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ABSTRACT 
 

The paper presents a detailed anatomical study of the stem of medicinally important plant – Rumex 
hastatus. Young stem has ridges and furrows. Epidermis shows sessile mucilage glands in the internodal and 
nodal region. Subepidermal strands of collenchyma (below the angles), chlorenchyma, tannin filled cells and 
large calcium oxalate crystals (druses) are observed in the cortex. Pericycle is represented by isolated patches of 
sclerenchyma present above the vascular bundles. Vascular bundles are arranged in a ring and show gradual 
increase in their number. In the mature stem the vascular cylinder is composed of 26 to 28 vascular bundles of 
different sizes. A continuous zone of fibres, present at inner margin of the vascular bundles delimits the 
parenchymatous pith. Stem anatomy of Rumex hastatus is compared with that of other species of the genus and 
discussed. 
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Introduction 
 

Rumex hastatus D. Don popularly known as arrowleaf dock or curled sock is a small shrub belonging to the 
family Polygonaceae. Polygonaceae is small family comprising of 43 – 46 genera and 1100 – 1200 species 
distributed worldwide especially in Northern temperate hemisphere (Michael and Simpson, 2010). Family 
Polygonaceae consists predominently of herbs but also includes some trees, shrubs and lianas. Rumex hastatus is 
a small perennial bushy shrub with many ascending stems growing on dry stony slopes of himalayan region. 
Stem is woody at base with narrow, arrow shaped leaves with a pair of narrow spreading basal lobes. The stems 
have numerous thin branches with terminal slender clusters of distant whorls of tiny pinkish green flowers. 
Rumex hastatus is a medicinal plant commonly used as traditional herbal remedy for diverse ailments. The leaf 
extract of Rumex hastatus is applied on wounds or cuts to check bleeding and also used to relieve from suffering 
of nettle sting. The leaves and stem are diuretic, refrigerant and used as cooling agent (Hussain et al., 2006 and 
Islam et al., 2006). Rumex hastatus juice is astringent and is used in blood dysentery.  Root is laxative, 
alternative tonic, antirheumatic and is used in skin diseases (Manandhar, 2002). Anatomical investigations are 
important for establishing the botanical identity and systematic relationship of the plant species. Information on 
the stem anatomy of selected species of Rumex was given by early workers Solereder (1908), Metcalfe and 
Chalk (1950), Maheshwari (1929) and Joshi (1936) with special reference to the presence or absence of internal 
bundles. Recently Hameed et al. (2010) in their anatomical study of some medicinal plants of family 
polygonaceae have mentioned some of the anatomical features of Rumex hastatus. However, no detailed 
scientific information on the stem anatomy of  Rumex hastatus is available. The paper presents detailed report 
on the stem anatomy of Rumex hastatus which may be useful in the identification of the Rumex hastatus among 
the various species of the genus. Stem anatomy of Rumex hastatus is compared and correlated with that of other 
species. 
 
Materials and Methods  

 
Plant material was collected from Almora (29°37' N, 79°40' E) and Dehradun (30°19' N, 78°04' E) of 

Uttarakhand State (Northern Himalaya region) situated at 1646 and 635 meters above sea level respectively . 
Stems were cut into segments measuring 20 – 40 mm in length and fixed immediately in F.A.A. (Berlyn and 
Miksche, 1976). Transverse sections of the stem were cut at various levels from subapical to lower region. Both 
microtome and hand sections were prepared. For microtomy, the materials were dehydrated in tertiary butyl 
alcohol (TBA) series. The dehydrated stem segments were gradually infilterated with paraffin wax (58ºC) for 
one to three days and finally embedded in paraffin wax. Transverse sections (15 – 20 µm thick) of the embedded 
materials were obtained using rotary microtome (Model No. MT – 1090A), stained with a combination of 
safranin and fast green and mounted in Canada balsam (Johansen, 1940). For measurements thirty objects were 
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choosen at random to obtain the mean. Olympus binocular compound microscope (Model No.CX2i, with 
camera attachment) has been used to investigate the anatomical sections and for photography. SEM photograph 
was taken with model “Quanta 200MK2 microscope” operated at 20kV in Environmental Scanning Electron 
Microscopy (ESEM) mode.  
 
Results:  

 
In the apical region the young stem is more or less angular. Epidermis is single layered made up of 

compactly arranged spheroidal cells (as seen in a transverse section.) and is covered by a thin layer of cuticle 
which shows minute projections. Cortex shows subepidermal strands of collenchyma below the angles and a 
continuous zone of two to three layers of chlorenchymatous cells. Differentiation of pericycle and vascular 
tissues takes place below the angles (Fig. 1.1). As the development proceeds in the subapical region more 
collenchymatous ribs appear in between the angles and chlorenchyma cells become gradually confined to the 
furrow regions only (Figs. 1.2, 1.3, 1.4). Epidermis shows presence of stomata and sessile multicelluar mucilage 
glands. Stomata are generally present in the furrow region while glands are widely spaced in the internodal and 
nodal region (on the ocrea), Figs. 1.4, 1.8, 1.9. In the furrow region below the chlorenchymatous zone more or 
less elongated tannin filled cells are present. Crystals in the form of large druses (diameter 20 µm to 45µm) are 
frequently found in the chlorenchyma and tannin cells zones (Figs. 1.1, 1.4). Endodermis is not well defined. 
Pericycle is represented by isolated patches of sclerenchyma present above the vascular bundles. Vascular 
bundles are open, conjoint, collateral and endarch present in a ring and show gradual increase in number. At 
young stage first series of vascular bundles is formed below the collenchymatous ribs (Fig. 1.1). Next bundles 
develop in the furrow region between the first formed bundles. During further growth with the increase in the 
number of ribs more bundles differentiate in between the previously formed bundles (Fig. 1.2). Phloem is 
always the first tissue to differentiate from the procambial strands and later xylem is formed. It was observed 
that in some of the later formed vascular bundles (below the furrows) procambial initials give rise to primary 
phloem only without forming primary xylem (Fig. 1.5). Later a fascicular cambium differentiates inner to the 
phloem and forms the xylem. Thus in these bundles no part of the xylem is of primary origin (Fig. 1.6). Similar 
development has also been observed in Rumex dentatus (Joshi, 1936) and in Antigonon leptopus (Sahney & 
Vibhasa, paper communicated). In the mature stem the vascular cylinder is composed of about 26 to 28 vascular 
bundles of different sizes separated by medullary parenchyma (Fig. 1.7). A continuous zone of fibres is present 
at the inner margin of vascular bundles delimiting the pith. Pith is parenchymatous without intercellular spaces 
(Figs. 1.2, 1.5, 1.7). However, Hameed et al. (2010) reported hollow pith in the stem of Rumex hastatus. 

 

 
Fig. 1: Rumex hastatus (1-7, 9 – Transverse sections of the stem, 8 – SEM of stem surface) 
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Explanation of Plate: 
 
1. Apical segment of stem showing collenchyma below the angles, a continuous zone of chlorenchyma, 

differentiation of pericycle & vascular bundles, arrow and druses (arrowhead), scale bar – 2µm. 
2. Subapical segment of stem showing increase in no. of ridges and vascular bundles (scale bar – 2µm). 
3. Magnified portion showing collenchyma below the ridge (scale bar – 2µm). 
4. Magnified portion of furrow region showing stomata (arrow), chlorenchyma, tannin cells and druse 

crystal (scale bar – 6µm). 
5. Portion showing vascular bundles with only primary phloem (arrow) and a continuous zone of fibres 

delimiting the pith (scale bar – 4µm). 
6. Formation of secondary xylem (a single vessel) in the vascular bundle, arrow (scale bar – 4µm). 
7. T. S. of mature stem showing vascular bundles of different sizes and parenchymatous pith (scale bar – 

2µm). 
8. SEM of stem surface showing sessile mucilage glands (scale bar – 50µm). 
9. Magnified portion showing sessile multicellular mucilage gland (scale bar – 2µm). 

 
Abbreviations in figures: 

 
Chl – chlorenchyma, Ic – interfascicular cambium, St – stomata, Tc– tannin cells 
 

Discussion: 
 
Among the various anatomical features of the stem of Rumex hastatus reported in the present work, 

presence of sclerenchymatous patches of pericycle, tannin, calcium oxalate crystals, and continuous zone of 
fibres at inner margin of vascular bundles are characteristic features of family Polygonaceae (Metcalfe and 
Chalk, 1950 and Solereder, 1908).  Presence of sessile multicellular mucilage glands in the internodal region, 
chlorenchyma, vascular bundles of different sizes and their mode of development are the new reports in the 
present work. In family Polygonaceae mucilage secreting glands have been reported in Rumex and Rheum which 
are present on the membranous sheath arising from the leaf base (Ocrea) in the nodal region (Schnepf, 1968). In 
Rumex hastatus we have found glands in the internodal region also. Most of the species of Rumex like R. 
crispus, R. orientalis, R. patientia, R. confertus, R. domesticus, R. cordifolius, R. hydrolapathum, R. longifolius, 
R. maximus, R. undulatus, R. obturiformis and R. purpureus  show presence of internal bundles (Joshi, 1936) 
while  Rumex hastatus shows absence of internal bundles.  Absence of internal bundles has also been reported in 
R. dentatus, R. aquaticu (Joshi, 1936) and R. vesicarius (Rao et al., 2011). Among these Rumex hastatus is 
similar to R. dentatus in having presence of ridges and furrows, collenchymatous strands below the ridges, 
sclerenchymatous patches of pericycle above the vascular bundles and mode of development of vascular 
bundles. While it can be distinguished from R. dentatus by the presence of chlorenchyma below the furrows, 
tannin filled cells below the chlorenchyma and large druses in particular position in the cortex by the number of 
vascular bundles and absence of hollow pith (R.dentatus shows hollow pith). Rumex hastatus shows 26 to 28 
vascular bundles while the R.dentatus shows about 100 open vascular bundles separated by medullary rays 
(Joshi, 1936). According to Joshi (1936) the perennial species of Rumex which are without internal bundles are 
the oldest forms of the genus. From these have arisen the perennial forms with internal bundles and the annual 
forms without internal bundles (R.dentatus, R. aquaticus). Thus Rumex hastatus represents one of the oldest 
forms of the genus. Presence of sessile multicellular mucilage glands in the internodal region and nodal region, 
chlorenchyma and tannin filled cells along with the large druses below the furrows in the cortical region and 
absence of internal bundles are taxonomically important features which may be useful in the identification of the 
Rumex hastatus among the various species of the genus.  
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