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Summary. Numerous narrow xylem tracheary elements (tracheids and vessels) are present in liana stems, along
with a few wide vessels that perform the main water-conducting function. This trait, known as “vessel dimorphism”,
has been identified in studies on water-conducting tissue in autotrophic plants, including a large number of perennial
climbing plants and a number of annual vines. Information is lacking on the presence of vessel dimorphism in parasitic
plants of the lianescent habit. In this study, we performed a structural analysis of stems in the autotrophic herbaceous
vines of Convolvulus arvensis L. and Calystegia sepium (L.) R. Br., as well as in the parasitic vines of Cuscuta mo-
nogyna Vahl, Cuscuta planiflora Ten., Cuscuta approximata Bab., and Cuscuta campestris Yunck., of the family of
Convolvulaceae Horan. The xylem of C. arvensis and C. sepium contains a few wide conductive elements and many
narrow ones. This feature is typical of autotrophic climbing plants. Only narrow tracheary elements are present in the
xylem of the parasitic vines of the genus of Cuscuta L. (dodders). The total number of the tracheary elements is an
order of magnitude less in the dodders than it is in the autotrophic vines. It is possible that the autotrophic ancestor of
dodders lost the characteristic feature of the xylem of climbing plants, known as vessel dimorphism, during its transi-
tion to the parasitic lifestyle.

Oco0eHHOCTH TPpaxeaJbHbBIX 3JIEMEHTOB KCHJIEMbI Y HEKOTOPBIX
npexacrasureseit cemeiicrea Convolvulaceae Horan.

E. B. I'opembikuna, A. [1. Azapsn, 3. JI. Akume, K. E. Jlenuna
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Knrwuesvlie cnosa: anaromus CTeGﬂﬂ, BbBIOHKOBBIC, TUAMETPbI TPAXCAJIbHbIX 3JIEMCHTOB, KCHUJIEMA, JIMAHbI, TIOBUJINKH.

Annomayusn. B crednsx JMaH MPUCYTCTBYIOT MHOTOYHCIIEHHBIE Y3KOIMPOCBETHBIE TPaXealbHbIE IEMEHThI KCH-
JieMbl (Tpaxeuzibl ¥ COCY/IbI) HApsly ¢ HEMHOTHMH IIHPOKONPOCBETHBIMH COCY/IaMH, BBIMOJHSIOIIUME OCHOBHYIO
MPOBOJAINYO0 (PYHKIHIO. DTa 0COOEHHOCTh, U3BECTHAS KaK «AUMOP(U3M COCYI0BY», BhISIBIECHA P U3YYEHUH BOJO-
MPOBOJIAIIEH TKAHU y OOJBIIOrO KOJMYECTBA MHOTOJETHHUX JIMAH, & TAKXKE Y Psijia OJHOJIETHUX aBTOTPO(MHBIX BBIO-
mmxcst pacrenuii. CyniecTByeT Ae(UIUT CBEICHUN O HAIMYUHU JTUMOP(PHU3Ma COCYI0B Y MAPa3UTHIECKUX PACTEHUI C
JMaHOUIHOHN (hopMOii pocTa. B TaHHOM HCCIIe0BaHUM IPOBEICH CTPYKTYPHBIH aHau3 cteblieil y aBToTpoHbIX Tpa-
BaHUCTBIX JuaH Convolvulus arvensis L. u Calystegia sepium (L.) R. Br., a Taxke y mapazurndyeckux juan Cuscuta
monogyna Vahl, Cuscuta planiflora Ten., Cuscuta approximata Bab. u Cuscuta campestris Yunck., npuHaiexanmx
K ceMmelicTBy BhIOHKOBBIX (Convolvulaceae Horan.). B xcuneme C. arvensis u C. sepium NPUCYTCTBYIOT HEMHOTO-
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YHCJICHHBIC IIUPOKHE MPOBOASIINE AIEMEHTBI Hapsi1y ¢ MHOTOYHCICHHBIMH Y3KUMH, YTO XapaKTepHO JUIst aBTOTPOd-
HBIX PACTCHUII ¢ JIMaHOUIHOM (hopMoii pocTa. B Kenieme MccieJOBaHHBIX MApa3UTHUYECKUX JIMAH U3 POJia MOBUIIMKA
(Cuscuta L.) mpuCyTCTBYIOT TONBKO y3KHE TpaxeabHbIE 3JIEMEHTBI, IIPU 3TOM 00111ee KOJIMYECTBO TPaxXealbHbIX 3J1e-
MEHTOB Yy MOBHWJIMK Ha MOPSAIOK MEHBINE, UeM Y aBTOTpO(HBIX JnaH. He UCKiIIo9eHo, 9To XapakTepHas 0COOCHHOCTh
KCHJIEMBI BBIOIIMXCS] PACTEHHUH, M3BECTHASI KaK TUMOP(U3M COCYI0B, MOIVIa OBITh yTpaueHa aBTOTPOGHBIM MPEIKOM
TIOBHJIMK TIPH TTEPEX0/Ie K MapasuTUIECKOMY 00pa3y KHU3HH.

Introduction

Most representatives of the family of Convolvu-
laceae Horan. are climbing plants: self-supporting
plants predominate in only two of the 12 tribes
(Stefanovic¢ et al., 2003). The lianescent members
of Convolvulaceae can be either autotrophic or het-
erotrophic, with the latter belonging to the genus of
Cuscuta L. (dodders). Dodders are rightly described
as the best-known and most widespread parasitic
plants, and they have a huge range of hosts. These
parasites make their hosts susceptible to secondary
infections, as well as inhibit their growth and repro-
ductive function (Sharma et al., 2014; Kaiser et al.,
2015). Dodders can also carry viruses from infected
plants to healthy ones (Hull, 2014).

The genus of Cuscuta includes about 200 spe-
cies (Nickrent, 2020). Of these, only 15-20 spe-
cies cause significant damage to agricultural crops,
whereas numerous species of dodders are worthy of
conservation efforts (Garcia et al., 2014). At least
16 representatives of the genus of Cuscuta serve
as sources of valuable compounds that have a wide
range of pharmacological activities (Noureen et al.,
2019).

Dodders are not only of practical interest but
also of fundamental interest as a specialized group
of parasitic plants. In studies on the anatomy of dod-
ders, much attention is paid to the structure of haus-
toria and their contact with host tissues (Zhuk, 2001;
Yoshida et al., 2016; Sun et al., 2018; Shimizu et al.,
2019). Another field of research is the study of the
stem anatomy of dodders, which makes it possible
to assess the functional and diagnostic significance
of their structural features (Solereder, 1908; Clay-
son et al., 2014; Severova, 2019).

In spite of researchers’ keen interest in the stem
microstructure of dodder stems, we are currently
not aware of any work dealing with the features
of their xylem that may be related to the lianes-
cent habit of these parasitic plants. It is known that
the water-conducting tissue of autotrophic vines is
characterized by the presence of a few wide trache-
ary elements, which perform the main conducting
function, and numerous narrow ones, which play
a subsidiary role in normal xylem functioning and

assume the conducting function in the case of the
embolism of wide vessels. The widest vessels stand
out sharply against the bulk of the narrower trache-
ary elements. This peculiarity is usually described
as “vessel dimorphism” (Carlquist, 1985). Vessel
dimorphism has been detected in numerous species
of autotrophic vines from various taxa of flowering
plants (Carlquist, 1985; Ewers et al., 1990; Angya-
lossy et al., 2015, Goremykina et al., 2016), includ-
ing representatives of the family of Convolvulaceae:
in the annual vine of Mina lobata (Carlquist et al.,
1991), in the perennial herbaceous vine of Argyreia
nervosa (Ewers et al., 1990), and in more than 20
species of woody vines (Carlquist et al., 1991; Ra-
jput et al., 2017). However, the data of a quantita-
tive analysis of sample values of the diameters of
tracheary elements are presented only for 4. nervosa
in the work of Ewers et al. (1990). This work was
the first to present the results of a statistical study of
the quantitative parameters of tracheary elements in
an extensive group of lianas, including 33 species
from 26 genera belonging to 16 families of flower-
ing plants. Statistical analysis of samples of trache-
ary element diameters revealed a common pattern
in xylem of climbing plants from different taxa: the
presence of an obvious shift in the ratio between
narrow and wide tracheary elements towards narrow
ones. This occurred despite the fact that some of the
narrowest xylem elements were not discernible on
cross-sections and were not taken into account. In
the presented histograms of the frequency distribu-
tion of the sample values of diameters, a peak exists
in the area of small diameters. To the right of the
peak are a few far-reaching values that do not form
a clearly delimited group; rather, they represent an
intermediate series between the small and the largest
diameters. This type of frequency distribution of tra-
cheary element diameters was repeatedly revealed
later in similar studies in the xylem of other plants
with a lianescent habit (Tibbetts et al., 2000; Gan-
thaler et al., 2019).

Dodders are certainly related to autotrophic
vines as evidenced by the monophyly of the family
of Convolvulaceae, which molecular phylogenetic
studies have confirmed. It has been proven that at
least two nonparasitic lineages diverge within the



Turczaninowia 24, 3: 129-137 (2021)

131

family before Cuscuta (Stefanovi¢ et al., 2003).
However, the exact position of the genus of Cus-
cuta in the family has not yet been determined de-
spite extensive analysis (Nickrent, 2020). Although
no definite opinion exists on the ancestor and the
sister group of the dodders, A. V. Zhuk's point of
view that dodders originated from autotrophic her-
baceous vines of the Convolvulaceae family is justi-
fied. Only this can explain the fact that all members
of the genus of Cuscuta are vines without excep-
tion. This also explains the fact that the penetration
of haustoria into host tissues requires a tight twisting
of the parasite stem around the host organs (Zhuk,
2001). It should be noted that autotrophic vines are
considered structural or mechanical parasites be-
cause they compete with their supporting plants for
light and soil resources; as a result, they negatively
affect their hosts (Ewers et al., 2015; Visser et al.,
2019).

The following question arises: do the dodders
have the same frequency distribution of the diam-
eters of the tracheary elements that their relatives —
autotrophic vines from the Convolvulaceae fam-
ily — have? The answer requires a comparative
analysis of the frequency distribution of tracheary
element diameters in herbaceous autotrophic vines
and parasitic vines of the family of Convolvulaceae.
This will broaden our understanding of their water-
conducting system and enable us to speculate on the
direction in which the xylem of an autotrophic struc-
tural parasite may have been transformed into the
xylem of a heterotrophic vine.

The aim of this study was to find out whether
differences exist in the frequency distribution of tra-
cheary diameter values between heterotrophic and
autotrophic herbaceous vines of the Convolvulaceae
family.

Materials and Methods

The experimental objects were Convolvulus ar-
vensis L., Calystegia sepium (L.) R. Br., Cuscuta
monogyna Vahl, Cuscuta planiflora Ten., Cuscuta
approximata Bab., and Cuscuta campestris Yunck.
The material was collected during the flowering
period in the summer seasons of 2014-2020 in the
Ilovlinsky and Sredneakhtubinsky districts of Vol-
gograd Region. The material was also collected in
the city of Volgograd in the vicinity of Volgograd
State University. The shoots were fixed in 95 % eth-
anol. Cross-sections were prepared manually from
the middle parts of internodes. The sections were
stained using the phloroglucinol reaction (Barykina

et al., 2004) and were embedded in glycerol.

Photographs of cross-sections and measurements
were generated using a Mikmed-5 microscope, a
ToupCam 9.0 digital camera, and ToupViev 3.7 soft-
ware. On the basis of the photos, schemes of the sec-
tions were designed with Photoshop CC software.

For each species, the diameters of the tracheary
elements were measured at two developed inter-
nodes in at least five plants from the same habitat. In
C. arvensis and C. sepium, tracheary element diam-
eters were measured in a randomly selected sector,
which included 10 radial rows of xylem elements.
The angular size of the sector averaged 58° in
C. arvensis and 41° in C. sepium. In dodders, the in-
ternodes without haustoria were examined, and the
diameters of all tracheary elements were measured
in the cross-section. Because the conductive ele-
ments were not strictly circular, following the Ew-
ers method (Ewers et al., 1990), the minimum and
maximum diameters were averaged for each ele-
ment. Then, the average values were used for further
statistical processing using STATISTICA 10. The
Shapiro-Wilk test was used to check whether the
distribution of the sample values conformed to nor-
mal. Because the distributions of the diameters of
the tracheary elements in samples of all the species,
except for C. planiflora, were significantly different
from normal, the nonparametric Mann-Whitney and
Kruskal-Wallis tests were used for further statistical
processing.

Results

Autotrophic herbaceous vines

C. arvensis and C. sepium have similar stem
structures at the internodes studied (Fig. 1A-B).
Their cross-sections are rounded, with two to five
small ribs unevenly distributed around the circum-
ference of the stems. An epidermis covers the cor-
tex, which consists of the subepidermal chloren-
chyma, the middle layer of collenchyma cells, and
the inner layer of thin-walled cells. At the periphery
of the stele is a ring of weakly lignified mechani-
cal elements. Under it, a small-celled soft phloem
and a highly lignified xylem are located in continu-
ous layers. The primary xylem is adjoined by five to
eight strands of the inner phloem that penetrates into
the pith, which is composed of large, thin-walled,
non-lignified cells. Some specimens have a small
rexigenous cavity in the center of the pith. The cam-
bium unevenly produces new elements around the
circumference of the stem. The greatest activity is
observed in several areas, thus resulting in one to
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five groups of secondary xylem elements, including
the widest vessels. These groups protrude into the
outer phloem zone.

Using the number of tracheary elements that fell
into the sector for measuring diameters in this study,
one can estimate their number in the entire cross-
section: in C. arvensis, it is 400 on average, and the
number is 718 in C. sepium.

The distribution of sample values of tracheary
element diameters in both species is significantly
different from the normal distribution according to
the Shapiro-Wilk test at p << 0.05. The statistically
significant difference between the sampled values
of the diameters of C. arvensis and C. sepium was
confirmed by the nonparametric Mann-Whitney test
atp <<0.05.

The frequency distributions of diameters in both
species have a distinctly positive skew: the small-
est values have a peak, followed on the right by a
long series of relatively infrequent large values (Fig.
2A-B). This distribution indicates the presence of
numerous narrow conductive elements and a few
wide ones.

The coefficients of skewness of the diameter dis-
tributions are 1.76 in C. arvensis and 2.24 in C. se-
pium (Table). Positive values of this parameter are
known to indicate the positively skewed (or right-
skewed) distribution of sample values, whereas zero
corresponds to a symmetric distribution of data sets
(Fay et al., 2013). The statistical significance of pos-
itive skewness in these cases is confirmed by the fact
that zero does not fall within the 95 % confidence
intervals of both coefficients of skewness (Fig. 3B).

The range of diameter values reaches 75.7 pm
(from 4.2 to 79.9 um) in C. arvensis and 113.7 um
(from 3.4 to 117.1 um) in C. sepium (Table; Figs
2A-B, 3A); therefore, for C. arvensis, the maximum
diameter value is 19 times the minimum value, and
for C. sepium, it is 34.4 times. Due to such a large
range of diameters, the widest vessels stand out
sharply against the background of the bulk of nar-
row tracheary elements on the transverse sections
of the stems (Fig. 1A-B). This makes it possible to
observe vessel dimorphism as a feature in the xylem
of the autotrophic vines.

Table
Statistics of sampled diameters of tracheary elements in the studied species
: E : £ £ 2 L3
Species Z = = 5 =t 2 . 3
P < o £ g £ E e £ 5 g
[} .
;S g = E 2 z 3 g <5
s = = S 7 7R
Convolvulus arvensis 647 16.0 12.4 4.2 79.9 1.76 0.10
Calystegia sepium 819 21.5 17.9 34 117.1 2.24 0.09
Cuscuta monogyna 406 12.7 12.2 4.7 26.1 0.44 0.12
Cuscuta campestris 311 10.9 10.8 4.9 24.2 0.63 0.14
Cuscuta approximata 230 5.7 5.6 2.5 11.8 0.63 0.16
Cuscuta planiflora 226 6.4 6.4 1.8 12.0 0.27 0.16

Parasitic vines

The stem structure of the examined dodders has
a similar pattern in the middle part of the internodes
without haustoria (Fig. 1C—F). Their cross-sections
are rounded or finely ribbed. The parenchymatous
cortex is located under the epidermis. Subepider-
mal cortical cells often feature the collenchymatous
thickening of their walls. The cells of the median
layer of the cortex may be compressed radially.
Their deformation is usually accompanied by the
formation of fold-like ribs on the periphery of the
stem. The boundary between the cortex and the stele
is indistinct. The conducting system is composed of
collateral bundles. Incomplete bundles consisting of
only phloem may also be present.

The stem of C. monogyna is comparable in thick-
ness to the stems of the autotrophic lianas (Fig. 1C).
The stele of the dodder usually features 9—10 con-
ductive bundles. Each bundle is accompanied by a
group of weakly lignified cells that are adjacent to
the outer part of the soft cells of the phloem. The
xylem and the inter-bundle parenchyma are highly
lignified. Lignified cells are sometimes found in the
pith. An average of 41 tracheary elements are lo-
cated in a cross-section of the stem of C. monogyna.

The stems of the other dodders are thinner; the
lignification of the inter-bundle parenchyma is ab-
sent in them (Fig. 1D-F).
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Fig. 1. Cross-sections of the stems of Convolvulus arvensis (A), Calystegia sepium (B), Cuscuta monogyna (C), Cus-
cuta planiflora (D), Cuscuta approximata (E), Cuscuta campestris (F); d. c. — deformed cells of the cortex; ¢ — cortex;
ch — chlorenchyma; e — epidermis; i. p. — inter-bundle parenchyma; 1. c. — lignified cells; m. e. — mechanical elements;

p — pith; ph — phloem; t — tracheary elements; x — xylem. Scale bar is 100 um.
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Fig. 2. Frequency distribution of tracheary element diameters in Convolvulus arvensis (A), Calystegia sepium (B),
Cuscuta monogyna (C), Cuscuta campestris (D), Cuscuta approximata (E), Cuscuta planiflora (F). The white arrows

point out the medians, and the black arrows point out the maximum diameters.
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In some specimens of C. campestris, the sub-
epidermal layer of the cortex is lignified, which is
not found in the other parasitic vines (Fig. 1F). In
this dodder, individual lignified cells may occasion-
ally be found in the pith and on the periphery of the
stele, which includes six to nine vascular bundles.
Weak cambial activity is noted in single bundles of
this dodder only. An average of 31 tracheary ele-
ments are located in a cross-section of the stem of
C. campestris.

Both C. planifiora and C. approximata have four
to seven vascular bundles in the stele (Fig. ID-E).
On average, there are 23 tracheary elements on the
cross-sections of the stems in the xylem of C. ap-
proximata, and 19 in the xylem of C. planiflora.
Specimens of C. planiflora are more sclerified: lig-
nified cells are usually found on the periphery of ste-
le and in the pith, whereas in C. approximata such
cells are noted in single specimens.

The distribution of the sample values of trache-
ary element diameters in all of the dodders, except
for C. planiflora, is significantly different from the
normal distribution according to the Shapiro-Wilk
test at p << 0.05. The sample values of C. plani-
flora have a normal distribution confirmed by the
same test at p = 0.33 > 0.05. Statistically significant
differences between the sample values of trache-
ary element diameters were confirmed using the
Kruskal-Wallis nonparametric test at p << 0.05, and
a posteriori pairwise comparisons were made using
the Mann-Whitney test at p << 0.0085 (with a Bon-
ferroni correction) for each pair.

The distributions of sampled diameters have a
slightly positive skewness in all of the dodders. It
is not as pronounced as it is in the autotrophic vines
(Fig. 2). The peaks of the histograms occur at inter-

vals that include the medians of the samples of di-
ameters in C. monogyna, C. campestris and C. pla-
niflora (Fig. 2C-D, F). In C. approximata, the peak
is in the interval, the upper boundary of which is
shifted from the median towards lower values by
0.6 um (Fig. 2E). All of the dodders have few values
in the smallest diameter class as well as in the larg-
est diameter class (Fig. 2C-F).

The presence of the positive skewness is con-
firmed by positive coefficients of skewness: 0.44
in C. monogyna, 0.63 both in C. campestris and in
C. approximata, and 0.27 in C. planiflora (Table).
The asymmetry of the sample value distribution in
C. planiflora should obviously be deemed insignifi-
cant, as unlike the other dodders, in this species, the
95 % confidence interval of the coefficient of skew-
ness includes zero (Fig. 3B).

The range of diameter values is 21.4 um in
C. monogyna (from 4.7 pm to 26.1 pum), 19.3 pm in
C. campestris (from 4.9 to 24.2), 9.3 um in C. ap-
proximata (from 2.5 pmto 11.8 um) and 10.2 pm in
C. planiflora (from 1.8 um to 12.0 um) (Table; Figs
2C-F, 3A). The maximum value is 5.6 times greater
than the minimum value in C. monogyna, 4.9 times
greater in C. campestris, 4.7 times greater in C. ap-
proximata and 6.7 times greater in C. planiflora.
Such a small difference between the diameters of the
widest and narrowest tracheary elements compared
to that present in the autotrophic vines, as well as the
relative paucity of the narrowest tracheary elements,
do not allow one to see sharp differences between
the widest and the rest of the narrower tracheary ele-
ments on the transverse sections of the dodder stems.
As a result, we do not observe vessel dimorphism in
the xylem of the parasitic vines (Fig. 1C-F).
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Fig. 3. Statistics of sampled diameters of tracheary elements in the studied species: A — the range of the diameter
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Discussion

The study revealed a number of significant dif-
ferences between the quantitative characteristics
of the tracheary elements of the xylem in the au-
totrophic and heterotrophic vines. These differences
primarily concern the total number of tracheary ele-
ments, as well as the range of values and frequency
distribution of diameters in the samples of tracheary
elements.

The number of tracheary elements is an order of
magnitude less in all of the dodders than it is in the
autotrophic vines. The range of diameter values is
also smaller in dodders — on average, it is reduced
by 6.3 times in comparison with the autotrophic
vines, while minimum values of both autotrophic
and parasitic vines are practically at the same level.
However, the level of maximum diameter is much
lower in parasites — on average, 5.3 times than the
maximum diameters of autotrophs (Table; Fig. 3A).
This indicates the presence of only relatively nar-
row tracheary elements in the samples of the dod-
ders as compared to the samples of tracheary ele-
ments in the autotrophic vines. It is remarkable that
the widest tracheal elements of dodders are lost in
the general mass of other narrower elements of their
xylem because they do not stand out against their
background, which does not allow observation of
the vessel dimorphism in the parasitic vines that is
so evident in the autotrophic vines (Fig. 1).

The pattern of the frequency distribution of tra-
cheary element diameters also differs significantly
between the autotrophic and heterotrophic objects
of investigation. In C. arvensis and C. sepium, the
distributions are sharply asymmetrical with the
positive skew due to the presence of a number of
values deviating towards larger diameters. The
positive skew in the diameter distributions is less
pronounced in C. monogyna, C. campestris and
C. approximata and virtually absent in C. planiflora,
in which the sample of diameters has a statistically
confirmed normal distribution. In all of the dodders,
the coefficients of skewness are significantly less
than they are in the autotrophic vines. This is con-
firmed by the absence of the intersection between
their 95 % confidence intervals (Fay et al., 2013)
(Fig. 3B).

The asymmetry of the diameter distribution in
C. monogyna, C. campestris, and C. approximata
stems from the presence of a few widest diameters in
the samples. The removal of these diameters makes
the samples almost symmetric: their coefficients of
skewness sharply decrease, and zero falls within the

coefficients’ 95 % confidence intervals. C. monogy-
na had only 0.005 % of such diameters in the sample
(two out of 406), C. campestris only 0.01 % (three
out of 311), and C. approximata only 0.02 % (five
out of 230). In comparison, 43 % (278 out of 647)
and 40 % (328 out of 819) of the larger diameters in
C. arvensis and C. sepium, respectively, would have
to be removed from the samples to reduce the coef-
ficients of skewness to levels where zero would fall
within their 95 % confidence intervals.

These tracheary elements of dodders that cause
the slight skewness towards larger values should not
be ignored as incidental outliers, because any out-
lier of sample values requires careful analysis (Fay
et al., 2013). We have no reason to believe that the
appearance of such values in the samples is due to
measurement errors. The presence of such outliers
in dodders may be a feature inherited from their
autotrophic lianescent ancestor, which had the pro-
nounced positive skewness of the distribution of the
tracheary element diameters.

The loss of wide xylem elements, together with
a significant part of narrow ones, is to be expected
during the transition to parasitism in the ancestor of
dodders. Wide vessels with high conductivity are
necessary for autotrophic vines to efficiently trans-
port water over large distances along thin yet ex-
tremely long stems from the roots to a huge mass of
foliage (Ewers et al., 1990). Dodders have no need
for an intensive water supply due to the lack of foli-
age leaves and the reduced distances over which vi-
tal resources must be moved. These parasites attach
to the host in many sites, each of which serves as a
source of organics and water. Transport is restricted
to the area between the attachment points. At dis-
tances measured in centimetres, wide vessels and a
significant part of narrow xylem elements have be-
come redundant, whereas a small number of remain-
ing narrow tracheary elements turned out to be quite
sufficient for local xylem transport.

In conclusion, the study revealed significant dif-
ferences in the frequency distribution of the trache-
ary element diameters in heterotrophic and auto-
trophic herbaceous vines from the Convolvulaceae
family. The autotrophic C. arvensis and C. sepium
have a typical distribution pattern of climbing
plants: numerous narrow and a few broad conduc-
tive elements are present in their xylem. The dis-
tribution of the sampled values of their diameters
is asymmetric, with a pronounced positive (right)
skewness towards the wide vessels being evident.

The xylem of C. monogyna, C. campestris,
C. approximata, and C. planiflora contains only nar-
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row tracheary elements. The total number of the ele-
ments is an order of magnitude less than that of the
autotrophic vines. The distribution of the sampled
values of the diameters of these xylem elements is
close to symmetric with a slightly positive skew-
ness.

It can be assumed that the transition to parasit-
ism in the ancestor of dodders was accompanied by
the disappearance of wide vessels against the back-
ground of a decrease in the total number of trache-
ary elements. As a result, the autotrophic mechani-

cal parasite might have lost the trait known as vessel
dimorphism during its transformation into the true
heterotrophic parasite, which retained the lianescent
habit.
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