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Abstract

During vase life of cut flowers obstructions in stem Xxy-
lem vessels develop. Such obstructions may restrict water upta-
ke in stems and its transport towards flowers, thus lowering the-
ir ornamental value and longevity. Clematis is a very attractive
plant which can be used as a cut flower in floral compositions.
However, nothing is known about the histochemical or cytolo-
gical nature of xylem blockages occurring in cut stems of this
plant. Observations carried out on Clematis cv. ‘Solidarnos¢’
proved that tyloses appeared as a principal source of xylem
blockage in cut stems. The preservative composed of 200 mg
x dm 8-HQC (8-hydroxyquinolin citrate) and 2% sucrose arre-
sted development of xylem blockage, while the vessels in stems
kept in water were filled with tyloses or an amorphic substance.
PAS reaction proved that polysaccharides were present in the
xylem occlusions, whereas no homogalacturonans were immu-
nolocalized in tyloses using JIM 5 and JIM 7 antibodies. The
present study provides new information on the origin of xylem
occlusions in clematis and their development in two different
vase solutions. Such information can be useful to develop pro-
per postharvest treatments aiming to improve keeping qualities
of this new cut flower.
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INTRODUCTION

The dynamic floriculture industry is constan-
tly looking for new products and technologies which
may interest potential customers and create new em-
ployment opportunities for European growers and bre-
eders of ornamental plants. Clematis is used in Europe
mostly as a climber plant, but because of its beautiful
flowers this genus might also be successfully used in
floral compositions. Several cultivars have already

proved to be a potential source of new cut ornamen-
tal material (Skutnik and Rabiza-Swider,
2005). The postharvest life of clematis ranges between
2 to 14 days and depends on the cultivar. A preserva-
tive effectively extending the vase life of clematis is
a solution composed of 200 mg x dm™ 8-HQC (8-hy-
droxyquinoline citrate) plus 2% sucrose (Skutnik
and Rabiza-Swider, 2005). Because it is a new
species for floriculture, more advanced studies and re-
search on senescence of this plant are needed which
would allow methods of its postharvest treatments and
suitable preservatives to be developed. The vase life
of cut flowers is often shortened due to blockage of
water uptake in xylem vessels occurring in stems due
to microbial growth, formation of tyloses, the presence
of air emboli in the vascular system, and deposition of
amorphic substances (van Doorn, 1997; Twu-
masi et al. 2005). The appearance of occlusions in
xylem conduits is a common response to environmen-
tal stresses, infection by microorganisms, or mechani-
cal injury. This kind of blockage effectively restricts
water uptake by xylem vessels and prevents air em-
bolism (Zimmermann, 1983; Sun et al. 2008).
The nature of such blocking material was investigated
cytologically in xylem vessels in some woody species
like Prunus pensylvanica, Ulmus americana, Sorbus
americana, revealing the presence of pectic elements,
callose or lignin-like molecules (Rioux et al. 1998;
Espino and Schenk, 2011).

Our earlier studies revealed the occurrence
of tyloses in cut clematis stems (J¢drzejuk et al.
2012). This trial was conducted to provide immunohi-
stochemical information on chemical nature of vessel
occlusions in cut clematis stems kept in water and in a
preservative solution.
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MATERIALS AND METHODS

Plant material

Flowering stems of Clematis ‘Solidarnos¢’
which were used as plant material for histochemical,
immunohistochemical and cytological studies were kin-
dly provided by Szczepan Marczyriski and Wtadystaw
Piotrowski from the ‘Clematis’ plant nursery in Duch-
nice near Warsaw. The choice of this cultivar was based
on the observations of vase life made by Skutnik
and Rabiza-Swider (2003, 2006). Flowers were
harvested at the same stage of development, i.e. open
flowers with no visible mechanical defects or symptoms
of disease or insect pests. The cut shoots were placed in
vases with either distilled water or a preservative solu-
tion containing 2% sucrose and S8HQC — 8-hydroxyqu-
inoline citrate (200 mg x dm™). The shoots were kept
under controlled conditions: temperature 20°C, relative
air humidity 60%, light intensity 35 umol x m? x s,
and 12 hours light and 12 hours darkness. After 7 or 12
days of vase life, the lower stem parts were cut off to be
compared to these taken from freshly harvested flowers.
10 shoots were taken for microscopic observations from
each treatment and each harvest date (after 7 or 12 days).

Cytology, histochemistry

and immunolocalization

For microscopic observation, the stem basal parts
about 5 mm long were sampled on three dates: immedia-
tely after cutting (control, date 0), after 7 days of postha-
rvest life when flowers started wilting in water (date I),
and after 12 days, when wilting occurred in flowers kept
in the preservative (date II). On date I and II the stem
fragments were collected from both treatments (distilled
water, preservative), from 45 stems in each treatment.

The samples were fixed in paraformaldehyde
fixative (4% paraformaldehyde (Sigma), 0.05M pho-
sphate buffered saline (PBS) (pH 7.0), 0.4% DMSO
(Sigma), DEPC — diethylpyrocarbonate — treated water
(Sigma) under 0.6 atm for 12 h. Next, the samples were
washed twice for 30 min in phosphate buffer saline
(PBS), dehydrated in increasing concentrations of etha-
nol series (30%, 50%, 70%, 80%, 95%, 100%), each
series for 1 h, and twice in Histoclear (Histochoice cle-
aring agent, Sigma) each time for 30 min. The last step
was adding Paraplast pellets (Sigma) to the last series
of Histoclear in paraffin oven, twice a day for 6-7 days,
in temperature 56-58°C. Finally, samples were em-
bedded in clear Paraplast (Sigma). Semi-thin sections
(10um) were sectioned on rotary microtome (Reichert
Jung). All preparations were put on the RNase, DNase
free objective slides (Thermo Scientific MenzelGliser,
Superfrost® Plus) and dried in 42°C for 2—4 days.

For conventional ultrastructural observations
samples were treated for 24 h with 5% glutaraldehyde
and 4% formaldehyde in 0.1 M cacodylate buffer, pH
7.2-7.3, atroom temperature under a pressure of 0.8 atm.

Next stems were contrasted in 1% solution of osmium
tetroxide (OsO 4) in 0.1 M buffer cacodylate for 2 h at
room temperature. The next step was dehydration of the
samples in the increasing concentrations of ethanol from
10 to 100% and dehydrated in acetone. Then the Cle-
matis stems were embedded in Epon (Fluka) at 60°C for
24 h. The last stage was staining of semi-thin sections
of 0.2 microns with 3% uranyl acetate and citrate by the
method of Reynolds (1963) and observed under
transmission electron microscope (JEOL JEM100C).

For some cell components, sections were incu-
bated with monoclonal primary antibodies JIM 5, JIM
7 (detection of homogalacturonans) synthesized by
Dr J. P. Knox, Centre of Plant Sciences, University of
Leeds, Leeds, UK. Primary antibodies (diluted 1:20 in
phosphate-buffered saline (PBS)) were applied for 2 h
at 37°C. Then the anti-rat antibody labeled with alka-
line phosphatase (SIGMA) was applied for 2h in 37°C
and next slides were incubated with NBT/BCIP (nitro-
-blue tetrazolium chloride and 5-bromo-4-chloro-3’-
-indolyphosphate p-toluidine salt) (Sigma) diluted in
100 mM Tris, 100 mM NaCl, 50 mM MgCl, for 2 h
in darkness. Histochemical and immunohistochemical
results were visualized under bright field microscope
OLYMPUS BX41.

RESULTS

Cytological identification of xylem occlusions

In stems examined immediately after harvest
(control) the xylem vessels were free of any occlusions
(data not presented). Stems kept in distilled water,
on both sampling dates showed presence of tyloses.
Tyloses filled mostly the whole lumen of the vessels
(Fig. 1). In this treatment the nuclei present in tyloses
showed advanced chromatin condensation. Also seve-
ral autocatalytic vacuoles were present. Stems kept in
the preservative solution for 7 days (date I) contained
only several tyloses which did not fill the whole lumen
of xylem vessel (data not presented).
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Fig. 1. Ultrastructural identification of xylem occlusions in steams

of Clematis ‘Solidarnos¢’. Stems kept in distilled water for
12 days, N — degrading nuclei, V- vacuole.
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Histological and immunohistological

identification of polysaccharides

and homogalacturonan epitopes in xylem

occlusions in Clematis ‘Solidarnos¢’

The presence of polysaccharide complexes in
the stem of Clematis was shown by the periodic acid-
-Schiff (PAS) method (Pearse, 1968). In control
stems (date 0), the xylem vessels were free of any
blockages. Intense concentration of polysaccharides
was evident in the proto and metaxylem cell walls. The
red color of the PAS reaction was also visible in pith
rays, but the intensity of the color reaction indicated
a lower accumulation of polysacharides in the pith
cells. Polysaccharides were not observed in the phlo-
em or cambium cells. The brown color of the epider-
mis was a natural color of the tissue and did not come
from the reaction (Fig. 2A).

Stems that were kept in distilled water for 7 days
(date I) contained polysaccharide blockages. The inten-
sity of the color ranged between light red in a half of

blocked vessels to intense red in completely blocked
vessels (Fig. 2B). After 12 days (date II), strongly red
stained vessels were also present in protoxylem (data
not presented).

In stems kept in the standard preservative solu-
tion, completely blocked vessels were not found after
7 days of vase life (Fig. 2C). On date II (after 12 days),
only light red color was visible in the blocked and half
blocked vessels of these stems (Fig. 2D). In this treat-
ment, only metaxylem showed a weak color coming
from the reaction.

In the present study, histological immunoloca-
lization with JIM 5 antibody gave a positive color re-
action in phloem, cambium, pith, and particular cells
of primary rays. In control stems, the xylem vessels
were free of any occlusions (Fig. 3A). No homogalac-
turonans were present on any date in xylem occlusions
in stems placed either in distilled water (Fig. 3B) or in
8HQC with 2% sucrose. Jim 7 antibody gave a much
weaker signal than Jim 5 antibody (Fig. 3C-D).

Fig. 2. Histological identification of polysaccharide components in xylem occlusions in steams of Clematis ‘Solidarnos¢’ by using
PAS reaction. A. stem on day 0, P — pith, Pr — pith radius, X — xylem, V — vessel. B. stems kept in distilled water for 7 days,
V — vessel, mm=) _ blockage in vessel. C. stems kept in preservative for 7 days, V — vessel. D. stems kept in preservative for

12 days, V — vessel, m==p _ blockage in vessel.
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3C

Fig. 3. Immunohistological identification of homogalacturonan epitopes in xylem occlusions in steams of Clematis ‘Solidarnos¢’
with JIM 5 (A, B) and JIM 7antibodies (C, D) A. stem on day 0, V — vessel. B. stems kept in distilled water for 7 days, Ph —
phloem, V — vessel, —) blockage in vessel. C. control stems, P — pith, Pr — pith radius, X — xylem, V — vessel. D. stems
kept in distilled water for 12 days, Ph — phloem, V — vessel, ™= _ blockage in vessel.

DISCUSSION

Accordingto Sytsema-Kalkman (1990),
tyloses were found in the xylem vessels of lilac stems
where water uptake was blocked or slowed-down. In
the present study, in both treatments young tyloses
usually had a globular shape which elongated during
tylose development. This event may be a result of out-
growths of parenchyma cells that bulge through the
circular bordered pit cavities of vessel members (Cle -
rivet etal. 2000). Thyloses are generally considered
as a primary defense mechanism during vascular at-
tacks contributing to stopping the pathogen transporta-
tion within xylem vessels (Ouellette and Rioux,
1992; Vandermolen et al. 1987). Earlier studies
revealed the process of tylose formation in Clematis
stems (Jedrzejuk et al. 2012). According to Sun
(2008), lignin, proteins and polysaccharides seem to

be the main components of xylem occlusions. The lar-
ge accumulation of lignin and polysaccharides in the
blocked vessels and a characteristic oval shape of the
occlusions may confirm the presence of tyloses in the
xylem of Clematis. A conclusion of our observations
was that the tyloses were the principal source of xylem
blockage in cut Clematis stems. The way to reduce the-
ir development was to keep stems in the preservative
composed of 8-HQC and 2% sucrose.

The strong red color of the xylem occlusions
occurring after PAS reaction in Clematis stems kept
in distilled water confirmed a high concentration of
polysaccharides present in the occlusions. The use of
the preservative reduced the number of tyloses which
formed in xylem vessels in comparison with stems
kept in distilled water, but did not prevent this process
completely. Tyloses that occurred in stems kept in the



Occurrence of blockage in cut stems of Clematis L. 7

standard preservative solution never occluded the who-
le vessel lumen as it happened in stems kept in water.
Van Doorn and others (1991) confirmed that the
use of 8-HQC counteracts the formation of tyloses in
many species of ornamental plants, particularly in lilac
and rose.

JIM 5 and JIM 7 antibodies recognize homo-
galacturonan epitopes (Clausen et al. 2003). Histo-
immunochemistry did not localize any homogalacturo-
nans in tyloses. According to the literature (Rioux et
al. 1998; Clerivet etal. 2000), a strong concentra-
tion of pectins occurs in amorphic substances in xylem
vessels, but their presence in tyloses is rather rare. Our
research showed that pectins were not histochemical-
ly detected — neither in the tyloses nor in amorphous
extracellular material occluding xylem vessels. Ho-
wever, in some plants differentiation of tyloses may
be correlated with the accumulation of pectins in pa-
renchymatic cells of the pith (Clerivet et al. 2000;
Rajput etal. 2009). In Clematis stems, the accumu-
lation of pectin epitopes in pith rays was quite evident,
but they were not observed in the tyloses. According
to several data (Czaninski, 1972; Catesson et
al. 1979; Catesson, 1983), pectins are hydrolyzed
in the pith membranes by the time the xylem cells die,
whereas highly methylated pectins remain. The recent
data presented by Sun et al. (2008), Plavcova et
al. (2011), and Gortan etal. (2011) seem to invali-
date the above hypothesis by proving that pectins can
be deposited on pit membranes between xylem condu-
its after serious physiological stress such as wounding
or pathogen infection. In cut Clematis stems that are
under physiological stress (wounding, water stress),
pectins were localized by JIM 5 and JIM 7antibodies
in the pith area, but no evidence was found for the-
ir presence in xylem. These results may confirm the
hypothesis which claims that pectin epitopes are not
present in xylem.

The results of these trials confirmed efficiency
of the solution composed of 8-HQC and sucrose in li-
miting blockages in cut Clematis stems. Unobstructed
water uptake and transport to flowers is prerequisite
for proper flower bud opening and good vase life (van
Doorn, 1991). Studies on the effect of different bio-
cides on blockade forming in cut Clematis stems will
be continued in order to find an optimal preservative
for this species.

CONCLUSIONS

1. Tyloses were a principal source of xylem blockage
in cut Clematis stems.

2. Polysaccharides were present in xylem occlusions.

3. No homogalacturonans were immunolocalized in
tyloses using JIM 5 and JIM 7 antibodies.

4. Placing stems in the standard preservative (§-HQC
+ 2%S) reduced the number of tyloses but did not
completely prevent their formation.
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Wystepowanie blokad
w cietych pedach powojnika Clematis L.

Streszczenie

Podczas zycia w wazonie kwiatow cigtych
mogg pojawié si¢ blokady hamujgce swobodny trans-
port wody w pedach. Blokady te skutecznie utrudniajg
swobodny przeptyw wody, powodujac tym samym ob-
nizenie wartosci kwiatow oraz skracajgc ich trwatos¢.
Powojnik jest niezwykle atrakcyjng rosling wykorzy-
stywang jako pnacze ogrodowe, a od niedawna takze
w bukietach. Do tej pory nie prowadzono badan nad
trwatoscig posprzetng tej rosliny oraz nad charakterem
blokad wystepujacych w pedach powojnika. Obser-
wacje prowadzone na odmianie ‘Solidarnos¢’ poka-
zaly, ze gtéwnym Zrédlem blokad pedéw u powojnika
sg wecistki. Pozywka sktadajaca si¢ z 200 mg x dm
x 8-HQC (cytrynian 8 hydroksykinoliny) z dodatkiem
2% sacharozy skutecznie zahamowata rozwdj blokad
w pedach, w przeciwienistwie do wody destylowane;j.
Reakcja PAS pokazata, ze jednym z komponentéw
wcistek byty wielocukry, jednak nie wykryto wsrod
nich pektyn i homogalakturonianéw. Przeprowadzone
obserwacje dostarczyty informacji na temat blokad wy-
stepujacych w cietych pedach powojnikéw, co pozwoli
na stworzenie precyzyjnych procedur majacych na celu
skuteczne przedtuzenie trwatosci cigtych powojnikéw.
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