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Abstract

The aim of the study was to assess the impact of auxin
(IAA), gibberellin (GA,) and cytokinin (kinetin), used solely
and in combination with methyl jasmonate (MJ), on the accu-
mulation of anthocyanins and biogenic amines in hypocotyls
and cotyledons of common buckwheat (Fagopyrum esculen-
tum Moench) seedlings. The obtained results indicate that ac-
cumulation of anthocyanins in buckwheat seedlings was de-
pendent on the concentration of the phytohormone applied and
the tissue studied. The combined use of MJ and IAA, GA; or
kinetin partly reversed the effect of strong inhibition of antho-
cyanin synthesis by MJ. IAA used solely decreased the level of
anthocyanins in de-etiolated buckwheat cotyledons. IAA also
caused a reduction of putrescine content, both in hypocotyls
and cotyledons of buckwheat seedlings. MJ used alone caused
high accumulation of 2-phenylethylamine (PEA) in buckwhe-
at cotyledons and hypocotyls. The simultaneous application of
MJ and IAA, GA; or kinetin also stimulated PEA synthesis in
buckwheat tissues, however this effect was significantly lower
compared to the use of MJ only. A reverse significant cor-
relation between PEA and anthocyanin contents occurred in
buckwheat hypocotyls, but not in cotyledons. It was suggested
that the deficiency of L-phenylalanine, a substrate for synthe-
sis of 2-phenylethylamine, may be partly responsible for the
decline in anthocyanin content in buckwheat hypocotyls under
the influence of MJ.

Abbreviations: MJ — methyl jasmonate, IAA — indole-3-acetic acid,

GA; — gibberellic acid, PEA — 2-phenylethylamine

Key words: methyl jasmonate, auxin, gibberellin, kinetin,
buckwheat, anthocyanins, polyamines

INTRODUCTION

Anthocyanin accumulation in plants is dependent
on many external and internal factors such as: light, mi-
neral concentration, carbohydrate level, and phytohor-
mones (Troyer, 1964; Loreti et al. 2008). In the
non-chlorophyllous part of maize leaves, gibberellic
acid and 6-benzylaminopurine inhibited anthocyanin
biosynthesis (Kim et al. 2006). The effect of phyto-
hormones on anthocyanin biosynthesis seems to be light
dependent. In etiolated radish seedlings and seedlings
grown under low light, the anthocyanin content of the
hypocotyls was enhanced by cytokinins, whereas under
high light intensity the accumulation decreased (B u -
schmann and Lichtenthaler, 1982). Light-
-induced anthocyanin synthesis in excised dark-grown
internodes of Sorghum was depressed by the addition
of IAA and 2,4-dichlorophenoxyacetic acid to the incu-
bating medium (Vince, 1968). Also IAA markedly
suppressed anthocyanin formation in maize seedlings
exposed to light (Rengel and Kordan, 1987), ho-
wever in other studies IAA did not affect anthocyanin
biosynthesis in the plant (Kim et al. 2006). Inhibition
of anthocyanin synthesis by IAA applied was also no-
ted in cabbage seedlings (Kang and Burg, 1973).
Gibberellic acid reduced anthocyanin accumulation in
radish seedlings (Jain and Guruprasad, 1989),
excised Sorghum internodes exposed to light (Vin-
ce, 1968), and maize seedlings (Kim et al. 2006;
Rengel and Kordan, 1987). Jasmonates induce
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anthocyanin synthesis and accumulation in various tis-
sues of many plant species (Saniewski etal. 1998,
2003, 2006). However, in light-exposed hypocotyls of
buckwheat seedlings methyl jasmonate (MJ) applied
as vapors or as water solution clearly reduced the an-
thocyanin content (Horbowicz et al. 2008). It was
found that the decline was accompanied by increased
accumulation of proanthocyanidins (Horbowicz et
al. 2011 a).

Biogenic amines are implicated in plant growth
and developmental processes as well as in response
to abiotic and biotic stress (Galston and Sawh-
ney, 1990; Tabor and Tabor, 1984; Walters,
2003). Polyamines — major biogenic amines in plants,
are synthesized by the decarboxylation of appropriate
amino acids (Bagni and Tassoni, 2001). Aroma-
tic monoamines in plants are the products of L-pheny-
lalanine, L-tryptophan, and L-histidine decarboxylation
to 2-phenylethylamine (PEA), tryptamine and hista-
mine, respectively (Smith, 1977; Tieman et al.
2006). The presence of PEA was found in marine al-
gae (Percot etal. 2009) and some terrestrial plants
(Shabana etal. 2006). The role of PEA in plants re-
mains unknown. Presumably, in the tissues of common
buckwheat PEA can be used in synthesis of 2-phenyla-
cetaldehyde which is an essential component of aroma
composition (Jane§ et al. 2009).

Exogenously applied phytohormones generally
resulted in increased contents of polyamines in plant
tissues. When dark-grown cucumber cotyledons were
treated with cytokinin, a large increase in putrescine
level was observed (W alker et al. 1988). In case of
kinetin used in excised cucumber cotyledons incuba-
ted in the dark, the putrescine content markedly incre-
ased, whereas the level of spermidine and spermine
decreased (Legocka and Zarnowska, 2000).
Similarly, kinetin and 6-benzyladenine enhanced the
putrescine content in cotyledons of lettuce seedlings
(Cho, 1983). Contrary to the results of the cited pa-
pers, benzyladenine decreased the level of putrescine
and did not affect spermidine and spermine content in
senesced rice leaves (Chen and Kao, 1991).

The use of TAA increased polyamine levels in
cultured tobacco cells (Nicotiana tabacum L) (Park
and Lee, 1994) and the content of putrescine in tis-
sues of Glycine max grown in vitro (Liu et al. 1998).
When TAA and its precursors were applied to pepper
plants cultivated in hydroponic conditions, an incre-
ase of spermine and a decrease of putrescine in leaves
were observed (San-Francisco etal. 2005).

Gibberellic acid (GA;) caused a marked incre-
ase of putrescine and spermidine content in light-grown
pea seedlings (D ai et al. 1982) and of putrescine le-
vel in the epicotyl and leaf blade of barley seedlings
(Asthir etal. 2004). The effect of methyl jasmonate

on the biosynthesis of polyamines in plants is ambigu-
ous. Treatment of barley seedlings with MJ led to the
increase in the content of free polyamines and products
of their metabolism — hydroxycinnamic acid amides
(Walters et al. 2002). In hypocotyls and cotyle-
dons of common buckwheat, MJ increased the content
of putrescine and greatly stimulated accumulation of
2-phenylethylamine (Horbowicz etal. 2011a).

Data on the interaction of MJ and other phyto-
hormones in plant tissues is limited. It has been shown
that during induced senescence of barley leaf in the
light conditions benzyladenine can eliminate the inhi-
bitory effect of MJ on chlorophyll content and rubi-
sco activity (Weidhase etal. 1987 a), however the
cytokinin cannot prevent the formation of the so-cal-
led jasmonate-induced proteins (Weidhase et al.
1987b). Besides, the counteraction of cytokinins to the
jasmonate inhibitory effect on the growth of different
plants has also been reported (U ed a etal. 1981). Ben-
zyladenine applied together with MJ neutralized the
jasmonate action on the growth of excised cotyledons
as well as on in vivo protein synthesis (Ananieva
and Ananiev, 2000). Combined application of MJ
and other phytohormones stimulated polyamine bio-
synthesis and accumulation of conjugated polyamines
in tobacco leaf discs (Biondi et al. 2003). MJ in-
duced accumulation of conjugated polyamines, which
was further stimulated by auxin and counteracted by
benzyladenine.

In our previously published paper it was sug-
gested that the distinct inhibition of anthocyanin ac-
cumulation by MJ might be due to enhanced synthesis
of PEA. Presumably, the potential reason for this phe-
nomenon is that both metabolic routes use the same
common substrate, which is L-phenylalanine (Hor -
bowicz etal. 2011 a) (Fig.1). By changing the level
of PEA and anthocyanins in tissues of buckwheat se-
edlings, we attempted to confirm this hypothesis. The
aim of the present study was to evaluate the effect of
auxin (IAA), gibberellin (GA;), and cytokinin (kine-
tin) applied separately or in combination with MJ on
the accumulation of anthocyanins and biogenic amines
in hypocotyls and cotyledons of seedlings of common
buckwheat (Fagopyrum esculentum Moench).

MATERIALS AND METHODS

Plant treatments

Seedlings of common buckwheat (Fagopyrum
esculentum Moench) cv. ‘Hruszowska’ were used in
this study. Germination was carried out in darkness at
24 + 1°C during 4 days (Horbowicz et al. 2008).
Four-day-old etiolated buckwheat seedlings were tre-
ated with various concentrations of IAA, GA; or kinetin
added to the medium in which seedlings were placed or
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in combination with methyl jasmonate (MJ) vapors. In
2.5 L beakers with germinated seedlings, the water was
replaced with water solutions of particular phytohor-
mones, except for MJ which was applied as vapors. In
case of MJ treatment, a strip of filter paper containing
50 pL of MJ was placed against the inner wall of the
beaker with buckwheat seedlings, and the beaker was
immediately closed tightly with silicon foam.

Seedlings treated with phytohormones were
grown in an air-conditioned chamber in which the tem-
perature was maintained at 22+2°C/18+2°C (day/night:
16h/8 h). Light (100 — 150 uMol x m™ x s') was pro-
vided by high-pressure sodium lamps. After four days
in such conditions, plants were subjected to analysis of
anthocyanins and biogenic amines.

Determination of anthocyanins and amines

The determination of total anthocyanins was car-
ried out using the method described by Mancinelli
(1984) with small modifications (Horbowicz et
al. 2008). Hypocotyl and cotyledon tissue was analy-
zed separately. Absorbance of the 1% HCI-methanol
extracts was measured at 530 nm and 657 nm. The
formula Asz;, — 0.25A4s; was used to compensate for
the absorption of chlorophyll degradation products at
530 nm. Anthocyanins content was calculated as cy-
anidin-3-glucoside using 29600 as the molecular
extinction coefficient.

Free amines were analyzed according to proce-
dures described by Flores and Galston (1982)
with slight modifications (Horbowicz etal. 2011a).
Briefly, plant tissues were homogenized in 5% perchlo-
ric acid. Homogenates were centrifuged and amines
were derivatised with benzoyl chloride. Benzoyl deri-
vatives of amines were extracted with ethyl acetale, and
pooled acetate layers were evaporated to dryness with
a stream of air. The residue was dissolved in a mobile
phase used for HPLC analysis. The mobile phase was
a mixture of acetonitrile—water (45:55, v/v) at a flow
rate of 1.0 mL min'. Benzoylated amines were eluted
isocratically using an Eclipse XDB-C18 analytical co-
lumn (4.6 x 150 mm, 5 um particle size) and detected at
245 nm with a diode array detector (DAD). The amine
contents were calculated from standard curves prepared
from commercially available standards.

All the measurements were carried out in three
(anthocyanins) or two (amines) replicates. The obta-
ined results were subjected to statistical evaluation ac-
cording to the Newman—Keuls test, p < 0.05.

RESULTS

Table 1 contains the results of anthocyanin con-
tent in hypocotyls and cotyledons of buckwheat se-
edlings treated with ITAA, GA; and kinetin used alone
or in combination with MJ. None of the hormones used,

except MJ, affected anthocyanin content in hypoco-
tyls. The combined application of IAA, GA, or kinetin
(each at a concentration of 10°° M), and MJ (10* M),
reduced the level of anthocyanins in the buckwheat tis-
sue (Table 1). A higher concentration of IAA, GA, or
kinetin (10 M) and MJ (10* M) resulted in a greater
reduction of pigment content in hypocotyls. However,
the anthocyanin levels were significantly higher than
in case of MJ vapors applied solely.

The application of GA, or kinetin used alone
(each at a concentration of 10®* M and 10° M), and
combined with MJ (10° M + 10* M), did not affect the
anthocyanin content in buckwheat cotyledons (Table
1). As in the case of hypocotyls, higher doses of these
hormones (10* M), in combination with MJ (10* M),
significantly decreased the level of pigments in buc-
kwheat cotyledons.

IAA, used alone at a low concentration (10 M)
or in combination with MJ vapors (10° M + 10* M,
and 10* M + 10* M), did not affect the level of antho-
cyanins in cotyledons of buckwheat seedlings (Table
1). At higher doses of IAA (10 and 10* M), a signi-
ficant reduction in anthocyanin content was observed.

Hypocotyls of buckwheat seedlings treated with
the following phytohormones: IAA, kinetin and MJ
(10* M each), accumulated a large content of 2-phe-
nylethylamine (PEA), compared to control tissues
(Fig.2). A particularly high increase in PEA levels oc-
curred after MJ application, which resulted in about
50 times higher concentrations of the amine. Among
the plant hormones studied, the application of GA; did
not cause a significant increase of PEA level. The si-
multaneous use of IAA, GA; or kinetin and MJ resul-
ted in a partial reduction (ca. 45-55%) in the content
of PEA, as compared to tissues treated with MJ alone
(Fig. 2).

In the tissue of buckwheat cotyledons, the PEA
content was much higher than in hypocotyls (Fig. 3).
Similarly to hypocotyls, under the influence of MJ
buckwheat cotyledons accumulated large amounts of
PEA. Other plant hormones (IAA, GA, or kinetin) ap-
plied individually, did not influence the levels of PEA.
The simultaneous use of MJ and IAA, GA; or kinetin
led to a partial reduction in the accumulation of PEA,
compared to treatment only with MJ (Fig. 3).

Treatment of buckwheat seedlings with MJ va-
pors resulted in a small elevation of putrescine level
in hypocotyls. The use of other plant hormones (IAA,
GA; or kinetin) did not affect the content of putresci-
ne in buckwheat hypocotyls, although its level was
significantly lower than when MJ was applied alone
(Table 2). The simultaneous use of MJ and GA; resul-
ted in the decrease of putrescine content, in compari-
son to both the control and seedlings treated with MJ.
When MJ was applied together with kinetin, a twofold
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increase in the level of polyamine was found. Cadave-
rine content in buckwheat hypocotyls was reduced to
traces when IAA, GA; or kinetin were applied alone or
together with MJ (Table 2). In the case of spermidine,
the application of MJ alone, or together with IAA, ki-
netin or GA;, reduced its content to traces. IAA, GA,
or kinetin used together with MJ and IAA alone also
decreased the content of tryptamine in hypocotyls of
buckwheat seedlings. Among the tested hormones,
GA; applied alone and with the addition of MJ vapors
reduced the tryptamine content to traces. IAA and ki-
netin used alone or combined with MJ vapors did not
affect the amine level in hypocotyl tissue (Table 2).

A much higher concentration of putrescine,
cadaverine and spermidine occurred in cotyledons of
buckwheat than in hypocotyls (Table 2). For instance,
the content of putrescine and spermidine in the tissue
was approximately tenfold higher than in the hypoco-
tyls. The use of MJ, GA; or kinetin (10 M) caused
a significant increase of putrescine levels in the coty-
ledons, while IAA decreased its content in comparison
to the control plants and those treated with MJ alone.

The simultaneous use of MJ and TAA, kinetin or GA;
did not change the putrescine level compared to MJ-
-treated seedlings. However, the combination of MJ
and IAA reversed the phenomenon of reduction of pu-
trescine level under the influence of IAA (Table 2). In
case of spermidine, MJ treatment decreased its level in
cotyledons compared to the control tissue. Other phyto-
hormones (IAA, GA; or kinetin) applied separately did
not affect the level of this polyamine. The combination
of IAA, GA; or kinetin and MJ did not change the si-
tuation, compared to the use of MJ alone. The applica-
tion of MJ and TAA as well as their simultaneous use
led to an increase in cadaverine content in buckwheat
cotyledons. By contrast, the use of GA;, and kinetin
separately as well as with the addition of MJ did not
affect the level of cadaverine in the tissue. The tested
phytohormones used solely or simultaneously with MJ
had no influence on the tryptamine level in buckwheat
hypocotyls. In case of cotyledons, the tryptamine level
was decreased to traces by MJ treatment, this trend was
however reversed by simultaneous application of IAA,
GA; and kinetin.

Table 1
Effect of IAA, GA, or kinetin used alone or simultaneously with vapors of methyl jasmonate (MJ)
on the content of anthocyanins in hypocotyls and cotyledons of buckwheat seedlings (means + SD).
Means in columns followed by different letters are significantly different
according to the Newman—Keuls test, p < 0.05

Treatment (concentration)

Anthocyanins (ug x g’ fresh weight)

Hypocotyls Cotyledons

1 Control 341.6+379a 2425+33.1a
2 MIJ (104 M) 97.8+25d 2344 +475a
3A IAA (10 M) 270.5+31.4a 204.4+694a
3B IAA (10 M) 3964+ 183 a 1254 +19.0b
3C IAA (10* M) 339.5+£105a 139.8+7.5b
4A GA,(10* M) 305.0+4.1a 267.7+28.7 a
4B GA,(10°M) 3422+ 826a 289.0 809 a
4C GA, (104 M) 3329+373a 160.0 £ 46.0 ab
5A Kinetin (10 M) 3254+275a 241.8+50.5a
5B Kinetin (10 M) 3703 +41.8 a 401.0x105.0a
5C Kinetin (10 M) 376.8 £ 858 a 2358+45.0a
6A MJ +IAA (104 M + 10° M) 229.1+14.0b 2354+229a
6B MJ +TAA (10 M + 10* M) 140.7 £22.4 cd 251.7+18.0a
TA MJ +GA,(10* M + 10° M) 212.8+259b 272.7+374a
7B MJ +GA, (10 M + 10 M) 158.5+109¢ 136.6 £ 16.6 b
8A MJ + kinetin (10 M + 10° M) 2325+63b 2466+ 188 a
8B MJ + kinetin (10 M + 10 M) 143.7+6.0¢c 121.6 £ 18.8 b
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Table 2
Effect of IAA, GA, and kinetin used alone or simultaneously with methyl jasmonate (MJ) vapors (each 10 M)
on the content of polyamines in tissues of buckwheat seedlings.
Means in columns followed by different letters are significantly different
according to the Newman-Keuls test, p < 0.05 tr (traces) < 5 pg x g!' fresh weight

Putrescine Cadaverine Spermidine Tryptamine
Treatment
ug x g fresh weight
Hypocotyls
1 Control 18.6 ¢ 11.0a 133 a 143 a
2 MJ 232b 75a tr 145a
3C TIAA 135¢ tr 15.1a 88a
4C GA, 13.8 ¢ tr 146 a tr
5C Kinetin 14.6 ¢ tr 75a 10.6 a
6B MJ +TAA 16.1¢ tr tr tr
7B MJ +GA, 9.7d tr tr tr
8B MIJ + kinetin 36.7a tr tr 64a
Cotyledons
1 Control 182b 30.1b 149 a 10.6 a
2 MJ 330a 40.7 a 109b tr
3C IAA 93.1c 37.7a 141 a 9.8a
4C GA, 265 a 29.6b 158 a 7.5a
5C Kinetin 274 a 27.1b 145a 7.0a
6B MJ + IAA 273 a 395a 113b 85a
7B MJ +GA, 265 a 26.2b 85.2b 55a
8B MIJ + kinetin 268 a 30.6b 96.3 b 75a
L-phenylalanine
NH, - CO, NH,
—_—
COOH
2-phenylethylamine (PEA)
-NH,
X _~COOH
trans-cinnamic acid
phenylpropanoids

(anthocyanins)

Fig. 1. Simplified scheme of L-phenylalanine transformation to phenylpropanoids and 2-phenylethylamine (PEA).
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Fig.2. Effect of methyl jasmonate (MJ) used alone or simultaneously with IAA, GA, or kinetin on the content of 2-phenylethylamine
(PEA) in buckwheat hypocotyls (ug x g! fresh weight). The description of bars is shown in Table 1. Bars marked by different
letters are significantly different according to the Newman—Keuls test, p < 0.05.
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Fig.3. Effect of methyl jasmonate (MJ) used alone or simultaneously with IAA, GA, or kinetin on the content of 2-phenylethylamine
(PEA) in buckwheat cotyledons (ug x g fresh weight). The description of bars is shown in Table 1. Bars marked by different
letters are significantly different according to the Newman—Keuls test, p < 0.05.

DISCUSSION

The transformation of plants from dark-grown
(etiolated) to light-grown (de-etiolated) is accompa-
nied by a number of important phenotypic changes
such as reduced shoot elongation, quick expansion of
true leaves, and development of chloroplasts. Many of
these processes are regulated by plant hormones (S'y -
mons and Reid, 2003). A characteristic element of
de-etiolation of buckwheat seedlings is fast accumu-
lation of anthocyanins in their hypocotyls and cotyle-
dons (Horbowicz et al. 2008). However, methyl

jasmonate (MJ) applied during the de-etiolation pro-
cess reduced the level of anthocyanins in hypocotyls,
although it did not affect pigment content in cotyledons
(Horbowicz et al. 2008). The inhibitory effect of
MJ on the accumulation of anthocyanins in hypocotyls
of buckwheat and the absence of such an effect in the
case of cotyledons were confirmed in the present study
(Table 1). The simultaneous use of MJ and IAA, GA;
or kinetin partly reversed the effect of strong inhibition
of anthocyanin synthesis by MJ in buckwheat hypoco-
tyls. This was more evident when IAA, GA; and kinetin
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were applied at a concentration of 10° M, compared to
a concentration of 10*M.

The observed reduction in anthocyanin content
in buckwheat cotyledons under the influence of IAA
is a confirmation of the results of similar studies on
tissues of maize (Rengel and Kordan, 1987). Al-
though the use of GA;and kinetin alone did not affect
the level of anthocyanins, but the application of these
phytohormones and MJ inhibited the accumulation of
anthocyanins in buckwheat cotyledons. The synergi-
stic influence of combined application of GA; or kine-
tin and MJ was not previously described.

The possible reason for the reduction of antho-
cyanins in hypocotyls of buckwheat seedlings is the use
of L-phenylalanine to produce of PEA (Fig. 1). The syn-
thesis of PEA leads to a deficiency of L-phenylalanine
and reduced synthesis of trans-cinnamic acid — the star-
ting substrate for all phenylpropanoids. The accumula-
tion of large amounts of PEA in buckwheat hypocotyls
under the influence of MJ was accompanied by a signi-
ficant decrease of trans-cinnamic acid, as described by
us earlier (Horbowicz et al. 2011b). Looking for
further explanation of these metabolic changes, we stu-
died the hypothesis that the change in the levels of an-
thocyanins is the result of L-phenylalanine deficiency.
We assumed that the change in PEA content through
the use of other plant hormones may increase the an-
thocyanin content. Among the phytohormones applied,
MJ, TAA and kinetin used alone stimulated the produc-
tion of PEA in buckwheat hypocotyls, however in co-
tyledons only MJ had a definitely stimulant effect on
the synthesis of the amine (Figs 2 and 3). Of these plant
hormones, MJ showed the greatest stimulatory effect.
The simultaneous use of MJ and IAA, GA; or Kinetin
partially reduced the stimulating effect of PEA synthe-
sis by treatment with MJ. This phenomenon was ob-
served in both studied tissues of buckwheat seedlings:
hypocotyls and cotyledons. It is probably the result of
increased activity of L-phenylalanine decarboxylase by
MJ. The results of studies on the effect of IAA, GA,
and kinetin on the content of PEA or the effect of their
combined use with MJ have not yet been described.

In the present work, by changing the amount of
anthocyanins and PEA we could evaluate the potential
effects of the accumulation of large amounts of PEA
on the level of anthocyanins by calculating the signi-
ficance of the correlation between the content of both
compounds. The calculation was done for cotyledons
and hypocotyls of buckwheat seedlings separately.
A significant reverse correlation between PEA and
anthocyanin content occurred in buckwheat hypoco-
tyls, but not in cotyledons. In buckwheat hypocotyls,
the anthocyanin content was significantly dependent
on the PEA level (goodness of fit = 0.8802; F=44.06;
P=0.0006; n=8). Hypocotyls had higher levels of PEA

but a lower content of anthocyanins. The obtained dif-
ferent results for hypocotyls and cotyledons indicate
that in the tissues carrying out photosynthesis the de-
ficiency of L-phenylalanine is quickly complemented.
Moreover, in case of cotyledons MJ significantly en-
hanced trans-cinnamic acid synthesis (Horbowicz
etal. 2011 b).

The likely effect of plant hormones on the de-
carboxylation of L-phenylalanine to PEA was an im-
portant reason to check whether it also applied to the
synthesis of other amines formed by decarboxylation
of relevant amino acids: putrescine, tryptamine, and
cadaverine. MJ vapors enhanced the level of putre-
scine in cotyledons and hypocotyls as well as the le-
vel of cadaverine in cotyledons (Table 2). The results
are similar to those found in the previously described
studies on the effects of MJ applied to the root zone
as solutions (Horbowicz et al. 2011a). The other
plant hormones studied, [AA, GA3 and kinetin, applied
solely and combined use of IAA and MJ, did not af-
fect the content of putrescine in hypocotyls, however
the simultaneous treatment with MJ and GA, caused
a significant decline, while MJ + kinetin resulted in
a doubling of the putrescine level (Table 2)

Unlike the other plant hormones, IAA caused
a reduction in putrescine content, both in hypocotyls
and cotyledons of buckwheat seedlings. Our results
confirm earlier data in which IAA and its precursors
reduced the level of putrescine in tissues of pepper
(San-Francisco etal 2005). However, the obta-
ined results are contrary to other published data (P ark
andLee, 1994; Liu etal. 1998). According to these
results, IAA enhanced activities of arginine decarbo-
xylase, ornithine decarboxylase, and S-adenosylme-
thionine decarboxylase — the key enzymes of polyami-
ne biosynthesis, therefore the use of the plant hormone
increased polyamine levels (Park and Lee, 1994).
Also, exogenously applied indole-3-butyric acid (IBA)
and naphatalene acetic acid (NAA) induced synthesis
of putrescine in tissues of Glycine max grown in vitro
(Liu etal. 1998).

The increase of putrescine in buckwheat coty-
ledons by GA; confirms a similar phenomenon obse-
rved in pea seedlings. In pea tissue, the use of the plant
hormone caused markedly increased activity of argi-
nine decarboxylase as well as an increase in the level
of putrescine and spermidine (D ai et al. 1982). Also,
the application of gibberellin significantly increased
putrescine levels in both the epicotyl and leaf blade of
barley seedlings (Asthir etal. 2004).

Spermidine is not synthesized by simple decar-
boxylation but by alkylation of putrescine. MJ alone or
combined with IAA, GA; or kinetin caused a decline
of spermidine in hypocotyls and cotyledons of buc-
kwheat seedlings (Table 2). There was no change in
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the polyamine level under the influence of GA;, IAA
and kinetin used alone. The obtained results confirm
earlier published data for rice leaves (Chen and
Kao, 1991), but are inconsistent with the results ob-
tained for tissues of light-grown pea seedlings treated
with GA; (D ai etal. 1982).

Acknowledgements

This research was supported in part by the Mi-
nistry of Science and Higher Education, Poland (grant
number N 310 040 31/2125). The remaining part of
the study was done under the research theme 13/91/S.

REFERENCES

Ananieva K., Ananiev E.D.2000. Interaction between
methyl ester of jasmonic acid and benzyladenine during
the growth of excised greening cotyledons of Cucurbita
pepo L. (zucchini). Bulg. J. Plant Physiol. 26: 48-57.

Asthir B., Duffus C.M., Spoor W. 2004. Corre-
lation of gibberellin-induced growth, polyamine levels
and amine oxidases in epicotyl, root and leaf blade of
barley seedlings. Plant Growth Regul. 42: 193-201.
http://dx.doi.org/10.1023/B:GROW.0000026546.38671.1¢

Awad M.A., de Jager A.2002.Formation of flavonoids,
especially anthocyanin and chlorogenic acid in ‘Jona-
gold’ apple skin: influences of growth regulators and
fruit maturity. Scientia Hort. 93: 257-266. http://dx.doi.
org/10.1016/S0304-4238(01)00333-8

Bagni N., Tassoni A.2001. Biosynthesis, oxidation and
conjugation of aliphatic polyamines in higher plants.
Amino Acids, 20: 301-317. http://dx.doi.org/10.1007/
s007260170046

Biondi S., Scoccianti V., Scaramagli S., Zi-
osi V., Torrigani P.2003. Auxin and cytokinin
modify methyl jasmonate effects on polyamine meta-
bolism and ethylene biosynthesis in tobacco leaf di-
scs. Plant Sci. 165: 95-101. http://dx.doi.org/10.1016/
S0168-9452(03)00147-X

Buschmann C., Lichtenthaler H.K. 1982. The

effect of cytokinins on growth and pigment accumula-

tion of radish seedlings (Raphanus sativus L.) grown in
the dark and in at different light quanta fluence rates.

Photochem. Photobiol. 35: 217-221. http://dx.doi.org/

10.1111/.1751-1097.1982.tb03835.x

C.T., Kao C.H. 1991. Senescence of rice leaves

XXX. Levels of endogenous polyamines and dark-in-

duced senescence of rice leaves. Plant Cell Physiol. 32:

935-941.

Cho S-C. 1983. Effects of cytokinin and several inorganic
cations on the polyamine content of lettuce cotyledons.
Plant Cell Physiol. 24: 27-32.

Dai Y-R., Kaur-Sawhney R., Galston A.W.1982.
Promotion by gibberellic acid of polyamine biosynthesis
in internodes of light-grown dwarf peas. Plant Physiol.
69: 103-106. http://dx.doi.org/10.1104/pp.69.1.103

Chen

Flores H.E., Galston A.W.1982. Analysis of polyami-
nes in higher plants by high performance liquid chro-
matography. Plant Physiol. 69: 701-706. http://dx.doi.
org/10.1104/pp.69.3.701

Galston A.W., Sawhney R.K. 1990. Polyamines in
plant physiology. Plant Physiol. 94: 406—410. http://
dx.doi.org/10.1104/pp.94.2.406

Horbowicz M., Grzesiuk A., D¢bski H., Koc-
zkodaj D., Saniewski M. 2008. Methyl jasmo-
nate inhibits anthocyanins synthesis in seedlings of
common buckwheat (Fagopyrum esculentum Moench).
Acta Biol. Crac. Ser. Bot. 50: 71-78.

Horbowicz M., Kosson R., Wiczkowski W.,
Koczkodaj D., Mitrus J.2011a. The effect of
methyl jasmonate on accumulation of 2-phenylethyla-
mine and putrescine in seedlings of common buckwhe-
at (Fagopyrum esculentum). Acta Physiol. Plant. 33:
897-903. http://dx.doi.org/10.1007/s11738-010-0616-5

Horbowicz M., Chrzanowski G., Koczkodaj D.,
Mitrus J.2011b. The effect of methyl jasmonate va-
pors on content of phenolic compounds in seedlings of
common buckwheat (Fagopyrum esculentum Moench).
Acta Soc. Bot. Pol. 80: 5-9.

Jain V.K., Guruprasad K.N. 1989. Effect of chloro-
choline chloride and gibberellic acid on the anthocyanin
synthesis in radish seedlings. Physiol. Plant. 75: 233-236.
http://dx.doi.org/10.1111/j.1399-3054.1989.tb06174.x

Jane$ D., Kantar D., Kreft S., Prosen H.2009.Iden-
tification of buckwheat (Fagopyrum esculentum Moench)
aroma compounds with GC-MS. Food Chem. 112: 120-
124. http://dx.doi.org/10.1016/j.foodchem.2008.05.048

Kang B.G., Burg S.P. 1973. Role of ethylene in phy-
tochrome-induced anthocyanin synthesis. Planta 110:
227-235. http://dx.doi.org/10.1007/BF00387635

Kim J-S., Lee B-H., Kim S-H., Oh K-H., Cho K.Y.
2006. Responses to environmental and chemical si-
gnals for anthocyanin biosynthesis in non-chlorophyl-
lous corn (Zea mays L.) leaf. J. Plant Biol. 49: 16-25.
http://dx.doi.org/10.1007/BF03030784

Legocka J., Zarnowska A.2000. Role of polyamines
in the cytokinin-dependent physiological processes
II. Modulation of polyamine levels during cytokinin-
-stimulated expansion of cucumber cotyledons. Acta
Physiol. Plant. 22: 395-401. http://dx.doi.org/10.1007/
s11738-000-0079-1

Liu Z-H., Wang W-C.,Yen Y-S.1998. Effect of hor-
mone treatment on root formation and endogenous in-
dole-3 acetic acid and polyamine levels of Glycine max
cultivated in vitro. Bot. Bull. Acad. Sin. 39: 113-118.

Loreti E., Povero G., Novi G., Solfanelli C.,
Alpi A., Perata P. 2008. Gibberellins, jasmo-
nate and abscisic acid modulate the sucrose-induced
expression of anthocyanin biosynthetic genes in Arabi-
dopsis. New Phytol. 179: 1004-1016. http://dx.doi.org/
10.1111/5.1469-8137.2008.02511.x

A.L. 1984. Photoregulation of anthocy-

anin synthesis. VIII. Effects of light pretreatments.

Mancinelli



Effects of simultaneous use of methyl jasmonate with other plant hormones on the level of anthocyanins and biogenic amines... 25

Plant Physiol. 75: 447-453. http://dx.doi.org/10.1104/
pp.75.2.447

Park K.Y., Lee S.H. 1994. Effects of ethylene and au-
xin on polyamine levels in suspension-cultured tobac-
co cells. Physiol. Plant. 90: 382-390. http://dx.doi.org/
10.1111/5.1399-3054.1994.tb00403.x

Percot A., Yal¢cin A., Aysel V., Erdugan H.,
Dural B., Giiven K.C.2009. -Phenylethylamine
content in marine algae around Turkish coasts. Bot. Ma-
rina, 52: 87-90. http://dx.doi.org/10.1515/BOT.2009.031

Rengel Z., Kordan H.A. 1987. Effects of growth re-
gulators on light-dependent anthocyanin production in
Zea mays seedlings. Physiol. Plant. 69: 511-516. http://
dx.doi.org/10.1111/j.1399-3054.1987.tb09233 x

San-Francisco S., Houdusse F., Zamarreno A.M.,
Garnica M., Casanova E., Garcia-Mina J.M.
2005. Effects of IAA and IAA precursors on the deve-
lopment, mineral nutrition, IAA content and free poly-
amine content of pepper plants cultivated in hydroponic
conditions. Scientia Hort. 106: 38-52. http://dx.doi.org/
10.1016/j.scienta.2005.03.006

Saniewski M., Miszczak A., Kawa-Miszczak L.,
Wegrzynowicz-Lesiak E., Miyamoto K.,
Ueda J. 1998. Effects of methyl jasmonate on anthocy-
anin accumulation, ethylene production, and CO, evolu-
tion in uncooled and cooled tulip bulbs. J. Plant Growth
Regul. 17: 33-37. http://dx.doi.org/10.1007/PLO0007009

Saniewski M., Horbowicz M., Puchalski J.,
Ueda J. 2003. Methyl jasmonate stimulates the for-
mation and the accumulation of anthocyanins in Kalan-
choe blossfeldiana. Acta Physiol. Plant. 25: 143-149.
http://dx.doi.org/10.1007/s11738-003-0047-7

Saniewski M., Horbowicz M., Puchalski J.
2006. Induction of anthocyanins accumulation by me-
thyl jasmonate in shoots of Crassula multicava Lam.
Acta Agrobot. 59: 43-50.

Shabana M., Gonaid M., Salama M.M., Ab-
del-Sattar E. 2006. Phenylalkylamine alkaloids
from Stapelia hirsuta L. Nat. Prod. Res. 20: 710-714.

Smith T.A.1977. Phenethylamine and related compounds in
plants. Phytochemistry, 16: 9-18. http://dx.doi.org/10.
1016/0031-9422

Symons G.M., Reid J.B. 2003. Interactions between
light and plant hormones during de-etiolation. J. Plant
Growth Regul. 22: 3-14. http://dx.doi.org/10.1007/
s00344-003-0017-8

Tabor C.W., Tabor H.1984. Polyamines. Ann. Rev. Bio-
chem. 53: 749-790.

Tieman D., Taylor M., Schauer N., Fernie
A.D., Hanson A.D., Klee H.J.2006. Tomato
aromatic amino acid decarboxylases participate in syn-
thesis of the flavor volatiles 2-phenylethanol and 2-phe-
nylacetaldehyde. Proc. Natl. Acad. Sci. USA 103: 8287—
8292. http://dx.doi.org/10.1073/pnas.0602469103

Troyer J.R. 1964. Anthocyanin formation in excised seg-
ments of buckwheat-seedling hypocotyls. Plant Physiol.
39: 907-912. http://dx.doi.org/10.1104/pp.39.6.907

Ueda J., Kato J., Yamane H., Takahashi N.
1981. Inhibitory effect of methyl jasmonate and its re-
lated compounds on kinetin-induced retardation of oat
leaf senescence. Physiol. Plant. 52: 305-309. http://
dx.doi.org/10.1111/§.1399-3054.1981.tb08511.x

Vince D. 1968. Growth and anthocyanin synthesis in excised
Sorghum internodes. Planta, 82: 261-279. http://dx.doi.
org/10.1007/BF00398204

Walker M.A., Roberts D.R., Dumbroff E.B.
1988. Effects of cytokinin and light on polyamines
during the greening response of cucumber cotyledons.
Plant Cell Physiol. 29: 201-205.

Walters D.R.2003.Polyaminesinplantdisease. Phytochemi-
stry, 64: 97-107. http://dx.doi.org/10.1016/S0031-9422
(03)00329-7

Walters D.R., Cowley T., Mitchell A.2002. Me-
thyl jasmonate alters polyamine metabolism and indu-
ces systemic protection against powdery mildew infec-
tion in barley seedlings. J. Exp. Bot. 53: 747-756. http://
dx.doi.org/10.1093/jexbot/53.369.747

Weidhase R.A., Lehmann J., Kramell H.,
Sembdner G., Parthier B. 1987 a. Degrada-
tion of ribulose-1,5-biphosphate carboxylase and chlo-
rophyll in senescing barley leaf segments triggered by
jasmonic acid methylester, and counteraction by cy-
tokinin. Physiol. Plant. 66: 161-166. http://dx.doi.or-
2/10.1111/5.1399-3054.1987.tb01961.x

Weidhase R.A., Kramell H., Lehmann J., Li-
ebisch W., Lerbs W., Parthier B. 1987 b.
Methyljasmonate-induced changes in the polypeptide
pattern of senescing barley leaf segments. Plant Sci. 51:
177-186. http://dx.doi.org/10.1016/0168-9452

Wplyw jednoczesnego uzycia jasmonianu metylu
z innymi hormonami roslinnymi
na poziom antocyjan6éw i amin biogennych
w siewkach gryki zwyczajnej
(Fagopyrum esculentum Moench)

Streszczenie

Celem pracy byla ocena wplywu auksyny
(IAA), gibereliny (GA;) i cytokininy (kinetyna) stoso-
wanych wylacznie, oraz jednoczesnie z parami jasmo-
nianu metylu (MJ), na akumulacje antocyjanéw i amin
biogennych w hipokotylach i liScieniach siewek gryki
zwyczajnej (Fagopyrum esculentum Moench). Uzys-
kane wyniki wskazuja, ze nagromadzanie antocyjanéw
w siewkach gryki byto zalezne od stezenia zastosow-
anego fitohormonu i badanej tkanki. Eaczne stosow-
anie MJ1IAA, GA; lub kinetyny czgsciowo odwracato
efekt silnego hamowania syntezy antocyjanéw przez
MJ. TAA zastosowany samodzielnie obnizal poz-
iom antocyjandw w liScieniach oraz powodowat
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zmniejszenie zawartosci putrescyny w hipokoty-
lach i liscieniach gryki. MJ stosowany samodzielnie
powodowat duze nagromadzanie 2-fenyloetyloaminy
(PEA) w liscieniach i hipokotylach gryki. Jednoczesne
stosowanie MJ i IAA, GA; lub kinetyny stymulowato
réwniez wzmozong syntez¢ PEA w tkankach gryki,
jednak wplyw ten byt znacznie nizszy w poréwnaniu

do uzycia jedynie MJ. Wystgpita odwrotna korelacja
miedzy zawartoscig PEA i antocyjanéw w hipokoty-
lach gryki, ale nie w liscieniach. Zasugerowano, ze za
spadek zawartosci antocyjanéw w hipokotylach gryki
pod wptywem MJ moze by¢ czesciowo odpowiedzi-
alny niedobdr L-fenyloalaniny bedacej substratem do
syntezy 2-fenyloetyloaminy (PEA).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		2013-04-06T15:08:09+0100
	Polish Botanical Society




