 2006; Bennett et
al.,2003; Schmitz, Lorz, 1990). Furthermore, the buffering of media by plant material
was well described by Shang et al. (1991) in cotton cell suspension culture. Our results
suggest the buffering capacity of examined genotypes, but further research should be per-
formed in order to differentiate this effect on medium pH from others.

5. CONCLUSIONS

According to the data presented, it could be concluded that in vitro culture on a
medium with initial pH 3.0 had a stimulating effect on the growth and development of
white poplar shoots. From these results, it seems evident that all tested white poplar gen-
otypes are able to tolerate an initial pH that is much lower than the commonly used one
(pH 5.2-5.8). We have also managed to overcome problems with low pH media solidifica-
tion by sterilizing the media in a microwave oven. Therefore, the obtained results could
contribute to the improvement of in vitro propagation of white poplars, and in this way to
a wider growing of this species, having in mind the difficulties in its propagation by stem
cuttings. Furthermore, in our experiment the tested initial pH values (3.0 and 4.0) did not
inhibit shoot and root growth of the tested genotypes, indicating that these genotypes
have a certain degree of tolerance to low pH.
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Bpanucnas Kosauesuh
Jparana Munanunosuh
Mapuna Karanuh
3opan Tomouh

Cana Ilexeu

E®EKAT HUCKE IIOYETHE pH BPEJHOCTHU XPAH/bUBE INOJJIOTE HA PACT
BEJIE TOIIOJIE IN VITRO

Pesume

VYrunaj pH momnore Ha pacT U pa3Boj OMJbaka y KYJATYpPH in Vitro je OJ 3Ha4yaja Kako y
CMUCITy OIITUMU3AIHje TPOTOKOJIa MUKPOIIpOIaraiuje, Tako 1 y JOMEHY HCITUTHBAmba peakiuje
Omsbaka Ha JjaTe ycyioBe. Y HamleM pajay je ucnutal je edekar Hucke nodetHe pH BpegHOCTH
xpansbue noagore (pH 3.0, 4.0 u 5.5) Ha pacT u pa3Boj n300jka U KOpPEHa KOJ MET TEHOTUIIOBA
nomahe Gene Tomone (Populus alba L.). Paznuke y pacty u pa3Bojy Ousbka mehy TpeTMaHuMa cy
npahene Ha oCHOBY BucHHE M300jKa, cBexe Mace n30ojka 1o TerNuiHU, CyBe Mace n3bojaka 1o
TErnuIy, Opoja KOPEeHOBa, Ay)KUHA HajIy)Ker KOpeHa HaKoH 35 naHa KyJlTHBaLHUje Y KYJITYpH in
vitro. Takole je Ha Kpajy oBOTI IIepHo/ia HCIIMTaHa KoHauHe BpeaHocT pH Mexujyma. Tpu noyetrne
BpenHocty pH menujyma cy ucnutane: 3.0, 4.0 u 5.5, xao crangapana pH BpegHocT Menaujyma
(koHTpOMA). [IpobiieMu ca ouBpurhaBameM MOAJIOTE KOJ MOJJIOTa ca HUCKOM 1moueTHOM pH HakoH
cTepuIHM3alnuje cy npeBasul)eHe CTEPUIN3AINjOM MOIJIOTe Yy MUKpoTaidacHo] nehnunu. 3amo-
BosbaBajyhu pesynraTu cy 100MjeHH KaKo ca arapoM Tako u ca rexputom. JloOujenu pesynratu
yKa3yjy Ha UCIIUTHBAaHU T'€HOTHIIOBU UMajy MOryhHoOCT 1a yTuuy Ha npoMeny pH nopsore Tokom
y3roja y KyaTypH in vitro. Vlako je m03HATO Aa MHHEpIIHE IOJJIoTe KOje ce KOPUCTE y KYJITYpH
TKHUBa UMajy cinaly mydepHy cnocoOHOCT, 1OOHMjeHH pe3yiTaTu yKasdyjy Aa y Oyayhum ucrpa-
KMBabHMa, Ka0 IITO OM TO OMJIO TECTHPAE TOICPAHTHOCTH MpeMa 3aKHIIEe/beHUM CpPEeAMHAMa
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0Baj mpoOiieM MOpao Jaa ce y3Mme y 003up u pemn. Behnna ncnutnBanux reHorumnosa oene To-
oJIe je OCTBapHJia 3Ha4ajHO 0OJbU pacT M pa3Boj n300jKa U KOPEHOBOT CUCTEMa, Ka0 U aKyMy-
nanujy 6uomace Ha moAJI03u ca moyeTHoM BpeaHourhy pH 3.0. I'enepanHo, 1 cyBa 1 cBeXa Maca
n300jKa KOjy Cy HCITUTHBAHN T€HOTUIIOBH OCTBAapHIIN Ha 1o103u ca pH 3.0 cy 6umn mpexo 60%
Behu Hero Ha moaio3u ca ctangapaauM pH 5.5. JloOujeHu pe3yaTaT yKaszyjy Ha 3Hadaj Jajber
pajia Ha HCIIUTHBAbY YTHIAja U IPAKTHYHE IPUMEHE YBPCTHX MOAJIOra ca HUCkuM pH y KynTy-
pu TKuBa Oeie Tomoe.
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