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ABSTRACT

Effects of various jasmonates (methyl jasmonate, jasmonic acid, cis-jasmone) on anthocyanins and procyani-
dins content of, as well as on growth of common buckwheat (Fagopyrum esculentum Moench) seedlings were
studied. The studied jasmonates were applied as solutions or vapors on four days seedlings, and the seedlings we-
re grown during the next four days in day/night conditions (16/8 h). Afterwards anthocyanins and proanthocyani-
dins content, as well as elongation of primary roots and hypocotyls were measured. When applied as solutions
cis-jasmone (JAS) stimulated the anthocyanins accumulation, but when used as vapors had tendency to decrease
its accumulation in buckwheat hypocotyls. Jasmonic acid (JA) solutions slightly stimulated or had no effect on
biosynthesis of anthocyanins in buckwheat hypocotyls, but used as vapors caused a decline of anthocyanins in
buckwheat hypocotyls. Methyl jasmonate (MJ) clearly inhibited biosynthesis of anthocyanins in hypocotyls of
buckwheat seedlings. The studied jasmonates had no influence on anthocyanins level in cotyledons of buckwheat
seedlings, except cis-jasmone, which at the lowest solution concentration slightly enhanced biosynthesis of the
pigments. Treatment of buckwheat seedlings with solutions of all jasmonates (108 M, 10 M and 10 M) had no
influence on the growth of buckwheat hypocotyls. Contrary to that observation vapors of the growth regulators in
concentrations 10* M, had a strong inhibitory effect on the growth of hypocotyls of buckwheat seedlings. Solu-
tions of JA and MJ, as well as vapors of JA, MJ and JAS strongly inhibited the primary root growth of buckwheat
seedlings, while JAS applied as solution had no such influence. MJ and JA caused much higher stimulation of
proanthocyanidin biosynthesis in buckwheat hypocotyls than JAS.

KEY WORDS: anthocyanins, common buckwheat, cis-jasmone, jasmonic acid, methyl jasmonate,
proanthocyanidins, seedlings.
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INTRODUCTION

Jasmonic acid (JA) and its cyclic precursors, usually na-
med as jasmonates, constitute a family of bioactive oxyli-
pins, which are synthesized from unsaturated fatty acids
and regulate a variety of defense responses and develop-
mental processes in plants. The main route of jasmonate
biosynthesis is initiated in the chloroplast starting from o-
-linolenic acid, which is released from membrane lipids by
phospholipase and converted to 12-oxo-phytodienoic acid
(OPDA) by the action of lipoxygenase, allene oxide syn-
thase, and allene oxide cyclase. OPDA is then transported
to peroxisomes where it is converted to 3-oxo-2-(2’-[Z]-

-pentenyl)-cyclopentane-1-octanoic acid. Further conver-
sion yields jasmonoyl-CoA, from which (+)-7-iso-JA is re-
leased by thioesterase and spontaneously epimerized to
(-)-JA (Westernack 2007). JA may be converted into seve-
ral derivatives, such like: glucoside, iso-leucine conjugate,
methyl ester (MJ) or conjugate to the ethylene precursor 1-
-amino cyclopropane-1-carboxylic acid (Staswick and Ti-
ryaki 2004; Swiqtek et al. 2004). cis-Jasmone (JAS) is
a product of JA decarboxylation, although the biochemical
mechanism of the process is still unknown (Koch et al.
1997; Westernack 2007).

The most recognized jasmonate signal transducers in
plants are jasmonic acid and its methyl ester. Stress re-
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sponses that depend on JA signaling include defense aga-
inst wounding caused by insects and microbial pathogens,
as well as responses to UV radiation, ozone, and other
abiotic stresses (Browse and Howe 2008; Westernack
2007).

Each of the various jasmonate derivatives, i.e. the free
acid, its methyl ester and conjugates have distinct biologi-
cal effects. Wound response is one of the most-studied pa-
thways of jasmonates in signal transduction, because local
wounding stimulates jasmonic acid biosynthesis. It is belie-
ved that JA acts as a signal leading to systemic expression
of genes encoding proteinase inhibitors, which deter herbi-
vores and in effect immunizes the plant against further her-
bivore attacks (Franceschi and Grimes 1991). MJ is also
important in initiating defensive strategies against both in-
sect predators and herbivores (Browse and Howe 2008).
One of the first biological activities observed for jasmona-
tes was the senescence-promoting effect (Ueda and Kato
1980). Although it occurs ubiquitously following JA treat-
ment, monocotyledonous plants are more sensitive. At the
same time another physiological effect was found for JA
and its methyl ester: inhibition of root growth (Dathe et al.
1981; Corbineau et al. 1988; Staswick et al. 1992).

Another JA metabolite — cis-jasmone, is especially high-
ly active in plant—insect interactions (Birkett et al. 2000;
Bruce et al. 2003; Bruce et al. 2008). JAS is highly volatile
compared to the other jasmonates like JA and MJ. In bean
plants (Vicia faba) JAS caused a significant increase in the
production of (E)-ocimene (Birkett et al. 2000). cis-Jasmo-
ne also induced production of secondary metabolites in
wheat, which are responsible for the plant’s defense system
against pests and diseases (Blassioli Moraes et al. 2008).

Flavonoids biosynthesis is regulated by a complex inte-
raction between internal and external stimuli such as tem-
perature, light, carbohydrates, water stress and plant hor-
mones.

The biosynthesis proceeds from 4-coumaroyl- and malo-
nyl-CoAs to naringenin chalcone, which is converted into
the flavanone naringenin (Winkel-Shirley 2001). Naringe-
nin can be oxidized to form the apigenin or hydroxylated to
form a dihydroflavonols. Dihydroflavonols might subsequ-
ently be reduced to leucoanthocyanidins along the branch
leading to flavan-3-ols, proanthocyanidins and/or anthocy-
anidins. Proanthocyanidins (PA), also called condensed
tannins, occur in a wide range of plants and are the second
most abundant natural phenolic after lignin and play an im-
portant role in defense against herbivores (Dixon et al.
2005). Recently it was suggested that PA biosynthesis is
a component of a general wound response in plants (Ar-
nold et al. 2008). The most common type of proanthocya-
nidins produce cyanidin upon acid hydrolysis and therefore
are sometimes called procyanidins (Santos-Buelga and
Scalbert 2000; Tanner et al. 2000).

As was previously published, MJ has a stimulatory effect
on anthocyanins accumulation in hypocotyls of light-
grown soybean seedlings (Franceschi and Grimes 1991), in
shoots of wild Arabidopsis thaliana (Feys et al. 1994), in
detached corollas of Petunia (Tamari et al. 1995), in the
stem and leaves of tulips (Saniewski et al. 1998a), in peach
shoots (Saniewski et al. 1998b), in cell cultures of Vacci-
nium pahalae (Fang et al. 1999), in apple fruits (Kondo et
al. 2001), in suspension cultures of Vitis vinifera (Zhang et
al. 2002), and in shoots of Kalanchoe blossfeldiana (Sa-
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niewski et al. 2003). However, MJ may also inhibit biosyn-
thesis of anthocyanins, as has been recently found in hypo-
cotyls, but not in cotyledons of young buckwheat seedlings
(Horbowicz et al. 2008). MJ applied as solution and as va-
pors at concentration 10-6-10* M clearly decreased the le-
vel of anthocyanins in buckwheat hypocotyls exposed to li-
ght conditions, although the activity of major enzyme in
phenylpropanoids pathway — phenylalanine ammonia-lyase
(PAL) was not inhibited (Horbowicz et al. 2008). On the
other hand, MJ had no influence on the content of particu-
lar glycosides of apigenin, luteolin and quercetin in both
analyzed parts of buckwheat seedling, but clearly enhanced
the level of proanthocyanidins (Horbowicz et al. 2009).

Treatment of buckwheat seedlings with MJ had no effect
on length of hypocotyls, but the phytohormone had great in-
fluence on the growth of the primary root. Highly concen-
trated MJ (104 M) almost stopped the primary root growth
of buckwheat seedlings, which was almost five times slo-
wer in comparison to control (Horbowicz et al. 2008). Inhi-
bition of the root growth of other plants by MJ and JA was
earlier observed (Dathe et al. 1981; Corbineau et al. 1988).

Anthocyanin accumulation is stimulated by various envi-
ronmental stresses, such as UV and blue light, high-intensi-
ty light, wounding, pathogen attack, drought, sugar and nu-
trient deficiency (see reviews by Grzesiuk et al. 2007, and
Grzesiuk et al. 2008; Winkel-Shirley, 2001), and stimula-
tion of its biosynthesis by MJ seems to be evident. Why
buckwheat hypocotyls respond to MJ in the opposite man-
ner is not known.

Due to the unexpected effect of MJ on anthocyanins bio-
synthesis in hypocotyls of buckwheat seedlings we decided
to compare the influence on the process of the three main
members of the jasmonate family: MJ, JA and cis-jasmone.
The aim of these studies was to study the effect of the com-
pounds on accumulation of anthocyanins in hypocotyls and
cotyledons of 8-days old buckwheat seedlings, on their
growth and content of proanthocyanidins in hypocotyls.
Because jasmonates are active as solutions and as vapors,
the effects of application of both forms were investigated.
According to our knowledge there is no information in
available literature on such comparative studies.

MATERIAL AND METHODS

Plant material

Seedlings of common buckwheat (Fagopyrum esculen-
tum Moench) cv. Hruszowska were used in this study. Ger-
mination was carried out by placing buckwheat seeds be-
tween two layers of wet filter paper (20x10 cm) which we-
re then rolled up and inserted in a 2 1 jar containing ~200
ml tap water. Ten seeds were germinated in each roll. Ger-
mination was carried out in darkness at 24+1°C.

After four days, buckwheat seedlings were taken for
experiments with particular jasmonates: methyl jasmonate
(M1J), cis-jasmone (JAS) and jasmonic acid (JA) (purcha-
sed from Sigma-Aldrich), which were dissolved in ethanol.
In case of treatment with water solutions the jasmonates
were applied at 108, 10 or 10* M concentrations. In the
control sample the same volume (0.4 ml in 200 ml water)
of ethyl alcohol was added.

In case of vapor treatments — jasmonates were applied on
piece of filter paper which was placed inside of a 2 1 jar
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containing rolls with seedlings of buckwheat, and the jar
was immediately closed tightly with a silicon cover. Ethyl
alcohol used for preparing the needed solutions was evapo-
rated at ambient temperature for 5 minutes, before insertion
of the filter paper into the jar. A preliminary experiment
showed that the loss of investigated jasmonates during that
time is negligible (data not shown). After 8 h pre-incuba-
tion in darkness, the seedlings were transferred and grown
in solutions or vapors of jasmonates during four days in
growth chamber with a 16 h photoperiod and 65£5% relati-
ve humidity. Jars containing buckwheat seedlings were ti-
ghtly closed with transparent caps produced from silicon
rubber. Chamber temperature was maintained at
2442°C/20+2°C (day/night). Light conditions were provi-
ded by 400 W high pressure sodium lamps, type Philips-
Agro and photon flux density was 200 umol - m2- -1,

Analyses

Before and after 4-days light/night photoperiod hypoco-
tyls and root length of buckwheat seedlings were measu-
red. Elongation of hypocotyl and primary root lengths after
4-days exposition on day/night conditions was treated
a growth increase. Mean results of hypoctyl and the prima-
ry root elongation were obtained from three replicates (ten
seedlings per replicate).

The anthocyanins content was determined according to
the modified spectrophotometric method of Mancinelli
(1984) adapted by Horbowicz et al. (2008). Briefly, plant
tissues were extracted with acidified (1% HCI, w/v) metha-
nol for 24 h in ambient temperature in darkness, with occa-
sional shaking. The extracts were carefully decanted and
their absorbance was measured at 530 nm (peak of absorp-
tion of anthocyanin) and 657 nm (peak of absorption of
chlorophyll degradation products). The formula As,, —
0.25A5, was used to compensate the absorption of chloro-
phyll degradation products at 530 nm. Total anthocyanins
content was calculated as cyanidin-3-glucoside using
29600 as the molecular extinction coefficient. Analyses
were carried out for three or four independent replicates,
separately for hypocotyls and cotyledons.

For determination of proanthocyanidins, a method based
on the fact that condensed tannins absorbance increased
when heated in mineral acid, was used (Quettier-Deleu et
al. 2000). Freeze dried buckwheat tissue (10 mg) was hy-
drolyzed with 4 ml of n-butanol-conc. HCI (95:5, v/v) and
0.2 ml of a 2% (w/v) NH,Fe(SO,),x12 H,0O in 2 M HCL
The mixture was incubated at 95°C for 60 min. After cen-
trifugation, the absorbance at 550 nm was measured. Valu-
es of absorbance of reaction mixtures were measured befo-
re hydrolysis, and subtracted from the absorbance of pro-
anthocyanidins. Absorbance values were converted in pro-
anthocyanidin equivalents using molar absorption coeffi-
cient for cyanidin chloride (Quettier-Deleu et al. 2000).

Statistics

The results reported in the figures and tables are means
of three or four replicates. Data were statistically examined
by a Newman-Keuls test of least significance difference.
The different letters in figures and tables indicate signifi-
cant differences between treatments with p<0.05 adopted
as the criterion of significance.
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RESULTS AND DISCUSSION

Figure 1 summarizes the results of the experiments on
treatment of buckwheat seedlings by vapors (A) and solu-
tions (B) for all studied growth regulators: methyl jasmo-
nate (MJ), jasmonic acid (JA) and cis-jasmone (JAS). JAS
applied as solutions stimulated biosynthesis of anthocya-
nins in buckwheat hypocotyls, although in case of concen-
tration 10 M the influence was not significant vs. control.
Contrary JAS applied as vapors had a tendency to decrease
anthocyanins accumulation, but no significant effect was
observed. Reason or reasons of the various effects of cis-
jasmone depending on its applied form are unknown. Me-
chanisms of JAS action as vapor and as solution are proba-
bly different.

Biosynthesis of anthocyanins in buckwheat hypocotyls
was slightly, ca. 20%, stimulated by low concentrations of
jasmonic acid solutions (10 M and 10 M), but was not
affected by 10* M of JA (Fig. 1B). The effect of JA on ac-
cumulation of anthocyanins in buckwheat seedlings was si-
milar to the influence of JAS solutions. Surprisingly, when
JA was applied as vapors anthocyanins level in buckwheat
hypocotyls declined. In case of highest concentration of JA
(10* M) the decline reached ca. 50% (Fig 1A). A molecule
of JA contains the carboxylic group and therefore its solva-
tation by water enhances solubility of JA as compared to
MJ or JAS. JA is a weak acid which possesses a pK, of 4.5
(Dathe et al. 1993). In such a situation JA in water is in
undissociated form and exists in di-molecular associates.
Evaporation of di-molecular JA is probably not possible at
all. This is probably the main reason for the various effects
of JA applied as vapors and solutions.

When MJ was applied as vapors and as solutions, antho-
cyanins content in buckwheat hypocotyls decreased (Fig.
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Fig. 1. Effects of four days treatment with jasmonates applied as vapors
(A) and water solutions (B) on accumulation of anthocyanins (ug - g’!
fresh weight; mean = SD) in hypocotyls of common buckwheat seedlings.
Significance of differences between means were calculated for each ja-
smonate type separately, p<0.05, Newman-Keuls test. Mean results (bars)
marked with various letters were significantly different. No letters above
bars means that the results were not significantly different.
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Fig. 2. Effects of four days treatment with jasmonates applied as vapors
(A) and water solutions (B) on accumulation of anthocyanins (pg - g'!
fresh weight; mean  SD) in cotyledons of common buckwheat seedlings.
Significance of differences between means were calculated for each ja-
smonate type separately, p<0.05, Newman-Keuls test. Mean results (bars)
marked with various letters were significantly different. No letters above
bars means that the results were not significantly different.

1A and B). The decline was observed after treatment with
10° M and 10* M of MJ. Similar results were obtained in
our earlier studies (Horbowicz et al. 2008), but due to dif-
ferent experimental conditions (8 days vs. 7 days old see-
dlings, light intensity in previous studies was 100 umol - m-
2. ¢!, in present 200 pmol - m2 - s7') we present it for com-
parison to JA and JAS treatment. In case of treatment with
solutions of 10 M of MJ only traces of anthocyanins were
found in hypocotyls tissue (ca. 1/100 of the control level),
and in case of MJ vapors the anthocyanins declined to ca.
1/20 of level observed in control sample. Probably in case
of MJ applied as a solution (emulsion) part of the phyto-
hormone can evaporate and treat all plant: roots, hypoco-
tyls and cotyledons. When MJ is applied as vapors only
upper plant parts are treated. In another experiment we ap-
plied MJ as solutions, but separated it from atmosphere by
covering the water with ca. 5 mm layer of vegetable oil for
protection against MJ evaporation. This treatment caused
a decline of anthocyanins in buckwheat hypocotyls to 1/4
of control level only (data not shown). Results of the expe-
riment support the hypothesis that MJ can evaporate from
a water emulsion.

Differences between influence of JA and MJ on accumu-
lation of anthocyanins in buckwheat hypocotyls can be par-
tly explained through the mode of its translocation in
plants. There was strong evidence that MJ moves in both
phloem and xylem. Methyl jasmonate moves in tobacco
phloem along with photoassimilates, and due to exchange
between phloem and xylem is able to move in xylem as
well (Thorpe et al. 2007). In contrast, it was reported that
jasmonic acid does not exchange between phloem and xy-
lem, probably due to its chemical properties (Zhang and
Baldwin 1997).
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Studied growth regulators had no influence on anthocya-
nins level in cotyledons of buckwheat seedlings, except
cis-jasmone, which enhanced biosynthesis of the flavono-
ids when was applied as solution at lowest concentrations
(108 M) (Fig. 2A and B). High concentration of cis-jasmo-
ne vapor (10* M) had a tendency to reduce the anthocya-
nins content in buckwheat cotyledons (Fig. 2A).

Because water solutions of cis-jasmone had a tendency
to stimulation anthocyanins biosynthesis in buckwheat tis-
sues, and methyl jasmonate was an inhibitor of the process,
in another experiment we tried to use them together (Fig.
3). The obtained results have shown that JAS did not chan-
ge the strong inhibitory activity of MJ on biosynthesis of
anthocyanins in buckwheat hypocotyls, and in case of ap-
plying 10* M of MJ and 10° M of JAS a further synergi-
stic decrease was even noted.

Jasmonic acid (10* M) applied together with cis-jasmo-
ne (108 M) caused much clear, ca. 40% increase of antho-
cyanins level in buckwheat hypocotyls in comparison to
control samples (Fig 4). A similar situation was observed
in case of a mixture of 10* M JAS and 10 M of JA. In ca-
se of buckwheat cotyledons a strong synergistic effect was
noted during application of 10° M JAS and 10* M of JA
(Fig. 4).
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Fig. 3. Effects of four days treatment with mixtures of cis-jasmone (JAS)
and methyl jasmonate (MJ) applied as water solutions on accumulation of
anthocyanins (ug - g'! fresh weight; mean + SD) in hypocotyls and cotyle-
dons of common buckwheat seedlings. Significance of differences betwe-
en means were calculated for each jasmonate type separately, p<0.05,
Newman-Keuls test. Mean results (bars) marked with various letters were
significantly different. No letters above bars means that the results were
not significantly different.
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Fig. 4. Effects of four days treatment with mixtures of cis-jasmone (JAS)
and jasmonic acid (JA) applied as water solutions on accumulation of an-
thocyanins (ug - g'! fresh weight; mean = SD) in hypocotyls and cotyle-
dons of common buckwheat. Significance of differences between means
were calculated for each jasmonate type separately, p<0.05, Newman-
Keuls test. Mean results (bars) marked with various letters were signifi-
cantly different.
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TABLE 1. Effects of four-days treatment with jasmonates on elongation (mm) of the hypocotyls and the primary root of seedlings of common buckwheat.
Different letters within the same row indicate statistically significant difference at p<0.05 in Newman-Keuls test; * asterics indicate significant effects by

treatments in comparison to control at p<0.05 (columns).

cis-Jasmone (JAS)

Methyl jasmonate (MJ)

Jasmonic acid (JA)

Applied
concentration vapor solution vapor solution vapor solution
Hypocotyls
Control (0) 34.3a 31.6a 30.8a 31.4a 39.7a 35.6a
108 M 39.7a 32.0a 23.3b 36.0a 32.8a 36.7a
10°M 28.1a 31.2a 16.6*b 33.3a 33.8a 31.5a
104 M 10.6*b 31.2a 14.0%b 31.5a 28.6%a 36.2a
Primary roots

Control (0) 41.4a 36.3a 36.5a 35.0a 42.9a 43.1a
108 M 50.0a 36.7b 28.8¢c 24.0*d 41.2b 37.2b
10°M 42.1a 46.2a 8.9%c 22.3%b 40.4a 23.0%b
10*M 12.9%b 34.5a 5.6%c 9.0*c 33.6*a 10.3*b

Treatment of buckwheat seedlings with emulsions of
JAS, JA and MIJ had no influence on the growth of hypoco-
tyls (Table 1). Contrary to that observation, JAS, JA and
MJ vapors in concentrations 10* M had a strong inhibitory
effect on the growth of hypocotyls of buckwheat seedlings
(Table 1). It can be possible that all jasmonates vapors in-
duce biosynthesis of defense compounds, like phenolics,
which can inhibit a plant growth. It is a well known pheno-
menon in case of JA and MJ (Saniewski et al. 1998a, b,
2003). Recently it has been found that cis-jasmone also in-
duces production of wheat secondary metabolites, which
are responsible for the plant defense system against pests
and diseases (Blassioli Moraes et al. 2008).

JA and especially MJ applied as solutions and vapors
were strong inhibitors of primary root growth. JAS applied
as vapors inhibited root growth as well, however, its solu-
tion had no such influence (Table 1). Jasmonic acid applied
as solution had higher inhibitory influence on root growth
of buckwheat than when used as vapors. The results are si-
milar to our earlier investigations in which it was shown
that treatment of buckwheat seedlings with 10® M emul-
sion of MIJ slightly stimulated the growth of buckwheat hy-
pocotyls, but in higher concentrations (106 M and 10+ M)
no influence was observed (Horbowicz et al. 2008). Howe-
ver, even low concentrations of MJ (108 M and 10® M)
caused ca. 40% decrease of the primary roots growth. Con-
centrated MJ (10* M) almost stopped the root growth,
which was almost five-times slower in comparison to non-
treated buckwheat seedlings (Horbowicz et al. 2008). Ho-
wever during our previous studies the experimental condi-
tions were different, than was described above.

The observed in our studies inhibition by jasmonates, the
root growth of buckwheat seedlings was earlier found for
a wild Arabidopsis thaliana (Staswick et al. 1992). In their
studies the growth of primary root was inhibited at about
50% when seedlings were placed on agar medium contai-
ning 0.1 M MJ. Methyl jasmonate inhibited root and hypo-
cotyl growth of sunflower seedlings, as well (Corbineau et
al. 1988). Growth inhibition was one of the first observed
biological effects of JA in plants. Jasmonic acid at concen-
trations 107-10 M rapidly inhibited root growth, and de-
creased cell elongation in isolated tomato roots cultured in
vitro (Tung et al. 1996), and inhibited cytokinin-induced

plant growth (Ueda and Kato 1982). Similarly, cis-jasmone
vapors inhibited the primary root elongation as MJ did, but
its solutions had no influence on the growth of buckwheat
seedlings. However, the growth of buckwheat hypocotyls
was also strongly inhibited by high concentration of cis-ja-
smone vapors (Table 1).

Effects of various jasmonates applied as vapors on pro-
anthocyanidins (PA) content in hypocotyls of common
buckwheat seedlings are summarized in Table 2. Treatment
of buckwheat seedlings with MJ and JA clearly caused sti-
mulation of proanthocyanidins biosynthesis. In case of tre-
atment with methyl jasmonate significant increases of PA
content occurred in all applied concentrations: 108, 10
and 10* M. Jasmonic acid stimulated PA accumulation in
concentrations 10 and 10* M, and cis-jasmone caused
such an effect when applied at 10* M only. The results
show that among studied jasmonates MJ is most active, ja-
smonic acid less active and cis-jasmone the least. Inhibi-
tion of anthocyanins synthesis by MJ in buckwheat hypoco-
tyls was accompanied by stimulation of proanthocyanidins
formation, which was found in our earlier studies, however
under various experimental conditions: duration of hormo-
nal treatment of seedlings, as well as quality and intensity
of light (Horbowicz et al. 2009). The plant senescence-pro-
moting effect was one of the first biological activities obse-
rved for jasmonates (Ueda and Kato 1980). It seems that an
increase in the level of condensed tannins under various ja-
smonates treatments can be a result of the senescence or
aging symptoms in hypocotyls of common buckwheat.

TABLE 2. Effects of four days treatment with jasmonates applied as va-
pors on proanthocyanidins content (mg - g'! dry weight) in the hypocotyls
of seedlings of common buckwheat. Different letters within the same row
indicate statistically significant difference at p<0.05, Newman-Keuls test;
* asterics indicate significant effects by treatments in compare to control
at p<0.05 (columns).

Applied cis-Jasmone Methyl Jasmonic
concentration JAS) jasmonate (MJ) acid (JA)
Control (0) 11.5a 119a 11.5a
108 M 114b 15.0%a 11.6 b
10°M 11.6b 18.6%a 14.1%b
104 M 14.0%b 18.6*a 17.4%a
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According to the obtained results MJ affected flavonoids
level in seedlings of common buckwheat much more than
JA and JAS. The reason for various biological activities of
jasmonates depends on the applied form: gaseous or solu-
tions (emulsions). Probably due to poor solubility jasmona-
tes partially evaporate from solution to the atmosphere sur-
rounding the buckwheat seedlings. Concentration of vapors
depends on the chemical structure and physical properties
of each jasmonate, like for instance its boiling point. Ac-
cording to literature, the boiling point of jasmonic acid is
160°C at 0.7 mm Hg, methyl jasmonate is 110°C at 0.2 mm
Hg and cis-jasmone: 146°C at 27 mm Hg. After extrapola-
tion to normal atmospheric pressure, the theoretic boiling
points are as follows: in case of cis-jasmone ca. 270°C, for
methyl jasmonate 330°C, and 370°C for jasmonic acid. Al-
though the boiling point for JAS is lowest, it has a far less
influence on the accumulation of anthocyanis and proan-
thocyanidins in buckwheat hypocotyls then MJ and JA.
The effect of cis-jasmone on buckwheat seedlings growth
was minor, as well when compared to the influence caused
by MJ and JA. Unexpectedly jasmonic acid applied as va-
pors reduced anthocyanins accumulation, and in contrast
JA applied as solution to root zone, had a tendency to in-
crease it. Although JA has a much higher boiling tempera-
ture than JAS, it had a much bigger influence on anthocya-
nins than JAS, when applied as vapor as well as solution.
The reason for such a situation remains unknown. We can
speculate only that JA after absorption by plant tissue can
be partially methylated to methyl jasmonate, and this may
be a reason of its greater influence on anthocyanins biosyn-
thesis and growth of seedlings compared to cis-jasmone.
Tissues of some plant species (Lycopersicon esculentum,
Zea mays, Dryopteris filixmas) treated with JA produce,
among other volatiles, methyl jasmonate (Boland et al.
1995). Seo et al. (2001) have cloned a gene encoding an S-
-adenosyl-L-methionine:jasmonic acid carboxyl methyl-
transferase (JMT) from Arabidopsis thaliana. Recombinant
JMT protein expressed in Escherichia coli catalyzed the
formation of methyl jasmonate from jasmonic acid. JMT
was expressed differentially in various organs at particular
developmental stages and induced by wounding (Seo et al.
2001).

It was suggested that systemic accumulation as well as
movement among plants of jasmonates occur via the vapor
phase in the form of MJ (Franceschi and Grimes 1991). Al-
ternatively, MJ may diffuse to distal parts of the plant thro-
ugh the phloem to act as a long distance intercellular trans-
ducer (Pearce et al. 1991). Probably mechanical damage or
water stress facilitates the movement of JA sequestered in
the chloroplast to the cytoplasm. However, free acid JA
might not be able to move across the cellular membrane
without a carrier because of its acidic nature. Therefore the
mechanism of conversion of jasmonic acid into methyl ja-
smonate indicates a possibilty that the JMT is key enzyme
for the jasmonates transport throughout whole plants.
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