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ABSTRACT

Dendrophthoe falcata (L.f.) Ettingsh. of the family Loranthaceae is a common non-host
specific mistletoe occurring along the Coromandel Coast of Tamil Nadu. Through
literature survey the host range, morphological mimicking of the host, haustorium
formation, types of haustorium and their defence mechanism between the host and
parasite, molecular and genetic evolution of the family have known, but the
anatomical and phyto-chemical relationships between them has not known. This
study has attempted to understand that how the host and parasite’s stem anatomy
are similar and/or differ each other. A total of six month regular botanical inventory
from four natural and eco-restored sites, young and matured stems of host and their
parasites were collected and fixed in a solution. In general, through the cross and
longitudinal sections, this study observed the presence or absence of sap and
hardwood, their growth rings, vessel size and number, and arrangement of primary
and secondary xylem are almost similar between the host: Hardwickia binata, Morinda
coreia, Strychnos nux-vomica and their parasite: Dendrophthoe falcata. In comparison, the
same study from Albizia, Casuarina, Dolichandrone, and Gmelina with their parasite

have share both similarities as well as differences between them.

Keywords: Anatomy, Dendrophthoe, Differences, Host, Loranthaceae, Mistletoe,

Parasite, Similarity.

1. INTRODUCTION

Among the plant parasites, mistletoes are one of the essential component of
biodiversity (Watson, 2001; Shaw et al., 2004). They are the predominant group of
angiospermic shoot parasite that has found in wide range of ecosystem and
environment (Nickrent, 2002). Generally, the infection of mistletoes is positively
related to tree size, canopy cover, water, and nutrient status (Press & Phoenix, 2005).
The Indian Mistletoe: Dendrophthoe falcata (L.f.) Ettingish. is remarkable because it
attacks a significant number of native as well as introduced trees in different habitats.

In addition, the relationship between parasite and their host plant is variable and this
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variation creates a significant challenge to understand how hemiparasites interact with their hosts and their environment (Arumugam
et al., 2014). Besides, Balachandran et al. (2022) recorded the parasite Dendrophthoe is mimicking the morphological features of the host.

The effect of mistletoes on their hosts may reduce the vigor and growth rate, poor fruit yield or seed set, malformation of woody
tissues, sparse foliage, top dying, predisposition to insect, disease attack and premature death (Arumugam et al., 2014). This parasite
can affect host productivity by extracting water, nutrients, and organic compounds from the host's vascular resources (Scholes et al.,
1999). The extent of this impacts on host may depend upon the degree of autotrophy of the parasite, the relative ability between the
host and parasite which sinks into attract the resources, and the tolerance or resistance of infection with the host species (Rispail et al.,
2007).

The so called haustorium is the contact organ to obtain the nutrients which formed between the parasite and host (Weber, 1982).
Based on the location of origin of the haustorium, it was categorized into three, viz. root, shoot, and leaf parasitism (Weber, 1980). It
may also be broadly classified into aerial parasitism and root parasitism. In root parasitism, haustoria are root initiated and in shoot

parasitism the contact organs, i.e. the stem develops the secondary haustoria, (Raugh, 1937; Kuijt, 1969; Kuijt and Toth, 1985).

Stem Anatomy of Loranthaceae

A transverse section of the young stem of Dendrophthoe falcata shows a single-layered epidermis has covered by a thick cuticle at
outside. The epidermal cells are somewhat loosely arranged, more or less isodiametric, with small papillae on the outer tangential wall
and filled with tannin (Johri and Bhatnagar, 1972). The epidermis followed by a broad zone of cortex which is distinguishable into two
zones: an outer zone has 6 or 8 layers of cells which are densely filled with tannin and packed with starch, and an inner cortical zone
cells are larger some of which also contain tannins.

Frequently, idioblasts or branched sclereids with simple pitted and striated walls occur in the cortex. The sclereids may be branched
and sometimes contain solitary crystals in the lumen (Balle and Halle, 1961). The strands of fibers with thick walls has recorded in the
pericycle of some species of Loranthaceae (Metcalfe and Chalk, 1950). These strands are opposite to the vascular bundles (Johri and
Bhatnagar, 1972). Cortex have a collateral ring, with open and endarch vascular bundles. They are separated from each other by one or
two layers of radially elongated cells, i.e. medullary rays. The pith is usually large and parenchymatous. Most of the cells are filled with
tannin, whereas others are lignified and develop simple pits on their walls. In some species, the pith is made of parenchyma cells which
contain starch granules (Balle and Halle, 1961).

Mucilage canals have reported in some species. They first appear in the pith, and later in the phloem. The pith contains a central
mucilage canal, and peripheral ones situated opposite to the large vascular bundles. They do not branch any further but become
considerably swollen here and there. The secondary growth is profuse, and has prominent growth rings. The secondary phloem is
much less when compared to the xylem. These cells are arranged in radial rows and are frequently associated with phloem
parenchyma cells. The secondary xylem consists of a large number of vessels. The wood is diffuse, porous, and the vessels has
exhibiting variable arrangement. They may be present in clusters or multiples or short tangential groups or rows, as in some species.
The vessels are tiny in some species.

In some species of Loranthus, is slightly larger than 50 microns. Perforations are simple. Intervascular pitting is alternate with small
to large, sometimes coalescent apertures. The parenchyma shows large and simple pits, similar to intervascular pitting (Johri and
Bhatnagar, 1972). In Dendrophthoe falcata, the secondary xylems are arranged in clusters or in multiples. The vessels have small
perforation in the lateral walls, and each ray has a single crystal. This study is approaching to understand the exact stem anatomical

(primary and secondary wood) relationship (similarity or differences) between the host and parasite, Dendrophthoe falcata.

2. MATERIALS AND METHODS

Three artificial forests viz. Aranya, Merve, Shakti, and a sacred grove at Puthupet, Villupuram district of Tamil Nadu, have selected to
study the plants that was infected by D. falcata and to know the relationship between the host and parasite. Of which “Aranya’ and
‘Shakti’ is belonging to Auroville whereas ‘Merveille” is attached with Sri Aurobindo Ashram Education Trust. Regular field visit was
under taken about two days in every week between the month of September and February in all the four sites.
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Anatomical Study

During the survey stem pieces with pencil thickness and 2 cm long were collected from both host Albizia lebbeck of Leguminosae,
Casuarina equisetifolia of Causarinaceae, Dolichandrone falcata of Bignoniaceae, Gmelina arborea of Lamiaceae (=Verbenaceae), Hardwickia
binata of Leguminosae, Morinda coreia of Rubiaceae, Strychnons nux-vomica of Loganiaceae, and their parasite Dendrophthoe falcata. The
collected stem pieces were fixed in FAA (Formalin 20 ml + Acetic acid 7.5 ml + Alcohol (Ethanol) 300 ml) solution. Microtome apparatus
(MIKROT L WSL lightweight G.S.L.-1 microtome) was used to take CS (cross section) and MLS (median longitudinal sections) of the
stem at 2-3-micron thickness. If the sample feels so hard to take the section, then it was subjected again to treat with Glycerol or 5%
NaOH for softening. Generally, the sections were used to stain either with Safranin or TBO, and sometimes with a mixture of both. A
well stained section has mounted on the slide with Glycerin, as a medium. Similarities and differences of cell complex between the host
(Hardwickia binata, Morinda coreia, and Strychnons nux-vomica) and parasite, and the DF stems samples from the hosts of Albizia lebbeck,
Dolichandrone falcata, and Gmelina arborea have sectioned, photographed, and studied.

3. OBSERVATION AND RESULTS

Anatomical Relations — Stem Anatomy

The FAA fixed stem samples of 3 hosts and their respective DFs underwent microtome sections at 2-3-micron thickness. Both cross-
section (CS) and longitudinal section (LS) was taken from the DF stems and their respective host Hardwickia binata, Morinda coreia, and
Strychnons nux-vomica stems. In addition, three stem samples of DF from the host, Albizia lebbeck, Dolichandrone falcata, and Gmelina

arborea have sectioned, studied, and analyzed their anatomical similarities and differences among them.

Hardwickia and DF (Plate 1.)

General features — In comparison, both host and parasite have distinct sap and heartwood.

Growth ring — The growth ring was distinct in both species, but the parasite has differed by the deposition of starch and tannins near the
summerwood.

Vessels - the primary and secondary xylems, especially the arrangement of vessels, are similar in both host and parasite. The summer
and springwood is prominent in both host and parasite, but comparatively the number of vessels are less in the parasite. In contrast,
the summerwood of parasite, especially the tracheids and ray parenchyma cells has filled with starch and tannins.

Fibres — Thick-walled, non-septate, xylem, and phloem fibres were also standard between the parasite and host.

Tracheids - were also arranged well with vessels, whereas the sclereids were found at the pith and cortex regions in both plants.

Gum ducts - were found and it was scattered in pith, vascular, and cortical regions in both plants.

Pith — The DF, irrespective of any host has retained its genesis, representing parenchyma cells, and it was interrupted by thick-walled
sclereids. The parenchyma cells are always filled with starch and tannin. The ray cells of Hardwickia have 1-2 cell thicknesses,
throughout the stem, whereas the parasite has 1-2 in primary wood and 3-6 cells thickness in secondary wood. Like the host, the

parasite has also recorded uneven size of vessels, they are 2-4 in clusters, and it is round to oval all along the wood.

Morinda and DF (Plate 2)

General features: In comparison, both host and parasite have no distinct sap and heartwood.

Anatomical features: Both host and parasite are devoid of distinct growth rings

Ray cells — In DF, rays 1-3 cells thickness at the primary region, and 3-7 at the secondary regions. Interestingly, sclereids were recorded
at the broader portion of rays in the secondary wood.

Pith — In Morinda, only parenchyma cells are found, whereas in the pith of DF, as usual, the parenchyma cells are disrupted by sclereids.
Raphids are distributed scatteredly at pith and the cortex regions of Morinda, but it was absent in the DF stem. These parenchyma cells
are stuffed with starch and tannins. Rarely gum ducts are also found in the pith of DF.

Xylem — the vessels of the primary xylem of both host and parasite have uniformly arranged one above the other, but at the secondary
wood region, 1-3 medium (but uneven) sized vessels are found in both species. The pits are simple and circular. As usual, tracheids and
fibers are common in both species. In the secondary phloem, it is also mixed with sclereids. The fibres and tracheids are rarely filled
with starch and tannins. Interestingly, the cross and longitudinal sections of vessels of DF were recorded with tannin content.

Cortex - a mixture of parenchyma, and sclerenchyma with ellipsoid oil ducts.
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Spring and summer wood: distinct region between the host and DF

Plate 1. Stem anatomy - similarity and difference between Hardwickia (a) and DF (b)
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Difference: a Crystals at cortex and pith, b Sclereids, gum ducts and tannins at cortex and pith

Plate 2. Stem anatomy - similarity and difference between Morinda (a) and DF (b)
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Similarity in vessel size, pits and ray cells between Strychnos and DF

Relation in lignin deposits at pith region of host and parasite

Occurrence of rectangular crystals at Sclereids in both host and parasite
Plate 3. Stem anatomical similarity and difference between Strychnos (a) and DF (b)
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a - Rhomboidal crystals & Sclereids at Ray cells, b — Starch grains at secondary wood

Gmelina DF with long vessels Morinda DF vessels with tannin

{

Hardwickia (Tannin duct at cortex) Vessels filled with starch and tannin in Morinda

Plate 4. Anatomical differences found in DF stems from different host - DF on Albizia
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Strychnos and DF (Plate 3)

General features- In comparison, both host and parasite have distinct sap and heartwood.

Anatomical features — distinct partition of primary and secondary growth rings.

Xylem - The host and parasitic vessels are exhibit considerable variation in size and number (1-4). The vessel pits are simple and similar
in both species. Tracheids are intermixed in both species.

Phloem — radial strands of phloem in both host and parasite but, the DFs secondary phloem has inter mixed with sclereids.

Ray cells — LS study shows that they are 3-12 cells wide and intermixed with sclereids in both host and parasite.

Fibres — simple, medium sized, and in clusters.

Differences among the DF stems (Plate 4)

The anatomical similarity and differences between the host and DF has studied. In addition, CS and LS of DF stem alone studied from
the host of Albizia lebbeck, Gmelina arborea, and Morinda coreia. In which the DF stem from Albizia, Hardwickia, and Strychnos ray cells
have thick-walled sclerenchyma with rhomboidal crystals, but they are scattered. The occurrence of crystals in the DF stems have not
been influenced by other host species. In contrast, the starch grains were evident in the summerwood of Albizia, and it is also recorded
in the DF of Hardwickia.

LS of DF stem from the host Albizia, Casuarina, Gmelina and Morinda were also studied. The vessel length of DF growing on
Casuarina and Gmelina stems is longer than the host, Albizia and Morinda. The tannin duct has found with the vessels in CS and LS of DF
stem from the host plants, Albizia, Dolichandrone, Gmelina, Hardwickia, and Morinda. The vessels are recorded from the primary and
secondary wood regions. Special ellipsoid-shaped ducts are also found in the cortical areas of the stem. Occurrence of sclereids in the
ray cell is another significant difference among the DF stem which comes from different host. It is recorded in Albizia, Casuarina,
Hardwickia, Morinda, and Strychnos. In addition, the vessels got filled with starch grains and it is found only in the DF stem which is
growing on the host, Morinda.

4. DISCUSSION & CONCLUSIONS

Anatomical study (CS and LS) was attempted to know the relationship between the stems of a parasite, Dendrophthoe falcata and their
host plants, Hardwickia binata, Morinda coreia, and Strychnos nux-vomica. In general, the features like, the presence or absence of sap and
heartwood, growth rings, the vessel’s size (small to moderately large), number (1 to 4 in groups), and arrangement of primary and
secondary xylem area are almost similar between the host and parasite.

The number and shape of ray cells in between the host and parasite of summer and spring woods are also the same, except the
secondary wood of DF stems from the host Morinda, which has 3-7 cell thickness. The tracheids and fibres, as usual, are arranged along
with xylem and phloem regions whereas the sclereids are scattered in pith and secondary cortical portions along with parenchyma
cells, which is found in all DF stems but it has not found in host plants. Like sclereids, Morinda has acicular raphids (calcium oxalate
crystals), it is an essential character of Rubiaceae. They are found at the pith and cortical portion, but it has absent in DF stem section.
Presence of tracheids, gum ducts at the cortical and pith regions, and occurrence of the starch grains and tannins in the primary and
secondary wood regions of DFs, which are the unique representative characters of Loranthaceae.

This piece of work is strengthening the study of Balle and Halle (1961), i.e. the occurrence of parenchymatous cells in the pith has
filled with starch and tannin, which is one of the characteristic feature of the family, Loranthaceae. Chauhan and Rao (2003) stated that
the vessels of Hardwickia binata has filled with gummy deposition. Presence of rhomboidal crystals within the sclerenchyma or scleried
cells of Albizia and Hardwickia (Chauhan and Rao, 2003), and Morinda and Strychnos (Metcalfe and Chalk, 1957) was already recorded.
However, occurrence of the rhomboidal crystals in DF stems which is growing on these host plants, is considered as a first record. This
study, is so significantly evident that anatomically the host and parasite has promising relation.

In all, the present and the recent studies on morphology, anatomy, phytochemical and phytolith made by Suvaathimani (2018),
Vinothini (2018), and Balachandran et al. (2022), to understand the relationship between different host plants and the parasite (DF)
reveals that the results have more positive and less negative correlations. Further to know the detailed relationship between the host
and parasite, more number of samples needs to be studied in all aspects, and in addition to molecular and genetical studies.
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