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‘Advancement in Plant Sciences’ is an important progress in Modern

Botany. The main emphasis has given on classical and molecular aspects of

Plant Science. This edited book attempts to characterize the plants on the

basis of both morphological and to some extent about their chemical and

molecular characters.

Modern plant approach was initiated on the natural concept and

developed by Swedish botanist Carolus Linnaeus in 18th Century. After 300 

years of his work the plant science has recognized as one of important

aspects of Science. 

In this project, the editors have selected 23 articals in different

disciplines of plant sciences. The articles are covering wide areas of Botany

and submitted topics were selected from wide areas of Bengal. All efforts

has been given to complete picture of plant Science, which are needed for

burning botanist for their uplifment.
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interacting with the mango lovers as well as villagers, understanding them

and learning from them (Gupta and Acharjee, 2002). It provided an

alternative framework for data collection and analysis. Because of its

participatory nature, it is a useful methodology to focus attention on

people, their relationships with socio-economic and ecological factors.For

effective interaction between the mango users and processors, an ice-

breaking session for building rapport was held with the help of village

leaders and progressive farmers (Jha and Sarkar, 1991).

RESULTS AND DISCUSSION

Folk Foods
1. Chuna or ‘Chaitra Karali’ – Small green mangoes are cut and dried

in the sun in the month of chaitra (March-April) to make the product

‘phali’ which is preserved and used for the problem of stomach and also

used for making sour curry and pickles. The drying tray is made of slightly

elevated wooden or bamboo strips and fitted to wooden frames.

2. Amchur – This is a powder of dried mango slices (amsi) and stored

into dry bottles.  Under-ripe green mango is peeled, de-stoned, sliced and

dipped in 2% salt solution before sun drying.  By crushing the dried

mango, a powdery, substance is obtained. This product is added to various

preparations to provide sourness.

3. Amsatta – This is a kind of mango leather and is the best sweet meat

available in the market.  The ripe mango pulp is sun dried on ‘pakori’, a

bamboo made plate, in the form of strata made by their pouring in several

layers, each stratum laid down and dried before another stratum is stood.  

The pulp can also be blanched, sweetened (added 5% sugar) and stretched

thin on the mat and dried.  Folk variety Tikiapari, Ganga Prasad and

commercial variety Gopal Bhog are the best suited for amsatta making.

4. Aam-tel (Mango-oil) – Green mango is cut lengthwise into four

pieces, stone is removed and the pieces are dipped into brine solution.  

After draining of water, turmeric is added and dried in the sun for 4 days.  

Fried and grind spices are added to it and put into a glass jar.  The jar is

exposed to Sun till it is considered to be ready. Ingredients are like this:

Green mango – 1 kg, Mustard oil – 500 g, five spices – 60 g, Salt – q.s.,



Turmeric powder – q.s., Dry chilli – 5 [ q.s. = quite sufficient ].

5. Achar and Chutney – Achar is a sour and chutney is a sweet pickle. 

Achar is prepared with or without skin but chutney is prepared from peeled

mango strips.  The Ingredients are like these (Table-1).

Table.1- Recipe of Chutney and Achar.

Chutney Achar

Ingredients Quantity Ingredients Quantity

Mango Strips 1 kg Mango

Slices

1 kg

Sugar 1 kg Turmeric

Powder

40 g

Ginger 50 g Fenugreek 40 g

Chopped

Onion

30 g Red Chilli 30 g

Chopped

Garlic

30 g Mustard Oil 30 g

Chilli 10 g 6. Salt 230 g

Salt 50 g

In achar, spices are mixed with oil and added to the mango slices. The

mixture is put inside an earthen pot or glass jar and is bared to the Sun.  In

chutney, slices are blanched, sugar-salt are added and boiled.  The spices

are added at last and thickened the syrup.  The preparation is poured into

wide-mouthed glass jar and capped. Immature fruits of seedling varieties

are singled out for the preparation of chutney.  The folk variety Aswina is

the best for this purpose. The recipe of other folk foods is described here

under in a table (Table- 2).



Table .2- Recipe of some mango based folk foods prepared in Gangetic

         West Bengal.
Folk Food Ingredients Quantity

Kasundi Green mango 1 kg

Mustard Seed 300 g

Dry Chilli 20 Number

Mustard Oil 2-2.5  t.s.f. 

Aam-dal ‘Mango

pulse-porridge’

(cooked)

Lentil 3 cups

Green Mango 2 Nos.

Turmeric Powder 2-2.5 t.s.f. 

Sal q.s.

Mustard 1-2 t.s.f. 

Dry Chilli 2 Nos.

Mustard Oil 5-6 t.s.f. 

Aam-tak‘Mango-

sour’, (cooked)

Green Mango 2 Nos.

Fish Piece 10 Nos.

Turmeric Powder 1-1.5 t.s.f. 

Mustard Seed 1-1.5 t.s.f. 

Salt q.s.
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scientists. AgNPs have no effect on living cells as it is unable to induce

microbial resistance. It is reported that silver nanoparticles can adhere to

the cell wall and as a result cell wall permeability and cellular respiration

are disturbed (Singh et al., 2008). AgNPs also used in package and plastics

to eliminate microorganisms, as food additives, and in textile fabrics. Due

to versatility of applications, various methods concerning the biofabrication

of AgNPs, as well as various silver-based compounds containing elemental

silver (Ag0) have been developed (Elumalai et al., 2010). The special

emphasis towards the AgNPs due to their pharmaceutical importance

especially strong antimicrobial activity either in metallic nature and

nanoparticles form also, hence it is observed that silver nanoparticles

havevarious applications to the human and environment. Synthesis of

nanoparticle and its applications have been extensively studied; studies

related to drug delivery has been undertaken for a great number of

scientists.

Some applications of AgNPs are mentioned here (Figure 1). It used as

food preservative and various foods related products (Cho et al., 2005). The

antimicrobial nature of AgNPs plays a prominent role in food packaging

systems (De Moura et al., 2012). AgNPs have antibacterial properties

mediated by silver ions (Guzman et al., 2012). Minute amount of AgNPs

are particularly used as decontaminating agent in water and prevent the

formation of biofilm in food contact surfaces (Sreekumari et al., 2005). The

AgNPs are reported to show better wound healing property and better

cosmetic appearance when tested using an animal model (Tian et al., 2007). 

AgNPs can be used for the treatment of water to avoid contamination of the

environment (Con and Loan, 2011). Eco-friendly antimicrobial nanopaint

can be developed (Kumar et al., 2008).



Fig.1-Wide spread applications of silver nanoparticles. 
The present review article draws attention to the current knowledge

regarding the biosynthesis of silver nanoparticles and presents a database

that future researchers can be based on.

Silver nanoparticle biosynthesis
Various biological sources available in nature including bacteria, yeast, 

fungi, algae, lower plants and higher plant products can all be involved for

the synthesis of AgNPs. These biological systems provide excellent

examples of nano-scale materials with highly optimized characteristics

resulting from evolution over a long scale of time and inorganic material

synthesis may occur either intracellularly or extracellularly (Dickson, 1999;

Senapati et al., 2004). In current research areas of nanotechnology, with the

help of biological source it is a big challenge to develop reliable

experimental protocols for the fabrication of nanoparticles over a range of

size, chemical constitution and synchronized monodispersity that should be

non-toxic, clean and eco-friendly. Although researchers have been reported

in the last few years, it is need to elaborate this technology in a

consolidated manner with an approach that gives an overall idea of the

recent research trend on the AgNPs biosynthesis and their applications

(Bhattacharya and Gupta, 2005; Mandal et al., 2006). The exploitation of

eco benign materials like plant (Sinha and Paul, 2014), algae (Kannan et

al., 2013), fungi (Verma et al., 2010) and bacteria (Paul and Sinha, 2014)

for the synthesis of AgNPs offer many benefits of eco-friendliness and

suitability for pharmaceutical and different biomedical uses as they do not

utilize toxic chemicals for the synthetic process. A chemical synthesis

process involves the occurrence of some toxic chemicals absorbed on the

surface showing adverse effect in the biomedical and other applications.

Biological synthesis or green synthesis are superior over physicochemical

method as it is eco-friendly, cost effective, can be scaled up for large scale

synthesis very easily and in this synthesis there is no need of using

temperature, energy, toxic chemicals and high pressure (Singh et al., 2010). 



Herein, we provide an overview of various reports of biological routs of

AgNPs synthesis of desired characteristics.

Use of plant for silver nanoparticle biosynthesis
This review gives detailed knowledge about the bioreduction of silver

ions reaction much faster than the other any biological sources such as

fungi and bacteria which take short periodof time in contrast to plant

materials (Table 1). Biosynthesis of AgNPs by using plant materials

includes very rapidly to reduction of metallic materials (Figure 2). In recent

times, use of plants for the synthesis of AgNPs has drawn attention of

many researches due to its rapid, cost effective, ecofriendly protocol and it

provides a one step method for the biosynthetic process (Huang et al., 

2007). AgNPs have also gained attention due to their broad-spectrum

activity against bacterial infections. Phytochemicals specially flavonone

and terpenoid components of leaf are being reported to stabilize the

formation of AgNPs in comparison to high molecular weight proteins of

fungus (Shankar et al., 2004). The polyol and the water soluble

heterocyclic compounds are mainly responsible for reduction of silver ions

(Ag+) as well as stabilization of nanoparticles. Differences in morphology

of AgNPs synthesized, is one possible reason for variation in optical

properties (Chen et al., 2004).It is well known that AgNPs exhibit

yellowish brown colouration in aqueous solution as a result of excitation of

surface plasmon vibrations in AgNPs (Jain et al., 2009). No correlation is

observed between the colour development and increase in abundance

exhibited by the synthesized AgNPs. Synthesized AgNPs were

characterized by using UV-visible spectroscopy, scanning electron

microscopy (SEM), X-ray diffraction analysis (XRD) and evaluated its

antimicrobial as well as other biomedical properties. Further studies reflect

that several parameters together determine the AgNPs synthesis including

plant source, the organic compounds in the crude plant extract, the

concentration of silver nitrate (AgNO3), the temperature and the pigments

of the corresponding plant extract (Leela and Vivekanandan, 2008). 





Citrus limon Rutaceae Fruit Prathna et al.

2011

Emblica

officinalis

Phyllanthaceae Fruit Ankamwar et al.

2005

Carica papaya Caricaceae Fruit Jain et al.

2009

Jatropha

curcas

Euphorbiaceae Seed Bar et al.

2009

Artocarpus

heterophyllus

Moraceae Seed Jagtap and

Bapat, 2013

Hevea

brasiliensis

Euphorbiaceae Latex Guidelli et al.

2011

Use of algae for silver nanoparticle biosynthesis
Literature surveyshows that the synthesis of nanoparticles using algae as

source has been underexploited even unexplored also. In recent times there

are few reports that algae being used as a biofactory for synthesis of silver

nanoparticles (Table- 2). Marine algae are mostly used as a source for

synthesis in silver nanoparticle formation (Govindaraju et al., 2009). 

Table. 2-Some algae used for synthesis of silver nanoparticles. 

Algae References

Sargassum wightii Singaravelu et al., 2007

Sargassum tenerrimum Kumar et al., 2012a

Sargassum muticum Azizi et al., 2013

Pithophora oedogonia Sinha et al., 2014

Chaetomorpha linum Kannan et al., 2013

Gracilaria corticata Kumar et al., 2013

Cystophora moniliformis Prasad et al., 2013

Turbinaria conoides Rajeshkumar et al., 2012a

Padina tetrastromatica Rajeshkumar et al., 2012b

Gelidiella acerosa Vivek et al., 2011



Ulva fasciata Rajesh et al., 2012

Sargassum ilicifolium Kumar et al., 2012b

Plectonema boryanum Lengke et al., 2007

Porphyra vietnamensis Venkatpurwar and

Pokharkar, 2011

Spirulina platensis Govindaraju et al., 2008

Use of fungi for silver nanoparticle biosynthesis
Fungi are not so tedious to culture on large scale by solid substrate

fermentation and thus can be large biomass is formed for processing or

formation of AgNPs. Fungi have tendency to form product intracellular as

well as extracellular though it has high wall binding capacity and metal

intake capacity (Table 3). Extracellular production of AgNPs was also

reported using silver tolerant yeast strain MKY3, which synthesized

hexagonal AgNPs (2-5nm) in log phase of growth. The optimum condition

for the synthesis of large scale quantities of AgNPs also standardized and

documented that was based on differential thawing of the samples

(Kowshik et al., 2003). Mushroom extract are also responsible for

formation of AgNPs (Philip, 2009). 

Table.3-Some fungi used for synthesis of silver nanoparticles. 

Fungi Nature

of synthesis

References

Fusarium oxysporum Extracellular Ahmad et al., 

2003

Aspergillus fumigatus Extracellular Bhainsa and

D'souza, 2006

Aspergillus clavatus Extracellular Verma et al., 

2010

Fusarium semitectum Extracellular Basavaraja et al., 

2008

Fusarium solani Extracellular Ingle et al., 2009

Fusarium acuminatum Extracellular Ingle et al., 2008



Cladosporium

cladosporioides

Extracellular Balaji et al., 

2009

Phaenerochaete

chrysosporium

Extracellular Vigneshwaran et

al., 2006

Phoma glomerata Extracellular Birla et al., 2009

Neurospora crassa Intracellular Castro-Longoria

et al. 2011

Aspergillus flavus Extracellular Vigneshwaran et

al., 2007

Alternaria alternata Extracellular Gajbhiye et al., 

2009

Cochliobolus lunatus Extracellular Salunkhe et al., 

2011

Amylomyces rouxii Extracellular Musarrat et al., 

2010

Trichoderma reesei Extracellular Vahabi et al., 

2011

Hormoconis resinae Extracellular Varshney et al., 

2009

Use of bacteria for silver nanoparticle biosynthesis
The application of bacterial strain for biological synthesis of AgNPs has

advantages over the other biological sources because it is easy to handle

and short incubation period. Bacterial strain generates well defined shapes

such as pyramidal, spherical, cubical and hexagonal AgNPs of up to 200

nm sizes. The produced AgNPs were characterized by FTIR, TEM, XRD

and other techniques to identify their different size and shape (Klaus et al., 

1999). Microbial synthesis of nanoparticles in both intracellular and

extracellular form is observed efficiently from variety of bacterial strains

(Table- 4).

Table. 4- Some bacteria used for synthesis of silver nanoparticles.

Bacteria Nature of

synthesis

References



Staphylococcus aureus Extracellular Nanda and

Saravanan, 2009

Bacillus cereus Extracellular Ganesh Babu and

Gunasekaran, 2009

Escherichia coli Extracellular Gurunathan et al., 

2009

Pseudomonas aeruginosa Extracellular Paul and Sinha, 

2014

Bacillus licheniformis Extracellular Kalishwaralal et al., 

2008

Serratia nematodiphila Extracellular Malarkodi et al., 

2013

Pseudomonas fluorescens Extracellular Silambarasan and

Jayanthi, 2013

Bacillus megaterium Extracellular Saravanan et al., 

2011

Salmonella typhirium Extracellular Ghorbani, 2013

Klebsiella pneumonia,

Escherichia

coliEnterobacter cloacae

Extracellular Shahverdi et al., 

2007

Brevibacterium casei Extracellular Kalishwaralal et al., 

2010

Geobacillus

stearothermophilus

Extracellular Mohammed Fayaz

et al., 2011

Pseudomonas stutzeri Extracellular Klaus et al., 1999

Arthrobacterkerguelensis,

Arthrobacter

gangotriensis,

Pseudomonas antarctica, 

Pseudomonas

proteolytica, 

Pseudomonas meridiana, 

Bacillus indicus,

Extracellular Shivaji et al., 2011



Bacillus cecembensis

Bacillus subtilis Extracellular Reddy et al., 2010

Proteus mirabilis Intra/

Extracellular

Samadi et al., 2009

Future prospects
To revolutionize the fundamentals of disease diagnosis, treatment,

therapy and prevention by innovating nanomedicines, nano-scale

technologies can be improved which brought about new area. 

Nanoparticles,due to their small size, have the potential to modify

molecular discoveries emanating from genomics and proteomics which can

be benefit for patients. The benefits of biological production systems are in

the regulated production at a molecular level. Nanoparticles are formed in

highly defined structures, complex morphologies and narrow particle size

distribution (Sharma et al., 2007). As nanotechnology has gained interest in

the past decade, and is expected to develop more in the future, the utmost

challenge is to expand experimental protocols for the biosynthesis of silver

nanoparticles. Furthermore,a thorough understanding of the mechanism of

nanoparticleformation and the bioreduction of metal ions is required. Now

a days, with the help of modern technologies of impregnation of silver

nanoparticles can solve the burning issues of antibioticsresistance. The

most interesting fact is that microbes are unable to develop resistance

against silver, because they can generate against conventional and narrow

target antibiotics. Metallic silver in the form of AgNPs has made a

advantageous resurgence as a potential antimicrobial agent and has

developed into wide medical uses ranging from silver coated medicinal

devices (e.g. nanogels and nanolotions among others), silver based

dressings etc (Rai et al., 2009). 

DISCUSSION
In this paper, recent knowledge has been reviewed and built a data base

for bioreduction approaches to formation of silver nanoparticles using

various biological systems. The appropriate mechanism for nanoparticles



formation by using biological resources is still being investigated and

several probable ways have been suggested. Recent aspects of process

which includes biological sources should focus towards the use of highly

structured physical and biosynthetic function of microbial cells to achieve

better regulated manipulation of the shape and size of the particles.

Moreover effect is needed in order to develop more productive techniques

for metallic nanoparticles formation. In addition, improvements on

biogenesis process are needed for the development of cheaper processes. It

isbelieved thatproteinscarboxylic groups, amino groups and carbohydrates

present in microorganisms and angiosperms play a key role in the

bioreduction and biosorption process for the formation of nanoparticles. A

number of research work still needed to understand the effect of light,

temperature, duration and other parameters regarding the biosynthesis of

nanoparticles.
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aspects of this unique mangrove forests like geology, phytodiversity, 

ecology, microbiology have been studied by various workers at different

times. Floristic studies on the Gangetic Sundarbans have been done by

Prain (1903) and on the Chakaria Sundarbans in Chittagong by Cowan

(1982). After independence (1947), a number of workers have worked and

published many papers and books on different aspects of the Sundarbans

mangrove forests. Patil (1961) have mentioned only 17 species from the

Sajinakhali. But only a few have focused on the quantitative study of three

Wildlife Sanctuaries after their notification. Since the rate of delta

formation and degradation is rapid here and the characteristics of surface

waters flowing through these mangrove forests exhibit great variation from

one location to another, there is urgent need to reassess the present status of

mangrove diversity inside this Wildlife Sanctuary.

Geography of Sajinakhali
Sajinakhali is located inside the Sundarban Tiger Reserve between

22º00 22º12 88º38 88º49 . It consists of

12 compartments of two forest blocks Pirkhali (7 blocks) and

Panchmukhani (5 blocks) of Sundarban Tiger Reserve. This sanctuary is

well dominated with Royal Bengal Tigers.

Surface Configurations of Sajinakhali
The various surface configurations found in Sajinakhali are-  

2.2.1.1. Tidal Creeks: A tidal creek, tidal channel, or estuary is the

portion of a stream that is affected by ebb and flow of ocean tides. Thus

this portion of the stream has variable salinity and electrical

conductivity over the tidal cycle. Due to the temporal variability of

water quality parameters within the tidally influenced zone, there are

unique biota associated with tidal creeks, which biota are often

specialised to such zones. Creeks provide surface areas for the

colonization and establishment of primary mangroves and marsh

vegetations.

2.2.1.2. Natural Levees: If a channel overflows its banks during high

tides, the water flows over the land surface in a broad area. This flow

pattern significantly reduces the water velocity heavy suspended



materials are deposited close to the channel; where it builds up an

embankment know as natural levee.  

2.2.2.3. Mudflats: Mudflats, also known as tidal flats, are coastal

wetlands that form when mud is deposited by tides or rivers. They are

found in sheltered areas such as bays, bayous, lagoons, and estuaries.

Mudflats may be viewed geologically as exposed layers of bay mud,

resulting from deposition of estuarinesilts, clays and marine animal

detritus. Most of the sediment within a mudflat is within the intertidal

zone, and thus the flat is submerged and exposed approximately twice

daily.

2.2.2.4. Salt Pans: Natural salt pans are flat expanses of ground covered

with salt and other minerals, usually shining white under the sun. In

upland swamps where the influence of fresh water is almost nil in the

dry seasons (November-June), rapid evaporation of water leads to the

formation of these salt pans. Such areas either remain blank without any

vegetation as found at the mouth of river Saptamukhi or are

occasionally colonized by plants like Sesuvium portulacastrum and

Salicornia brachiata. 

MATERIALS AND METHODS
Quantitative study was undertaken by quadrate method (Misra, 

1968) to find out frequency, abundance and density of individual plant

species. Size of quadrate sampled was determined by “Species Area

Curve” method (Oosting, 1958). 10 x 10 m quadrates were laid down

randomly at accessible areas in selected zones of the forest floor and the

phyto-sociological data were tabulated in the field. Plant species from each

forest block were grouped in to different percentage frequency classes

according to Raunkiaer (1934). 

Cole (1946) used the terms contagious and negatively contagious to

mean over and under dispersion of plant population. The ratio of

abundance to frequency is used as a relative measure of degree of

contagiousness of the distribution of any species (Whitford, 1948). 

High frequency x Low abundance = Regular distribution

Low frequency x High abundance = Contagious distribution



RESULTS AND DISCUSSION

Quantitative Structure of Mangroves Present in Sajinakhali

Sl.
N
o.

Name of
plant species

Total
no. of
indivi
duals

of
each
speci

es

Total
no.

of
quadr

at

of
occur
rence

Total no.

of
quadrat

studied

Freque
ncy
(%)

Abu
ndan
ce

Den
sity

A/F
Ratio

1. Acanthus
ilicifolius L.

144 10 22 45 14.4 6.5 0.32

2. Acrostichum
aureum L.

25 4 22 18 6.25 1.14 0.35

3. Aegialitis
rotundifolia
Roxb.

86 9 22 41 9.55 3.9 0.23

4. Aegiceras
corniculatu
m (L.)
Blanco

133 7 22 32 19.0 6.04 0.59

5. Avicennia
alba Blume 206 12 22 55

17.1
7

9.36 0.31

6. Avicennia
marina
(Forssk.)
Vierh.

94 6 22 27
15.6

6
4.27 0.58

7. Avicennia
officinalis L. 242 17 22 77

14.2
3

11 0.18

8. Bruguiera
gymnorrhiza
(L.) Blume

37 4 22 18 9.25 1.68 0.51



9. Bruguiera
parviflora
(L.) Lam.

39 3 22 14 13.0 1.77 0.93

10
. 

Bruguiera
sexangula
(Roxb.) Wt. 
& Arn.

48 6 22 27 8.0 2.18 0.3

11
. 

Ceriops
decandra
(Griff.)
Ding Hou

417 20 22 91
20.8

5
18.9

5
0.23

12
. 

Ceriops
tagal (Perr.)
C.B. Rob.

30 3 22 14 10.0 1.36 0.71

13
. 

Clerodendru
m inerme
(L.) Gaertn.

45 5 22 23 9.0 2.04 0.39

14
. 

Derris
trifoliata
Lour. 

25 4 22 18 6.25 1.14 0.35

15
. 

Derris
scandens
(Roxb.)
Benth.

37 6 22 27 6.16 1.68 0.23

16
. 

Excoecaria
agallocha L.

143 13 22 59 11.0 6.5 0.19

17
. 

Kandelia
candel (L.)
Druce

36 5 22 23 7.2 1.63 0.31

18
. 

Nypa
fruticans
Roxb.

14 3 22 14 4.66 0.63 0.33



19
. 

Phoenix
paludosa
Wurmb.

87 7 22 32
12.4

2
3.95 0.39

20
. 

Rhizophora
apiculata
Blume

41 4 22 18
10.2

5
1.86 0.57

21
. 

Rhizophora
mucronata
Lam.

25 3 22 14 8.33 1.14 0.6

22
. 

Sarcolobus
globosus
Wall.

46 4 22
18 11.5 2.09

0.64

23
. 

Sonneratia
apetala
Buch.-Ham.

85 14 22 64 6.07 3.86 0.09

24
. 

Sonneratia
caseolaris
(L.) Engl.

25 3 22 14 8.33 1.14 0.6

25
. 

Suaeda
nudiflora
(Willd.)

Moq.

93 5 22
23 18.6 4.22

0.81

26
. 

Viscum
orientale
(L.) Dum.

23 8 22 36 2.87 1.04 0.08

27
. 

Xylocarpus
mekongensis
Pierre

25 3 22 14 8.33 1.14 0.56

28
. 

Xylocarpus
granatum
Koenig

38 4 22 18 9.5 1.72 0.53





Mangrove species-wise Abundance values in Sajinakhali

Mangrove species-wise Density values in Sajinakhali

All the species found inside the Sajinakhali Wildlife Sanctuary

exhibited regular distribution pattern as expressed in terms of low A/F

ratio. At a spot few miles away near the so-called ‘Pakhiralaya’ (bird

sanctuary), there is an Avicennia swamp where Avicennia is almost the

only plant growing. Phoenix paludosa is found in almost pure stands.
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characters of Pteridophytes spores of Pteridophytes collected from Purba

and Paschim Medinipur districts of West Bengal, India. 

MATERIALS AND METHODS
The spores were collected from Purba and Paschim Medinipur districts

of West Bengal, India. Spores were removed from either herbarium sheets

or living specimens collected in the field. The slides were prepared by the

Acetolysis and Unacetolysis method (Erdtman, 1952; Nayar 1964). The

details spore analysis (measurement and photographs) were taken under

SEM (Scanning Electron Microscopy, FEI Quanta 200) at the

instrumentation centre for electron microscopy, Bose Institute, Kolkata, 

West Bengal, India and Instrumentation Centre of Nanoscience and

Nanotechnology, The University of Calcutta, West Bengal, India. The

spore size is expressed as Polar diameter and equatorial diameter. For this

purpose, spores were fixed to a standard (Gold-Palladium) aluminium

specimen stub using a double stick scotch tape and dried. The definition

and descriptive terms applicable to spore surface followed that of Tryon

and Lugardon (1990), Joseph et.al (2002), Makgomol (2006) and Khullar

(1994, 2000). 

RESULTS AND DISCUSSION
Out of the 41 species of Pteridophytes 10 species were studied, the

spores are monolete, trilete as is characteristic of selected Pteridophytes

(Table-1). Considerable size variation amongst the spores have been noted

even within a species especially in Ceratopteris thalictroides. Some spores

are normal in size and having spinulose wall. Some data on spore

morphology with length and breadth in selected Pteridophytes were

measured by SEM were presented on a comparative basis in the

accompanying Table-1. The studied Pteridophytes possessing more or less

uniform characters. Some critical analysis investigated under Scanning

Electron Microscopy for the final identification of the Pteridophytes. The

controversy over the spore colour within a species and/ or genus, perhaps



in the majority of cases, is due to different treatments, which may also be

responsible for the varied records of size and of differences in nature of

exine sculpture. Such aspects have already been disscussed by Nayar and

Devi (1964), Pal and Pal (1970), Bir (1980), Bhavanandan and

Sankariammal (1993). A thorough investigation of various species,

particularly of representatives from different phyto-geographical regions, is

needed before making any approach along this line. These studies showed

that the different types of spores character such as megaspore and

microspore particularly in Selaginella repanda. The genera belonging are

not always clearly separable because each includes species which display

characters normally associated with other genera too. Christella dentata

and Christella parasitica are the complex and difficulties in nature because

of their size and shape are closely related. That’s why the taxonomic value

of spore sculpturing in these taxa has been repeatedly recognized but its

true value could only be appreciated by the use of the Scanning Electron

Microscopy. On the basis of SEM studies, fine details evident which is not

visible using Standard Microscopy. Spores in all the species studied are

uniformly monolete, trilete, tetrahedral trilete, bilateral, spinulose, 

ellipsoidal, perinate, tuberculate, rugulose, oval or rounded, reniform, 

glabrous, etc. and brown, light-brown, yellowish, yellowish brown colour

in nature.

Table 1. Measurement and characters of the Pteridophytes spores.

Sl.
No.

Name of the
Pteridophytes

Size of spores Characters of the
spores

Length
( m)

Breadth
( m)

1. Ampelopteris
prolifera (Retz.)
Copel.

[Fig. 1 (A) & (B)]

30.52 
(±2.19)

23.83 
(±3.41)

Bilateral,
monolete, exine
brown smooth,
perine light brown,
more or less loose
densely spinulose, 
sparsely wrinkled



into short thin,
lobate or
sometimes angular
folds.

2. Ceratopteris
thalictroides (L.)
Brongn.[Fig. 2 (A)
& (B)]

117.75
(±4.39)

121.93
(±2.66)

Trilete, brown,
opaque, surface
ribbed or
ornamented with
concentric ridges;
proximal face with
three sets ±
parallel ridges
aligned with
leasurae and
apherical deposits.

3. Christella dentata
(Forssk.)
Brownsey & 
Jermy [Fig. 3 (A)
& (B)]

40.30 
(±4.16)

28.05 
(±2.94)

Monolete, 
bilateral, exine
brown, smooth,
enveloped by a
deep brown
perine, closely
adhering to the
exine and wrinkled
into faint short,
irregular folds. 

4. Christella
parasitica (L.) H.
Lev. [Fig. 4 (A) & 
(B)]

39.90 
(±0.52)

25.16 
(±0.40)

Monolete, 
bilateral,
perisporiate, oval
to elliptic, exine
smooth, perine
brown,
prominently
granulose and
wrinkled into



irregularly conical,
rather sparse faint
folds.

5. Drynaria
quercifolia (L.) J.
Sm. [Fig. 5 (A) & 
(B)]

60.95 
(±2.03)

35.49 
(±1.72)

Monolete, 
bilateral, oval,
hyaline, non-
perinate, light
brown, exine with
minute blunt
projections or
spinulose.

6. Helminthostachys
zeylanica (L.)
Hook [Fig. 6 (A)
& (B)]

30.92 
(±1.97)

27.59 
(±3.65)

Trilete, 
tetrahedral, 
globose, dark, 
non-perinate, 
reticulate, exine
verrucoid,
yellowish brown
in colour.

7. Hemionitis arifolia
(Burm.) T. Moore
[Fig. 7 (A) & (B)]

36.98 
(±0.60)

34.2
(±0.42)

Trilete, globose, 
exine bearing
elongate, flap-like
protuberances.

8. Pteris multifida
Poir [Fig. 8 (A) & 
(B)]

40.66 
(±2.83)

36.15 
(±1.75)

Trilete, light
blackish brown,
tuberculated or
irregularly warted
dorsal surface, 
amb prominent.

9. Pteris vittata L.
[Fig. 9 (A) & (B)]

63.26 
(±7.92)

57.13 
(±1.72)

Trilete with
tangled thread-like
thickenings,
hyaline to bluish
green, non-
perinate, 
irregularly large



uberculated or
perispores folded.

10. Selaginella
repanda (Desv. Ex
Poir.) Spring [Fig.
10 (A), (B), (C) &
(D)]

Megasp
ores:

31.19 
(±1.50)
- 53.07 
(±4.68)

Microsp
ores:

10.53 
(±0.99)
–

24.84(±
2.14)

Megaspor
es:

25.54 
(±2.32) -
48.94 
(±0.33)

Microspor
es:

9.90
(±1.23) –
20.28 
(±2.25)

Megaspores:
trilete, triangular, 
finely rugose, 
reticulate, pale
orange in colour.

Microspores:
trilete, triangular, 
rugose to
reticulate, round to
oval.























used extensively by taxonomists for classification. In this regard the

morphological studies carried out on the spores of Pteridophytes using

SEM (Scanning Electron Microscopy) from the Purba and Paschim

Medinipur districts showed that the spores are monolete, trilete, perinate, 

non-perinate, tetrahedral, spines, rugulose etc. Scanning Electron

Microscopy helped in distinguishing spores a very closely related species. 

Thus spore morphology can serve as a significant tool in understanding

phylogeny and evolutionary trends among modern Pteridophytes.
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RESULTS AND DISCUSSION

Eleutheranthera ruderalis (Sw.) Sch. Bip. [Fig- 1 (A-F)]
1. Plants are annual herb, erect, approximately 45 cm long.

2. Leaves are petiolate, may be ovate or ovate-lanceolate, serratate, leaf

margin with acute apex.

3. Stem is slender, with nodes and internodes.

4. Presence of capitulum type of inflorescence, which is solitary and

axillary. 

5. Inflorescence is covered by two rows of involucralbracts, hairy in 

nature.

6. Presence of long peduncle in each capitulum is the characteristic

features of the plant.

7. Flowers are bisexual, hypogynous and actinomorphic.

8. Stamens arewith long antherlobe and sagittate base.

9. Stigma is bi-fid, containing sweeping hairs.

10.Cypsela is approximately 3 mm x 1.5 mm long, pubescent, tip of

which has puberulous cup.

1 mm. C.             1 mm. D-F.





Abbriviations Used: Ep-Epicarp, Me-Mesocarp, Pa-Parenchyma, Scl-

Sclerenchyma, P.L.-Phytomelanin layer, T-Testa, E-Endosperm, Cot-

Cotyledon

CONCLUSION
The Eleutheranthera ruderalis has been reported first time from Nadia

district. The plant has some characteristic features like long pedunculate

homomorphic inflorescence, ciliate pappus, 9-10 lobed cypsela with thick

pericarp having outer wide parenchymatous zone and inner thick

sclerenchymatous zone and a narrow strips of phytomelanin layer and with

uniseriate parenchymatous endospermous layer.
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species and discussed their ecological relevance. We categorize the gland

that was originally proposed by Zimmermann (Zimmermann, 1932). 

MATERIALS AND METHODS

The study was carried out in the Midnapore (21052/N, 87022/E) district

of West Bengal, India. The EFN-bearing material was collected from 3 

species of Cassia genus. EFN-bearing plant parts were also collected for

morphological studies and were fixed and stored in 70% ethanol.

The material was dehydrated with a graded ethanol series and tissue

samples were infiltrated and embedded in polyethylene glycol. Using a

Leica rotary microtome, 30-µm sections for each plant were obtained. For

anatomical studies, dehydrated sections were diaphanized using 10%

sodium hydroxide solution and 20% hypochlorite,  stained with safranine

(1% alcohol solution), and mounted in glycerinated gelatin. Observations

and photomicrography of treated nectary tissues was accomplished using a

Leica-DM-1000LED microscope and also Stereozoom microscope, Leica. 

For scanning electron microscopy (SEM), sections were fixed in a

solution of 2.5% glutaraldehyde and 4% paraformaldehyde in 0.1 M

sodium cacodylate buffer (pH7.2) (Karnovsky, 1965) for 48 h, and post

fixed for 18 h in 1% osmium tetroxide in the same buffer, buffer washed

and then dehydrated and stored in 70% ethanol. After dehydration in an

ethanol series, sections were dried to critical- point dried using CO2 and

coated with a thin layer of gold. Samples were then examined at the

Microanalysis center of the A.J.C.Bose Institute, Kolkata-9 with a scanning

electron microscope (Quanta 200) at an accelerating voltage of 15-20 kV.
Study of Ant patrolling

The frequency of visited ants (an indirect measure of gland activity) in

the 3 plant species was recorded. The number of ants patrolling of each

plant was considered as an estimator of the level of biotic defense. The ant

patrolling was monitored during three consecutive days, every 2 hours

during a 12 hours period (07.00-19.00 h), counting for 1 min the number of

ants in each plant. The total number of ants was divided by the total

number of leaves per plant to determine the ratio of ant patrolling,

independent of plant size (Boege et.al. 2013).



RESULTS AND DISCUSSION

EFNs are more diverse in respect to their morphology and distribution

on an individual plant. Location, distribution and morphological

characteristics of the EFNs of selected plant species is shown on Table 1.
Characteristics of EFNs in Cassia

Elevated nectaries

These are vascularized, well-defined glands distinctly raised above the

ground mesophyll tissue. These nectaries, often subsessile, consist of

palisade secretory parenchyma, covered by a thick cuticle, which breaks

down to release nectar.

1. Cassia sophera: This plant has single well-developed elongated

vascularized nectary elevated from the surrounding tissue but with no stalk.

The nectaries are subsessile and just above the base and below the first pair

of leaflets (Fig.1C, F, H).

2. Cassia occidentalis: This plant has single well-developed elongated

vascularized nectary elevated from the surrounding tissue but with no stalk.

The nectaries are subsessile and present on leaflets only. (Fig.1A, D, G).

3. Cassia alata: This plant has single well-developed elongated

vascularized nectary elevated from the surrounding tissue but with no stalk.

The nectaries are subsessile and present on leaflets only. (Fig.1B, E, I).





because of these nectaries are cupular elevated nectaries, we expected

anatomical features similar to those described for Passiflora warmingii

(Durkee, 1982, 1983).  

Table 1. Morphology and distribution (taxonomical and on plant tissues) of EFNs

in 3 species of Cassia.

Name of

the plants

Morphot-

ype of

EFNs

Site

(location

)

Distribu-

tion

Size Shape Colour Surfac

e

Cassia

sophera L.

Elevated

nectaries

Petiole Single Large Ovate Reddish

brown

Smoot

h

Cassia

occidentalis

L.

Formless

nectaries

Base of

the

phyllode

Single Small Conic

al

Reddish

brown

Smoot

h

Cassia alata

L.

Formless

nectaries

Base of

the

Phyllode

Single Large Lance

o-late

Yellow Hairy

Ant patrolling: The EFNs of studied plants were found to be visited by

many foraging ants as well as many ‘non-ant’ visitors like beetles, wasps, 

jumping spiders and flies. But here we only measure the rate of ant

patrolling of different studied plants. In case of Cassia sophera ant

patrolling ratio is high (0.72), but in other species of Cassia this ratio is low

like Cassia alata (0.62) and Cassia occidentalis (0.218). 

Macroevolutionary (between–species) patterns associated with the

evolution of physical plant-traits, and the co-evolution of their hervivores,

also provide some of the strongest support for the hypothesis of plant

defenses (Agrawal, 2007). 





influences ant preference and understand the evolutionary role in a

phylogenetic framework.
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The present authors have taken quantitative analysis of herbaceous

vegetation of some parts of Bishnupur.

1. The work has been done on the forest patch of Bishnupur. Though

the “Mandir Nagari” is quite well known for its traditional, .historical and

ethnic values and it’s ecology, vegetation are least discussed.

2. The work is solely determined to know the vegetation type of the

forest patch, it’s most and least important species.

3. As we all know the herbaceous mat over soil is helpful for the trees, 

soil, microbes etc. With this study we can know weather the area and the

environment is suitable or not and also can get an idea about the total

disturbed and undisturbed forest area and requisite steps towards protection

and conservation can be taken.

4. A brief idea about the soil type can be obtained with this study which

will be beneficial in proposing the economically important and edible

plants for that area.  

MATERIALS AND METHODS
Study site- The study site is a deciduous forest of Bishnupur, Bankura

district of West Bengal and is situated in between 22° and 23°

latitude and between 8 ° and 87° longitude. The shape of Bishnupur

subdivision is like a isosceles triangle wedge. The climate is characterized

by scorching summer heat, low humidity, nearly through out the year

especially in the months of April, May and June. Temperature starts rising

rapidly from the beginning of the March and in May can rise up to 50 . 

Field work: 10 plots have been randomly demarcated for study in the

forest floor by laying quadrats. Each plot measuring 1m m.

Quantitative analysis: Frequency, density, abundance of herb species

were determined as per Curtis and McIntosh (1950).

IVI: It indicates the overall importance of each species in community

structure. It is determined by summing up the percentages of relative

frequency, relative density and relative abundance (Curtis, 1959).

Plant collection and identification: The herb species remained

unknown to the first author were collected from the study area and taken to



the postgraduate department of Botany, Ramananda College after pressing

it with heavy pressure and identified by the second author.

Soil sampling: Soil samples were collected from different study sites

within May to June using a soil corer from 0 cm – 10 cm, 10 cm – 20 cm, 

20 cm – 30 cm. The soil samples after mixing thoroughly, air dried and

allowed to pass through a 2mm mesh sieve to remove stone particles and

large root particles.

Soil analysis (Chemical properties of soil):
SOIL pH: The soil pH was determined by soil testing kit recommended

by IARI. It was 6.0

Soil organic carbon: The soil organic carbon was determined by

Walkley and Black Method, (1934). It was 1.372 %.( It was determined

from Maity 2003).

Soil phosphorus: Soil phosphorus was determined by Stannous

Chloride Method. It was .002%. 

Table showing list of plants and their total number of individuals

Name

of species

Family Total no.of

quadrats

studied

No.of

quadrats

in

which

the

species

present

Total no. 

of

individual

s

Hemigraphis

hirta

T.Anderson

Acanthac

eae

10 1 5

Justicia

simplex D Don

Acanthac

eae

10 1 6

Rungia

parviflora

(Retz.)Nees

Acanthac

eae

10 1 6

Alternanthera Amaranth 10 2 19



sesselis (L.) R.

Br.ex DC

aceae

Amaranthus

spinosus L. Amaranthace

ae

10 1 2

Amaranthus

viridis L. Amaranthace

ae

10 1 6

Gomphrena

celosioides

Mart

Amaranthace

ae

10 1 2

Eclipta

prostrata (L.)L. 

Asteracea

e

10 1 2

Grangea

maderaspatana

(L.) Desf

Asteracea

e

10 1 2

Spilanthes

acmella (L.)L. 

Asteracea

e

10 1 15

Tridax

procumbens L. 

Asteracea

e

10 2 10

Vernonia

cinerea

(L.)Less

Asteracea

e

10 1 6

Commelina

benghalensis L. Commelinac

eae

10 1 10

Evolvulus

alsinoides L. Convulvulac

eae

10 1 2

Evolvulus

nummularius

L. 

Convulvu

laceae

10 1 2

Cyperus Cyperace 10 2 9



compressus L. ae

Kyllinga

monocephala

Rottb

Cyperace

ae

10 1 5

Croton

bonplandianus

Baill

Euphorbiace

ae

10 1 2

Desmodium

triflorum

(L.)DC. 

Fabaceae 10 3 28

Indigofera

linnaei L. 

Fabaceae 10 1 4

Tephrosia

purpurea

(L.)Pers

Fabaceae 10 3 21

Zorina

diphylla

(L.)Pers

Fabaceae 10 2 11

Ammania

baccifera L. 

Lythracea

e

10 1 9

Sida cordata

(Burm.f.)Bross.

Waalk

Malvacea

e

10 1 1

Ludwigia

parviflora

L.Roxb

Onagrace

ae

10 1 3

Bacopa

monnieri (L.)

Pennel

Plantaginace

ae

10 1 5

Eleusina

indica (L.)

Garten

Poaceae 10 3 23

Eragrostis Poaceae 10 1 10



tenella (L.)

Beauvoisis

Sporobolus

diander P

Beauv.

Poaceae 10 2 9

Dentella

repens L. 

Rubiacea

e

10 1 7

Oldenlandia

corymbosa L. 

Rubiacea

e

10 2 8

Lindernia

crustacea (L.)

F.Muell

Scrophul

ariaceae

10 2 27

Nicotiana

plumbaginifoli

a Willid. 

Solanace

ae

10 2 11

Solanum

nigrum L. 

Solanace

ae

10 2 3

Table showing frequency and relative frequency of plant specimens

Name of species Name of family Frequency Relative

frequency

Hemigraphis hirta

T.Anderson

Acanthaceae 10 1.92

Justicia simplex D

Don

Acanthaceae 10 1.92

Rungia parviflora

(Retz.)Nees

Acanthaceae 10 1.92

Alternanthera

sesselis (L.)R.Br.ex

DC.

Amaranthaceae 10 1.92

Amaranthus

spinosus L. 

Amaranthaceae 10 1.92



Amaranthus

viridis L. 

Amaranthaceae 10 1.92

Gomphrena

celosioides Mart

Amaranthaceae 10 1.92

Eclipta prostrata

(L.)L. 

Asteraceae 10 1.92

Grangea

maderaspatana (L.)

Desf

Asteraceae 10 1.92

Spilanthes acmella

(L.)L. 

Asteraceae 10 1.92

Tridax

procumbens L. 

Asteraceae 20 3.84

Vernonia cinerea

(L.)Less

Asteraceae 10 1.92

Commelina

benghalensis L. 

Commelinaceae 10 1.92

Evolvulus

alsinoides L. 

Convulvulaceae 10 1.92

Cyperus

compressus L. 

Cyperaceae 20 3.84

Kyllinga

monocephala Rottb

Cyperaceae 10 1.92

Croton

bonplandianus Baill

Euphorbiaceae 10 1.92

Desmodium

triflorum (L.) DC

Fabaceae 30 5.76

Indigofera linnaei

L. 

Fabaceae 10 1.92

Tephrosia

purpurea (L.)Pers. 

Fabaceae 30 5.76

Zorina diphylla Fabaceae 20 3.84



(L.) Pers. 

Ammania

baccifera L. 

Lythraceae 10 1.92

Sida cordata

(Burm.f.)Bross.Waalk

Malvaceae 10 1.92

Ludwigia

parviflora L.Roxb. 

Onagraceae 10 1.92

Bacopa monnieri

(L.)Pennel

Plantaginaceae 10 1.92

Eleusine indica

(L.) Gaertn

Poaceae 10 1.92

Eragrostis tenella

(L.) Beauv. 

Poaceae 10 1.92

Sporobolus

diander P Beauv. Poaceae

20 3.84

Dentella repens L. Rubiaceae 10 1.92

Oldenlandia

corymbosa L. 

Rubiaceae 20 3.84

Lindernia

crustacea (L.) F.

Muell

Scrophulariaceae 30 5.76

Nicotinia

plumbaginifoliaWillid

Solanaceae 20 3.84

Solanum nigrum

L. 

Solanaceae 20 3.84

Table showing density and relative density of plant species

Name of species Name of family Density Relative

density

Hemigraphis hirta

T.Anderson

Acanthaceae 0.5 1.70

Justicia simplexD Don Acanthaceae 0.6 2.04



Rungia parviflora

(Retz.) Nees

Acanthaceae 0.5 1.70

Alternanthera sesselis

(L.)R.Br.ex DC Amaranthaceae

1.9 6.46

Amaranthus spinosus

L. Amaranthaceae

0.2 0.68

Amaranthus viridis L. 

Amaranthaceae

0.6 2.04

Gomphrena

celosioides Mart Amaranthaceae

0.2 0.68

Eclipta prostrata

(L.)L. 

Asteraceae 0.2 0.68

Grangea

maderaspatana (L.)

Desf

Asteraceae 0.2 0.68

Spilanthes acmella

(L.)L. 

Asteraceae 1.5 5.10

Tridax procumbens L. Asteraceae 1 3.40

Vernonia cinerea (L.)

Less

Asteraceae 0.6 2.04

Commelina

benghalensis L. 

Commelinacea

e

1 3.40

Evolvulus alsinoides

L. Convulvulaceae

0.2 0.68

Evolvulus

nummularius L. Convulvulaceae

0.2 0.68

Cyperus compressus

L. 

Cyperaceae 0.9 3.06

Kyllinga monocephala

Rottb

Cyperaceae o.5 1.70

Croton bonplandianus

Baill

Euphorbiaceae 0.2 0.68



Desmodium triflorum

(L.) DC. 

Fabaceae 2.8 9.52

Indigofera linnaei L. Fabaceae 0.4 1.36

Tephrosia purpurea

(L.) Pers. 

Fabaceae 2.1 7.14

Zorina diphylla

(L.)Pers. 

Fabaceae 1.1 3.74

Ammania baccifera L. Lythraceae 0.9 3.06

Sida cordata

(Burm.f.)Bross.Waalk

Malvaceae 0.1 0.34

Ludwigia parviflora

L.Roxb. 

Onagraceae 0.3 1.02

Bacopa monnieri

(L.)Pennel

Plantaginaceae 0.5 1.70

Eleusine indica (L.)

Gaertn

Poaceae 2.3 7.82

Eragrostis tenella

(L.)Beauv. 

Poaceae 1 3.40

Sporobolus diander P

Beauv

Poaceae 0.9 3.06

Dentella repens L. Rubiaceae 0.7 2.38

Oldenlandia

corymbosa L. 

Rubiaceae 0.8 2.72

Lindernia crustacea

(L.) F. Muell Scrophulariaceae

2.7 9.18

Nicotiana

plumbaginifoliaWillid. 

Solanaceae 1.1 3.74

Solanum nigrum L. Solanaceae 0.3 1.02

Table showing abundance and relative abundance of species

Name of species Name

of

Abundance Relative

abundance



family

Hemigraphis hirta

T.Anderson

Acanthaceae 5 2.68

Justicia

simplexD.Don. 

Acanthaceae 6 3.22

Rungia parviflora

(Retz.)Nees

Acanthaceae 5 2.68

Alternanthera

sesselis (L.)R.Br.ex

DC. 

Amaranthaceae

9.5 5.11

Amaranthus

spinosus L. Amaranthaceae

2 1.07

Amaranthus viridis

L. Amaranthaceae

6 3.22

Gomphrena

celosioides Mart Amaranthaceae

2 1.07

Eclipta prostrata

(L.)L. 

Asteraceae 2 1.07

Grangea

maderaspatana

(L.)Desf

Asteraceae 2 1.07

Spilanthes acmella

(L.)L. 

Asteraceae 15 8.06

Tridax procumbens

L. 

Asteraceae 5 2.68

Vernonia cinerea

(L.) Less

Asteraceae 6 3.22

Commelina

benghalensis L. Commelinaceae

10 5.37

Evolvulus alsinoides

L. 

Convulvulaceae 2 1.07

Evolvulus 2 1.07



nummularius L. Convulvulaceae

Cyperus compressus

L. 

Cyperaceae 4.5 2.42

Kyllinga

monocephala Rottb

Cyperaceae 5 2.68

Croton

bonplandianum Baill

Euphorbiaceae 2 1.07

Desmodium

triflorum (L.)DC. 

Fabaceae 9.3 5

Indigofera linnaei L. Fabaceae 4 2.15

Tephrosia purpurea

(L.)Pers

Fabaceae 7 3.76

Zorina diphylla

(L.)Pers

Fabaceae 5.5 2.95

Ammania baccifera

L. 

Lythraceae 9 4.8

Sida cordata

(Burm.f.)Bross.Waalk

Malvaceae 1 0.53

Ludwigia parviflora

L.Roxb

Onagraceae 3 1.61

Bacopa monnieri

(L.)Pennel Plantaginaceae

5 2.68

Eleusine indica

(L.)Gaertn

Poaceae 7.6 4.08

Eragrostis tenella

(L.) Beauvoisis

Poaceae 10 5.37

Sporobolus diander

P Beauv

Poaceae 4.5 2.42

Dentella repens L. Rubiaceae 7 3.76

Oldenlandia

corymbosa L. 

Rubiaceae 4 2.15

Linderrnia crustacea 9 4.8



(L.) F. Muell Scrophulariaceae

Nicotiana

plumbaginifoliaWillid. 

Solanaceae 5.5 2.95

Solanum nigrum L. Solanaceae 1.5 0.80

Table showing importance value index (IVI)

Name of species Name of family IVI

Desmodium triflorum

(L.)DC. 

Fabaceae 20.2

Lindernia crustacea (L.)

J.Muell

Scrophulariaceae 19.7

Eleusine indica

(L.)Gaertn

Poaceae 17.6

Tephrosia purpurea

(L.)Pers. 

Fabaceae 16.6

Alternanthera sesselis

(L.)R.Br.ex DC. 

Amaranthaceae 15.4

Spilanthes acmella

(L.)L. 

Asteraceae 15.0

Eragrostis tenella (L.)

Beauv.

Poaceae 15.0

Commelina

benghalensis L. 

Commelinaceae 10.6

Zorina diphylla (L.)Pers Fabaceae 10.5

Nicotiana

plumbaginifoliaWillid. 

Solanaceae 10.5

Tridax procumbens L. Asteraceae 9.9

Ammania baccifera L. Lythraceae 9.7

Cyperus compressus L. Cyperaceae 9.3

Sporobolus diander P

Beauv.

Poaceae 9.3

Oldenlandia corymbosa Rubiaceae 8.7



L. 

Dentella repens L. Rubiaceae 8.0

Justicia simplexD.Don Acanthaceae 7.1

Amaranthus viridis L. Amaranthaceae 7.1

Vernonia cinerea

(L.)Less

Asteraceae 7.1

Hemigraphis hirta

T.Anderson J.Linn.Soc

Acanthaceae 6.3

Rungia parviflora

(Retz.)Nees

Acanthaceae 6.3

Kyllinga monocephala

Rottb

Cyperaceae 6.3

Bacopa monnieri

(L.)Pennel

Plantaginaceae 6.3

Solanum nigrum L. Solanaceae 5.6

Indigofera linnaei L. Fabaceae 5.4

Ludwigia parviflora

L.Roxb. 

Onagraceae 4.5

Amaranthus spinosus L. Amaranthaceae 3.6

Gomphrena celosioides

Mart  

Amaranthaceae 3.6

Eclipta prostrata (L.) Asteraceae 3.6

Grangea

maderaspatana (L.)Desf. 

Asteraceae 3.6

Croton bonplandianum

Baill

Euphorbiaceae 3.6

Evolvulus alsinoides L. Convulvulaceae 3.6

Evolvulus nummularius

L.

Convulvulaceae 3.6

Sida cordata

(Burm.f.)Bross.Waalk

Malvaceae 2.7







Fig.8-Pie chartshowing percentage of different families in studied

area

RESULTS AND DISCUSSION
Frequency, density, abundance as well as relative frequency, relative

density, relative abundance of the randomly sampled herb species were

determined in the forest area. Importance value index(IVI) values were

taken.

Alternanthera sesselis (L.) R. Br. Ex DC Tephrosia purpurea (L.)Pers, 

Eleusineindica (L.) Gaertn, Lindernia crustacea (L.) F. Muell and



Desmodium triflorum (L.)DC were the most frequent species of that area

according to their IVI values.

On the other hand, the least important species of that area were Sida

cordata (Burm.f.)Bross.Waalk, Evolvulus alsinoides Linn, Evolvulus

nummularius Linn, Grangea maderaspatana (L.)Desf, Amaranthus

spinosus L, Gomphrena celosioides Mart, Croton bonplandianus Baill and

Eclipta prostrata (L.) according to their IVI values.

The lowest IVI values ranges from 2.7 to 3.6 and the highest IVI values

varies from 15.4 to 20.2.

The family Fabaceae has the highest relative density (9.52) and relative

abundance is also high (5). Malvaceae family has lowest relative density

and relative abundance; (0.34) and (0.53) respectively.

It indicates that density and abundance are good indicators of IVI

values. Density and abundance has an equally proportionate relationship

with IVI.

In the studied forest area there are only three monocot families out of

total sixteen families studied. They were Commelinaceae, Cyperaceae and

Poaceae. Where as number of dicot families are high. Acanthaceae,

Amaranthaceae, Asteraceae, Convolvulaceae, Euphorbiaceae, Fabaceae, 

Lythraceae, Malvaceae, Onagraceae, Plantaginaceae, Rubiaceae, 

Scrophulariaceae and Solanaceae are the thirteen dicot families.

Desmodium triflorum (L.) DC. was the most frequent species of that

area and Sidacordata(Burm.f.) Bross.Waalk was the rarest species.

Fig.9-Percentage of dicot family is 81% approx. and



percentage of monocot family is 19% approx.

Fig.10- Percentage of dicot species is 77% approx.

and percentage and monocot species is 23% approx
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MATERIALS AND METHODS
The ethno medicinal study of the members of Ascepiadaceae was

carried out in the district of Paschim Medinipur of West Bengal. During the

surveys personal interviews were conducted with village dwellers, village

herbalists, herbal practioners, elder people and their traditional healers. The

information about the ethno medicinal values of these plants was collected

from tribal people like Lodha, Adibasi. Munda, santal etc. 

RESULTS AND DISCUSSION
The 10 species of this family were found in this area like Calotropis

gigantea (L) Ait. (Fig-1A), Daemia extensa R.Br. (Fig-1 B), Tylophora 

tennuissima (Roxb) W&A Ex.W. (Fig-1D), Gymnema sylvestre R.Br.

(Fig-1C), Hemidesmus indicus R.Br. (Fig-2 E), Holostemma annularis k.

Schum. (Fig-2 F), Tylophora indica (Burm.f.) Merr. (Fig-2 G), Dregea

volubilisBenth. (Fig-2 H), Oxystelma esculentum R. Br. (Fig-2 I), and

Cryptolepis buchanani R.Br. ex Roem &Schult (Fig-2 J). The details on the

parts of the plant used and their application have been discussed below.

Calotropis gigantea (L) Ait.-This plant is very much common weed and it

has medicinal values. This plant is also associated with Indian mythology, 

legend, culture and tribal people for its medicinal properties. The flower of

this plant is known as crown flower. All part of this plant is traditionally

used in indigenous medicine for its active principle which used as good

tonic, expectorant, depurative and anthelminthic.

Medicinal Uses:

Root bark:  The dried root bark is a substitute for ipecacuanha. It is also be

useful on skin diseases, enlargements of abdominal viscera, intestinal

worms, cough, it also on febrifuge, depurative, expectorant and laxative.

Root: The powdered root promotes gastric secretions and is useful in

asthma, bronchitis and dyspepsia.

Leaves: The leaves are useful in the treatment of paralysis, arthalgia, 

swelling and intermittent fevers.



Flowers: The crown flowers are bitter, digestive, astringent, stomachic, 

anthelmintic and tonic and also useful in asthma, catarrh, anorexia, 

inflammations, tumours and loss of appetite.

Milky latex: The milky juices of Calotropis gigantea is applied to carious

teeth for relief pain. An oily preparation which is known as ‘arka taila’

made by boiling together 8 parts sesamum oil, 16 parts Calotropis juice, 

and one part turmeric, is said to be useful in eczema and other eruptive skin

diseases.

Daemia extensa R.Br. - This plant is sub woody climber with milky latex.

Medicinal Uses:
Leaves- Used to treat enlargement of spleen and liver, warm leaf paste

with common salt applied on spinal cord to allay pain, leaf extract mixed

with garlic used as ear-drops in earache, juice with juice of padma gulancha

used to treat piles.

Whole Plant- Used in pulmonary affection, asthma, biliousness,

insanity, leprosy, gonorrhoea, tuberculosis, pricking in the uterus, piles, 

nervous affection and syphilis.

Latex- Applied on the affected part of nail corner, given to treat

leucoderma.

Seed- Powder given to children as anthelmintic.

Tylophora tennuissima (Roxb) W & A Ex. W. –This plant is small

climber, wild and frequent.

Medicinal Uses:-
Whole plant- This plant used to cure excessive perspiration, urinaria, 

small pox and bilious swellings; infusion used as valuable alexipharmic.

Root- Used as antidote to snake venom, decoction used as an antidote in

arsenic poisoning.

Leaves- Used in scabies.

Gymnema sylvestre R.Br. - This is a large climbing shrub. The flowers

are found to be arranged in umbellate cymes. The roots are used are

antidote for snake bite. The leaves are used as remedy for diabetes.

Medicinal Importance-  



Leaves- Used as diuretic, cardiac stimulant; useful in diabetes,

enlargement of liver and spleen, malaria fever, eye disease; pounded leaves

with hot water taken to treat dyspepsia.

Root- Used in piles.

Fruit- Used in case of cardiac depression.

Entire Plant- Useful in dyspepsia.

Hemidesmus indicus R.Br. - This is a twining shrub. The roots are used

as a tonic, which is useful in loss of appetite, fever, skin diseases, as blood

purifier, rheumatism and snake bite. The tonic (Sarsaparilla) is diuretic

diaphoretic and demulcent.

Medicinal Uses:
Root- The plant is used as tonic, alterative, demulcent, diaphoretic, 

diuretic and blood purifier. It is employed in nutritional disorders, syphilis,

chronic rheumatism, gravel and other urinary diseases and skin affections.

It is administered in the form of powder, infusion or decoction as syrup.

Syrup prepared from the roots is used as a flavoring agent and in the

preparation of a sherbet which have cooling properties.

As medicine "Anantmool' holds a reputed place in all systems of

medicine in India. The roots are used as addition in main treatment of

snakebite and scorpion sting.

It improves the general health; plumpness, clearness, and strength,

succeeding to emaciation, said to be useful in affections of the kidneys,

scrofula, cutaneous diseases, thrush, rheumatism, scrofula, skin diseases,

venereal disease, nephritic complaints, for sore mouths of children, 

syphilis, gonorrhea and appetite

According to Ayurveda, root is cooling, aphrodisiac, antipyretic, 

alexiteric, antidiarrhoeal, astringent to bowels and useful in treatment of

fevers, foul body odour, asthma, bronchitis, blood disorders, leucorrhoea, 

dysentery, diarrhoea, thirst, burning sensation, piles, eye troubles, epileptic

fits, poisoning, rat bites etc.

According to Unani system of medicine, root and stem are laxative, 

diaphoretic, diuretic and useful in treatment of syphilis and leucoderma. 

Roots are useful in hemicrania, joint pains and syphilis whereas stem is 



good in treatment of brain, lever and kidney related diseases. It is also

useful in treatment of urinary discharges, uterine complaints, paralysis,

cough, asthma etc.

In central India, a special "Herbal Mala" is made from the root pieces of

Anantmool and Semal (Bombax ceiba) which is used in the treatment of

Marasmus. They also prepare a special herbal tea from bark and give twice

a day for treatment of impurities of blood. Sometimes "Kevatch' (Mucuna

pruriens) and "Gokhru' (Tribulus terrestris) are also added in this mixture. 

The natives use the roots internally in treatment of premature graying of

hairs, jaundice, eye related diseases.

A decoction is prepared by adding roots of anantmool, Vetiveria

zizanioides, dried ginger, Cyperus rotundus and Holarrhena

antidysenterica for the treatment of chronic fever and appetite. To take

away extra heat from body, root powder is fried in ghee and given to the

patients for up to one month. The root is also used with cow milk for

treatment of renal calculi.

Holostemma annularis K. Schum- This plant is large twining shrub.

The tuberous roots are edible.

Medicinal Uses-
Root- Used as remedy for cough, orchitis, stomach-ache, in gonorrhoea, 

spermatorrhoea, paste applied to treat opthalmia and given for diabetes

Tylophora indica (Burm.f.) Merr.- This is a herb. Its leaves and roots

are used as substitute for ipecacuanha. This is also used as emetic, 

diaphoretic and expectorant.

Medicinal Importance-

Leaves- Useful in overloaded states of stomach, dysentery and used as

blood purifier.

Root Bark- Used in dysentery, asthma and bronchitis.

Root- Used as cathartic, emetic, expectorant, stimulant, stomachic; used

in asthma, bronchitis, whooping cough, dysentery, diarrhoea, rheumatic

and gouty pain. It has been used for other respiratory problems such as

allergies, bronchitis and the common cold. It is also believed by some to



have laxative and other purgativeproperties. Additionally, it has been

employed to treat dysentery and joint pain.

Dregea volubilisBenth. – A short tall climber, wild and frequent.

Medicinal uses:-
Whole Plant- Useful in common colds and eye disease. 

Leaves- Applied to boils and abscesses.

Latex- Given to increase the flow of breast milk.

Root- Used as emetic, expectorant and purgative. Root extract is also

used as snake bite and dropsy.

Oxystelma esculentum R. Br. The plant has the property of being

Ushna (hot), Guru (heavy), Ruksha (dry) and Katu (bitter). It is a diuretic, 

laxative, spermatogenetic, antitussive, anthelmintic and antileprotic.It

increases Vatta and stimulates female fertility.

Medicinal Uses
Entireplant: It is used as diuretic, laxative, antiseptic, anthelmintic, 

aphrodisiac, hepatoprotective and useful inleucoderma and bronchitis.

Decoction of plant is used inulcer, sore-throat and itches. Latex: it is used

asgalactogogue, antiperiodic, antiulcer and as a vulnerary. 

Root: Itis used ethnomedicinally in jaundice by the local people extract

using chloroform: methanol (24:1) as eluent affordedesculentin, a

triglycoside of sarcogenin.

Cryptolepis buchanani R.Br. ex Roem & Schult:  A less-known

medicinal plant used in bone fracture, mostly wild and infrequent.

Medicinal Uses
Entire plant: Used to cure rickets of the children, to increase the supply

of breast milk.

Roots: Paste with Kujri (Celastrus paniculatus) oil and kusum

(Schleichera oleosa) oil used as massage oil for cooling high fever.

Latex: Given to treat rheumatism, with karanja oil applied to treat

leucoderma.

Leaves: Decoction with honey given to treat dropsy.

Roots, Leaves and stems: Paste applied on ulcers.



A few decades back these plants were very common in this region but

due to their heavy demand, the natural populations of these plants are

decreasing at an upsetting rate. Most of these plants have become almost

wiped out in these parts. Researchers and state authorities should give

special attention on this problem. Extreme commercial collection of

medicinal plants from their natural habitat due to the growing demand for

herbal cosmetic, pharmaceutical, and food industries may be a result of

failure of plant populations. Collection of medicinal plants from their

natural habitat is cost-effective than farming. One has to obtain land,

fertilizers and other required material for cultivation. Medicinal plants

growing in natural habitat are known to have organic value. Harvest of

such medicinal plants are rarely reported or monitored. Local people

should be encouraged for conservational activities. In other words, there is

a larger need of a "community-based' approach in protection.

Consciousness among the local community is one the most important job.
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indigenous communities. People raise large quantities of bamboo in and

around their homesteads as well as rice fields.

A number of investigations with emphasis on the traditional utilization

of natural bamboo stand have been carried out while the knowledge of

village bamboo utilization is scarce. Present study was carried out to

document the traditional utilization of village bamboos among the rural

people of Baghirath Bar village in Anandapur gram panchyat (under

Keshpur block). Asti village (under Pingla block), Gosaiban in Dahijuri

gram panchayat (under Binpur-1 block) and Lakat, Tengya and Sattardihi

(under Jamboni block) in Paschim Medinipur district and to evaluate the

economic benefit received from cultivation of bamboo in their village

areas. Pattern of village bamboo utilization includes commercial,

household and product making sector. The tribal or local ethnic people

were substantially dependent on village bamboo resources for their house

construction technology. A total of 22 different farms, fishing and other

related products were prepared, used and traded by the rural artisans in the

study villages. Traditional product making is not the primarysource of

livelihood to the craftsperson rather it is practiced along with their primary

occupation. Such a study will also provide a basis for future planning for

organizing training programmers and to develop marketing channel in state

and national level. Preparation of traditional products using the traditional

instrument reflects their skill and knowledge. Commercialization of this

traditional knowledge through product quality upgradation, design input

and innovative marketing may promote the livelihood security of the

villages of local or tribal people of Paschim Medinipur district and may

result in overall regional development.

MATERIALS AND METHODS

The study was conducted in different village areas of Baghirath Bar

village in Anandapur gram panchyat (under Keshpur block) village, Asti

(under Pingla block), Gosaiban in Dahijuri gram panchayat (under Binpur-

1 block) and Lakat, Tengya and Sattardihi (under Jamboni block) in

Paschim Medinipur district since March-2013 to April-2015. Baghirath Bar





were gathered through field visits and interaction with bamboo growers

through detailed and structured questionnaire. Periodic visits were made to

the local village market for assessing the commercial importance of

traditional bamboo products.

RESULTS AND DISCUSSION

During the survey of different village areas it has been noted that among

the cultivated bamboo species, Bambusa balcooa Roxb. and Ochlandra

travancorica (Bedd.) Gamble is highly utilized in every location of all the

villages especially in Bhagirath Bar village for making huts, fencing, and

crafts and for firewood. The next popular species Bambusa tulda Roxb. and

Bambusa vulgaris Schrad. ex Wendl. is highly utilizedin this village for

firewood. The details enumeration of the four bamboo species has given

below.

1. Scientific name: Bambusa balcooa Roxb. (Fig. 2A)

Local name: Bhalki bans, Boro-bans

Description: Large bamboos with swollen nodes and white rings

below; leaves alternate, simple, oblong-lanceolate; flowers in panicals;

spikelets many flowered; grains broadly ovoid.

Fl. & Fr.: Flowering and fruiting are rare

Distribution: Tropical region. The plant is widely cultivated on a small

scale in northeast India. Also found in village areas of West Bengal, Bihar

etc.

Local use: This species is one of the most important village bamboos

used for construction of building and also as firewood.

2. Scientific name: Bambusa tulda Roxb. (Fig. 2B)

Local name: Jowa bans, Matela bans

Description: Large bamboos up to 21 m high and 5-10 cm diameter;

caespitose;  white- ringged below the nodes; leaves linear-oblong or

lanceolate, base usually rounded, tip subulate twisted, with faint pellucid

glands;  simple, oblong-lanceolate. Whole plant becoming a huge leafless

panicle at flowering time or the flowering is confined to short leafy



panicles. flowers in panicals; spikelets many flowered; ovary obovate-

oblong.

Fl. & Fr.: Flowering and fruiting are rare

Distribution: Commonly found in the Village areas of West Bengal,

Assam and Bihar. 

Local use: Used for firewood and scaffolds.

3. Scientific name:Bambusa vulgaris Schrad. ex Wendl. (Fig. 2C)

Local name: Basini bans

Description: Medium sized bamboo with yellow and green striped

culms; leaves alternate, simple, oblong-lanceolate; flowers in panicles;

spikelets with many flowers; grains oblong. 

Fl. & Fr.: Flowers are rare.

Distribution: Tropical Asia; cultivated and run over the warmer parts

of India; commonly found inside village areas but not in forest areas of

Paschim Medinipur district.

Local use:The species found in the village areas for used for

preparation fishing device and in making paper.

4. Scientific name: Ochlandra travancorica (Bedd.) Gamble(Fig. 2D)

Local name: Taral bans

Description: Clump-forming, perennial bamboo with short rhizomes,

producing erect culms 2 - 6 metres long. The woody culms are 25 – 50 mm

in diameter, the internodes terete, thin-walled, 45 - 60cm long, the culm-

nodes swollen; densely clumped, hollow, covered with culm sheaths; culm

sheaths with small limbs. Leaves scattered, oblong-lanceolate, base

truncate, or cuneate, glabrous; sheaths tubular, mouth with stiff bristles;

ligule short. Panicles large, spicate. Spikelets in verticils, style long; stigma

4-6; fruit ovoid, beaked, smooth.

Fl. & Fr.: Flowering and fruiting are rare

Distribution: Cultivated; commonly found in the Village areas of West

Bengal, Assam and Bihar. 





Different utilization pattern of village bamboo resources includes

commercial, household and product making sector. In commercial

utilization of village bamboo, bamboo contractor is a major linkage

between bamboo grower and the commercial unit. Villagers are required to

depend substantially on village bamboo resources as building material for

construction of their new houses as well as repairing of old houses.

Bamboo provides the major framework of traditional houses in the study

villages. Different components used for construction of rural houses

include pillars, walls, ceiling and roof. Bamboo need for housing material

is mainly met from the villagers’ own bamboo grove. For construction of

new houses about 25-40 bamboo culms are required while repairing of old

houses require 10-25 bamboo culms. B. balcooa and B. tulda are mainly

used for providing pillars of houses while B. vulgaris for walls, ceiling and

structure of roofs. Culms of B. tulda are split and woven into mat walls.

Some of the villagers use mud plaster over bamboo mat wall. Pattern of

traditional housing and construction technology in the study villages are

entirely dependent on village bamboo resources. B. tulda, B. balcooa and

B. vulgaris are the primary material for house construction. Thus the role of

bamboo as building materials in the study villages is extremely important. 

Bamboo has wide acceptance for construction of houses due to its desired

structural properties of size, shape, flexibility and strength (Laha 2000). 

According to the villager’s houses constructed using bamboo as raw

material are comfortable in hot and humid climate. Bamboo in traditional

house construction in northeast India has been reported many workers

(Laha, 2000; Sundriyal et al.,2002; Singh et al.,2003). It was observed that

villagers do not apply any preservative treatment in bamboo components of

their traditional houses and the result is degradation of bamboo by insect

attack within a short lifespan. Therefore, the introduction of preservative

treatment facilities may greatly enhance the durability of bamboo and

change its current perception as a material of temporary quality. Detailed



description of the traditional products, their uses, average life span, and

costs at local market are described in Table 1 (A, B & C) and Fig. 3-5.

Table. 1- Traditional bamboo products, their local name, name of the used

bamboo species, life span, local uses, market cost and prepared by male or female

in the respective villages of Paschim Medinipur district.

A. Farm devices

Sl

No.

Product

descripto

n

Local

name

usesd

Bamboo

species

with

regular

use

Averag

e life

span

(Yrs)

Local use

Cost of

items

(Rs)

Prep

ared

by M

F

1. Ladder Moi B.B
2-3

For leveling

the earth

during

ploughing

220-

250

M

—

2.

Ploughin

g

devic

e

Jhuri B.T 2-3
Used during

ploughing
50-80

M

F

3.
Open

basket
Tukri O.T 1-2 To store rice 30-50

M

F

4.

Carrying

devic

e

Jhuri O.T 2-4
To carry the

bunches of rice
25-40

M

F

5.

Porous

Tray/

sieve

Dhuch

ni
O.T 2-4

To remove

husk from rice
20-30

M

F

6.
Winnowi

ng tray
Kula O.T 2-4 To clean rice 30-35

M

F

B.B- Bambusa balcooa, B.T- Bambusa tulda, O.T- Ochlandra travancorica, B.V-

Bambusa vulgaris, M- Male, F- Female.



B. Fishing device

Sl

No

.

Product

descripto

n

Local

name

usesd

Bamboo

species

with

regular

use

Averag

e life

span

(Yrs)

Local use

Cost

of

items

(Rs)

Prepa

red by

M

F

1.

Cylindrica

l

fishing

device

Gh

uni
B.V 3-5

To catch

fishes from

running water
75-100

M

—

2.

Fishing

device
Par

ang
B.B 1-2

To catch

fishes from

standing water

15-40
M

—

3.

Box

shaped

fishing

device

Ba

ro

ghuni

B.B and

B.V
3-5

To catch

bigger sized

fishes from

running

water

150-

270

M

—-

4.

Fishing

device
Pol

o

O.T and

B.B
2-3

To catch

fishes from

both standing

and

running

water

150-

200

M

—

5.

Carrying

basket
Chang

a
O.T 1-2

To store

fishes after

catching or

during

selling

80-120
M

—

B.B- Bambusa balcooa, B.T- Bambusa tulda, O.T- Ochlandra travancorica, B.V-

Bambusa vulgaris, M- Male, F- Female.



C. Other related products

Sl

No.

Produ

ct

descri

pton

Local

name

used

Bamb

oo

specie

s with

regula

r use

Average

life span

(Yrs)

Local use

Cost of

items

(Rs)

Prep

ared

by

M

F

1.

Contai

ner Saaji
O.

T
2-3

Mainly

used in to

keep fruits

rituals

20-30
M

F

2.
Porous

Duchni
O.

T
1-2

To store

fodder for

livestock

30-40
M

F

3. Broom Jharu
O.

T
2-3

For

cleaning

purposes

15-25

M

F

4.

Carryi

ng

basket

Jhora
O.

T
1-2

To carry

soil while

digging

35-40
M

—

5.

Liquor

straine

r

Haria

chala

O.

T
1-2

Used to

strained the

liquor

30-40
M

F

6. Sieve
Muri

chaloni

O.

T
2-3

A kind of

sieve to

parched rice

60-80
M

F

7.
Wicke

r tray

Baran

dala

O,

T
1-2

A Wicker

tray holding

article with

which one is

received

ceremonially

35-50
M

F

8.
Flower

pot
Saaji

O.

T
2-3

To keep

flower
15-20

M

F



9.

Hand

fan Pakha
O.

T
1-2

For the

purpose of

aeration

10-15
M

F

10.
Sitting

tool
Mura

O.T

and

B.V

2-3
For sitting

purpose
30-40

M

—

11.
Scaffo

lders

B.B 

and

B.T

2-3
Used for

construction
70-110

M

—

B.B- Bambusa balcooa, B.T- Bambusa tulda, O.T- Ochlandra travancorica, B.V-

Bambusa vulgaris, M- Male, F- Female.









It has been noted that in about 22 different products prepared from four

species of Bamboo. Belonging of the 22 products, Ochlandra 

travancoricaused in preparation of 14 products after that 2 products from

Bambusa balcooa and alsoone product from Bambusa tulda and Bambusa

vulgaris respectively. It has been also observe that 4 products which is

prepared from both two species like one from Bambusa balcooa and

Bambusa tulda,one from Bambusa tulda and Bambusa vulgaris,  one from

Bambusa vulgaris and Ochlandra travancorica and rest of one product

from Bambusa balcooa and Bambusa vulgaris respectively (Table-2, Fig.

6).    

Table. 2- No of products preparation from four types of Bamboo species.

Traditional craftsperson in the study villages prepare a total of about 22

different products to fulfill their own needs and to sell in the local market

throughout the year. Depending on the mode of utilization of products,

these were categorized in three main heads: farm devices, fishing devices

and other devices. Fishing devices are seasonal and are prepared, used and

Sl.

No.

Name of the species No of

Products

1. Bambusa balcooa 2

2. Bambusa tulda 1

3. Ochlandra travancorica 14

4. Bambusa vulgaris 1

5.
Combination of Bambusa balcooa and

Bambusa tulda
1

6.
Combination of Bambusa tulda and Bambusa

vulgaris
1

7.
Combination of Bambusa vulgaris and

Ochlandra travancorica
1

8.
Combination of Bambusa balcooa and

Bambusa vulgaris
1

Total 22



sold in the local market during the rainy season of the year while

agriculture related and miscellaneous products are prepared, used and sold

in the local market throughout the year. 70% of villages the craftsperson

sell the traditional product in the market and rest 30% to the local village

shops. Male members of the family can prepare all the products, whereas

certain products like mat, open basket etc. are mainly prepared by females.

Maximum of the fishing related and miscellaneous products are prepared

from Ochlandra travancorica while almost all the agriculture related

products are prepared from B. balcooa and B. vulgaris. Village bamboo

resources are also used in construction of bridges, fencing and for making

structural device for growing vegetables. Village bamboos are also utilized

in various traditional rituals (Nath et al., 2011). Dead and distorted culms

in the clump are utilized as a source of fuel. Handicrafts are valued as art

objects and souvenirs of the traditional skills of a country; they have

special appeal when made from indigenous, natural materials (Wong,

1988). In this study the villages traditional product making is not the

primary source of livelihood to the craftsperson rather it is done side by

side with their primary occupation. Craftsmen are daily labourers and

farmer in occupation and in their free time they prepare the products.

Preparation of traditional products using the traditional instrument reflects

their skill and knowledge. Participation of female member of the family in 

the preparation of traditional products enable them to contribute to their

household income. Traditional craftspersons of the study site never get any

organizational or institutional support to convert their skill and knowledge

into commercial production. Design and quality of the traditional products

are also not up to the desired level. Utilization of village bamboos provide

direct and indirect economic benefit through employment generation that is

accessible to low income and socially poor groups (Nath and Das, 2008;

Nath et al. 2009). There is also an urgent need of commercialization of the

bamboo products through skill upgradation, quality improvement, design

input and innovative marketing. 

A lot of bamboo species has been utilized by the local ethnic people of

the respective villages of Paschim Medinipur district. They have collected



bamboo culm from home garden as well as cultivated plantation for the

preparation. Bambusa balcooa Roxb. and Ochlandra travancorica Benth.

were popularly cultivated species to meet their daily requirement. They

made a lot of bamboo products for their own use as well as for selling in

the market. Going through towards sustainable management of bamboo

crafts it is clear that in order to move towards a system, a number of

strategies needs to be adopted these are -

1. To promote the growth the bamboo sector through an area based

regionally differentiated strategy;

2. To increase the coverage of an area under potential bamboo areas,

with suitable species for enhance yields;

3. To develop appropriate bamboo based agro forestry system and

encouragement to small communityor private bamboo plantations are

required.

4. To promote marketing of bamboo and bamboo based crafts;

5. To generate employment opportunities for skilled and unskilled

persons, especially unemployed youths.

Hence, commercial cultivation along with scientific are very essential at

this stage. The scientific methods can be popularized among the local

communities of this village through training and demonstration.
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habitations in 70 islands and the remaining 35 islands are with virgin

forest. But due to the surrounding habitation, the forest areas are mostly

disturbed for catching fishes by regular netting, collecting honey and often

been facing some problems not being kept as a complete undisturbed area. 

Furthermore, the estuarine region facing to the Bay of Bengal, there is

always a fragile situation of the certain parts of islands causing erosion,

silting, damage and loss of vegetation leading the changes of physiographic

condition. So there is always a change and that change detection is to be

carried out for vegetation and its impact on estuarine ecosystem of

Sundarbans.The mangroves are mostly trees and shrubs growing in the sea-

land inter phase zone, regularly being influenced by tidal activities. The

rise and fall of the tides creates an environment dynamic in nature. The

varying salinity of water and soil is the most important factor, but the tidal

water interacts with the mangrove species in different deltaic habitats.

Influence of temperature, humidity, wind velocity, supply and availability

of nutrients and the level of oxygen in the soil and water are the critical

factors for mangrove succession Tomlinson, (1986). For all these factors

and different tolerance limit of the different mangrove species, these

mangroves grow in different habitats and in their respective preferred

zones. So, there is no comparable community of the flowering plants which

has a similar intimate relationship with the sea and land (Lear and Turner, 

1977). As such, this productive mangrove ecosystem provides the nutrients

to the sea-land inter phase habitat flora and fauna, having both ecological

as well as socio-economical impacts.Besides these direct roles, the

mangroves also protect the coastal intertidal zones from the oceanic surges, 

cyclonic thrust and minimize the devastating effect acting as buffer agent

and check soil erosion in the deltaic land considerably, which are now-a-

days a national as well as international problems in the coastal provinces all

over the world. Due to this unique ecosystem and its biodiversity, the

Sundarbans ecosystems are considered by the IUCN in the list of “World

Heritage Site” in the year 1989.

Present Problems of Mangrove Forest



Due to immense biotic interferences, multiple uses of mangrove

vegetation, this resource is threatened. In south-east Asia and India in

particular, there are severe pressures for the conversion of this ecosystem to

agriculture, industries, aquaculture as well as upstream river water

diversion for irrigation or other purposes, which are represented in Flow

Chart I and II. All these factors are severely disturbing the mangrove

ecosystem by diminishing fresh water inflows, increasing soil and water

salinity and disturbing the nutrient supply. All of these directly damage the

mangrove ecosystem as a whole. Anthropogenic interferences eliminate the

protection provided to the coast and island coastal zone ecosystem.



Flow Chart.1-Loss of Mangrove Biodiversity

  

Flow Chart.2-Causes of the Loss of Mangrove Biodiversity

The main objectives of this work as follows
Ever increasing population pressure, pollutant discharge from

industries, oil refineries and urban areas have direct and indirect impact on

dramatic changes in the mangrove ecosystem (Saengar et al., 1983). A

good number of both national and international project and conservation

project have been undertaken in these rapidly declining forest areas through

sporadic plantation, taking a limited and commonly occurring mangrove

species, but several unique species are becoming threatened and rare day

by day. Considering this present vulnerable and threatened situation of

mangrove ecosystem of Sundarbans in particular, and its ecological impact

on coastal zones, it is very much urgent to undertake conservation



measures properly to protect the existing ecosystem. Not only that, it is also

necessary to upgrade the status of the mangrove flora following proper

knowledge and preventing the disappearance of already threatened and rare

species from the Sundarbans, along with other existing mangroves and

halophytes in the intertidal deltaic lands of Sundarbans for maintaining

their pristine glory and potentialities.

So the Sundarbans mangroves are being managed to fulfill the main

objectives – firstly, to restore the unique mangrove ecosystem of

Sundarbans and conservation of its biodiversity, secondly, to develop

sustainable economy and social activities of the population living in these

areas and thirdly, to facilitate research, monitoring to perpetuate the

achievement made.

MATERIALS AND METHODS

The studies were done covering all the seasons for consecutive five

years in different parts of the Sundarbans-   

i) Identification of major, minor elements of mangroves and its

associates in the ecosystem.

ii) Study the distribution/abundance of different mangroves in different

intertidal habitats covering three seasons in the year.

iii) Collection of data in relation to both vegetative and reproductive

growth period of mangroves (phenology) covering three seasons in the

year.

iv) Observation on the germination pattern of different mangrove

species in the saline deltaic ecosysyem, and

v)  Find out the main causes of seedling degeneration in the natural

habitats of Sundarbans ecosystem.

RESULTS AND DISCUSSION
After extensive study the major, minor elements of mangroves and its

associates of the Sundarbans are identified and their distribution in

different intertidal habitats. The phonological data are also collected in

relation to both vegetative and reproductive growth. The vegetative growth

period of different species is generally predominant in early summer to 



post monsoon months. The flowering time is predominant in late winter to

early monsoon months when salinity of both soil and water is

comparatively more. The fruiting time of different species are usually early

summer to early monsoon months and fruits start germination in monsoon

and post monsoon periods when salinity of soil and water are lesser due to

usual rainfall. Three different types of germination pattern were identified,

namely vivipary, crypto-vivipary and incipient-vivipary in different saline

habitats. But the natural processes of germination as well as regeneration of

mangroves in their own ecosystem are very much disturbed due to the

following causes.

Causes of Seedling Degeneration:

i) Inadequate fresh water supply into the ecosystem.

ii) Irregular monsoon prior to regeneration.

iii) Increase in the salinity of soil & water.

iv) Continuous addition of hazardous/ untreated/ polluted sewage water

to this area.

v) Exposure to severe cyclones, wind thrust, oceanic surges, uprooting

of mature plants bearing the mature fruits.

vi) Collapsing of less consolidated river side flat which is the ideal place

for regeneration.

vii) Cutting of mangrove plant which bearing flowers and fruits.

viii) Deforestation and reclamation of well established forest and are

converted into fisheries & crop fields.

ix) Continuous use of nylon net during prawn seed collection, also

collect floating viable seeds and fruits are simply thrown on dry land, do

not germinate

x) River side flat lands ideal place for natural regeneration, are also

disturbed by local poor people during prawn seed collection.

Impact
The importance of mangroves is increasingly realized all over the world

due to   support a large number and variety of marine flora & fauna

(biodiversity) and makes the ecosystem much richer in respect of its



productivity & potentiality than any other ecosystems - either aquatic or

terrestrial.

Makes the ecosystem more suitable as grazing and breeding ground of

both indigenous and exotic faunal spp.

Mangrove along with algal flora are source of nutritional components

which maintains its unique biodiversity.

Natural calamities inevitable, mangrove forest can’t stop, but act as

buffer and minimize the intensity.

Minimize pollution effect due to the presence of   tannin, which has

chelating ability; also check soil erosion.

Sustainability of this ecosystem protect the components of the

Sundarbans & conserve its pristine glory.

There is no comparable community of flowering plants which has the

capacity to grow / replace mangroves.

So prior to undertake any developmental activities in this coastal

regions/region, due considerations should be taken for proper planning &

strict management and conservation practices for this important, but

threatened ecosystem of Sundarbans,West Bengal for maintaining its

pristine glory. Obviously, these findings are helpful for proper future

planning, strict conservation and management practices for this important

but threatened ecosystem of the Indian Sundarbans.

REFERENCES
Anonymous (1978). UNESCO – Regional Seminar held in Dacca, 

Bangladesh. December, 1978

Anonymous (1983).Global Status of Mangrove Ecosystem (Commission of

Ecology, paper-3) IUCN, Switzerland

Blasco, F.(1975). Mangroves of India. INST. Francaiss de Podichery, All

India Press. Pondichery. Trav. Sect.  Sci. Tech. 14(1): 1-175.

Bose, S. (2009). Role of Indian Sundarban mangroves in mitigating climate

impacts: an appraisal.In: IOP Conference Series. Earth Environmental

Science.6:1-2. IOP Publishing Limited.

Chapman, V. J. (1976). Mangrove Vegetation: Valduz. J. Cramer. Pp 1-

447



Choudhury, A. (1979). Mangrove Environment of Sundarbans, West

Bengal, India. Invited seminar paper at National Mangrove workshop,

Australia. 18-22 April, 1979. 

Choudhury, A. B. and Choudhury,  A. (1994). Mangroves of Sundarbans.

Vol. 1, India, IUCN, Bangkok

Kathiresan K. and Bingham, B. L. (2001). Biology Mangroves and

Mangrove Ecosystem. Adv. Mar. Biol. 4 : 81-251.

Lear, R. and Turner, T. (1977). Mangrove of Australia. University of

Queensland Press: pp.11-84

Mac Nae, W. (1968). A general account of the flora and fauna of mangrove

swamps and prospects in Indo-West specific islands. Adv. Mar. Biol. 6:

73-270

Naskar, K. R. and Guha Bakshi D. N. (1987). Mangrove swamps of

Sundarbans – an ecological perspectives, Naya Prakash, Calcutta. 

Pp.1-264.

Naskar, K. R. (2004) Manual of Indian Mangroves, Daya publishing house, 

Delhi – 110035

Saengar, P., Hegen, E. J. and Davie, J. D. S. (1983). Global status of

mangrove ecosystems. Poland, Switzerland (IUCN Commission in

Ecology), paper no. 3.

Tomlinson, P. B. (1986). Botany of Mangroves. Cambridge University

Press, pp 1-414. 

Untawale, A. G. (1995). Mangroves of India: Present Status and Multiple

Practices, UNDP, UNESCO Regional Mangrove Project.

UNESCO, (1984). Handbook of Mangrove Area Management. Edited by

Lawrence, S. Hamilton and Snedaker, S.C.





sediment supply due to accelerated stream bank erosion are often linked to

land-use change and are a major contributor to sediment yield in rivers.

Rivers and streams are products of their catchments. They are often

referred to as dynamic systems which mean they are in a constant state of

change. The factors controlling river and stream ormation are complex and

interrelated. These factors include the amount and rate of supply of water

and sediment into stream systems, catchment geology, and the type and

extent of vegetation in the catchment. As these factors change over time, 

river systems respond by altering their shape, form and location. In stable

streams the rate of these changes is generally slow and imperceptible. 

Bank erosion is the wearing away of the banks of a stream or river. This

is distinguished from erosion of the bed of the watercourse, which is

referred to as scour. 

The roots of trees growing by a stream are undercut by such erosion. As

the roots bind the soil tightly, they form abutments which jut out over the

water. These have a significant effect upon the rate and progress of the

erosion (Rutherford and Grove, 2004). Bank erosion is a natural process,

without it, rivers would not meander and change course. However, land

management patterns that change the hydrograph and/or vegetation cover

can act to increase or decrease channel migration rates. In many places,

whether or not the banks are unstable due to human activities, people try to

keep a river in a single place. This can be done for environmental

reclamation or to prevent a river from changing course into land that is

being used by people. One way that this is done is by

placing riprap or gabions along the bank. River bank vegetation,

ecologically termed as riparian flora which is highly dynamic, linking

terrestrial and aquatic habitat, under the influence of a waterway, such as

rivulet banks or riverbanks, represented by a particular type of vegetation

that grows along the sides of rivers are called the river's riparian zone. 

River bank or riparian vegetation at a particular location and time results

from interactions between the physical conditions created by geomorphic

and hydrologic processes in the stream channel and responses by the plants

(Fayette and DeBano, 1990; California State Lands Commission, 1993). In



many cases, riverbanks are being “eaten away” at a rate far greater now

than in the past. Riparian vegetation has essentiallydisappeared where no

water is permitted to flow in the natural channel (Hooper et al, 2000).
Mechanism of Soil erosion

Principally, soil erosion is the process of detachment and transportation

of soil particles by wind and water. Normally cohesion less soil particles

are blown away by wind (Aerolian) erosion. The kinetic energy of falling

rain drops causes detachment of soil particles and subsequently carried

away by surface run-off. Erodibility co-efficient of soil and impact of rain

drops are determinant factors in the process. This is guided by the nature of

soil (clay content), particle size distribution and soil condition like

saturation, density, permeability, plasticity etc. Dislodged soil particles

flow down the slope with the overland flow, eroding and destabilizing the

soil-body. Distress in the form of rills to gullies and finally to erosion

ditches develops when intensity of rain fall is high and the slope is steep.

These disorders will impair slope stability if not controlled with proper

protective measures.

The main objectives of our study are:

1. Our primary attempt is to assessing the role of riverbank vegetation in

maintaining the river bank health.

2. Study of erosion and stabilization in relation to the river dynamics

and vegetation respectively in a river. 

3. Identification of native riverbank plants for sustainable use in

controlling the riverbank erosion.

4. Formulation of new strategy for future.

MATERIALS AND METHODS
Study Area

There are several rivers, in Purba and Paschim Medinipur district

(situated in South part of West Bengal, India) which are generally filled

with rain water. These are Rupnarayan, Keleghai, Rasulpur, Haldi, Chandia

Darakeswar, Subarnarekha, Shilabati and Kansabati. In rainy season the

rivers cannot contain the huge amount of water as a result it overflows and

flood occurs. There are several areas like Ghatal where flood in rainy



season is a routine. The flood affected areas of the above mentioned district

are Bhagabanpur, Manglamaro, Moyna, Panskura, Srirampur, Daspur, 

Sabang, Pingla and Ghatal. For our study some patches of the river

catchments of the rivers Keleghai, Shilabati and Kansabati were selected. 

Riparian vegetation of various sectors of each river banks was chosen to

study randomly. At these places, a floristic survey of trees, shrubs, herbs, 

grass and aquatic species was performed by least count quadrate method

(Misra, 1968). Each species was collected, mounted, labelled, and

identified (Jain and Rao, 1976). Identification of riparian plants was done

with the help of standard literature survey (Kanjilal et al, 1934; Dutta, 1985

and Cook, 1996).
Studies on influence of riparian flora on the river bank health:

In the surveyed areas of each sector influence of riparian flora on the

river bank health was observed by regular monitoring as well as by

interviewed among the selected inhabitants. The interviewers questions

were designed to determine the knowledge of the local population about

river margin changes, bank stabilized species and its influence on the river

bank erosion over the years, role of riparian species on sediment deposition

etc. River bank population was selected for the survey because they live

and work in those areas, and exert a strong pressure on the natural

resources. 

Ground cover is considered as the most suitable solution for erosion

protection. Grass such as “Vetivar” and other appropriate species is a

natural soil-binder and provides the best natural solution against erosion. In

bio-engineering, plants have mainly two effects on soil hydrological and

mechanical. Hydrological effects of plants are many such as interception

(rain drops strike the leaves first before striking the ground soil), storage

(leaves and stems hold water for some time before it eventually reaches the

ground), infiltration (stems and shoots roughen and loosen the ground,

enabling water to infiltrate more easily) etc. Mechanical function of plant is

to reinforce the soil by binding the loose soil particles with its fibrous root

system.



Generally the grasses having long root system and have high tolerance

against water logging situation are used for erosion control in river bank.

Four grasses are selected for this purpose. These are Saccharum

spontaneum (Fig: 1-A), S. munja (Fig: 1-B), Eragrostis cynoroides (Fig: 1-

C) andVetevaria zizanioddes (Fig: 1-D). 

The enumeration of the plant species are given below:
Saccharum spontaneum L.

Family:Poaceae

Vernacular Name: Kans, Kansi, Kas.

It grows as wasteland weed. It is considered as valuable medicinal herb

in traditional systems of medicine in India.
Morphological Description

Perennial. Rhizomes elongated. Culms erect; robust; 200–400 cm long.

Culm-internodes solid. Ligule a ciliolate membrane. Leaf-blade base

simple, or tapering to the midrib. Erect, glaucous, midrib white, margins

scabrid, often villous above base, sheath longer than internode. Leaf-blades

50–200 cm long; 3–30 mm wide. Inflorescence - Inflorescence a panicle

with branches tipped by a raceme. Peduncle hirsute above. Panicle open;

ovate; dense; 20–50 cm long. Panicle axis pilose, or hirsute. Racemes 3–15

cm long. Rhachis fragile at the nodes; subterete; pilose on surface. Rhachis

internodes filiform. Spikelets in pairs. Fertile spikelets sessile and

pedicelled; 2 in the cluster; subequal. Pedicels filiform; ciliate. Fertile

spikelets -Spikelets comprising 1 basal sterile florets; 1 fertile florets;

without rhachilla extension. Spikelets lanceolate; dorsally compressed;

3.5–7 mm long; falling entire; deciduous from the base, or with accessory

branch structures. Spikelet callus bearded; base truncate. Spikelet callus

hairs white; 2–3 length of spikelet. Glumes -Glumes similar; firmer than

fertile lemma. Lower glume lanceolate; 1 length of spikelet; coriaceous;

much thinner above; 2-keeled. Lower glume surface flat. Lower glume

margins ciliate. Lower glume apex acuminate. Upper glume lanceolate; 1

length of spikelet; coriaceous; much thinner above; without keels; 1 -

veined. Upper glume lateral veins absent. Upper glume margins ciliate. 

Upper glume apex acute; mucronate. Florets -Basal sterile florets barren;



without significant palea. Lemma of lower sterile floret lanceolate; 0.5

length of spikelet; hyaline; 0 -veined; without midvein; without lateral

veins; acute. Fertile lemma linear; 1–2 mm long; hyaline; 0 -veined. Palea

absent or minute. Flower -Lodicules 2; cuneate; ciliate. Anthers 3.
Root system

This plant adapted to a wide range of soils, generally of rather sandy

types. The roots of the plant can penetrate through the tough and hard soils

even if rocky soils. The dense fibrous root penetrates to the soil up to 2 -3

ft. which help to check soil erosion. S. spontaneum forms dense, 

continuous thickets that inhibit the establishment of woody species

(Hooper et al.) and are resistant to weed control measures due to the

species’ deep and extensive root system.
Saccharum munjaRoxb.

Poaceae

Sarkanda

It grows in arid areas and along river banks. This drought tolerant grass

grows quickly and can withstand heavy grazing.
Morphological Description

Perennial. Rhizomes elongated. Leaves narrow, flat. Stem tall, fistular

erect, 10-12 ft in heigh; long. Culm-internodes solid. Inflorescence -

Spikelets minute, awn less, 1 flowered, all similar, 2-sexual articulate at the

base, disposed in large, silky, much and densely branched panicles, with

spreading, at length erect, articulate, capillary, usually fragile branches and

spikes, rachis of the spike tenacious; sessile spikelets deciduous with the

internode and pedicel; callus bearded with very long hairs.Glumes – 4; I 

and II. Subequal, membranous, oblong, dorsally flat margins incurved, 1-2

–veined at each flexure, keels not winged, II. Keels not winged, dorsally

rounded; III. Hyaline, oblong; IV. Obsolate, awnless, with minute;

lodicules irregular: stamens 3; style and stigmas short, laterally exserted

(Prain, 2003).
Root system

It grows well on wide range of soils and can withstand fires and

flooding too. As the root system, of the plant grows and forms a dense mat

and binds soil against erosion. 



Eragrostis cynosuroides (Retz.) P. Beauv.
Family:Poaceae

Vernacular Name: Kusha

In India, when performing special religious rites widows must have

rings of Kusha grass, Eragrostis cynosuroides, on the two ring fingers.
Morphological Description

Perennial, tall,  branched from the base, leafy, panicle linear-elougate, 

branches very short  crowded, densely covered from the base with sessile

imbricating much  compressed and flexed epikelets, empty glumes very  

unequal, rachilla tough glumes broadly ovate acute, palea shorter than

glumes.

Rootstock stout, creeping; stolons very stout clothed with shining

sheaths; stems 1-3 ft., tufted, smooth, erect, stout. Leaves many, basal

fascicled, very long, acuminate tips filiform, margins hispid , mouth of

sheath with long hairs;  ligule 0. Pasdcle 6-18 in. by 1 rarely 2 in. broad,

strict, erect, narrowly pyramidal, columnar, often interrupted; Rachis

puberulous branches, very crowded; branchlets rigid, glabrous or

hispidulous, spreading. Spikelets unilateral, 2-seriate and crowded,

deflexed, pale brown, rather shining; internodes of rachilla veryshort;

obtuse; flexed. glumes coriaceous , palea shorter than its glumes., rather

coriaceous, keels minutely scabrid. Stamens 3, Grain obliquely ovoid, 

laterally compressed,  obscurely trigonous (Hooker, 1884).
Root system

This grass grows in wild in clumps mostly in salty, marshy habitats.

Generally the grass grows in a huge number in a small place and forms

colony of same species. The fibrous root system of the plant covers the

surface of the ground as well as it penetrates in the soil about 2- 3 ft.
Vetivaria zizaniodes(Linn.) Nash
Family:Poaceae

Vernacular Name:Khus, Ushira, Reshira.

Morphological Description

The vetiver grass has a gregarious habit and grows in bunches. Shoots

growing from the underground crown make the plant frost- and fire-

resistant, and allow it to survive heavy grazing pressure. The leaves can



become up to 120–150 cm long and 0.8 cm wide. The panicles are 15–30

centimeters long and have whorled, 2.5–5.0 centimeters long branches. The

spikelets are in pairs, and there are three stamens.

Vetiveria zizanioides is a densely tufted grass with the culms arising

from an aromatic rhizome up to 2 m tall; the roots are stout, dense and

aromatic; leaves are narrow, erect, keeled with scabrid margins;

inflorescence is a panicle, up to 15-45 cm long of numerous slender

racemes in whorls on a central axis; spikelets are grey to purplish, 4-6 mm

long, in pairs, one sessile the other pedicelled; 2-flowered; the lower floret

is reduced to a lemma, upper bisexual in sessile, male in the pedicelled

spikelet; glumes are armed with stout, tubercle-based spines, lemmas

awnless, palea minute.

Khas grass grows wild in almost all plain states in India up to an

elevation of 1200 m. The plant stems are erect and stiff. They can persist in

deep water flow. Under clear water, the plant can survive up to two

months.
Root system

The root system of vetiver is finely structured and very strong. It can

grow 3–4 m deep within the first year. Vetiver has neither stolons nor

rhizomes. Because of all these characteristics, the vetiver plant is highly

drought-tolerant and can help to protect soil against erosion. In case of

sediment deposition, new roots can grow out of buried nodes.

RESULTS AND DISCUSSION

The rivers flowing through the alluvial tracts (Silabati, Kansabati,

Subarnarekha and Keleghai) frequently change their courses in their

attempt to find the most convenient and the least resistant paths. Rivers in

this region have numerous meanders on way. Meanders are cut off when

the two ends of a river veer so close to each other as to prompt the flow

following a straight path instead of the circuitous one. Gradient both

longitudinal and transverse and lithologic composition of bank-soil play a

significant role in choosing the most convenient flow path by a river in

such a region. Continual re- orientation of the flow-matrix in a river-region

has a direct effect on bank erosion. When the flow velocity is high and the





transportation within the river resulting in unpredictable patterns of

accretion and erosion. Bank stability cannot only be attained by the

conventional filter mechanism. Additionally, there is need to divert the

flow away from the banks through appropriate eco friendly measures like

appropriate species plantation which can decrease the bank erosion.

Our main investigation was on Kansabati, Shilabati and Keleghai river. 

We selected various places near the river catchments of Keleghai like

Kantakhali, Bhagabanpur and Tangrakhali for our study. In case of

Kansabati river bank near Midnapore, Terapakhia and Panskura were

selected. The river catchments of Shilabati near Ghatal and Kharar were

count in account. All over floristic survey of the river catchments and the

influence of riparian flora on river bank erosion was observed and the

expunction of river bank due to erosion was observed. For an experiment

the seeds of these four grasses (Saccharum spontaneum, S. munja,

Eragrostis cynoroides and Vetevaria zizanioddes.) were sowed in these

river catchments.  Firstly the experimental places were marked with the

help of posts then approximately 6-12 inch deep. Then the seeds of the

grasses were sowed. In some places where soil was muddy the seeds of the

grasses were sowed without ploughing. The experimental places were

observed and nourished with the help of local people. The grasses grew in

their vegetative season. Once the grasses established in a region then less

nourishment requires. The seeds of the grasses again applied where they

did not grow in proper way.

After the establishment of the grasses the experimental area were

observed for four years. Except these experimental zones some area were

observed as control zone where these grasses are not applied. The erosion

of the river catchment each zone was observed. The erosion of the river

measured from a marked place which was situated constantly in a distance

from the river basin.

The result of our work is summarised in the Table: 1 and 2. The riparian

areas of both the river banks are dominated by mixed sediment and the

vegetation is composed of herbs, shrub, trees, climbers and macrophytes. 

Observation revealed that morphology of erosion prone bank was almost



perpendicular dominance of soil and very fine sand without or with

herbaceous vegetation. Erosion occurs particularly faster in the bank

dominated by silt and very fine sand. Eroded soil always deposited in the

opposite side, just ahead of eroded banks e.g. if the channel was gradually

moving to the left as the bank on the outer part of the meander was cut

away as sand was deposited along the inner curve where, extension of

original riparian zone started.

From our investigation it was quite clear that there was a great

relationship between erosion of river basin and riparian flora. Where the

ground cover was well established, the catchment erosion of the river was

lesser. The trees helped to protect huge land slide but to minimize the

surface erosion the ground cover of grasses was very much effective. In the

riparian flora of the three rivers shrub, herb and climber were dominant

(Fig- 4-A) in frequency which helps to protect river catchment (Table: 1). 

But these plants should be placed in a scientific manner which will help to

reduce soil erosion.

Generally rivers have two banks. In one bank sand and shingle

deposited on inside of the bend of the river basin and in the other one

produce river clift due to the faster current of the river. The bank on outside

of bend being undercut by lateral erosion produce larger river clift. After

that furrow or crack produced in the hanging river bank and breakage

occurs. As a result the river basin expands and produce shallow river basin.  

If vetever grasses are applied on the river clift then the lateral erosion can

be reduced. From our study it was found that after plantation of the grasses

they produce deep root system and forms a fibrous root network which help

to reduce lateral soil erosion (Fig- 2). As a result due to faster current of the

river, deeper river basin produced which help to carry a large amount of

water in rainy season without over flowing and flooding the surrounding

area. 

The experiment was carried out in the above mentioned three rivers.

The result of the experiment was summarised in Table: 2 which reflects

that these grasses were able to reduce the soil erosion. After the

introduction of these grasses few time required for their establishment. As



the root network formed the lateral erosion of river checked. From the table

it could be explained that the soil erosion of the rivers were greatly reduced

as the time spends on. The soil erosion of the experimental zone (grasses

applied area) (Fig- 3-A, 3-B, 3-C and 3-D) was highly reduced than the

control zone (normal bare area).
Table. 2-Erosion check of river catchment due to plantation of grasses.

Riv

er

Place

s

Applie

d

Grasse

s

Erosion of River Catchment (ft)

Control Zone (Where

grasses were not

applied)

The Experimental

Zone (Where grasses

were applied)

Year:20

09 to

‘10

Year:

2010

to ‘11

Year:

2011

to ‘12

Year:

2009

to ‘10

Year:

2010

to ‘11

Year:

2011

to ‘12

K

ans

aba

ti

M

idnap

ore

Sacc

harum

spontan

eum,

Vetevar

ia

zizanio

ddes

3-5 4-7 7-9 3-4 2-4 3-5

T

erapa

khia

Sacc

harum

spontan

eum, S.

munja

6-8 8-9 2-5 4-5 3-5 2-5

P

ansk

ura

Era

grostis

cynoroi

des,

Sacchar

um

spontan

eum,

5-8 9-

12

5-9 5-6 5-6 3-5



Vetevar

ia

zizanio

ddes

Shi

lab

ati

G

hatal

Sacc

harum

spontan

eum, S.

munja

4-7 8-

10

5-8 4-5 3-4 3-

6

Khar

ar

Era

grostis

cynoroi

des,Vet

evaria

zizanio

ddes,

Sacchar

um

spontan

eum

7-9 5-9 3-5 5-7 4-5 3-5

Kel

egh

ai

Kant

akhal

i,

Sacc

harum

munja,

Eragros

tis

cynoroi

des,

Vetevar

ia

zizanio

ddes

8-9 6-

10

4-7 7-8 5-6 3-5

Bhag

aban

pur

Sacc

harum

spontan

eum, S.

10-

12

2-6 3-7 10-

11

2-5 2-

4



munja

Tang

rakha

li

Sacc

harum

spontan

eum, S.

munja,

Vetevar

ia

zizanio

ddes

9-11 6-

12

4-6 8-9 5-7 3-5









be the answer if used in conjunction with appropriate engineering

measures.

Specific problem of erosion of the application site and its specific

requirements must be assessed considering the function of the grasses

before its application.

Proper method of installation should be followed.

Fast growing and good soil binding grasses and shrubs adapted to

local edapho-climatic conditions should be planted.

Attempts should be made to improve the life of grasses and its roots.

The short term and long term conservation behaviour of the

application under a variety of agro-climatic conditions need to be studied in

detail.

Different user agencies like roads, railways, forest, irrigation, mining

etc. Should collaborate for the possible application of these grasses.

The present high cost of geojute and other geotextiles may prohibit

their wide application for soil conservation programmes.

Various protective measures were taken in various portions of different

rivers by many scientists. From our investigation it was found that most of

the floods were caused by flat river basin and over soil deposition in

riverbank.

According to our proposal firstly slope at the both sides of the river

would be created. Then some rocks and stones in various sizes would be

placed for rock toe protection which will protect the lower slope from the

water current. Then some grasses having long root system (Saccharum

spontaneum, S. munja, Eragrostis cynoroides and Vetevaria zizanioddes)

and surface covering system of soil (Cynodon dactylon) would be

established at the tidal flow affected places which will protect catchment

erosion due to tidal flow (Fig- 4-B). Except these four grasses some other

grasses are also useful for the protection of the river bank from soil erosion.

These are Cynodon dactylon, Saccharumarundinaceum,Saccharum

spontaneum, Lindernia bracteoides, Lindernia cordifolia, Ludwigia

parviflora, Oldenlendia corymbosa, Oldenlendia diffusa and Rungia repens

(Dutta et al, 2011).



Lastly large trees would be placed having tap root system

(Pithecellobium dulce, Casuarina equisetifolia, Butea monosperma, Acacia

nilotica, Prosopis juliflora) which will protect land slide and erosion due to

storm and rain. Except these plants, some large plants with fibrous root

system are also useful in this region; these are Phoniex paludosa, Borassus

flabilifer, Cocos nucifera and Arica catechu.The plants placed in the river

catchment should have the capacity to acclimatise with the ever changing

environment of river side like draught, salinity and draught.

After all, the precautions and measures would be not succeeded without

the help of local people. The sand grabbing (Fig- 4-C), from the river bank

is the one of the main problem of the flood which causes the expunction of

the river basin at the sides. Overall men have to concern about the problem. 

The problem will not be solved until and unless men become conscious

about it.

It opened up a new technique of application towards effective erosion

control at a minimal cost. Flood due to erosion of river basin can be

controlled easily. Besides, these plants will attract fauna and marine micro

organisms and nurture aquatic life. Not only huge recurring maintenance

costs can thus be substantially curtailed or even eliminated, the ambient

ecology will improve immensely.
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content and water content of plant leaves growing in higher polluted site as

compared to non or less polluted ones.

MATERIALS AND METHODS

Study Area: The present study was carried out within the different

intersection is in West Bengal, Midnapore and Kharagpur zone, one of the

important holy cities of India and is extended from latitude 220

the north to longitude 870

the time period of January 2015. The sites selected for the present study

includes Forest Area, Urban Area and Industrial Area. Rapid

industrialization in the city increases the density of vehicles which further

increased the load of vehicular concentration on the roads which directly

affects the road side plants and also the plants are present in this populated

area which remains in direct contact with these types of pollutants.

Table.1- Name of plant species and their date and time of collection.

Phytochemical analysis
Tree species were selected from Midnapore and Kharagpur zone. Leaf

samples were collected in triplicates of fully matured leaves and were

immediately transferred to the laboratory for analysis. Leaf samples were

preserved in a refrigerator for further examination. The following are the

different methods used to determine APTI.

Total Chlorophyll Content (TCh)

SL.

NO

NAME

OF

PLANT SPECIES

DATE

OF

COLLETIO

N (C)

DATE

OF COLLECTION

(P)

1 Mangifera indica 7/1/2015 7/1/2015

2 Syzygium cumini 7/1/2015 7/1/2015

3 Eucalyptus globulus 7/1/2015 7/1/2015

4 Swietenia mahagoni 7/1/2015 7/1/2015



3gm of fresh leaves were blended and then extracted with 10 ml of 80%

acetone and left for 15 minutes for thorough extraction. Then the liquid

portion was poured into another text-tube and centrifuged at 2,500 rpm for

3 minutes. The supernatant was then collected and the absorbance was then

taken at 645 nm and 663 nm using Systronics UV spectrophotometer. 

(Arnon. 1949).

Chlorophyll a = 12.7DX663 – 2.69 DX645 x V/1000W mg/gm

Chlorophyll b = 22.9Dx645 – 4.68 Dx663 x V/1000W mg/

TCh = Chlorophyll a + b mg/gm

          Where,  

         Dx  =  Absorbance  of  the  extract  at  the  wavelength  in  nm,  V

=  total  volume of  the  chlorophyll solution (ml), and W =  weight of the

tissue extract (g).

Leaf extract pH
5g of the fresh leaves  was homogenized  in  10 ml  deionised  

water.  This was thenfiltered and the pH of leaf extract was determined

after calibrating pH meter-HI 98130 with buffer solution of pH 4, pH 7

and pH 9 

Relative Water Content of Leaf (RWC)
Fresh leaves were weighed and then then immersed in water over night, 

blotted dry and then weighed to get the turgid weight. Then, the leaves

were dried overnight in an hot air oven at 70°C and reweighed to obtain the

dry weight (Singh, 1977).  Calculations were made using the formula:

RWC = [(FW – DW)/(TW – DW)] x 100

Where, 

         FW = Fresh weight, DW = dry weight, and TW = turgid weight.

Ascorbic Acid (AA) content
1gm of the leaf sample was measured into a  test tube, 4ml of oxalic

acid EDTA extracting solution was added.Then 1ml of orthophosphoric

acid followed by 1ml 5% tetraoxosulphate (vi) acid, 2ml of ammonium

molybdate and then 3ml of water was added. The solution was then

allowed to stand  for  15  minutes,  after  which the  absorbance at  

760nm  was measured with Systronics UV-Vis spectrophotometer 118. 



The concentration of ascorbic acid in the leaf samples were then

extrapolated from a standard ascorbic acid curve. Ascorbic  acid  content  

was  measured  by  Titrimetric  method  of (Sadasivam and Theymdli,

1987) [4]  using 2,6,  Dichlorophenol indo phenol dye. 500mg  of  leaf  

sample  was  extracted  with  4%  oxalic  acid  and  then titrated against

the dye until pink colour develops. Similarly a blank is also developed.

APTI

The air pollution tolerance indices of twelve common plants were

determined by the following standard method (Singh and Rao, 1983). The

formula of APTI is given as

APTI = [A (T+P) + R]/10

Where, A= Ascorbic Acidcontent (mg/g), T= Total Chlorophyll

content

(mg/g), P=  pH of leaf extract, and R = Relative Water content of

leaf (%).

RESULT AND DISCUSSION

The analyzed value for 4 biochemical parameters along with tolerance

index value has been presented in Table 1 and 2.

Table. 1- Sowing the total biochemical analysis of four plant species. 

S

l

.

N

o

.

Plant

species

Total

chlorophyll

Leaf

extract pH

Ascorbic

acid

Relative

water

content

(gms)

APTI

C P C P C P C P C

1

.

Mangifera

indica

10.

09

6.03 6.2 6.0 0.1

73

0.15

9

2.6

5

2.60 5.46

8

4.

5

1

2

2 Syzygium 25. 19.62 4.8 5.4 0.0 0.03 3.2 3.02 4.90 3.



. cumini 56 55 2 4 9 8

2

0

3

.

Eucalyptu

s globulus

35.

23

26.07 5.5 6.2 0.1

84

0.10

6

3.1

6

2.30 10.6

70

5.

7

2

0

4

.

Swietenia

mahagoni

11.

04

5.87 6.3 6.4 0.0

94

0.03

9

3.0

0

2.50 4.62

9

2.

9

7

8

Table 2. Mean value of biochemical parameters of leaf samples

Sl

.

N

o.

Plant

species

Total

chlorophyll

Leaf

extract

pH

Ascorbi

c acid

Relati

ve water

content(g

ms)

APT

I

1. Mangifera

indica

8.06±2.03 6.1±0.10 0.166±0.007 3.13±0.02

5

4.99±0.4

7

2. Syzygium

cumini

22.59±2.97 5.1±0.30 0.043±0.01 3.13±0.11 4.36±0.5

4

3. Eucalyptus

globulus

30.65±4.58 5.85±0.05 0.145±0.039 2.73±0.43 8.195±2.

47

4. Swietenia

mahagoni

8.45±2.58 6.35±0.05 0.06±0.02 2.75±0.25 3.79±0.8

2

BIOCHEMICAL ANALYSIS [Fig-1]

TOTAL CHLOROPHYLL: [Fig-1(A)]
Chlorophyll is the index of productivity in plants decreases under

pollution stress. The inhibitory effect of SO2 on photosynthetic CO2

exchang e has been wel documented.Plants appearing green and normal at

low concentration of O2 show reduced efficiency ofphotosynthesis. Thus

plants having high chlorophyll content under field conditions are generally

tolerant to air pollution. The decrease in foliar chlorophyll concentration in

plants might be due to the destruction ofchlorophyll reversile swelling of



thyllakodis. Inhibition of RuBp carboxylase. Total chlorophyll was found

maximum 26.07mg/g fr.wt.in Eucalyptus globulus and minimum

6.03mg/gm fr.wt. in Mangifera indica compare to control Eucalyptus

globulus 35.23mg/gm and Mangifera indica 10.09mg/gm.

LEAF EXTRACT pH: [Fig-1(B)]

Leaf extract pH plays a significant role in regulating SO2 sensitivity of

plants (Rao, 1977) have reported that in presence of an acidic pollutant the

leaf pH is lowered and the decline is great er in sensitive species. A shift in

cell sap pH toward the acid in presence of an acidic pollutant might

decrease the efficiency of conversion of hexose sugar to ascorbic acid.

However the reducing activity of ascorbic acid is pH controlled being more

at higher and less at lower pH. Hence the leaf extract pH on 2the higher

side give tolerance to plants against pollution.2 The leaf extract pH was

found maximum in Eucalyptus globulus (6.2) and minimum Swietenia

mahagoni (6.4)in polluted area respect to control area Eucalyptus globulus

(5.5)and Swietenia mahagoni (6.3).
ASCORBIC ACID : [Fig-1(C]

Ascorbic acid being a strong reductant protects chloroplasts against

SO2 Induced H2O2 ,O2,and OH- accumulation and thus protects the enzyme

of the CO2 fixation cycle and chlorophyll for inactivation8 together with

leaf pH it play a significant role in determining the SO2 sensitivity of

plants.9 Thus plant maintaining high ascorbic acid under pollutant

condition are considered to be tolerant to air pollution (Keller and

Schwanger, 1977). The ascorbic acid content was maximum 0.106mg/g dry

wt. in Eucalyptus globulus and minimum 0.159 mg/g dry wt. Mangifera

indica respect to control area plant species.
RELATIVE WATER CONTENT: [Fig-1.D]

Relative water content is associated with protoplasmic permeability in

cells causes loss of water and dissolved  nutrients, resulting in early

senescence of leaves ( Masuch et al.,  1988). More water in a leaf will help

to maintain its physiological balance under stress condition of air pollution

.When the transpiration rates are usually high .Higher relative water

content favours drought resistance in plants. The relative water content was





According to biochemical study of APTI results revealed that pollution

tolerance index maximum in Mangifera indicaand minimum in Eucalyptus

globulus as sensitive species to mitigate pollution. In this study suggest

that plants have a potential role to serve as a excellent quantitative and

qualitative indicator for pollution. Since biomonitoring of plant species is

an important tool to evaluate the impact of air pollution on plants, the

Mangifera indica, Syzygium cumini, Eucalyptus globulus, Swietenia

mahagoni can be used as biomonitors of vehicular pollution stress. The

tolerant plant species selected for this study , can effectively be used in the

air pollution amelioration purposes.
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often develop open dichotomous or weakly reticulate venation, may

ultimately provide important clues to the evolutionary development of

venation patterns in the angiosperms. According to Melville (1969), petal

patterns represent earlier stages in the evolution of the leaf patterns of the

same species, and this is considered as highly significant.

So the principal objective of this work is to indicate the morphological

features of the posterior petal of individual species which can be employed

as an ideal taxonomic marker for evaluation of different taxa. In

consideration of these views, study of posterior petal venation patterns has

been undertaken.

Cassia Linn. is a predominant genus in Kalyani township having about

7 species. The prepondance of the species of Cassia is too high in

comparison other plants belonging to the family Caesalpiniaceae. The

genus is characterized by the presence of posterior petal which is unique

for identification of each taxa. There is no paper in this regard which deals

with detailed description of different species of Cassia along with its

posterior petals. Therefore, the present topic has been selected for this

work.

MATERIALS AND METHODS
To collect plant material for this project work, an appropriate portion of

healthy flowering twig of 7 species of Cassia were collected from different

location of the University Campus and its adjacent areas. Photograph of

individual specimen has also been taken at the time of collection by digital

camera.

Small flowering twigs of each species were properly pressed and

dehydrated for the preparation of herbarium sheets following the

techniques after the work of Jain and Rao, (1976). Specimens were

identified consulting state and district floras (Prain, 1903; Guha Bakshi, 

1984; Sanyal, 1994) collected species are arranged in alphabetical order

indicating their collection number in the following table.    



Table. 1- Studied species of the genus Cassia Linn.

Sl.

No.

Name of the

specimen

Date

of

collectio

n

Locality Collect

ion No.

1. Cassia alata

Linn.

16.10.09 Kalyani University

Campus, Kalyani, 

Nadia, W. B.

NH-37

2. Cassia

laevigata Willd.

21.10.09 Kalyani University

Campus, Kalyani, 

Nadia, W. B.

NH-44

3. Cassia

occidentalis Linn.

19.10.09 Kalyani University

Campus, Kalyani, 

Nadia, W. B.

NH-43

4. Cassia siamea

Lamk.

06.11.09 Kalyani University

Campus, Kalyani, 

Nadia, W. B.

NH-70

5. Cassia

sophera var.

sophera Linn.

23.10.09 Kalyani University

Campus, Kalyani, 

Nadia, W. B.

NH-49

6. Cassia

sophera var.

purpurea Bak.

28.10.09 Kalyani University

Campus, Kalyani. 

NH-53

7. Cassia tora Linn. 02.11.09 Kalyani University

Campus, Kalyani, 

Nadia, W. B.

NH-62

From each taxa, at least 10 mature flowers were selected for this study. 

Healthy posterior petals were collected from each species and were

mounted in 70% glycerine solution and the slides were sealed by paraffin

wax. Then the morphology and the venation pattern of 10 individual

posterior petals of individual species were drawn with the help of simple



and compound light microscope. Observations were based on the studies of

70 posterior petals of all the studied species.  

RESULTS AND DISCUSSION

Cassia alata Linn.

Description :

Annual, erect, branched shrubs upto 3 m high; Terrestrial; Tap rooted.

Stems aerial, erect, terete, solid, subwoody, glabrous, green. Leaves

alternate, obliquely join on stem, pinnately compound, paripinnate; leaflets

10-11 pairs, opposite, basal leaflets oblong but apical leaflets obovate; 4-10

cm x 2-6 cm; obtuse at apex, margin entire, rounded to obtuse at base, 

herbaceous, unicostate reticulate with 9-11 pairs of alternate pinnate

secondaries; each secondary joining with superadjacent secondary forming

loop; glabrous on both surfaces, green; petiolate; petioles slender, 0.5-1.5

cm long, glabrous, pale purplish, pulvinous; extrafloral gland absent;

petiolulate; petiolules very short, pulvinous, glabrous, pale purplish; stipel

absent; stipulate; stipules free lateral, ovate, 0.5 - 0.7 cm long, glabrous,

greenish, persistent; leaf appendage ovate, about 0.2 cm long, purplish. 

Inflorescence Raceme, axillary, pedunculate; peduncles cylindric, solid, 5-7

cm. long, glabrous, green, ebracteate. Flowers complete, bisexual, slightly

zygomorphic, hypogynous, pentamerous, bright yellow, pedicillate;

pedicels rounded, 0.1- 0.4 cm long, glabrous, yellowish, bracteate; bract 1,

anterior, obovate, 2 - 2.3 cm x 1.4 – 1.7 cm, glabrous, pale yellowish, 

caducous. Calyx polysepalous, broadly ovate to lanceolate, 1.2 – 1.5 cm x 

0.6 – 0.9 cm; sepals 5, obtuse at apex, margin entire, rounded to obtuse at

base, glabrous, deciduous, imbricate, yellowish. Corolla polypetalous;

petals 5, unequal, posterior petal much larger and broader than the others

and innermost, ovate, 1.7 – 2.3 cm x 1 – 1.3 cm, all shortly clawed,

glabrous, bright yellow, imbricate. Androecium with 10 stamens; stamens

free, unequal, 7 fertile and 3 modified to staminode, anterior 3 largest, 

posterior 3 smallest and others 4 medium; filaments unequal, 0.3 – 0.8 cm

long, glabrous, pale yellowish; anthers 2-celled, oblong linear, unequal, 0.2

– 1 cm long, basifixed, deep yellowish, dehiscence apical and porous,

glabrous; Gynoecium with 1 carpel; ovary superior, elongated, about 0.4



cm long, unilocular, many ovuled in marginal placentation, green hairy, 

hairs nonglandular, unicellular; style 1, terminal, cylindrical, 0.3 – 0.4 cm

long, glabrous, greenish; stigma 1, annular, truncate, green, glabrous. Fruits

simple, dry dehiscent, pod; pods with a broad wing down the middle of

each valve; many seeded; seeds with hard seed-coat, cotyledons 2, large.

Morphology and Venation of Posterior Petal : (Fig-A)
Innermost, pandurate; about 2.5 cm x 1 cm, much larger and broader

than the other petals, deeply sinuate to truncate at apex; margin entire, 

rounded at base, herbaceous, multicostate reticulate divergent with 3

longitudinal veins; each vein runs to the apex, pinnate secondaries

dichotomously branched and terminating at the margin; glabrous on both

the surfaces, yellow in colouration, deciduous.

Native :This plant is native to South America.

Flowering and fruiting time :September – May.

Uses :Occasionally planted or found as an escape.

Cassia laevigata Willd.

Description :
Perennial, evergreen, erect, branched tree, 4-5 m high; Terrestrial; Tap

rooted; Stems terete, solid, woody, glabrous, greenish to brown. Leaves

alternate, unipinnate compound, paripinnate; leaflets 4-5 pairs, opposite, 

ovate-oblong or ovate-lanceolate, 3-7 cm x 2 – 3.5 cm, retuse at apex,

margin entire with white line and ciliate; hairs nonglandular, unicellular, 

whitish; rounded to obtuse at base, often unequal sided, herbaceous;

unicostate reticulate with 8-10 pairs of alternate pinnate secondaries; each

secondary joining with super adjacent secondary forming loop; glabrous

above but hairy beneath; hairs nonglandular, unicellular, green; petiolate;

petioles slender, 2-5 cm long, hairy; hairs nonglandular, unicellular; green,

pulvinous; extrafloral gland absent; petiolulate; petiolules 0.2 - 0.3 cm

long, hairy; hairs nonglandular, unicellular; green; stipulate; stipules free

lateral, linear, 0.8 – 1.2 cm long, hairy; hairs nonglandular, unicellular, 

green; deciduous; leaf rachis with 3-4 stipel, 1 between each of the lower

pair of leaflets, terete, 0.2 – 0.3 cm long, hairy; hairs nonglandular, 

unicellular; greenish to brown; leaf appendage absent. Inflorescence



corymb, axillary, pedunculate; peduncles cylindrical, 6 – 8 cm long, hairy;

hairs nonglandular, unicellular; green. Flowers complete, bisexual, slightly

zygomorphic, hypogynous, pentamerous, bright yellow, slightly pungent

odourous, pedicellate; pedicels cylindric, 2.5 – 3.5 cm long, hairy; hairs

nonglandular, unicellular; green; bracteate; bract 1, anterior, ovate, 0.3 –

0.6 cm x 0.2 – 0.4 cm, acuminate at apex, margin entire and ciliate; hairs

nonglandular, unicellular; green; obtuse at base, herbaceous; 7-nerved,

hairy an both surfaces; hairs nonglandular, unicellular; green; deciduous.

Calyx polysepalous di-to-tri morphic, broadly ovate, 0.4 - 1.1 cm x 0.4 –

0.9 cm, sepals 5, glabrous on both surfaces, obtuse at apex, margin entire

and hairy; hairs  nonglandular, unicellular; obtuse at base, greenish to

yellow, imbricate, deciduous. Corolla polypetalons, petals 5, subequal,

elliptical, 2.8 -3.1 cm x 1.6 – 1.9 cm, all shortly clawed, glabrous, bright

yellow, imbricate. Androecium with 10 stamens; stamens free, unequal, all

fertile, 2 much longer and 8 smaller; filaments unequal, 0.1 – 0.5 cm long,

some what spindle shaped, glabrous, greenish to yellow, anthers 2-celled, 

oblong linear, unequal, 0.5 – 0.6 cm long, basifixed, brown, dehiscence

porous and apical, glabrous. Gynoecium with 1 carpel; ovary superior, 

elongated, 1.8 – 2.2 cm long, hairy; hairs nonglandular, unicellular;

unilocular many ovuled in marginal placentation, green; style terminal, 1, 

cylindrical, 0.5 – 0.6 cm long, glabrous, greenish; stigma 1, green,

glabrous. Fruits simple, dry dehiscent, pod; pods flattened, about 11 cm x 

1.5 cm, impressed between the seeds, brown when mature, many seeded;

seeds 15-20 in a single row, flattened, about 0.9 cm x 0.4 cm, brown when

mature.

Morphology and Venation of Posterior Petal : (Fig- B)
Innermost, elliptical, about 3.1 cm x 1.7 cm, more or less equal with

others petals, obtuse at apex, margin entire, rounded at base, herbaceous,

reticulate with 5 longitudinal veins; inner 3 veins run to the apex but not

touch to the apex and other 2 veins run below the middle, pinnate

secondaries areolate and touch to the margin; glabrous above but hairy

beneath; hairs nonglandular, unicellular; limb about 2.8 cm long, glabrous,



bright yellow in colouration; claw about 0.3 cm long, greenish to yellow, 

hairy; hairs nonglandular, unicellular; deciduous.

Native :This species is native to tropical America.

Flowering and fruiting time :Through out the year.

Uses : Commonly grown as an ornamental plant in parks and gardens.

Cassia occidentalis Linn.

Description :
Annual, erect, branched herb, to 1.5 m high; Terrestrial; Tap rooted.

Stems terete to slightly penta-angular, solid, sub woody, glabrous, greenish

with purplish colouration. Leaves alternate, unipinnate compound, 

paripinnate; leaflets 3-4 pairs, opposite, ovate-oblong, 1-5 cm x 0.8 – 2.5

cm, acute to acuminate at apex, margin entire and ciliate; hairs

nonglandular, unicellular, purplish; rounded to obtuse at base, often

unequal sided, herbaceous; unicostate reticulate with 8-10 pairs of alternate

pinnate secondaries; each secondary joining with superadjacent secondary

forming loop; mid vein purplish, glabrous on both the surfaces, green,

margin with purple line, petiolate; petioles slender, 2-5 cm long, glabrous,

purplish upper but greenish on lower surface, pulvinous; large purple

extrafloral gland present above pulvinous base on adaxial face of the

petiole; petiolulate; petiolules very short, pulvinous, glabrous, purplish

green; stipel absent; stipulate; stipules free lateral, hastate, 0.5 - 1.2 cm

long, glabrous, greenish with purple tinge, persistent; leaf appendage

acicular, 0.1 – 0.4 cm long, purplish. Inflorescence corymb, axillary, 

pedunculate; peduncles cylindric, 0.2 – 0.3 cm long, hairy; hairs

nonglandular, unicellular; purplish green; ebracteate. Flowers complete, 

bisexual, slightly zygomorphic, hypogynous, pentamerous, bright yellow, 

pedicellate; pedicels cylindric, 0.2 – 1 cm long, hairy; hairs nonglandular, 

unicellular, greenish with purple tinge; bracteate; bract 1, anterior, 

lanceolate, 1 – 2.5 cm long, glabrous, greenish with purple tinge, caducous.

Calyx polysepalous; di-to tri-morphic, broadly ovate to oblanceolate, 0.5 –

1 cm x 0.3 – 0.6 cm, sepals 5, ovate, glabrous, greenish with purple nerves,

imbricate, corolla polypetalous, petals 5, unequal, posterior petal much

larger and broader than the others and innermost, ovate, 1 - 1.5 cm x 0.5 –



1 cm, all shortly clawed, glabrous, bright yellow, imbricate. Androecium

with 10 stamens, stamens free, unequal, 6 fertile and 4 reduced; the anterior

1 much reduced to staminode of which both side 2 much larger and fertile, 

posterior 3 reduced to staminodes, others 4 fertile and medium sized;

filaments unequal, 0.2 – 0.7 cm long, somewhat spindle shaped, glabrous,

greenish to yellow; anthers 2-celled, oblong-linear, unequal, 0.1 – 0.6 cm

long, basifixed, dehiscence porous and apical, greyish, glabrous.

Gynoecium with 1 carpel, ovary superior, stipitate, elongated, about 1cm

long, unilocular many ovuled in marginal placentation, greenish, hairy, 

hairs nonglandular, unicellular; style 1, terminal and continuous,

cylindrical, about 0.2 cm long, glabrous, greenish; stigma 1, annular

truncate, green, glabrous. Fruits simple, dry dehiscent, pod; pods flattened,

impressed between the seeds, many seeded; seeds 20 – 100, in a single row, 

reniform, about 0.3 cm x 0.2 cm, brownish when mature.

Morphology and Venation of Posterior Petal : (Fig- C)
Innermost widely obcordate, about 1.7 cm x 1.3 cm, much larger and

broader from the other petals, emarginate at apex, margin entire, cuneate to

rounded at base, herbaceous, multicostate reticulate divergent with 5

longitudinal veins; inner 3 veins run to the apex but not touch the apex and

others 2 veins run to the below the middle, pinnate secondaries terminating

at the margin; glabrous on both surfaces; limb yellow but claw greenish;

deciduous.

Native : This species is native to tropical America

Flowering and fruiting time :Throughout the year.

Uses :Common throughout the area in waste places, on road-sides etc. 

as weeds.

Cassia siamea Lamk.

Description :
Perennial, evergreen, erect, branched tree, to 12-15 m high; Terrestrial;

Tap rooted. Stems trunk, terete, hard, solid, woody, glabrous, brown.

Leaves alternate, unipinnate compound, paripinnate; leaflets 6-11 pairs,

opposite, oblanceolate, 3 – 6.5 cm x  1.4 – 2.1 cm, acute at apex, margin

entire, rounded to obtuse at base, often unequal sided, herbaceous; 



unicostate reticulate with 8-12 pairs of alternate pinnate secondaries; each

secondary joining with superadjacent secondary forming loop; glabrous

above but hairy beneath; hairs nonglandular, unicellular, green; margin

with white line, petiolate; petioles slender, 2 – 3.5 cm long, hairy; hairs

nonglandular, unicellular, pulvinous; extrafloral gland absent; petiolulate;

petiolules 0.2 – 0.3 cm long, hairy; hairs nonglandular, unicellular; green;

stipulate; stipules free lateral, acicular, 0.1 -0.2 cm long, hairy; hairs

nonglandular, unicellular; green, caducous; upper surface of the leaf rachis

purplish but lower surface greenish; stipel absent; leaf appendages acicular, 

0.2 - 0.5 cm long, hairy, green. Inflorescence corymb, axillary, 

pedunculate; peduncles cylindric, 1.8 – 2.7 cm long, hairy; hairs

nonglandular, unicellular; green. Flowers complete, bisexual, slightly

zygomorphic, hypogynous, pentamerous, yellow, slightly pungent

odourous, pedicellate; pedicels cylindric, 0.5 – 3.2 cm long, hairy; hairs

nonglandular, unicellular, greenish to yellow; bracteate; bract 1, anterior, 

oblanceolate, 0.2 – 0.7 cm long, hairy; hairs nonglandular, unicellular;

greenish, caducous. Calyx polysepalous, di-to tri- morphic, broadly ovate, 

0.7 – 1cm x 0.6 – 0.8 cm; sepals 5, hairy; hairs nonglandular, unicellular;

caducous, greenish, imbricate. Corolla polypetalous, petals 5, unequal;

anterior 2 much larger, posterior 1 much smaller and other medium; ovate, 

1.4 – 1.9 cm x 1 – 1.3 cm, all shortly clawed, glabrous, bright yellow, 

imbricate. Androecium with 10 stamens; stamens free, unequal; 2 largest

and fertile, 3 shortest and reduced, others 5 medium and fertile; filaments

unequal, 0.3 – 1.1 cm long, somewhat spindle shaped, glabrous, greenish to

yellow; anthers 2-celled, oblong linear, unequal, 0.2 – 0.7 cm long,

basifixed, brown dehiscence porous and apical, glabrous. Gynoecium with

1 carpel; ovary superior, stipitate, elongated, 1.5 – 1.7 cm long, unilocular

many ovuled in marginal placentation, green, hairy; hairs nonglandular, 

unicellular; style terminal, 1, cylindrical, 0.3 – 0.5 cm long, glabrous,

greenish; stigma 1, annular truncate, green, glabrous. Fruits simple, dry

dehiscent, pod; pods flattened with thickened sutures, impressed between

the seeds, many seeded; seeds 10-17 in a single row, flattened, reniform, 

0.8 cm x 0.6 cm, brown when mature.



Morphology and Venation of Posterior Petal: (Fig- D)
Innermost, spatulate, about 1.6 cm x 1.1 cm, smallest among the other

petals; sinuate to truncate at apex, margin entire, nearly truncate at base, 

herbaceous; unicostate reticulate, 6 pairs of pinnate secondaries more or

less dichotomously branched; glabrous on both surfaces; limb spatulate, 

about1.2 cm long, glabrous, yellow; claw slender, about 0.3 cm long,

glabrous, pale yellowish, deciduous.

Native: This species is native in India, Srilanka, Malayan Archipelago.

Flowering and fruiting time: March – July.

Uses :Commonly planted on roadsides. The wood is very useful in our

daily life.

Cassia sophera var. sophera Linn.

Description:
Annual, erect, branched under-shrub, to 2 m high; Terrestrial; Tap

rooted. Stems aerial, penta-angular, solid, sub woody, glabrous, green.

Leaves alternate, unipinnate compound, paripinnate; leaflets opposite, 8-10

pairs, oblong- lanceolate, 1-5.5 cm x 0.2 – 1.5 cm, acute at apex, margin

entire and ciliate; hairs nonglandular, unicellular; rounded to obtuse at

base, often unequal sided, herbaceous; unicostate reticulate with 10-13

pairs of alternate pinnate secondaries; each secondary joining with

superadjacent secondary forming loop; glabrous on both the surfaces,

green, petiolate; petioles slender, 1-3.5 cm long, hairy; hairs nonglandular, 

unicellular; green, pulvinous, extrafloral gland present above pulvinous

base on adaxial face of the petiole; petiolulate; petiolule very short,

pulvinous, hairy; hairs nonglandular, unicellular; green; stipel absent;

stipulate; stipules free lateral, obovate, 0.2 – 0.6 cm long, hairy;hairs

nonglandular, unicellular; green, caducous; leaf rachis green; leaf

appendage acicular, about 0.2 cm long, greenish. Inflorescence corymb,

axillary, pedunculate; peduncles cylindric, 0.5 – 2 cm long, hairy; hairs

nonglandular, unicellular; green. Flowers complete, bisexual, slightly

zygomorphic, hypogynous, pentamerous, bright yellow, pedicellate;

pedicels cylindrical, 0.3 – 1.2 cm long, hairy; hairs nonglandular, 

unicellular; green; bracteate; bract 1, posterior, ovate, 0.3 – 0.5 cm long,



hairy; hairs nonglandular, unicellular; yellowish, caducous. Calyx

polysepalous, ovate to lanceolate, 0.6 – 0.9 cm x 0.4 – 0.6 cm; sepals 5,

hairy; hairs nonglandular, unicellular; greenish, deciduous; imbricate. 

Corolla polypetalous, petals 5, unequal, posterior petal much larger and

broader than the others and innermost, ovate, 1.2 – 1.7 cm x 0.8 -1.4 cm, all

shortly clawed, glabrous, bright yellow, imbricate. Androecium with 10

stamens, stamens free, unequal, anterior 7 fertile and posterior 3 reduced;

filaments unequal, 0.2 – 0.7 cm long, somewhat spindle shaped, glabrous,

yellowish; anthers 2-celled, unequal, 0.1 – 0.5 cm long, basifixed,

dehiscence porous and apical, brownish, glabrous. Gynoecium with 1

carpel, ovary superior, elongated, about 1 cm long, unilocular many ovuled

in marginal placentation, green, hairy; hairs nonglandular, unicellular; style

1, terminal, cylindrical, about 0.2 cm long, glabrous, greenish; stigma 1,

annular truncate, green, glabrous. Fruits simple dry dehiscent, pod; pods

rounded, cylindrical, 11-14 cm long, greenish when immature but brownish

at maturity, many seeded; seeds 50-70, reniform with a leathery coat, 0.3

cm x 0.2 cm, brownish when mature. 

Morphology and Venation of Posterior Petal : (Fig- E)
Innermost, widely obovate, about 2 cm x 1.5 cm, much larger and

broader from other petals, shallow at apex, margin entire, rounded at base, 

herbaceous, multicostate reticulate, divergent with 7 longitudinal veins;

inner 3 veins run to the apex but not touch to the apex, lateral 2 veins run to

the middle and the outermost 2 veins run below the middle; pinnate

secondaries areolate; glabrous on both the surfaces; limb yellow but claw

greenish; deciduous.

Native :This species is native to West Indies.

Flowering and fruiting time : March – November.

Uses : Common weeds of waste places and roadsides.

Cassia sophera var purpurea Bak.

Description :
Annual, erect, branched under-shurb, to 1.5 m high; Terrestrial; Tap

rooted; stems aerial, pentangular, solid, subwoody, glabrous, purplish in

colouration. Leaves alternate, unipinnate compound, paripinnate; leaflets



smaller, opposite, 8-10 pairs, oblong-lanceolate, 1-4 cm x 0.2 – 1 cm, acute

at apex, margin entire and ciliate; hairs nonglandular, unicellular; rounded

to obtuse at base, often unequal sided, herbaceous; unicostate reticulate

with 10-12 pairs of alternate pinnate secondaries; each secondary joining

with superadjacent secondary forming loop; mid vein purplish, glabrous on

both the surfaces, green; petiolate; petioles slender, 1-3 cm long, hairy;

hairs nonglandular, unicellular; purplish; pulvinous, extrafloral gland

present above pulvinous base on adaxial face of the petiole; petiolulate;

petiolule very short, pulvinous, hairy; hairs nonglandular, unicellular;

purplish; stipel absent; stipulate; stipules free lateral, obovate, 0.2 - 0.5 cm

long, hairy; hairs nonglandular, unicellular; greenish to purplish, caducous;

leaf rachis purplish; leaf appendage acicular, about 0.2 cm long, greenish.

Inflorescence corymb, axillary, pedunculate; peduncles cylindric, 0.5 – 2

cm long, hairy; hairs nonglandular, unicellular; purplish. Flowers complete, 

bisexual, slightly zygomorphic, hypogynous, pentamerous, bright yellow, 

pedicellate; pedicels cylindrical, about 0.2 – 1.1 cm long, hairy; hairs

nonglandular, unicellular; green; bracteate; bract 1, posterior, ovate, 0.3 –

0.5 cm long, hairy, hairs nonglandular, unicellular, yellowish, caducous. 

Calyx polysepalous, ovate to lanceolate, 0.5 – 0.8 cm x 0.3 – 0.5 cm, sepals

5, hairy; hairs nonglandular, unicellular, greenish, deciduous, imbricate. 

Corolla polypetalous, petals 5, unequal, posterior petal much larger and

broader than the others, obovate and innermost, remaining 4 petals ovate, 

1.2 – 1.6 cm x 0.7 – 1.3 cm; glabrous, bright yellow, imbricate. 

Androecium with 10 stamens, stamens free, unequal, anterior 7 fertile and

posterior 3 reduced to staminode; filaments unequal, 0.2 – 0.7 cm long,

some what spindle shaped, glabrous, yellowish; anthers 2-celled, unequal, 

0.1 – 0.5 cm long, basifixed, brownish, dehiscence porous and apical,

glabrous. Gynoecium with 1 carpel, ovary superior, elongated, about 1.1

cm long, unilocular many ovuled in marginal placentation, green, hairy;

hairs nonglandular, unicellular; style terminal,   1, cylindrical, about 0.2 cm

long, glabrous, greenish; stigma 1, annular truncate, green, glabrous. Fruits

simple, dry dehiscent, pod; pods rounded, cylindrical, 11-14 cm long,

greenish to purplish when immature but brownish at maturity, many



seeded; seeds with 2 rows, reniform, 0.3 cm x 0.2 cm, brownish at

maturity.

Morphology and Venation of Posterior Petal: (Fig- F)
Innermost, obovate, about 1.6 cm x 1.3 cm, much larger and broader

from other petals, reniform at apex, margin entire, cuneate at base, 

herbaceous, multicostate reticulate divergent with 7 longitudinal veins;

inner 3 veins run to the apex, lateral 2 veins run to the middle and the

outermost 2 veins run below the middle; pinnate secondaries

dichotomously branched and areolate, glabrous on both the surfaces, limb

bright yellow but claw greenish, deciduous.

Native :This species is native to West Indies.

Flowering and fruiting time : March – November.

Uses :Common weeds of Waste places.

Cassia tora Linn.

Description :
Annual, erect, branched herb, to 0.5 m high; Terrestrial; Tap rooted;

stems terete, soft, herbaceous, solid, hairy; hairs nonglandular, unicellular;

green. Leaves alternate, unipinnate compound, paripinnate; leaflets 3 pairs,

opposite, obovate, 1.5 – 3.5 cm x 1.3 – 2 cm, obtuse at apex, margin entire

and ciliate; hairs nonglandular, unicellular, whitish; rounded to obtuse at

base, often unequal sided, herbaceous; unicostate reticulate with 7-9 pairs

of alternate pinnate secondaries; each secondary joining with superadjacent

secondary forming loop; glabrous above but hairy beneath; hairs

nonglandular, unicellular, green; margin with white line, petiolate; petioles

slender, 1 – 3.5 cm long, hairy; hairs nonglandular, unicellular; pulvinous;

extrafloral gland absent; petiolulate; petiolule very short, pulvinous, green,

hairy; hairs nonglandular, unicellular; leaf rachis with 2 stipels;1 between

each of the lower pair of leaflets, slender, very short, pale greenish;

stipulate; stipules free lateral, linear, 0.6 – 0.7 cm long, hairy; hairs

nonglandular, unicellular; greenish, caducous; leaf appendage very minute, 

greenish. Inflorescence corymb, axillary, pedunculate; peduncles cylindric, 

0.2 – 0.4 cm long, hairy; hairs nonglandular, unicellular; green. Flowers

complete, bisexual, slightly zygomorphic, hypogynous, pentamerous,



yellow, pedicellate; pedicels cylindric, 0.6 – 0.8 cm long, hairy; hairs

nonglandular, unicellular, green; bracteate; bract 1, anterior, linear, 0.2 –

0.3 cm long, hairy; hairs nonglandular, unicellular; green; caducous. Calyx

polysepalous, obovate, 0.5 – 0.8 cm x 0.3 – 0.6 cm; sepals 5, unequal, 3

larger and 2 smaller; rounded to cuneate at base, entire, 5-nerved,

herbaceous, hairy; hairs nonglandular, unicellular; deciduous, greenish;

imbricate. Corolla polypetalous, petals 5, more or less unequal, posterior

petal innermost and largest, obovate, 1 – 1.3 cm x 0.5 – 0.7 cm, all shortly

clawed, glabrous, yellow, deciduous; imbricate. Androecium with 10

stamens; stamens free, unequal, anterior 7 larger and fertile but posterior 3

much shorter and reduced to staminode; filaments unequal, 0.1 – 0.3 cm

long; somewhat spindle shaped; glabrous, pale yellowish; anthers 2-celled,

unequal, 0.1 – 0.3 cm long, basifixed, pale yellowish, dehiscence porous

and apical, glabrous. Gynoecium with 1 carpel; ovary superior, stipitate, 

elongated, sub 4-angled, about 1 cm long, hairy; hairs nonglandular, 

unicellular; unilocular many ovuled in marginal placentation; greenish;

style 1, terminal, cylindrical, about 0.2 cm long, glabrous, greenish; stigma

1, annular truncate, green, glabrous. Fruits simple, dry dehiscent, pod; pods

sub 4-angled, many seeded; seeds 20-25, in a single row, about 0.5 cm x

0.2 cm, brownish when mature.

Morphology and Venation of Posterior Petal: (Fig- G)
Innermost, obcordate, about 1 cm x 0.7 cm, much larger and broader

from other petals, emarginate at apex, margin entire, rounded at base, 

herbaceous; multicostate reticulate divergent with 3 longitudinal veins;

each vein runs to the apex, pinnate secondaries dichotomously branched

and terminating at the margin; glabrous on both the surfaces; limb yellow

but claw greenish; deciduous.

Native:This species is native in India, Malayan Archipelago, Australia, 

and Polynesia. 

Flowering and fruiting time: July – January.

Uses:Occurs as common weeds in waste places, on roadsides etc., often

gregarious.



Cassia Linn. is a one of the largest genus of about 500 species under the

family Caesalpiniaceae containing trees, shrubs and herbs, and it is

distributed throughout  the world. On the basis of present morphological

features of the studied species in Kalyani Township, this genus is

characterized by the following features: Leaves simple pinnate; flowers

slightly zygomorphic, petals 5, imbricate; posterior petal innermost;

stamens 10, always free; anthers basifixed.

In Kalyani Township, majority species of Cassia are mostly annual

herbs; sometimes perennial tree (C. siamea, C. fistula) and rarely perennial

shrub (C. laevigata). Height of the plant is variable in different taxa and it

ranges from 0.5 m (C tora) to 12-15 m (C. siamea). All members are

terrestrial. Stem is generally green but sometimes brown (C. siamea, C. 

laevigata) and rarely purplish (C. occidentalis, C. sophera var. purpurea).

The diameter of the stem is usually 1.2 cm to 30 cm but it is significantly

smaller i.e. less than 1 cm (e.g. 0.8 cm in C. tora) and the maximum

diameter may be upto 90 cm as in C. siamea. 

All members have alternate, unipinnate compound, paripinnate leaves

with opposite pairs of leaflets. Leaflets are usually ovate-oblong and

herbaceous. Number of leaflets is usually 4-11 pairs but it is significantly

less i.e. 3 pairs as in C. tora. Commonly extrafloral nectary gland is absent

except in herbaceous species (C. sophera, C. occidentalis). Stipel is usually

absent, but rarely it is found in species like C. tora and C. laevigata. Leaf

margin is almost entire and ciliate, but rarely glabrous in C. siamea.

Stipules various and free lateral.  Flowers are large, pedunculate, showy, 

yellow, in axillary racemes. Bracts are of various types. Sepals and petals

are 5 in number and imbricate. Generally petals are conspicuously unequal,

but sometimes subequal (C. laevigata). Stamens are always 10, unequal, 

usually 7 fertile and 3 is reduced to staminodes, rarely all are perfect and

fertile (C. laevigata). Anthers are 2-celled, basifixed, dehiscence porous

and apical, glabrous. Carpel is 1, ovary superior, elongated, unilocular, 

many ovuled in marginal placentation. Styles may be short or long. Stigma

is terminal, annular, either truncate or capitate. Fruit is legume or pod; pods

are of various shaped and sized such as woody and terete (C. fistula);



rounded and sub 4-angled (C. tora, C. sophera) or flattened, impressed

between the seeds (C. occidentalis, C. laevigata) or rarely with a broad

wing down the middle of each valve (C. alata). Seeds are many, transverse, 

rarely longitudinal, horizontally or vertically compressed; occasionally sub-

tetragonous, albuminous (Prain, 1903).Characteristic features of posterior

petal are greatly variable among the studied species of Cassia. Posterior

petal is always innermost in all 7 species of Cassia and it is usually largest

in size except in C. siamea, where it is smallest and in C. laevigata it is

more or less equal in size with other petals. Shape of posterior petal is

significantly variable in different members of Cassia (Fig. A – G). Smallest

posterior petal has been noted in C. tora, where as largest form of petal has

been observed in C. laevigata. Configuration of apical and basal part of

petal is very valuable character for isolation of taxa. Number of

longitudinal veins varies from 1 (C. siamea) to 7 as in C. sophera. Both the

surfaces of petals are usually glabrous, except in C. laevigata and it is

pubescent on the lower surface. Colour of petal is basically yellow but its

variations have been documented in different species. Length breadth ratio

of petal is minimum (1.1) in C. sophera var. purpurea, which is maximum

(1.76) in C. laevigata.Extensive study of 7 species of Cassia in Kalyani

Township belonging to the family Caesalpiniaceae has been carried out

under simple and light compound microscope. Present study shows that

some significant characters regarding the morphology of posterior petal is

utmost diacritical along with the other floral and vegetative features of

Cassia species. In majority species, posterior petal is largest but it is rarely

smallest (C. siamea) or subequal (C. laevigata). Variations of the venation

pattern of posterior petals in different species as well as in different

individuals of the same species have also been noted. Shapes, sizes,

colours, length-breadth ratio, apex and bases characters of posterior petal of

different species are greatly variable. Morphological studies of different

species also indicate that many distinguishable characters exist among the

species of Cassia. 



As a whole, it can be concluded that morphological study of the

posterior petals in different species of Cassia are very essential and helpful

for their characterization and identification of taxon.

ARTIFICIAL KEY TO THE STUDIED SPECIES OF CASSIA L.
A1. Petal length less than 2 cm long :………………...…..…….…(B)

B1. Width less than 1 cm…………………………………...….C. tora

B2. Width more than 1 cm :………….………….………..….…….(C)

C1. Posterior petal smallest…………………….………..….C. siamea

C2.Posterior petal largest :……………………………...……....….(D)

D1. Widely obcordate, emarginate at apex; number of longitudinalveins

3 ; Length-breadth ratio 1.3……………………...….…C. occidentalis

D2. Obovate, reniform at apex; number of longitudinal veins 7; length-

breadthratio 1.1 …………………..…......….C. sophera var. purpurea

A2. Petal length more than 2 cm long :…………….……....…...…(E)

E1. Petal elliptic, subequal, obtuse at apex, glabrous above but hairy

beneath; length-breadth ratio 1.7…………………..…..…..…C. laevigata

E2. Petal not elliptic, largest, reniform at apex, glabrous on both the

surfaces; length-breadth ratio   near about 1.3 :……...............……..(F)

F1. Widely obovate, width 1.7 cm; number of longitudinal veins 7; claw

greenish………………………………..….…..….C. sophera var. sophera

F2. Pandurate, width 2 cm; number of longitudinal veins 3; claw deep

yellow ……………………………………….……………………C. alata
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Fig. 1- Posterior petal venation of different species of Cassia Linn.
A-Cassia alata Linn.; B - Cassia laevigata Willd.; C - Cassia

occidentalis Linn. ;D - Cassia  siamea Lamk.; E - Cassia  sophera

var.sophera Linn. ; F - Cassia sopheravar.purpurea Bak.; G -Cassia

tora Linn.



            PM.1-Photographs of different species of Cassia Linn.





accessory cells. Stomata are such a character which influence transpiration

rate, stomatal conduction and photosynthesis to a great extent and play an

important role on growth and development of plant.Present study is based

on the paper of Metcalf and Chalk (1950) that 4 types of stomata viz. 

Anisocytic, Anomocytic, Paracytic and Diacytic type. From epidermal

cells, various unicellular or multicellular epidermal outgrowths have

originated and and they are present all over the plant parts. These are called

trichomes which may be glandular, non-glandular hairs, scales, stellate etc.

Trichomes are helpful in checking excess loss of water by reducing the rate

of transpiration. They provide protection against animals. In insectivorous

plants trichomes act as digestive glands. In plants, root hairs absorb water

and mineral salts from the soil and they increase the surface area for water

absorption.

MATERIAL AND METHODS

The selected plant materials (pod) are mostly collected from the study

area or different parts of Medinipur, West Bengal, India, at different day

time. Maximum collection has been done at Purba Medinipur.

Table.1- Collection of the selected plant species under the sub-family
Papilionoideae from the different part of West Bengal.

Sl. No. Name of the plant

species

Habit Flowering &

Fruiting period

Place of

collectio

n

1. Arachis  hypogea

L. 

Herb May to July, 

fruits mature 1

month after

flowering.

Paschim

Medinipu

r

2. Atylosia

scarabaeoides L. 

Climber January to May, 

fruits mature 1

month after

flowering.

Chandipu

r,

PurbaMe

dinipur

3. Butea Tree February to PurbaMe



monosperma Roxb. April, fruits

mature 1 to 2

month after

flowering.

dinipur

4. Cajanus  cajan

DC.

Shrub February to July,  

fruits mature 15 

days after

flowering.

Tamluk,

PurbaMe

dinipur

5. Canavalia

gladiate DC.

Climber January to April,

fruits mature 2 to

3 month after

flowering.

Paschim

Medinipu

r

6. Cicer  arietinum L. Herb February to

April, fruits

mature 1 month

after flowering.

Paschim

Medinipu

r

7. Clitoria  ternatea

L.

Climber May to 

December, fruits

mature 1 month

after flowering.

PurbaMe

dinipur

8. Crotalaria  juncea

L.

Herb November to

March, fruits

mature 1 to 2

month after

flowering.

Chandipu

r,

PurbaMe

dinipur

9. Crotalaria  pallida

Ait.

Herb October to

December, fruits

mature 1 to 2

month after

flowering.

Universit

y

campus,

Paschim

Medinipu

r

10. Crotalaria  retusa Shrub November to

March, fruits

BSI,

Howrah



L. mature 1 to 2

month after

flowering.

11. Dalbergia  sissoo

Roxb.

Tree March to June, 

fruits mature 2 to

3 month after

flowering.

Universit

y

campus,

Paschim

Medinipu

r

12. Desmodium

gangeticum DC.

Herb February to

April, fruits

mature 15 to 25

days after

flowering.

Chandipu

r,

PurbaMe

dinipur

13. Dolichos  lablab L. Climber January to April,

fruits mature 10 

to 15 days after

flowering.

PurbaMe

dinipur

14. Dolichos  sp. 

(white variety)

Climber January to April,

fruits mature 10 

to 15 days after

flowering.

PurbaMe

dinipur

15. Glycyrrhiza glabra 

L.

Tree February to

April, fruits

mature 1 to 2

month after

flowering.

Paschim

Medinipu

r

16. Lathyrus sativus

L.

Herb February to

April, fruits

mature 20 days

after flowering.

Chandipu

r,

PurbaMe

dinipur

17. Lens  culinaris Herb January to April,

fruits mature 1

Paschim

Medinipu



Gren. and  Godr. month after

flowering.

r

18. Mucuna  pruriens

Adans.

Climber February to

April, fruits

mature 1 to 2

month after

flowering.

Paschim

Medinipu

r

19. Pachyrhizus

angulatus Rich.

Climber January to April,

Fruits mature 1

to 2 month after

flowering.

Chandipu

r,

PurbaMe

dinipur

20. Phaseolus  mungo

L.

Herb March to may, 

fruit mature 1

month after

flowering.

Tamluk,

PurbaMe

dinipur

21. Phaseolus

radiatus L.

Herb May to July, 

fruits mature 15-

20 days after

flowering.

Tamluk,

PurbaMe

dinipur

22. Phaseolus  vulgaris

L.

Herb January to April,

fruits mature 15 

to 20 days after

flowering.

Chandipu

r,

PurbaMe

dinipur

23. Pisum  sativum L. Climber January to April,

fruits mature 15 

to 25 days after

flowering.

PurbaMe

dinipur

24. Pongamia

pinnataVent.

Tree March to July, 

fruits mature 6 to

7 month after

flowering.

Chandipu

r,

PurbaMe

dinipur

25. Sesbania  aculeata Shrub February to

April, fruits

Pascim

Medinipu



Isolation of epidermis

The pod epidermis of leguminous plant isolated from fresh plant

specimen.The pods were fixed in FAA solution (acetic

acid:alcohol:formalin: water = 2:5:1: 12) for 24 hours and washed in 70%

Pers. mature  1 month

after flowering.

r

26. Sesbania

grandiflora Pers.

Tree February to

April, fruits

mature 1 month

after flowering.

Chandipu

r,

PurbaMe

dinipur

27. Tephrosia

purpurea Pers.

Herb July to January, 

fruits mature 15 

to 20 days after

flowering.

Vidyasag

ar

Universit

y

campus,

Paschim

Medinipu

r

28. Trigonella

corniculata L.

Herb February to

April, fruits

mature 1 month

after flowering.

Purba

Medinipu

r

29. Vicia  sativa L. Climber March to June, 

Fruit mature of

1 to 2 months

after flowering.

Shimla

30. Vigna  catjang

Savi.

Climber February to

April, fruits

mature 15 to 20

days after

flowering.

Purba

Medinipu

r



ethanol. The pieces of samples were cut from pod surface.The samples

were boiled in 5% aqueous solution of KOH for 5-10 minutes. Epidermal

peals were stepped and stained with 1% in 50% aqueous ethanol, saffranin

and temporary mount in glycerin. After preparing slides, were observed

under light microscope.

RESULTS AND DISCUSSION

The qualitative and quantitative micro-morphological features of pod of

the selected taxa are summarized in tables which include stomata and

trichomes characters such as measurements including length, breadth as

well as stomata and trichomes count, type, index. The present study

revealed that micromorphological features of the pod epidermis have a

considerable taxonomic value in identification of these investigated taxa in

consideration to their respective groups.  The total 24 genera and 30

species under Papilionoideae were observed.

In Papilionoideae great diversity of stomata was observed. Out of 30

species, maximum species bear anomocytic stomata except

Atylosiascarabaeoides, Arachis hypogea, Butea monosperma, Crotolaria

pallida, Pachyrhizus angulatus, Phaseolus mungo and Pongamia pinnata.

9 species show anisocytic stomata. Only Lathyrus sativus, Pisum sativum, 

Sesbania aculeata, Sesbania grandiflora, Tephrosia purpurea bear both

anisocytic and anomocytic stomata [Table – 4]. Desmodium gangeticum,

Phaseolus radiatus, Vicia sativa and Phaseolus mungo show paracytic

stomata. Desmodium gangeticum, Phaseolus radiatus and Vicia sativa

contain both anomocytic and paracytic stomata but, the mixture of

anisocytic, anomocytic and paracytic stomata are together never found. In

the interesting point, Arachis hypogea, Butea monosperma and Pongamia

pinnata have no stomata on the upper surface of the pod [Table – 4].

Another interesting point show that anisocytic and anomocytic stomata

together not appearing in any selected taxa. The largest stomatal size found

in Canavelia gladiata [48.133 x 36.159 µm2], smallest stomatal size found

in Crotolaria retusa [9.796 x 15.643 µm2] (Table – 2& Fig-4), and 3

species of Crotolaria except Crotolaria pallida, has anisocytic stomata, 2

species of Sesbania aculeata and Sesbania grandiflora show both



anisocytic and anomocytic stomata. In our investigation, it was clearly

found that, 13 species bear no trichomes and maximum species show both

unicellular and multicellular trichomes [Table – 4]. Cajanus cajan, Cicer

arietinum, Clitoria ternatea, Lathyrus sativus, Phaseolus mungo

andTephrosia purpurea contain glandular trichomes. Phaseolus radiatus

has largest trichome size [696.886 x 20.363 µm2] and smallest trichome

size found in Dolichos lablab (white variety) [39.738 x 6.092 µm2] [Table

– 3& Fig - 7].Mucuna pruriens has maximum number of trichomes. In the

interesting point, Cicer arietinum have trichome glands.             

In this investigation, it is found that most of the Papilionaceous

members bear stomatal index percentage from 0 to 7.57 [Table – 2]. In

these investigated Papilionaceous members some groups of interrelated

species are found. Arachis hypogea, Butea monosperma, Desmodium

gangeticum and Pongamia pinnata are interrelated species due to the

absence of stomata. Atylosia scarabaeoides, Canavalia gladiata, Dalbergia

sissoo, Mucuna pruriens, Pachyrhizus angulatus, Sesbania grandiflora,

Tephrosia purpurea, Viciasativa, Vigna catjang showed almost same

stomatal index percentage.Dolichos lablab (white variety), Glycyrrhiza

glabra, Lathyrus sativus are closely related [Table – 2]. But, 3 species of

Crotalaria, 2 species of Sesbania and 3 species of Phaseolus are in same

group showing distantly related in their relationship. Major variations in

stomatal index varied in Butea monosperma, Crotolaria juncea and

Crotalaria retusa than other species. Crotalariajuncea has highest stomatal

index percentage. In interspecific relationship Cicer arietinum,Cajanus

cajan and Pisum sativum have more or less equal percentage of stomatal

index. Crotalaria retusa, Lathyrus sativus and Trigonella corniculata show

same characteristics of stomatal index percentage. Crotalaria pallida, 

Crotalaria juncea and Crotalaria retusa bear highest stomatal count

(4424/cm2)[Table – 2] in the outer pod epidermal surfaces. The

investigated taxa, bear trichomes index percentage range from 0 to

5.66[Table – 3]. 3 species of Crotalaria, 2 species Crotalaria juncea and

Crotolaria retusa are closely connected unlike Crotalariapallida. But, 2

species of Dolichos are distant relationship with each other. Arachis



hypogea,Atylosia scarabaeoides, Lens culinaris, Pachyrhizus angulatus,

Pisum sativum, Pongamia pinnata, Sesbania aculeata, Sesbania

grandiflora and Vicia sativa are closely interrelated due to the absence of

trichomes [Table 3].

Table. 2 - Qualitative and quantitative characters of stomata of the selected plant

species under the sub-family Papilionoideae.

SL
NO.

Name of the
plant species

Length of

stomata

(µm )

Breadth

of

stomata

(µm )

Persentage

of

stomatal

index

Stomata

count/cm2

1. Arachis
hypogea L.

0 0 0 0

2. Atylosia
scarabaoides
L.

45.746 24.523 1.42 1769

3. Butea
monosperma
Roxb.

0 0 0 0

4. Cajanus cajan
DC.

35.852 29.121 3.00 3539

5. Canavalia
gladiata DC.

48.133 36.159 1.74 2654

6. Cicer arietinum
L.

36.904 22.663 3.44 2654

7. Clitoria
ternatea L.

42.088 20.317 1.19 1769

8. Crotalaria
juncea L.

37.525 26.217 7.57 4424

9. Crotalaria
pallida Ait.

37.583 31.975 4.95 4424

10. Crotalaria
retusa L.

9.796 15.643 5.49 4424

11. Dalbergia
sissoo Roxb.

15.023 8.387 1.74 2654

12. Desmodium
gangeticumDC.

19.811 18.264 2.23 2654



13. Dolichos lablab
L.

38.659 24.100 2.59 1769

14. Dolichos sp. 
(white variety)

11.070 10.757 2.30 2654

15. Glycyrrhiza
glabra L.

25.182 15.491 2.17 884

16. Lathyrus
sativus L.

31.968 22.028 5.40 1769

17. Lens culinaris
Gren. and Godr.

40.590 26.804 2.63 1769

18. Mucuna
pruriens Adans.

14.112 15.612 1.04 2654

19. Pachyrhizus
angulatus Rich.

36.495 32.421 1.16 1769

20. Phaseolus
mungo L.

17.519 14.661 3.94 2654

21. Phaseolus
radiates L.

21.321 13.715 3.25 3539

22. Phaseolus
vulgaris L.

37.960 29.463 1.72 2654

23. Pisum  sativum
L.

42.230 24.937 3.84 2654

24. Pongamia
pinnata Vent.

0 0 0 0

25. Sesbania
aculeata Pers.

13.964 10.685 2.43 2654

26. Sesbania
grandiflora
Pers.

43.000 30.413 1.62 1769

27. Tephrosia
purpurea Pers.

24.126 22.876 1.89 2654

28. Trigonella
cornicularis L.

29.356 26.250 5.88 3539

29. Vicia sativa L. 23.147 18.709 1.72 2654

30. Vigna catjang
Savi.

37.004 24.084 1.78 1769

Table. 3 -Qualitative and quantitative characters of trichomes of the
selected species under the sub-family Papilionoideae.



Sl. No Name of the

plant species

Length of

stomata

(µm)

Breadth

of

stomata

(µm)

Tricho

mes

count/c

m²

Persentage

of

Trichome

index

1. Arachis

hypogea

0 0 0 0

2. Atylosia

scarabaeoides

0 0 0 0

3. Butea

monosperma

91.711 8.68 4155 5.66

4. Cajanus cajan 130.477 11.588 3463 3.73

5. Canavalia

gladiata

0 0 0 0

6. Cicer

arietinum

459.864 31.02 2078 3.44

7. Clitoria

ternatea

84.253 10.46 3463 2.92

8. Crotalaria

juncea

0 0 0 0

9. Crotalaria

pallida

266.051 40.831 2770 4

10. Crotalaria

retusa

0 0 0 0

11. Dalbergia

sissoo

77.423 6.449 1385 0.58

12. Desmodiumga

ngeticum

173.694 15.570 2770 2.90

13. Dolichos

lablab

84.640 13.783 1385 2.59

14. Dolichos

lablab (white

variety)

39.738 6.092 1385 0.87



  

15. Glycyrrhiza

glabra

76.682 6.929 692 2.17

16. Lathyrus

sativus

151.352 14.121 692 2.77

17. Lens culinaris 0 0 0 0

18. Mucuna

pruriens

560.530 19.345 4847 2.39

19. Pachyrhizus

angulatus

0 0 0 0

20. Phaseolus

mungo

241.367 27.157 1385 2.66

21. Phaseolus

radiatus

696.886 20.363 692 0.83

22. Phaseolus

vulgaris

129.349 14.282 1385 1.15

23. Pisum sativum 0 0 0 0

24. Pongamia

pinnata

0 0 0 0

25. Sesbania

aculeata

0 0 0 0

26. Sesbania

grandiflora

0 0 0 0

27. Tephrosia

purpurea

168.883 11.564 2078 1.78

28. Trigonella

corniculata

0 0 0 0

29. Vicia sativa 0 0 0 0

30. Vigna catjang 107.287 14.552 692 0.90



Sl

No.

Name of the

plant species

Anisocyti

c

Anomo

cytic

Para

cytic

Unice

llular

Multicell

ular

Glandula

r

1. Arachis

hypogea

- - - - - -

2. Atylosia

scarabaeoide

s

+ - - - - -

3. Butea

monosperma

- - - + - -

4. Cajanus

cajan

- + - + - +

5. Canavalia

gladiata

- + - - - -

6. Cicer

arietinum

- + - - + +

7. Clitoria

ternatea

- + - - + +

8. Crotalaria

juncea

- + - - - -

9. Crotalaria

pallida

+ - - + - -

10 Crotalaria

retusa

- + - - - -

11 Dalbergia

sissoo

- + - + - -

12 Desmodium

gangeticum

- + + - + -

13 Dolichos

lablab

- + - + - -

14 Dolichos

lablab (white

variety)

- + - + - -

15 Glycyrrhiza - + - - + -



Table  4 :Presence and absence of different types of stomata and

trichomes under the sub-family Papilionoideae. 

glabra

16 Lathyrus

sativus

+ + - - - +

17 Lens

culinaris

- + - - - -

18 Mucuna

pruriens

- + - - + -

19 Pachyrhizus

angulatus

+ - - - - -

20 Phaseolus

mungo

- - + - + +

21 Phaseolusra

diatus

- + + + - -

22 Phaseolus

vulgaris

- + - + - -

23 Pisum

sativum

+ + - - - -

24 Pongamia

pinnata

- - - - - -

25 Sesbania

aculeata

+ + - - - -

26 Sesbania

grandiflora

+ + - - - -

27 Tephrosia

purpurea

+ + - + + +

28 Trigonella

corniculata

+ + - - - -

29 Vicia sativa - + + - - -

30 Vigna

catjang

- + - - + -



Table.  5(A) - Statistical analysis of the length of stomata of the selected plant

species under the sub family Papilionoideae.

Sl

No.

Name of the

plant species

Mean

(Y)

SD

( yEr±)

SE

( yEr±)

Min. 

(Y)

Max.

(Y)

1 Arachis

hypogea

0 0 0 0 0

2 Atylosia

scarabaeoides

45.74 38.4

7

20.13 24.47 86

3 Butea

monosperma

0 0 0 0 0

4 Cajanus

cajan

35.85 6.31 3.64 28.59 40.15

5 Canavalia

gladiata

48.13 2.80 1.61 45.71 51.20

6 Cicer

arietinum

36.90 2.36 1.36 34.21 38.66

7 Clitoria

ternatea

42.08 1.86 1.07 40.01 43.62

8 Crotalaria

juncea

37.52 3.16 1.82 34.21 40.52

9 Crotalaria

pallida

37.58 1.92 1.11 35.52 39.34

10 Crotalaria

retusa

9.79 0.20 0.11 9.58 9.97

11 Dalbergia

sissoo

15.02 0.39 0.22 14.77 15.48

12 Desmodium

gangeticum

19.81 2.62 1.51 17.86 22.79

13 Dolichos

lablab

38.65 12.2

1

7.05 25.99 50.38

14 Dolichos 11.07 4.59 2.65 7.11 16.10



lablab (white

variety)

15 Glycyrrhiza

glabra

25.18 1.38 0.78 23.88 26.60

16 Lathyrus

sativus

31.96 3.48 2.01 27.94 33.09

17 Lens culinaris 40.59 2.37 1.36 38.21 42.96

18 Mucuna

pruriens

14.11 0.78 0.45 13.20 14.58

19 Pachyrhizus

angulatus

36.49 4.54 2.62 32.04 41.13

20 Phaseolus

mungo

17.51 4.54 2.57 12.54 21.14

21 Phaseolus

radiatus

21.32 4.12 2.38 17.54 25.72

22 Phaseolus

vulgaris

37.69 3.24 1.87 35.38 41.60

23 Pisum

sativum

42.23 0.36 0.21 41.84 42.56

24 Pongamia

pinnata

0 0 0 0 0

25 Sesbania

aculeata

13.96 0.40 0.23 13.51 14.31

26 Sesbania

grandiflora

43 5.22 3.01 39 44.90

27 Tephrosia

purpurea

24.12 1.75 1.01 22.55 26.02

28 Trigonella

cornicularis

29.35 1.76 1.01 27.70 31.21

29 Vicia sativa 23.14 2.95 1.70 20.51 26.06

30 Vigna catjang 24.08 4.18 2.41 34.53 41.83



SD = Standard deviation, SE =Standard error, Min. = Minimum, Max. = Maximum,

yEr = Error in Y axis

Table. 5(B) - Statistical analysis of the breadth of stomata of the selected plant

species under the sub family Papilionoideae.

Sl

No.

Name of the

plant species

Mean

(Y)

SD

( yEr±)

SE

( yEr±)

Min. 

(Y)

Max.

(Y)

1 Arachis

hypogea

0 0 0 0 0

2 Atylosia

scarabaeoides

24.52 2.99 1.72 21.66 27.63

3 Butea

monosperma

0 0 0 0 0

4 Cajanus

cajan

29.12 4.96 2.86 23.87 33.75

5 Canavalia

gladiata

36.15 5.65 3.26 30.54 41.86

6 Cicer

arietinum

22.66 0.35 0.20 22.27 22.95

7 Clitoria

ternatea

20.31 1.21 0.70 19.05 21.47

8 Crotalaria

juncea

26.21 3.47 2 23.16 29.99

9 Crotalaria

pallida

31.97 6.90 3.98 26.33 39.63

10

Crotalaria

retusa

15.64 0.90 0.52 14.63 16.39

11 Dalbergia

sissoo

8.38 0.23 0.13 8.13 8.58

12 Desmodium

gangeticum

18.26 1.74 1 16.74 20.16

13 Dolichos

lablab

24.1 8.31 4.80 15.61 32.23



14 Dolichos

lablab (white

variety)

10.75 5.59 3.23 7.47 17.22

15 Glycyrrhiza

glabra

15.49 0.65 0.38 14.76 16.03

16 Lathyrus

sativus

22.02 2.85 1.64 19.13 24.83

17 Lens culinaris 26.80 1.57 0.91 25.40 28.51

18 Mucuna

pruriens

15.61 0.99 0.57 14.58 16.58

19 Pachyrhizus

angulatus

32.42 3.59 2.07 28.27 33.57

20 Phaseolus

mungo

14.66 0.80 0.46 13.94 15.52

21 Phaseolus

radiatus

13.71 5.97 3.45 10.03 20.61

22 Phaseolus

vulgaris

29.46 0.78 0.45 29.01 30.36

23 Pisum

sativum

24.93 1.48 0.85 23.39 26.29

24 Pongamia

pinnata

0 0 0 0 0

25 Sesbania

aculeata

10.68 2.74 1.58 7.74 13.19

26 Sesbania

grandiflora

30.41 0.19 0.11 30.24 30.62

27 Tephrosia

purpurea

22.87 0.72 0.41 22.11 23.56

28 Trigonella

cornicularis

26.25 0.53 0.30 25.63 26.61

29 Vicia sativa 18.70 1.88 1.08 16.61 20.28

30 Vigna catjang 24.08 0.96 0.55 23.34 25.17



SD = Standard deviation, SE =Standard error, Min. = Minimum,   Max. =

Maximum, yEr = Error in Y axis.

Table.  5(c) - Statistical analysis of the length of trichome of the selected plant

species under the sub family Papilionoideae.

Sl

No.

Name of the

plant species

Mean

(Y)

SD

( yEr±)

SE

( yEr±)

Min.

(Y)

Max.

(Y)

1 Arachis

hypogea

0 0 0 0 0

2 Atylosia

scarabaeoides

0 0 0 0 0

3 Butea

monosperma

91.71 43.49 25.11 59.12 141.10

4 Cajanus

cajan

130.47 41.24 23.81 83.88 162.31

5 Canavalia

gladiata

0 0 0 0 0

6 Cicer

arietinum

365.24 40.25 28.46 327.78 389.70

7 Clitoria

ternatea

84.25 3.62 2.09 80.54 87.79

8 Crotalaria

juncea

0 0 0 0 0

9 Crotalaria

pallida

266.05 36.15 20.87 227.26 298.81

10 Crotalaria

retusa

0 0 0 0 0

11 Dalbergia

sissoo

77.42 2.03 1.17 75.54 49.59

12 Desmodium

gangeticum

173.69 4.19 2.42 169.27 177.63

13 Dolichos

lablab

84.64 3.00 1.73 81.65 87.65



14 Dolichos

lablab (white

variety)

39.73 13.68 7.90 26.65 53.95

15 Glycyrrhiza

glabra

76.68 2.33 1.34 74.84 79.30

16 Lathyrus

sativus

151.35 34.54 19.94 119.59 188.13

17 Lens culinaris 0 0 0 0 0

18 Mucuna

pruriens

560.53 82.96 47.89 465.34 617.48

19 Pachyrhizus

angulatus

0 0 0 0 0

20 Phaseolus

mungo

241.36 56.92 32.86 195.18 304.97

21 Phaseolus

radiatus

696.88 20.86 12.04 674.98 716.52

22 Phaseolus

vulgaris

129.34 48.20 27.83 96.58 184.70

23 Pisum

sativum

0 0 0 0 0

24 Pongamia

pinnata

0 0 0 0 0

25 Sesbania

aculeata

0 0 0 0 0

26 Sesbania

grandiflora

0 0 0 0 0

27 Tephrosia

purpurea

168.88 24.82 14.33 146.22 184.00

28 Trigonella

corniculata

0 0 0 0 0

29 Vicia  sativa 0 0 0 0 0

30 Vigna catjang 107.28 34.48 19.91 70.04 144.63



SD = Standard deviation,  SE =Standard error, Min. = Minimum, Max.

= Maximum, yEr = Error  in Y axis

Table.  5(D) - Statistical analysis of the breadth of trichome of the selected

plant species under the sub family Papilionoideae.

Sl

No.

Name of the

plant species

Mean

(Y)

SD(

yEr±)

SE (

yEr±)

Min. 

(Y)

Max.

(Y)

1. Arachis

hypogea

0 0 0 0 0

2. Atylosia

scarabaeoides

0 0 0 0 0

3. Butea

monosperma

8.68 2.15 1.24 6.76 11.00

4. Cajanus cajan 11.58 1.83 1.06 9.47 12.76

5. Canavalia

gladiata

0 0 0 0 0

6. Cicer arietinum 31.02 0.74 0.43 30.48 31.87

7. Clitoria

ternatea

10.46 0.36 0.21 10.16 10.86

8. Crotalaria

juncea

0 0 0 0 0

9. Crotalaria

pallida

40.83 4.60 2.65 35.69 44.59

10. Crotalaria

retusa

0 0 0 0 0

11. Dalbergia

sissoo

6.44 1.70 0.98 4.58 7.93

12. Desmodium

gangeticum

15.57 1.65 0.95 13.83 17.11

13. Dolichos lablab 13.78 2.50 1.44 10.96 15.74

14. Dolichos lablab

(white variety)

6.09 0.32 0.18 5.73 6.33

15. Glycyrrhiza

glabra

6.92 1.70 0.98 5.38 8.76

16. Lathyrus

sativus

14.12 0.61 0.35 13.71 14.83



17. Lens culinaris 0 0 0 0 0

18. Mucuna

pruriens

19.34 2.87 1.66 16.97 28.54

19. Pachyrhizus

angulatus

0 0 0 0 0

20. Phaseolus

mungo

27.15 3.36 1.96 23.98 30.74

21. Phaseolus

radiatus

20.36 2.05 1.18 17.99 21.62

22. Phaseolus

vulgaris

14.28 2.47 1.42 12.8 17.13

23. Pisum  sativum 0 0 0 0 0

24. Pongamia

pinnata

0 0 0 0 0

25. Sesbania

aculeata

0 0 0 0 0

26. Sesbania

grandiflora

0 0 0 0 0

27. Tephrosia

purpurea

11.56 1.18 0.68 10.31 12.67

28. Trigonella

corniculata

0 0 0 0 0

29. Vicia sativa 28.0 0 0 0 0

30. Vigna catjang 14.55 2.28 1.31 12.8 17.13















Investigation mainly focused on comparative study of quantitative and

qualitative stomata and trichomes character of 30 genera belonging to

family Papilionoideae.The pods show a great diversity and although often

diagnostic for identification. The shape, texture, surface features, 

dehiscence, mechanism and orientation of pods are important taxonomic

features. The family studied can be based on the presence of various types

of stomata and trichomes. The study of epidermal surfaces revealed a

number of important micromorphological characters, which exhibited

interesting interspecific variation that was of significance for

identification.Papilionoideae showed maximum level of diversity of

stomata and trichomes. Maximum species bear anomocytic stomata, 

unicellular and multicellular trichomes. Trichome gland was appearing in

Cicer arietinum. Few of them contain glandular trichomes.  Examination of

the pod epidermal surface showed that there are wide variations in the

morphology, distribution, systematic value of stomata and trichomes type. 

So, it is surely concluded that the variation of stomatal and trichomes

structure, type and distribution play a vital role in structural modification.

Though the species selected for study of the family but due to

environmental factor the stomatal and trichome index and frequency are

more or less similar with some exceptions which is very significant in

taxonomical study.
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Ca when other mechanisms have become saturated (Frank, 1972; Zindler-

Frank, 1975; Borchert, 1985; Borchert, 1986; Franceschi, 1989; Franceschi

and Loewus, 1995; DeSilva et al., 1996; Kuo-Huang and Zindler-Frank,

1998; Pennisi and McConnell, 2001; Zindler-Frank et al., 2001; Volk et al., 

2002). Through this mechanism, large amounts of excess Ca can be

precipitated as a highly insoluble salt of oxalate that is no longer

osmotically or physiologically active. As a consequence of this process, the

majority of the tissue Ca can be in the form of COCs(Gallaher, 1975;

Gallaher and Jones, 1976)

Duckweeds or water lentils are aquatic plants found world wide

which float on or just beneath the surface of still or slow moving fresh

water bodies. Taxonomically they arise from the arum or aroid family

Araceae and therefore often are classified as the sub-family Lemnoideae

within the Araceae .Classifications created prior to the approximate end of

20th century tend to classify them as a separate family Lemnaceae, they are

monocotyledonous and are higher plants or macrophytes. Several micro-

characters like stomata, sclerides, pollen, pollinia etc present in plants

systems, COCs are the another important micro-characters, which can be

easily use as additional characters for proper taxonomical placement.

Calcification and the formation of calcium crystals (raphides, druses) and

calcium carbonet crystals (cystoliths) are common phenomenon in many

plant species under ordinary condition. In an angiosperm, calcium oxalate

is the predominant deposited calcium salt and the most commonly

encountered shapes are raphides, and druses. They may be located in

specific tissue and organs. There have been a few reports on COCs in

aquatic angiosperms (Franceschi, 1987). 

The aquatic plants that may germinate under normal condition and

grow with their water base. In general, they can form to one growth habit

through most of their life cycle like emerged, floating, submerged with

floating leaves or submerged in water (Yang, 1987). Present study attempt

to study the location, frequency, deposition, shape and distribution  

ofCOCs in the leaves and roots of two important aquatic free floating taxa

under the sub-family Lemnoideae and make the special reference to the



possible relationship of COCs structures. The COCs can form in any organ

or tissue within the plants, including leaves and roots. COCs in free

floating aquatic plants have a variety of function including calcium storage, 

which directly and indirectly prevent herbivore, to promote air space

formation (Ling-Long Kuo-Huang, et al, 1994.). In many plant species, the

defensive raphide idioblasts, which eject their calcium oxalate needles, 

have been implicated in the irritation produced when aroids are eaten or

handled fresh (Saadi and Mondal, 2011). There are three main types of

calcium oxalate crystals in monocotyledon: raphides, styloids and druses,

and these may be treated as three separate characters in cladistic analysis

(Prychid and Rudall, 1999). Which are mostly species specific that is each

species contain specific structures which have taxonomically most

important. These crystals are associated with fundamental parenchyma

tissue. MATERIALS AND METHODS

The plant species belong to the sub-family Lemnoideae. They were

properly identified with the help of recent floras and matching with the

authentic herbarium specimens available in the herbarium of Department of

Botany and Forestry, Plant Taxonomy, Biosystematics and Molecular

Taxonomy Laboratory, Vidyasagar University and further with the help of

Botanical Survey of India (BSI), Sibpur, Howrah. The plant materials

(Table. 1) were preserved following the standard method. It was done in

the month June to August (2014).

Table. 1 - Showing the number of studied species and their sources.

Sl.

No.

Name  of  studied   taxa Tribe Sources Parts use

1

. 

Spirodela polyrrhiza (L.)

Schleid.,

Lemneae Paschim

Medinipur

Leaf &

root

2

. 

Lemna minor L. Lemneae Paschim

Medinipur

Leaf &

root



Tissue preparation and microscopic study

Organs were hand-sectioned with a single-edged razor blade.Transverse

sections were prepared ofleaf, petiole and storage organ or corm. Petioles

and leaf midveins were cross-sectioned.Leaves and petiole wings were cut

into pieces about 1 cm2 orsmaller. All samples were cleared using a

modification of the NaOH tissueclearing method (Ruzin, 1999) as follows.

They were placedin 5% NaOH and shaken on a rotary platform shaker at

30 rpmfor 2 to 4 days. Sufficient liquid was used to allow free movementof

the tissue samples, generally about 30 ml. Samples were thenbleached in

full strength household chlorine bleach (3–6%sodium hypochlorite), 

usually for 5–10 min, but no morethan 30 min, and then washed three times

in water for at least10 min each time. Samples were maintained on the

shaker at 30rpm during bleaching and washing.

Cleared samples were then dehydrated by passing them

through25%, 50%, 75%, and 100% reagent grade ethanol, and rinsed

againin 100% ethanol. Each solution was applied for at least 10 minwith

shaking at 30 rpm. They were then placed in 1:1 reagentgrade ethanol:

xylene (xylol) under a fume hood for 10 min withoccasional swirling, and

then in two changes of xylene for 10min each, with swirling, under the

fume hood. Finally, the sampleswere transferred to the microscope slide

and covered with a glasscover slip.Slides were examined with bright field

and polarization microscopy.The latter, viewing the slidesthrough

polarizing sunglasses. The filters on the light sourcewere rotated to achieve

extinction of background illuminationwhen viewed through the sunglasses.

Digital micrographs weretaken with a Nikon [NIKON ECLIPSE (LV100

POL)] digital camera mounted on a NikonEclipse 50i Microscope (Nikon,

Tokyo, Japan).Some low magnification digital micrographs were taken

with anlight microscope (10X x 40X) [Olympus], Phase Contrast

Microscope (Leica DM- 1000) from University Science Instrument Centre

(USIC) section of Vidyasagar University. Statistical analysis made by the

Software “ORIGIN 6.1”.Micro photographs have been taken, with the help

of Scanning Electron Microscopy (QUANTA 200) from Bos Institutes,

Kakurgachi, Kolkata.



RESULTS AND DISCUSSION

Crystals of calcium oxalate deposit within idioblasts cell [Fig. 2 D, F]

are of two types, i.e. - druse idioblasts [Fig. 2E & 3A]  and raphide

idioblasts [Fig. 1D, 2F & 3C]  mainly in case of Spirodela polyrrhiza and

Lemna minor located throughout the tissue and contain a bundle of needle-

shaped raphide crystals [Fig.1A, F, 2A & 3 B, D, F]  in the vacuole which

have  both pointed ends as well as grooves and bridge [Table-2]. The

raphide idioblasts are roughly cylindrical or ovoid or rounded and located

in growing tissue than mature and their size and shapes is quite variable. 

The idioblast containing COCsare varying in number in each bundle like

100-800 and observed mainly in the parenchymatous tissue. In case of leaf

and root, the length (64.41±15.23µm) and breadth (1.56±0.3µm) of

raphides higher in Spirodela polyrrhiza. Raphides occurring in another

specialized cell such as aerenchyma and form idioblast. The idioblast are

especially abundant around growing tissue [Fig.1B] and sporadic in mature

tissue. In case of Spirodela polyrrhiza the idioblasts of root more longer

than other but druse is very rare [Fig. 1E], in case of Lemna minoridioblast

is rare and very thin wall so degrade easily by any of the presure but druses

not observed. Some statistical analysis results that the frequencies of

raphide and druse idioblasts are different in different species, in leaf which

is mainly higher (26.67±3.53µm and 96.67±13.02µm respectively) in

Lemna minor than other taxa in per microscopic field [Fig. 1B & 2B, C]

[Table-7, 9] [Graph-2 A,B] but in root which is higher (25±2.89µm and

53±6.24µm respectively) in Spirodelapolyrrhiza[Fig. 1B & 2B, C] [Table-

8, 10] [Graph-2 C, D]. Raphides idioblast are characteristically defensive

and non defensive so we observed only non-defensive raphides [Fig.1 D &

2D, E], but defensive idioblasts protect plants from herbivore. The druse

idioblasts are multiple crystals that are like a morning star [Fig. 1 C &2E ],

which was normally seen in intercellular space of parechymatous cells of

leaves [Fig. 2E]. In the leaves, druses are mostly located in the direction of

the long axis of the throughout the tissue mainly intercellular space

especially abundant around mature tissue and sporadic in growing tissue.

Crystal or raphide idioblast formation was found to be dependent on the Ca



concentration of the growing plants. This is confirmed by statistical

analysis of the number of idioblasts per microscopic field [Table-7, 8, 9,

10] and the length and breadth of the COCs relative to Ca concentration

deposition in the cells [Table-3, 4, 5, 6]. Each of these parameters increases

up to a certain point as the Ca concentration increases. The number of

idioblasts per plant is quite variable, toxic effects of high Ca on prolonged

growth of the plants. The large standard errors seen in this analysis of size

are a result of the fact that there is a naturally large amount of variation in

size of raphide idioblasts and druse idiblasts throughout the plant. This

analysis indicates that both the number of crystal idioblasts and the

capacity of individual idioblasts increase in response to Ca, it is also

depends on different environmental condition.

Table 2. Location and shape of COCs in two free floating taxa

Plant

species

Cryst

al

type

Idioblast

s

Crystal shapes Specific

location

Ha-

bit

Spirodela

polyrrhiza

R & D Non-

defensive

Both the end

needle shaped,

present of

bridge and

grooves; multi-

crystal druse. 

Fundame

ntal

Parenchy

ma

F

.

F

Lemna

minor

R & D Non-

defensive

Both the end

needle shaped,

present of

bridge and

grooves; multi-

crystal druse.

Fundame

ntal

Parenchy

ma

F.F

[R=Raphides; D=Druses; F.F =Free floating]



Table 3.The length (µm) of raphides in the leaf of selected aquatic taxa

Plant species Mean (Y) Sd (yEr

±)

Se (yEr

±)

Min (Y) Max

(Y)

Spirodela

polyrrhiza

64.41 26.39 15.23 34.06 81.93

Lemna minor 31.51 6.43 3.72 25.46 38.27

Table 4. The breadth (µm)  ofraphides in the leaf of selected aquatic taxa

Plant species Mean (Y) Sd (yEr

±)

Se (yEr

±)

Min (Y) Max

(Y)

Spirodela

polyrrhiza

1.56 0.52 0.3 0.95 1.88

Lemna minor 1.08 0.59 0.34 0.62 1.75

Table 5.The length (µm)  ofraphides in the root of selected aquatic taxa

Plant species Mean (Y) Sd (yEr

±)

Se (yEr

±)

Min (Y) Max

(Y)

Spirodela

polyrrhiza

31.85 8.04 4.64 24.71 40.56

Lemna minor 21.68 7.04 4.06 13.55 25.91



Table 6. The breadth (µm) ofraphides in the root of selected aquatic taxa

Plant species Mean (Y) Sd (yEr

±)

Se (yEr

±)

Min (Y) Max

(Y)

Spirodela

polyrrhiza

0.74 0.19 0.11 0.55 0.94

Lemna minor 0.48 0.08 0.05 0.39 0.55

Table 7. Frequencies of idioblasts in the leaf in per microscopic field

Plant species Mean (Y) Sd (yEr

±)

Se (yEr

±)

Min (Y) Max

(Y)

Spirodela

polyrrhiza

25 5 2.89 20 30

Lemna minor 26.67 6.11 3.53 20 32

Table 8.Frequencies of idioblasts in the root in per microscopic field

Plant species Mean (Y) Sd (yEr

±)

Se (yEr

±)

Min (Y) Max

(Y)

Spirodela

polyrrhiza

4 1 0.58 3 5

Lemna minor 1.33 0.58 0.33 1 2



Table 9. Frequencies of druses in the leaf in per microscopic field

Plant species Mean (Y) Sd (yEr

±)

Se (yEr

±)

Min (Y) Max

(Y)

Spirodela

polyrrhiza

53 10.82 6.24 44 65

Lemna minor 96.67 22.54 13.02 75 12

0

Table 10. Frequencies of druses in the root in per microscopic field

Plant

species

Mean

(Y)

Sd

(yEr ±)

Se

(yEr ±)

Min

(Y)

M

ax

(Y)

Spirodela

polyrrhiza

3 1 0.58 2 4

Lemna minor 1 1 0.58 0 2









Fig. 2 - A.Raphides of leaf in Lemna minor;B.   Diversity of druses of leaf in Lemna

minor; C.Diversity of idioblasts of leaf in Lemna minor; D. Non defensive idioblasts of

leaf in Lemna minor E.Druses of leaf in Lemna minor; F. Non defensive idioblasts of

leaf in Lemna minor. 



Fig.3-A.Druses of leaf in Lemna minor; B.Raphides of root in Lemna minor;

C.Non defensive idioblast of leaf in Spirodela polyrrhiza. D.  Raphides with grooves

and bridge of leaf in Spirodela polyrrhiza, E. Bundle of raphides of leaf in Lemna

minor, F. Raphides grooves and bridge of leaf in Lemna minor.



Calcium oxalate crystals (COCs) occur in the plant bodies of 2 species

under the Sub-family Lemnoideae were investigated. These three free

floating species generally encountered shapes, size, location, deposition

and frequency were observed. These type of Ca deposition in different

location of plant organs are different. This Ca deposition occurs in

particular specific cells like raphide and druse idioblasts. The distribution

of this raphide and druse idioblasts varies even within a species but some

general patterns occur (Saadi and Mondal, 2012).  Crystals of different

morphology may occur in the same species, suggested that impurities may

be a factor in the formation of different crystals types. Franceschi and

Horner (1980) reported that various physical and chemical prameters such

as temperature, pressure, and PHand ion concentration affect crystals

growth, habit and properties. In the aquatic leaves and roots there exists an

extensive system of aerenchyma and a reduced xylem system (Fahn, 1990). 

The COCs idioblast observed in plant bodies of aquatic angiosperm are

frequently associated with the parenchyma and they may contain multi

crystals druse and a bundle of raphides. Hence the formation of COCs in

plants may be linked to evaporation of water (Franceschi and Horner, 

1980) or air circulation in the air channels of some aquatic angiosperms.

The chemical and physical form of oxalate differs in our selected two free

floating aquatic taxa- Lemna, Spirodela accumulate COCs. Raphides

crystals occur as bundles of large thin crystals. While druses are shaped

like a morning star. 

The specific distribution, frequency, size and shape of the crystals in the

aquatic angiosperm demonstrated that they are varied from genus to genus

due to presence of different length and breadth of calcium oxalate crystal

between two species as well as their micro-morphological characters like

taper type raphides, grooves, bridge and also their frequencies of raphide

idioblast and druse idioblast. These micro-characters may be depends on



physiological and genetical parameter in aquatic environment. This crystal

formation was found to be dependent on the Ca concentration of the

growing plants and the length and breadth of the crystal bundles relative to

Ca concentration in the cells. Each of these parameters increases up to a

certain point as the Ca concentration increases.

Abbreviations Used

COCs- Calcium Oxalate Crystals or Raphides

PM- Polarized Microscope; LM-Light Microscope; SEM- Scanning Electron
Micrscope

S.P. Spirodela polyrrhiza; L.M.-Lemna minor
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anatomical features of cypselas  among  6 species, under 4  tribes  of  the  

family  Compositae and also to show the relationships among them

MATERIALS AND METHODS
Dry, mature, identified, disease free cypselas were procured for this

study. Among 6 studied   species, 2 species [Tagetes patula L. andTithonia

rotundifolia(Mill.) S F Blake] were obtained from Danmark and Zurich

respectively.  The other 4 species   were collectedfrom local areas [Kalyani

University Campus].

Table.1-Showing  the  number  of studied species and  their  

sources. 

Name  of  studied  

taxa

Tribe Sources

Ageratum

houstonianium Mill.

Eupatorieae Kalyani University  Campus.

B.M.-1

Eleutheranthera

ruderalis (Sw.)Sch. Bip.

Heliantheae KalyaniUniversity   Campus.

B.M.-2

Synedrella  nodiflora

Gaertn.

Heliantheae Kalyani University Campus.

B.M.-3

Tagetes  patula L. Tageteae Botanic Garden  of  the

University  of

Copenhagen,Danmark.

S 1964-0136

Tithonia  rotundifolia

(Mill.) S. F. Blake

Heliantheae Botanischer Garden der

Universitat  Zurich,XXOZ-

19963757

Tridex  procumbens L. Millerieae Kalyani University  Campus.

B.M.-4

For morphological observation, cypselas were immersed in (1-4)%

NaOH solution for clearing and were  placed under simple dissecting

microscope, to observe different morphological parts, such as surface hair, 

number of ribs on the surface, pappus structure, phytomelanin layer in the



surface, stylopodium, carpopodium etc. Finally, all the morphological parts

were drawn by prism type of Camera Lucida.

For anatomical observation, cross sections have been taken through the

middle part of mature cypselas, with the help of a sharp razor blade. Good

sections were taken for the study. Sections were immersed in 0.1 %

aqueous saffarin solution for staining and finally placed under compound

light microscope to observe different anatomical regions. Camera Lucida

drawings have been taken for the drawing of pericarpic region, testa and

endosperm.

Micro photographs have been taken, with the help of scanning

microscope (SM-1500), available in Taxonomy and Biosystematics

Laboratory, Department of Botany, University of Kalyani.

RESULTS AND DISCUSSION

Ageratum haustonianum

Cypselar morphology [Fig.-1 (A-H), P.M.-1-(A-D)]
Cypsela  homomorphic, 3 mm x 0.5mm including  pappus,  2 mm x0.5

mm  excluding pappus,black,upper part truncate  where  as  lower part  

tapered.Surface  covering  with  sparsely  distributed twin hairs.Within

the  surface phytomelanin deposition exists.Stylopodium  conspicuously  

developed.Pappus  represented by  scale  like structure,  5 in  

number,arranged  in  single  circle.Carpopodium  irregular, ring like. 

Carpopodial cells arranged in 6-8 rows.

Cypselar anatomny [Fig-4 (A-C)]
Cypsela pentangular in cross section.Epicarp

uniseriate,parenchymatous. Mesocarp uniseriate, sclerenchymatous. 

Phytomelanin  layer  exists below the epicarp, continuously  arranged.Testa   

uniseriate,  parenchymatous,  horizontally   placed.Endosperm  uniseriate  

parenchymatous  , horizontally  placed.Cotyledons  2 in number,arranged  

parallel   to   cypselar  axis. Resin ductsnot  observed.

Eleutheranthera  ruderalis

Cypselar morphology[Fig-1 (I-L)]
Cypsela   homomorphic, 3 mm x1mm, black,upper  part  truncate,basal   

part  rounded. Surface  pubescent, containing



phytomelanideposition.Stylopodium  inconspicuously   developed. Pappus  

represented by  thread  like  structure,  arranged  in  single  circle. 

Carpopodium pentangular. Carpopodial cells  arranged in two circles.

Cypselar anatomny [Fig-4 (D-E)]
Cypsela  elliptic  in  cross  section.Epicarp  uniseriate,  parenchymatous.

Outer  region of mesocarp,parenchymatous,inner  region of mesocarp  

sclerechymatous. Phytomelanin exist in between 2 layers, continuously

arranged. Testa uniseriate parenchymatous. Endosperm  uniseriate  

parenchymatous. Cotyledons 2 in number,  arranged  right angular  to  

cypselar  axis.  Resin  ducts     not   obtained.

Synedrella  nodiflora

Cypselar morphology[Fig-1 (M-T), P.M.-2-(A-D)]
Cypsela heteromorphic;7 mm x1mm  including pappus, 4 mm x1mm  

excluding  pappus, black brown, upper  part truncate,  lower  part  

tapered.Disc  cypsela  glabrous,  ray  cypsela  slightly  pubescent.Surface  

containing  phytomelanin  deposition.Stylopodium   prominent,

cylindric.Pappus   represented by   sitae   type structure, 2  in disc   

cypselas,3 in  ray  cypselas. Surface  of pappus containing  small  

hairs.Carpopodium  tri-angular. Carpopodial cells arranged in 3 rows.

Cypselar anatomy[Fig-4 (F-G)]
Cypsella elliptic in cross section.Epicarp  uniseriate,

parenchymatous.Mesocarp  sclerenchymatous. Internal to  mesocarp   

phytomelanin  deposition  exists, continuously arranged. Testa  uniseriate   

parenchymatous.Endosperm   not   found.Cotyledons and  resin  ducts   

not  found.

Tagetes   patula

Cypselar morphology[Fig-2 (A-G), P.M.-3-(A-D)]
Cypsela  homomorphic, 17 mm x1.5 mm  including  pappus, 9 mm x 

1.5 mm excluding pappus, yellow  brown,upper  part  truncate,  lower  part  

tapered.Surface glabrous, containing phytomelanin  

deposition.Stylopodium  inconspicuously  developed.Pappus  represented   

by  scale  like  structure,  producing coronate structure.Carpopodium

triangular. Carpopodial cells are arranged in 7 rows.



Cypselar anatomy[Fig-5 (A-B)]
Cypsela   elliptic in cross section.Epicarp uniseriate parenchymatous,

containing   pigmentation.Mesocarp sclerenchymatous. Internal  to  

mesocarpic  region  phytomelanin   exists,  discontinuously  arranged.Testa  

uniseriate parenchymatous.Endosperm   uniseriate, 

parenchymatous.Cotyledons  2  in  number   arranged  right  angular  to  the

cypselar   axis.3  resin  ducts  are present in  each  cotyledons.

Thithonia rotundifolia

Cypselar morphology[Fig-2 (H-M), P.M.-4-(A-D)]
Cypsela homomorphic,10 mm x3 mm  including pappus,  6 mm x3mm  

excluding pappus,yellow  brown,upper part truncate,  lower part  

blunted.Surface  pubescent,  containing  biseriately  forked  type  of  twin  

hairs.Stylopodium compressed.Pappus  represented   by scale  like  

structure,  producing  a  coronate structure.Carpopodium bilobed structure. 

Carpopodial cells arranged in 2 rows.

Cypselar anatomy[Fig-5 (C)]
Cypsela elliptic in cross section. Epicarp uniseriate  parenchymatous.

Internal  to the  epicarp,  phytomelanin  deposition   exists, continuously

arranged.Mesocarp   sclerenchymatous. Testa   uniseriate  

parenchymatous.Endosperm  uniseriate,  parenchymatous.Cotyledons   and  

resin ducts  are  not found.

Tridex  procumbens

Cypselar morphology [Fig-3 (A-H), P.M.-5-(A-D)]
Cypsela  heteromorphic,7 mm x1mm  including pappus, 2 mm x1mm  

excluding pappus, yellow  brown ,upper part  truncate,  lower part  

tapered.Surface  pubescent,  containing biseriately  forked  type  of  twin  

hairs.Stylopodium insconpicuously  developed.Pappus   represented   by  

plumose  type  of  pappus  bristiles,arranged  in  single  circle.Carpopodium

rounded, ring like. Carpopodial cells  arranged in two circles.

Cypselar anatomy [Fig-5 (D-E)]
Cypsela elliptic  in cross section.Epicarp uniseriate  parenchymatous,  

from  where  hairs  came  out.  Outer   region of  mesocarp is  

parenchymatous   and inner  region  sclerenchymatous. Between this 2





Q-Carpopodial cells, R-Surface of cypsela, S-Upper part of cypsela, T-

Middle part of cypsela. 

1 mm  A,B,C, H,I,J.          0.1 mm  D            

0.05 mm  E,F,G,K,L,M

Fig.2-Cypselar  morphology of  studied  species. 
A-G-Tagetes  patula:A-Cypsela, B-Upper part of  cypsela, C- Lower

part of  cypsela, D-Surface  of  cypsela, E-Upper part of pappus, F-

Middle part of pappus, G-Carpopodial  cells; H-M-Thithonia

rotundifolia: H-Cypsela, I-Upper part of cypsela, J- Lower  part of

cypsela, K- Surface of cypsela, L-Surface hair, M- Carpopodial  cells. 



1 mm  A,B,C, D.      0.05 mm  E,F,G,H

Fig.3-Cypselar  morphology of  studied  species. 
A-H- Tridax  procumbens:A- Ray cypsela,B- Disc cypsela,C- Upper

part of cypsela, D- Lowerpart of cypsela, E- Surface of cypsela, F-

Carpopodial cells, G- Upper part of pappus,H- Lower part of pappus.



            0.01 mm  A, D, F.             0.05  mm   B,C,E,G.

Fig.4-Cypselar anatomy of studied species. 
A-C-Ageratum houstonianum: A-Diagramatic view, B-Cellular view

(Through ribs), C-Cellular view (Through furrow); D-E-Eleutheranthera

ruderalis: D-Diagramatic view, E-Cellular view; F-G-Synedrella

nodiflora: F-Diagramatic view, G-Cellular view.



0.01 mm A, D.        0.05  mm       B, C, E.

Fig.5-Cypselar anatomy of studied species.
A-B-Tagetes patula: A-Diagramatic  view, B-Cellular view; C-

Thithonia rotundifolia (Cellular view), D-E-Tridax procumbens: D-

Diagramatic view, E-Cellular view.





PM.2-Photo micrographs of Synedrella nodiflora.

A-Cypsela, B-Surface, C-Upper part of cypselashowing pappus, D- Lower

part of cypsela showing carpopodium



PM.3-Photo micrographs of Tagetes patula.

A-Cypsela, B-Surface of cypsela, C- Lower part of cypsela

showing carpopodium, D-Upper part of cypsela showing pappus.



PM.4-Photo micrographs of Thithonia rotundifolia.

A-Cypsela, B-Surface of cypsela, C-Upper part cypsela showing pappus,

D-Lower part of cypsela showing carpopodium. 



PM.5-Photo micrographs of Tridax procumbens.

A-Cypsela, B-Surface of cypsela, C-Lower part of cypsela

showing carpopodium, D-Upper part of cypsela showing pappus



The fruit of Asteraceae is technically called cypsela; one seeded  dry,

indehiscent fruit from epigynous ovary. In the family Asteraceae, cypselar

features  are  very  interesting  and  helpful  for  the  separation  of  the  

taxa, when  flowering  condition is  absent.Various  authors (Jana et al., 

2013;  Jana  and Mukherjee ,2012; Pandey  et  al., 1982; Mukherjee and  

Sarker, 2001; Talukdar and Mukherjee, 2014; Dittrich, 1977) have  studied

cypselar  morpho  anatomical  features in  the  family  Asteraceae.The

characters  are  variable among the different  species  of  the same  genus  

or  different  genus.Not  only  that  it  is  variable  among  the  different  

tribes.The  present  investigation  deals  with  the  detailed morpho-

anatomical  features  of   cypselas among  6  species  of  4  tribes  of  the  

family  Compositae.

Cypselar morphology
Among  the six studied  species (Ageratum

houstonianum,Eleutheranthera ruderalis,Synedrella  nodiflora,Tagetes  

patula ,Thithonia  rotundifolia,Tridax  procumbens) in 4  studied  taxa  

(Ageratum houstonianum,Eleutheranthera  ruderalis,Tagetes

patula,Thithonia  rotundifolia), cypselas  are  homomorphic  and the  

remaining 2  studied taxa(Synedrella  nodiflora, Tridax  

procumbens),where cypselas  are heteromorphic. Though, this  feature  is

not  so much  valuable  for  the  separation  of  studied  taxa.Among  the  

studied  taxa,  largest  cypselas  are  present  in  Tagetes  patula (17 mm 

x1.5 mm  including pappus, 9 mm x 1.5 mm excluding pappus), where  as  

smallest  cypselas  are  present in Ageratum  houstonianum( 3 mm x 0.5

mm including pappus, 2 mm x 0.5 mm excluding pappus). Colour  quality  

is  also  variable  among  the  studied  taxa  and it depends  on  the  state

of maturity  of  cypselas (Das  and  Mukherjee,2008).Among  the  studied  

taxa, in Ageratum  houstonianum   and  Eleutheranthera  ruderalis,

cypselas  are  black  in  colour;  in Synedrella nodiflora blackish  brown  

in  colour;in Tagetes  patula,Thithonia rotundifolia, Tridax  

procumbens,yellow  brown  in  colour.Among  the  studied  taxa  in  

Ageratum  haustonianum,  Eleutheranthera  ruderalis,Thithonia

rotundifolia and Tridax  procumbens surface  is  pubescent,  containing



non  glandular  twin  hairs.Grau (1977) has  reported  the  presence  of  

twin  hairs  and  a  few many  celled glandular hairs on  the  cypselar  

surface in  Asteraceae.In the  cypsela  of Synedrella  nodiflora, disc

cypselas  are glabrous, whereas  ray  cypselas are pubescent. In the  

cypsela of Tagetes  patula, surface is  glabrous.In all  the  studied

cypselas,  phytomelanin  layer  exist on the  surface.  Phytomelanin  is  a  

unique type  of  resinous  substance;  which is  usually  present in  the

members  of  the  tribe  Helianthaea,Helenieae, Eupatorieae etc. (Basak

and  Mukherjee  2001).At  the  upper  portion  of  cypselas;  stylopodia  are  

present.  It  is  a persistent, modified  style  base  with  associated  

nectary.Among  the  studied  cypselas  in A. haustonianum and S.

nodiflora,  stylopodia  are  very  conspicuous,  than  the  remaining  4  

studied  cypselas; where  stylopodia  are inconspicuously  

developed.Mukherjee (2005),  has  studied  regarding  the stylopodial  

features  in some  species  of  Asteraceae.The present observation  is  

identical  with  the  study  of  Mukherjee (2005).At  the  upper  portion  of  

cypsela;  pappus  present. In the  cypsela  of A. haustonianum,T.patula,

and  T.  rotundifolia,pappus  represented  by  scale  like  structure.In E.

ruderalis,pappus  is  represented  by  small  thread  like  structure.In S.

nodiflora,pappus  is  represented  by  sitae  like  structure . In T.

Procumbens,  pappus  is represented  by  plumose  type of  pappus

bristles. Scale  like  pappus  is  also  present  in  some  other  species

(Chaenactis  fremontii, Telekia speciosa)  of  the  family  Compositae

(Jana and  Mukherjee,2013). Sitae type of pappus is  also present  in  

Zinnia  haageana of the family  Compositae(Jana  and  

Mukherjee,2014).Plumose  type  of  pappus  bristles  also  present  in  

Picris  hieraciodes of  the  family  Compositae (Jana  and  

Mukherjee,2013).At  the basal  region  of  cypsela,  carpopodium  is  

present.It is  a  basal meristematic  zone,with the  help  of  which,cypsela  

remain  attached  with  thalamus. According  to  the  observation  of  

Robinson  (1913) this zone  has been  regarded  as ‘callus’  or  podocarp.

Among  the studied  cypselas,  in T.  procumbens,  T.rotundifolia,  E.  

ruderalis carpopodial cells are  arranged  in 2  layeres.In  



A.haustonianum , carpopodial  cells  are  arranged  in  6-8  rows.  In

S.nodiflora and T.  patula carpopodial  cells  arranged  in 3  or  7  rows  

respectively.  Regarding  the  cellular  variations  in  

carpopodium,(Mukherjee  and  Nordenstam,2004),have  done  a  detailed  

study  regarding  this.

Cypselar  Anatomy
Anatomically, the studied  cypselas are  pentangular (Ageratum

haustonianum) or  elliptic (Eleutheranthera  ruderalis Synedrella

nodiflora Tagetes  patula Thithonia rotundifolia Tridex  procumbens)  in

cross  section.Epicarp  uniseriate, parenchymatous.Internal  to  the  epicarp,

mesocarp  present. In  the  cypsela of Ageratum  houstonianum,Synedrella

nodiflora and Tagetes  patula,  mesocarp  is  made  up  of  only  

sclerenchyma  cells.In Eleutheranthera ruderalis and Tridax

procumbens mesocarp  is made  up  of  both  parenchyma  and  

sclerenchyma  cells. In Thithonia  rotundifolia,  mesocarpic  region is  not  

found.

In Ageratum  houstonianum and Thithonia  rotundifolia phytomelanin

layer  exist  internal to  the  epicarp. In Eleutheranthera ruderalis and

Tridax  procumbens,  phytomelanin layer  exist between outer and inner

mesocarpic  region. In Synedrella  nodiflora and Tagetes  patula,

phytomelanin  layer  exist  internal to  the  mesocarpic  region.

Phytomelanin  is  a  unique type  of  resinaceous substance,  which  is  

usually  present  in  the members  of  the  tribe  Heliantheae , Helinieae , 

Eupatorieae (Mukherjee, 1991).In  all  the  studied  cypselas, testal  layer  

is  uniseriately  arranged,  parenchymatous.  The  name  of  testa  is  also  

reported  as “sporoderm” by  Reese(1989).  According to  Cabrera(1977)  

outer  layer  of   seed coat  is  designated  as  testa,  which  is  usually  

found in  mature cypselas in  cross- sectional  configuration.In the  

cypsela of Synedrella  nodiflora, endosperm  layer  not  found.  In  

remaining  5 studied cypselas ; endosperm  layer  uniseriate,  

parenchymatous. The  present  observation  regarding  the  presence  of  

endosperm  in  mature  cypselas  are  in  identical  with  the  finding of  

Pandey  et. al.(1982).Cotyledons are 2  in  number,  either arranged  in



parallel ( Ageratum   haustonianum )  to  the  cypselar  axis  or  right  

angular (Eleutheranthara  ruderalis Tagetes   patula ) to  the  cypselar  

axis or obliquely (Tridex procumbens ) to the cypselar axis. In the cypsela

of Synedrella   nodifloraandThithonia rotundifolia, cotyledons are not

found.In  the cypsela  of  Tagetes  patula and Tridax  procumbens each

cotyledon  has  3  and  4  resin  ducts  respectively,  whereas  in  remaining  

4  studied  taxa, resin  ducts are  not  found. Presence  of  fixed   number  

of resin ducts  in cotyledon has been suggested by  Pandey  and  Sing

(1982)  and  Corn  et.al (1993). From the aforesaid discussion it is obvious

that cypselar features are very significant for characterization of taxa along

with other features of compositae.

Abbriviations Used: PM-Photomicrograph, Ep-Epicarp, Me-Mesocarp, 

T-Testa, E-Endosperm, Pa-Parenchyma, Scl-Sclerenchyma, P.L.-

Phytomelanin layer, Cot-Cotyledon, R.-Resin duct, Pig-Pigmentation
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Here we intend to discuss about a particular grass Eulaliopsis binata

(Syn: Pollinidium angustifolium Haines) locally known as sabai grass its

ayurvedic name is Balvaja (Khare, 2007). Sabai grass is perennial plant

found which grows in different parts of Asian countries like India, China, 

Nepal, Bhutan, Bangladesh, Pakistan, and Myanmar. In India, it is

cultivated in West Bengal, Bihar, Jharkhand, Odisha, Punjab, Haryana and

Jammu and Kashmir. In West Bengal, it is mostly cultivated in the district

of Paschim Midnapore, Bankura and Purulia. It has thin and long leaves

producing high quality fibre, making it suitable as a major raw material for

paper industry (Basu et al, 2006). The tribal people belonging to tribes like

Lodha, Oraon, Sabar, Santal, Munda, Lohara use this grass for making

hardy rope. They also use this grass as ethnic medicines to cure fever, 

bronchitis, diuretics etc (Kirtikarand Basu, 1935).

Sabai grass is considered as "The Money Plant" which ensures cash

receipt throughout the year. The cottage industry based on sabai grass is

associated with the activities of raising production of grass and processing

of consumer goods such as ropes, mats, carpets, sofa sets, wall hangings

and other sophisticated fashionable articles (Hathy, Sahu and Satpathy, 

2010). 

The traditional practice of making ropes from this grass by hands is a

laborious, time consuming and slow. Eulaliopsis binata is widely collected

for paper-making, strings, ropes and mats. It frequents hot dry areas and its

extensive underground root-system enables it to survive forest fires. It is

not eaten by cattle except in times of hardship.
Study Area

The tribal village pocket in naturalforest of south West Bengal is

characterized by lateritic soil sand dry deciduous forest. In Midnapore

district, our survey was conducted in some natural forest areas like

Kankra jhor (22o34’N, 86o55’E) Kushboni forest (22o49'N, 86o97'E to

22o51'N, 86o94'E), Hoomgarh forest (22o82'N, 87o23'E to 22o83'N,

87o25'E), Bulanpur forest (22o73'N, 87o10'E to 22o74'N, 87o11'E). In

Purulia District we covered Ajodhya hills (23o13'N 86o06'E to



23o27'N,86o19'E), Panchakot hills (23o59'N,86o75'Eto23o64'N,86o77'E),

and in Bankura district, we visited Sarenga jungle (22o76´N,87o01'E to

22o77'N,87o03'E). 

MATERIALS AND METHODS
The present work is entirely based on the published literature, 

documentation of traditional knowledge of ethnic people and on the

information gathered during the field exploration in different tribal

pockets of the state. 

All the informations collected during the field exploration were

scrutinized thoroughly in the light of published literature. 

Mode of preparation, time and duration of administration of the drugs

are also provided. In the prescription, the amount of the components ofthe

drug ingredients which are mentioned here may not be technically

correct, be cause in the field the tribal medicinemen mix the ingredients

arbitrarily. 

RESULTS AND DISCUSSION

The informations given below are based on the regular field visit in the

year 2012 to 2013. It involves face to face conversation with elderly people

and tribal medical practitioners. The mode of preparation and

administration of the drugs are also documented here.

Table.1- Showing medicinal use of plant parts

Plant
parts

Quantity Dosage
Preparation

Medicinal
use

Practiced
by the tribal

group
Root 10 ml. root

decoction
Mixed with equal

volume of pepper
to form paste

Fever Lodha

Whole  
plant body

5 gm in
amount of
plant paste

Mixed with 2-tea
spoon honey and 15
gm leaf juice of
Basak(Adhatoda
zeylanica).

Bronchiot
is

Santal

Leaf 10 ml leaf
decoction

Mixed with equal
volume of water to

Lithiasis Oraon



form aqueous
extract

Any
parts of
plant

Exact
amount
not
quantified

Mixed with
ethanol to form
50% ethanolic
extract

Sasmoge
nic

Sabar

Whole
plant

10 gm ash
of burnt
plant

Mixed with 30-50
ml mustard oil

Wound
healing for
domestic
animal.

Not
known

Root decoction (10ml.) with long pepper made into paste is given in
fever by Lodha

Aqueous decoction of root (10ml.) mixed with black pepper (Piper

nigrum) seed powder (5g) is given.Whole plant paste (5g.) mixed with 2-

teaspoonful honey and leafjuice (15 g.) of"Basak" (Adhatoda zeylanica) is

given 3-times a day to cure bronchitis by Santal. 

Aqueous extract of leaf decoction is used for treating lithiasis by Sabar.

50% ethanolic extract of the plant is sasmogenic.

Ash of the burnt plant mixed with mustard oil is applied to treat cuts and

wounds of domestic animals.

Beside the traditional medicine, the grass is also used for making rope

which is very useful, long durability and has good market value.

The following table (Table: 2) shows the daily income of a single

family and annual turnover by making rope of sabai grass

Table. 2- Showing daily incomes and annual turnover from crop.

Per day

production

of rope

Per day income Productio

n cost

Net profit

per day

15 kg 15×20.00 =

300.00

15×5.00 =

75.00

300.00 -

75.00 =



225.00

production

of rope/acre

in one year

Market

value of the

rope

Total

production

cost/acre in

one year

Total

Income/year

2700 kg 2700×20.00

= 54000.00

1800.00 54000.00

– 1800.00 =

52200.00

On average, 15 kg of rope is produced in a day (one man/woman

working for eight hours). So the gross income = 15 kg × Rs 20/kg = Rs300

approximately. The average cost of production is estimated as Rs5/kg × 15 

kg = Rs75 approx. The amount in monetary value may look insignificant,

but it is quite good when compared to other available opportunities.

The cultivation cost of the grass is normally Rs.1800/- per year per acre. 

The rope produced from an acre is approximately 2700 kg per year. So,

market value of the rope is 2700 × Rs 20/kg = 54000. So, the net profit

goes upto 54000-1800= 52200/- per year. It is estimated that, 20% to 25%

families of whole village are involved in this practice and it is the main

income source for them.

Some people prepare floor mat from this grass, but it is low in number. 

The cost of production of each mat goes up to Rs. 900/-. Due to the high

cost of production and low purchasing power of local and adjoining people

its business is not flourishing.



Fig. 1-Cultivated Sabai grass in Field Condition



Fig.2-A-Rope made from Sabai grass

Fig. 2-B-Farmer goes to market for selling Sabai grass and rope

The Sabai grass industry has tremendous export potential. Artificially

designed Sabai products are very popular in foreign countries which earn

precious foreign exchange for the country. The industry helps in the growth

of entrepreneurship amongst the villagers. It has the potential of economic

development in rural areas through the modernization and innovation of

industrial culture (Hathy, Sahu and Satpathy, 2010). In our country, many

rural areas are devoid of electricity. These small enterprises are depending

on hands and sufficient labour. So, it should be a big deal to provide them

some machineries or instrument and electricity to run them and that time



the industry may more flourished, time consuming and also reduced hard

labour.

The ethno-medicinal use of this grass has also a good potential. But, due

to modernization, the young generation of these tribal groups is not so

interested in these practices. So, it is urgent to discourse and record their

knowledge bank as early as possible, otherwise it will lost forever (Mitra

and Mukherjee, 2009). It is also essential to literate the young generation

about ayurvedic and ethnic medicine and their affectivity on human health.

The data are mainly calculated on the basis of local market value and

the estimated cost are collected from the cultivators.

The result summaries the tribals of three district (Paschim Midnapore, 

Bankura and Purulia) of West Bengal in India confronts many problems

like education, income source and expenditure pattern, landed property, 

Government and NGOs support, marketing, packaging and transportation.

Most of the people live in small family and very less still maintains their

traditional joint family. The cultivation of Sabai grass is one of the main

occupation of the tribals and few are engaged in Government service. The

source of income from Sabai grass is one of the main source of income. 

The packaging and grading are the most important aspect of marketing any

product. The maximum villagers are depends on the local market and only

few of them use themselves to grade and pack their finished product of

Sabai grass for transporting to different market. It is also found that

changes in age, family size and education do not change the total income in

same direction. The land holding and transportation are important factor

and have significant contribution to increase total income and economic

development of the district.
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within the genus: subgenus Eriospermum, subgenus Ipomoea and subgenus

Quamoclit. McDonald (1992) carried out phylogenetic analysis of

chloroplast DNA and RFLPs for 31 New World Ipomoea species, and their

study supported the monophyly of several traditionally recognized taxa of

Ipomoea. Miller et al. (1999) studied phylogenetic analysis of 40 species

representing the three subgenera and nine sections within the Ipomoea

using sequence data from the ITS region and waxy sequences. They

determined a close relationship between species of section Pharbitis

subgenus Ipomoea and species of subgenus Quamoclit.  Miller et al. (2004)

investigated in to the phylogenetic analysis of 36 Ipomoea species using

sequence data from the ITS region. They settled that the molecular studies

agree generally with the results from cpDNA and RFLP analyses in

forming two large clades of species. Thus molecular markers were used to

determine genetic similarity by scientists in different fields more than a

decade ago. The objective of the present study was to analyse the genetic

diversity among some species of Ipomoea, and study the relationship in

between the studied species i.e. Ipomoea pescaprae and other available

species of south West Bengal. It aimed to clarify the relationships among

the species, and to verify whether these results match the results of Austin

(1979, 1997) for Ipomoea. The study is based on the results of using

molecular technique of DNA-sequencing. The diversification of

morphological, anatomical and different biochemical features of Ipomoea

pescaprae have been discussed. But the question as to how the diversity

was associated with the genetic makeup needed to be addressed. So DNA

sequencing was carried out to enumerate nucleotide data from the

independent region of nuclear DNA i.e. ITS region, a source of species

level phylogenetic data. Random sampling with isolation of DNA allowed

to establish the genetic variability of the samples collected from different

zones of coastal dunes at the studied area as well as from the control field.

The study also aimed to develop a phylogenetic hypothesis for a broad

sample of Ipomoea using nucleotide data from this independent region of

nuclear DNA. The data from the genomic DNA and associated transcribed

spacers (ITS region), a well-established source of species-level



phylogenetic data (Sang et al., 1995; Soltiset al., 1996) has been presented.

To reassess the previously recognized taxa in light of results from

molecular data and establish unambiguous phylogenetic hypothesis for the

species of Ipomoea. 

MATERIALS AND METHODS

Genomic DNA was isolated from the leaf samples of both control plant

as well as from plants growing in different coastal regions of West Bengal

and Odisha using genomic DNA isolation kit (RKN09, Himedia) following

CTAB method. The genomic DNA was then loaded in 1% Agarose gel

with molecular marker DNA having 10 DNA fragments between 100 bp to

1kbp (Fig 1). This DNA (1µl) was then used for PCR amplification using

ITS specific primers (200ng of ITS Forward Primer and 200ng of ITS

Reverse Primer) and 2µl of dNTPs (2.5mM each), 0.5 µl of 10X Taq

Polymerase Assay Buffer, 0.5 µl of Taq DNA Polymerase Enzyme (30/µl)

and water make up the total reaction volume to 50 µl. 25 cycle of PCR was

in 2%

Agarose gel for checking the quality and it was then required bi-

directionally ( Sequencing machine : AMI 3500 X L Genetic Analyzer)

using sequencing reaction mixture containing 4µl Ready Reaction Mix, 1µl

Template (100 ng/ µl), 2µl Primer (10 pmol/_), Big Dye Terminator and

3µl of Milli Q water. Both forward and reverse primers were used, Data

analysis were done using Seq. Scape 5.2 software. The sequence data was

then aligned.

Instrument and Chemistry Details

a) Sequencing Machine: ABI 3500 XL Genetic Analyzer

b) Chemistry: Big Dye Terminator version 3.1” Cycle sequencing kit.

c) Polymer & Capillary Array: POP_7 polymer 50 cm Capillary Array. 

d) Analysis protocol: BDTv3-KB-Denovo_v 5.2

e) Data Analysis: Seq Scape_ v 5.2 Software

f) Reaction Plate: Applied Biosystem Micro Amp optical 96-Well

Reaction plate



RESULTS AND DISCUSSION

The aligned matrix of ITS sequence data recorded 673 bp and this

sequence is totally conserved for each sample. But still 1% dissimilarity

was revealed in the control one at a single point (229bp) (Fig 2). Sequences

were analyzed using the program Sequencer (GenCodes). Sequences were

deposited in GenBank. When sets of Ipomoea ITS sequences (studied

specimen) were subjected to BLAST in NCBI-GenBank, the highest values

of sequence similarity were found with Ipomoea pescaprae(L.) R.

Br.voucher BDUT 1371. So the investigation clearly revealed the existence

of Ipomoea pescaprae (L.) R. Br. uniformly throughout the coastal belt of

West Bengal and adjacent Odisha without any sub-species like brasiliensis. 

There is growing understanding of the diversification of Ipomoea

from both floristics (van Ooststroom, 1953; Standley and Williams, 1970;

Austin, 1975), as well as a variety of comparative studies ( McDonald,

1992; Sinha and Sharma, 1992). In addition, recent molecular phylogenetic

studies have shown great promise towards refining the systematics of

Ipomoea. McDonald (1992) successfully used chloroplast DNA restriction

fragment length polymorphisms (RFLPs) to investigate the relationships

among 31 New World Ipomoea species. Their study supported the

monophyly of several traditionally recognized taxa and led to the

reclassification of series Batatas, from subgenus Quamoclit to subgenus

Eriospermum. Although these studies were limited in terms of taxonomic

breadth, Mc-Donald (1992) in particular, suggested considerable

homoplasy in several traditionally important morphological characters, 

such as glabrous or short-haired seeds, annual growth, foliose-pubescent

sepals, and erect habit. While recent molecular phylogenetic studies have

included Ipomoea species (Miller et al., 1999, 2004), they have not used

phylogenetic hypotheses to examine changes in breeding system. Similarly, 

numerous studies have described the breeding systems of various Ipomoea

species but have not set these studies into a comparative frame-work. When

the sets of Ipomoea ITS sequences (studied specimen) were subjected to

BLAST and compared to other Ipomoea voucher specimen of GenBank

(Tree view for RID: 7RZ0PBJM01R, query ID: lcl 116859, database: nr)
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Briefly cypselar external features have usually been included by

different floristic workers during their preparation of floristic accounts, but

detailed features including both morphological and anatomical characters

of cypselas have potential value for characterization of taxa.

The cypselar macro and micro characters in details are important in the

following ways:

1. Plays a significant role for indentification of taxawhere other floral

features are not in hand or not available.

2. More or less constant at the generic level as these are ultimately

controlled by a particular group of genes and genome.

3. These reproductive characters are less variable in varied

environmental conditions.

4. Extremely valuable and diacritical for each taxa.

5. May be significant taxonomically for solving the problem of

uncertain systematic affinity.

6. An additional source of characters along with the traditional features

for isolation.

7. In many cases, these features fit well with the subtribal classification,

which are based on phyletic and phenetic system.

The above information regarding this aspect is not sufficient to corelate

the characters. To fill the gaps in the knowledge of cypselar morphology in

the tribe Asterae, the present study has been under taken which deals with

the exomorphic and internalcharacters of cypselas in 6 genara and 8

species of the tribe Asterae.

MATERIALS AND METHODS

Dried mature cypselas of 3 species were obtained from Austria and 5

species were procured from Denmark (Table 1).

Dry cypselas from each species were boiled in water to which few drops

of any one compounds, i.e. , glycerol, tepol sodium-hypochorite solution

has been added, depending on the natures of pericarp.  After that softened

cypselas were stored in FAA.

For each species at least two mature cypselas were critically studied and

all sectionswere taken usually from middle part of cypselas. FAA



preserved cypselas were cleaned in 5-10% KOH solution and stained in a

solution of 0.5% aqueous saffranin, for the proper identification of vascular

bundles in the pericarp.

For anatomical study, dry and FAA preserved cypselas were sectioned

and were stained in saffranin-fast green combination.

Table 1. Showing thestudied materials and their sources. 

SL. NO. NAME OF

STUDIED TAXA

SOURCE OF THE SPECIMENS AND

THEIR COLLECTION NUMBER

1. Aster amellus

L.

Lower Austria, Thermenlinie, 

Glasluaterrigel, north of the

Heberldereg 2kms. Southn west of

Gumpoldskirchem, 275ms.m. 48R 02'N, 

16R 16’E 23rd Sepetember 2001.

Leg. W.Till s/n Fragment of dry

vegetation.
2. Aster linosyris

(L.)Bernh.

Lower Austria, Thermenlinie, 

Glasluaterrigel, north of the

Heberldereg 2kms. Southn west of

Gumpoldskirchem, 275ms.m. 48R 02'N, 

16R   16’E 23rd September 2001.

  Leg. W. Till s/n Fragment of dry

vegetation.
3. Bellis annua L Hortus Botanicus Hauniensis. 216

E2348-0001*AG
4. Brachycome

lineariloba

(DC.) Druce.

Hortus botanicus Hauiensis. 295S1862-

0007*AG

5. Conyza

canadensis

(L.) Cronq.

Lower Austria, Thermenlinie, 

Glasluaterrigel, north of the

Heberldereg 2kms. Southn west of

Gumpoldskirchem, 275ms.m. 48R 02'N, 

16R 16’E 23rd September 2001. Leg.



W. Till s/n Fragment of dry vegetation.

6. Felicia

heterophylla

(Cass.) Grau.

Hortus Botanicus Hauiensis. 330

S0000-0039*AG

7. Felicia tenella

(L.) Nees. 

Hortus Botanicus Hauiensis. 331

E2297-0001*AG
8. Grindelia

camporum

Grau.

Hortus Botanicus Hauiensis. 338S1978-

0367*AZ

RESULTS AND DISCUSSION
The features of cypsela in different species of the tribe Asterae are as

follows

Aster amellus L. (Fig-1)
Cypselas heteromorphic, i.e., two types of cypselas present. Ray cypsela

is 3-3.5mm x 1.5-2mm and disc cypsela is 2.5-3mm x 1-1.5mm, brown,

straight, flattened, oblong, hairy.After cleaning cypselas wall shows two

lateral lobes. Carpopodium distinctly 5-7 cells wide.Pappus 3-3.5mm long,

yellow, uniseriate, erect, scabrous pappus bristles.

Cross section of cypsela is wide ellipsoid inshaped. It shows two

sclerenchyma bundles at 2- lateral lobes with cotyledon, pericarp, testa, 

endosperm and hairs.

Aster linosyris (L.)Bernh. (Fig-2)
Cypselas homomorphic, i.e., not differentiated in ray and disc cypselas.

Cypsela is 2.5-3mm x 1.5-2mm, brownish yellow, straight, oblong,

flattened, hairy.After cleaning cypselas wall shows two lateral lobes. 

Carpopodium distinctly 7-9 cells wide.Pappus 2-2.5mm long, yellowish

white, uniseriate, erect, barbed pappus, bristles.

Cross section of the cypsela is wide, ellipsoid in shaped. It shows two

sclerenchyma bundle at 2-lateral lobes with cotyledons, pericarp, testa and

hairs.

Bellis annua L. (Fig- 3)



Cypselas homomorphic, i.e., not differentiated into ray and disc

cypselas. Cypsela is 1.5-2mm x 0.5-1mm, yellowishbrown, straight,

flattened, oblong, hairy; pappus absent; after cleaning cypselar wall shows

two latwral lobes. Carpopodium distinctly 3 cells wide.

Cross section of the cypsela is narrow, ellipsoid in shaped. It shows two

sclerenchyma bundles at 2- lateral lobes with 2- cotyledons, pericarp, testa

and hairs. Each cotyledon contains 3- resin ducts.

Brachycome lineariloba (DC.) Druce. (Fig-4)
Cypselas homomorphic, i.e., not differentiated into ray and disc

cypselas. Cypsela is 3-3.5mm x 1.5-2mm, deep yellow, straight, flattened,

oblong, smooth, numerous hairs present throughout the margin; pappus 

absent.After cleaning cypselar wall shows two lateral lobes. Carpopodium

absent.

Cross section of cypsela is semi - lunar shaped. It shows two

sclerenchyma bundles at 2- lateral lobes with2- cotyledons, pericarp, testa

and hairs. Hairs exists only apical part of 2- lateral lobes. Each cotyledon

bears single vascular trace.

Conyza canadensis (L.) Cronq. (Fig-5)
Cypselas homomorphic, i.e., not differentiated into ray and disc

cypselas. Cypsela is 1-1.5mm x 0.5-1mm, yellow, straight, oblong,

flattened, less hairy throughout the margin.After cleaning cypselar wall

shows two lateral lobes. Carpopodium distinctly 4-6 cells wide.Pappus 0.5-

1mm long, white, uniseriate, erect, barbed, capillary pappus bristles.

Cross section of cypsela is narrow, ellipsoid shaped. It shows two

sclerenchyma bundles at 2- lateral lobes with2- cotyledons, pericarp, testa

and hairs.

Felicia heterophylla (Cass.) Grau. (Fig-6)
Cypselas heteromorphic, i.e., two types of cypselas present. Ray cypsela

is 4.5-5mm x 2.5-3mm and disc cypsela is 4-4.5mm x 2-2.5mm, yellow, 

straight, flattened, oblong, hairy.After cleaning cypselar wall shows two

lateral lobes & many black patches at two lateral lobes in certain intervals.

Carpopodium distinctly 2-4 cells wide.Pappus 2.5-3mm long, white, 

uniseriate, erect, barbed, scabrous pappus bristles, and cauducous. 



Cross section of cypsela is narrow, ellipsoid in shaped. It shows two

sclerenchyma bundles at 2- lateral lobes with2- cotyledons, pericarp, testa

and hairs. Each cotyledon contains 5- resin ducts.

Felicia tenella (L.) Nees. (Fig-7)
Cypselas homomorphic, i.e., not differentiated into ray and disc

cypselas. Cypsela is 1.5-2mm x 0.5-1mm, brownish yellow, straight, 

oblong, flattened, less hairy, pappus absent.After cleaning cypselar wall

shows two lateral lobes. Carpopodium indistinct, carpopodial cellsare

arranged in one row, i.e., morphologically true carpopodium absent.

Cross section of cypsela is narrow, ellipsoid in shaped. It shows two

sclerenchyma bundles at 2- lateral lobes with 2- cotyledons, pericarp, testa

andhairs.

Grindelia camporum Grau.
Cypselas homomorphic, i.e., not differentiated into ray and disc

cypselas. Cypsela is 3.5-4mm x 2-2.5mm, brown, hard, flattened, oblong,

glabrous, pappus absent.After cleaning cypselar wall shows two lateral

lobes. Carpopodium distinctly 6-7 cells wide.

Cross section of cypsela is inconspiciously pentagular in shaped. It

shows cotyledons, pericarp, testa and endosperm.

Colour of cypsela is greatly variable and it depends on the maturity of

the cypsela, but usually brown to yellow in colour.Among the studied

species, the largest cypsela is noted in Felicia heterophylla (Cass.)Grau. 

and the smallest cypsela is found in Conyza canadensis (L.)Conq.

The distribution of cells in carpopodium plays a significant role in the

studied species of Asteraceae. But in Brachycome lineariloba (DC.)Druce.

, there is no carpopodial cells, whereas carpopodial cells are represented by

one row as in Felicia tenella (L.)Nees. . In others, carpopodial cells are

arranged in 5-7 cells wide in Aster amellus L. and Grindelia

camporumGrau., 7-9 cells wide in Aster linosyris (L.)Bernh., 4-6 cells wide

in Conyza canadensis (L.) Cronq., 2-4 cells wide in Felicia heterophylla

(Cass.)Grau. and distinctly 3 cells wide in Bellis annua L. .

Among the studied species 4 species contain pappus, i.e., Aster amellus

L., Aster linosyris (L.) Bernh., Felicia heterophylla (Cass.) Grau. and



Conyza canadensis (L.)Cronq. . In Felicia heterophylla (Cass.) Garu. the

pappus is cauducous, whereas other three species has persistent pappus

bristles and among them in Conyza canadensis (L.)Cronq. pappus bristles

are capillary. In other 4 studied species, i.e., Felicia tenella (L.)Nees. , 

Bellis annua L. , Brachycome lineariloba (DC.) Druce. And Grindelia

camporum Grau. , the pappus is absent.

Cotyledons are usually with 3 resin ducts (in Bellis annua L.) or 5 resin

ducts (in Felicia heterophylla (Cass.) Grau. ) or in others not

distinguishable.

So, cypselar morpho-anatomical features are important for

characterization and recognizationn and improvement of existing system of

classification of Compositae.



Fig.1- Cypselar features of Aster amellus. 

A-Cypsela, B-Carpopodial cells, C-Cypselar surface, D-Cross section of cypsela



Fig.2- Cypselar features of Aster linosyris (L.)Bernh.

A-Cypsela, B-Upper part of pappus, C-Middle part of pappus, D-Lower part of pappus, 

E-Carpopodial cells, F-Lower part of cypsela, G-Cross section of cypsela. 



Fig.3- Cypselar features of Bellis annua

A-Cypsela, B-Upper part of pappus, C-Middle part of pappus, D-Lower part of pappus, 

E-Carpopodial cells, F-Lower part of cypsela, G-Cross section of cypsela



Fig.4-Cypselar features of Brachycome lineariloba

A-Cypsela, B-Carpopodial  cells, C-Cypselar surface, D-Cross section of

cypsela



Fig.5-Cypselar features of Conyza canadensis

A-Cypsela, B-Cypselar surface, C-Cross section of cypsela



Fig.6-Cypselar features of Felicia heterophylla

A-Cypsela, B-Upper part of pappus, C-Middle part of pappus, D-Lower part of pappus,

E-Carpopodial cells, F-Cypselar surface, G-Cross section of cypsela



Fig.7-Cypselar features of Felicia tenella

A-Cypsela, B-Upper part of pappus, C-Middle part of pappus, D-Lower part of pappus, 

E-Carpopodial cells, F-Cypselar surface, G-Cross section of cypsela



ARTIFICIAL KEY TO THE STUDIED SPECIES

A1. Pappus present :…….………….………………………………..(B)

B1. Cypsela heteromorphic :…………………….…………………..(C)

C1. T.S. of cypsela shows 5 resin ducts in each

cotyledon……………..……………………………….Felicia heterophylla

C2. T.S. of cypsela shows no resin ducts…......……….….Aster amellus

B2. Cypsela homomorphic :………………….………….……..……(D)

D1. Length of cypsela is 1-1.5mm x 0.5-1mm; pappus

capillary…………………….………………………..….Conyza canadensis

D2. Length of cypsela is 2.5-3mm x 1.5-2mm; pappus not

capillary……………..………………………………….……Aster linosyris

A2. Pappus absent :………………………………………..……………..(E)

E1. Carpopodium present :……………………………………………….(F)

F1. Length of cypsela is 3.5-4mm x 2-2.5mm; T.S. of ctpsela shows no 

resin

duct…………………………….…………………...….Grindelia canporum

F2. Length of cypsela is 1.5-2mm x 0.5-1mm; T.S. of cypsela shows 3

resin

ducts in each cotyledon………………………………......……Bellis annua

E2. Carpopodium absent or indistinct :………………….……………(G)

G1. Carpopodium indistinct; carpopodial cells arranged in 1

row…………….……………………………………….…….Felicia tenella

G2. Carpopodium absent..………..………..……Brachycome lineariloba
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the lack of ray florets, and from Liabeae further by the usually alternate

leaves, the solid bacula in the pollen and the often lophate pollen.

Vernonieae are notable for the frequent extreme cymose forms of their

inflorescences, involving seriate or scorpioid cymes. Jansen and Stuessy

(1980) have pointed out that the Liabeae should be included within the

Vernonieae, but the Liabeae has recognised as a distinct tribe from

Senecioneae by Robinson (1983). The Vernonieae is relatively more

plesiomorphic than the 3 apomorphic tribes Eupatorieae, Senecioneae and

Heliantheae of the subfamily Asteroideae (Bremer, 1987). Bremer (1996)

has included it under subfamily Cichorioideae together with other 3 tribes

in Vernonioid group which is characterised by their spiny pollen, long

acute style branches. While the family’s basal members (the

Barnadesioideae) are found in South America, the tribe Vernonieae

originated in the area of southern Africa/Madagascar. Its sister tribe, the

Liabeae, is New World, however. This is the only such New/Old World

sister tribe pairing anywhere in the family. The Vernonieae is now found

on islands and continents worldwide. It was used to be called the “evil

tribe” because of the overlying characteristics which make taxonomic

demarcations challenging at every ranks for the majority of taxa. Compared

with these difficult-to-separate entities are monotypic genera with highly

distinctive morphologies and no obvious similarities to the other members

of the tribe.

The tribe has about 1451 species and the genus Vernonia Schreb

contains about 500 species (Mabberley,1997) and these are distributed in

tropical parts of the world. In North America the genus Vernonia is known

as iron-weeds. It has two centres of distribution, one in Africa and other in

South America. The genus Vernonia bears a chemical unique constituent-

vernolic acid (Harborne and Williams, 1977) apart from different types of



sesquiterpene lactones and flavonoid compounds. Jones (1977)has

mentioned that the morphology of cypselae together with pappus under

light microscope deliver valuable information about the genus Vernonia. 

Likewise, arrangement of trichomes can be an indicative character in

Vernonia (Hunter and Austin, 1967; Urbatsch, 1972; Narayana, 1979 and

Sahu, 1984). Rajashekara and Razi (1977) have conferred the role of

morphology in cypselae of Vernonia cinerea. Bremer (1987) has noted that

"the cypselae provide a wealth of characters at the lower taxonomic levels.

The variation is considerable, so that cypselae are very useful at the tribal

level". 

Carpopodium is the meristematic region present at the base of cypsela. 

Haque and Godward (1984) described the carpopodium in two species of

Vernonia (V. glabra and V. altissima). Otherwise, a brief morphological

character of cypselae has been included by different authors during floristic

studies of this tribe.The available literature (Mukherjee and Sarkar, 2001;

Basak and Mukherjee, 2003; Jana and Mukherjee, 2012; Bar, Jana and

Mukherjee, 2012) do not provides us an adequateinformation about the

morphology and anatomy of cypselae characteristics of all the

speciesincluded under genus Vernonia. 

Therefore, it is essential to evaluate these diacritical characters for better

understanding and classification of taxa at the species level. The present

work is an effort to bring out the taxonomically valuable cypselae

character, which can be employed for the identification of the species in

cypselae stage in four species of Vernonia Schreb {viz. Vernonia

arkansanaDC.;Vernonia noveboracensis (L.) Willd.;Vernonia pulchella

Small;Vernonia glauca (L.) Willd.}. (Table.1)

The objective of the present study is two-fold:



(i) to describe the detailed morpho-anatomical structures of

cypselae; and

(ii) to identify the species when flowering stage of the plant is not

available at hand during studies.

MATERIALS AND METHODS
Dry, mature, identified, disease free cypselas were procured for this

study from Harvard University Herbaria.
Table.1 - Showing the number of studied species and their sources.

Name  of  studied   taxa Tribe Collection No. Sources

Vernonia arkansanaDC. Vernonieae 26824 Harvard

University

Herbaria, 22 

Divinity Avenue,

Cambridge, MA

02138, U.S.A.

(A, GH)

Vernonia

noveboracensis (L.)

Willd.

11950

Vernonia pulchella

Small

1448

Vernonia glauca (L.)

Willd.

6809

For morphological observation, intact cypselae were first marked for the

posterior and anterior surface. Then 10 dry and 10 FAA preserved mature

cypselae were arbitrarily taken in glass slides and graphed slides and

observed under dissecting microscope. Suitable images were taken using

RimscopeTM SEM (Model No. SM1500). Shape and direction of cypselae

were noted carefully. Length and width of the cypselae were measured by

using graph paper mounted slides. The length of the cypselae in the present



study is defined as the length of the body of cypselae from basal

meristematic zone (carpopodium) up to apical end excluding pappus. The

width of the cypselae was measured at the widest part of the body. Mature

cypselas were dipped in 1-5% NaOH solution for 2-7 days depending upon

the hardness. Then they were stained with 0.1% aqueous Safranin and

observed under microscope for a more clear surface ornamentation.

For anatomical observation, free hand thin transverse sections especially

through the middle part of cypsela were done, with the help of a sharp

razor blade. Then the sections were immersed in 0.2-0.5% aqueous

Safranin solution for staining. Then it was mounted by 70% phenol

glycerine solution in a slide and was placed under compound light

microscope to observe the type of ribs, distribution and orientation of hairs,

nature of surface cells, other epidermal structures and carpopodial cells.

Pappus characters such as nature of pappus bristles, their arrangement, 

length and apex organization, the different anatomical regions, specially the

mesocarpic region, which shows cellular variations from the other regions,

were also examined.The description of the cypselar features follows the

terminology of Dilcher (1974), Kynclova (1970) and Velez (1981).

RESULTS AND DISCUSSION
Vernonia arkansana
Cypselar morphology (PM.1A-F and Fig.1A-J)

Cypsela homomorphic, 4.5-5.0 mm x 1.0 mm (excluding pappus), 9.0-

11.0 mm x 1 mm (including pappus) bright yellow in colour, narrowly

oblong in shape, straight both ends almost same, truncate at the apex,

rimless, not echinate, both crown and beak are absent, showing prominent

rib in cross section, number of ribs is 10, dorsiventrally not compressed.

Surface pubescentcovered with hairs and glandular structures, asperous

without any warts. Hairs sparsely distributed on both surfaces, antrorse, 

non-glandular, forked type, differentiated into foot and body; foot simple, 

more or less same in diameter as the base of the body cells; body



differentiated, biseriate, septate, with sharply pointed apex, tips of the body

cells situated in slightly different planes. After clearing, the cypselar wall,

surface shows numerous small, rounds, glossy vesicular structures,

arranged in several vertical rows (foveate). Surface parenchyma cells are

thin walled in nature. Stylopodium present with small papilla on minute

round base, not very enlarged, free, ecoronate, ebordered.Carpopodium

present; symmetric, complete circular ring like, cells’ outline visible, 4-5

rows  thick; cells rectangular to elongated, thin-walled, radially oriented,

distinguishable from other cells of the cypsela; diameter of carpopodium

smaller than the base of the body. Carpopodium bear a single vascular

supply. Insertion of the cypsela is straight, basal. Cypsela pappose; pappus

represented by many, heteromorphic in nature, arranged in two rows- outer

deciduous scaly and inner persistent bristles, barbellate bristles, free from

one another, 5.0-6.0 mm long, off-white in colour. Tip of the lateral cells

elongated and approximately as long as width of the rachis of the bristles, 

apex made up of two, more or less equal cells with pointed tips.
Cypselar anatomy (PM.5A-B and Fig.3A-B)

Cypsela ribbed transversely circular in cross section. Cypselar wall

is53.28-43.29 m wide. Pericarp is 36.63 and 26.64 mwide at rib and

furrow region respectively, differentiated into three zones, namely –

epicarp,mesocarp and endocarp. The epicarp is uniseriate, made up of thin

walled, rectangular compactly arranged, tangentially oriented,

parenchymatous cells; persistent hair bases and vesicular cells present.

Cuticular layer is absent. The mesocarp consists of sclerenchyma tissue -

present as continuous zone of cells; cells thick-walled, oval, radially

elongated, with noticeable lumen. The endocarp is parenchymatousand

continuous. Cells are thick-walled, round, tangentially oriented and loosely

arranged with intercellular spaces. Vascular traces present one at each rib,

just inside the parenchyma zone.The testa or seed coat is adpressed with

pericarp, approximately 16.65 m thick, differentiated into three zones,

outer, middle and inner testa represented by crusted parenchyma cells. The

endosperm is exhausted in mature cypsela. The embryo is mature, occupied

a small portion of the cypsela; cotyledons two in number, plano-convex in



shape, anterior-posteriorly oriented; secretory ducts in each cotyledon-three

in number, of which central one prominent and larger than the others.
Vernonia noveboracensis

Cypselar morphology (PM.2A-F and Fig1K-U)

Cypsela homomorphic, 5.0-6.0 x 1.0 mm. in size (excluding pappus), 

10.0-11.0 x 1.0 mm (including pappus) blackish brown in colour, narrow –

oblong in shape, straight, truncate at the apex and gradually tapered

towards the base, faintly dorsiventrally compressed, ribbed;  ribs nine in

number, prominent and straight. Surface pubescent, twin hairs sparsely

distributed on the ribs, antrorse in orientation, body undifferentiated,

multicellular, biseriate forked type, with sharply pointed apex, tip of the

body cells situated in different planes. After clearing, cypselar wall surface

shows glandular markings due to presence of rounded and lobed stalked

glands, surface cells thin walled, compactly arranged, non-pitted,

parenchymatous in nature. Stylopodium developed as one ring, central

papilla free, unenlarged, ecoronate and ebordered. Carpopodium

symmetric, complete, circular, smooth, ring like; cells’ outline visible and

distinguishable from other cells of the cypsela, cells thick walled,

rectangular, compactly arranged, tangentially oriented, parenchymatous, 

arranged in 5-6 rows; diameter of carpopodium narrower than the base of

the body. Insertion of cypsela is straight and basal. Cypsela pappose;

arranged in two rows: outer pappus represented by many deciduous,

capillary with squamellae (scale like), light brown, without any vascular

trace, heteromorphic, sharply pointed single apical cell present. Inner

bristle pappus equal, about 4.5-5.0 mm long, bright brown in colour, 

persistent, multicellular, barbellate and base free. Apical cells of bristle

sharply pointed.
Cypselar anatomy (PM.5C-D and Fig.3C-D)

Cypsela is oval in cross section. There are nine prominent and

conspicuous ribs present. Cypselar wall wide at

rib and furrow regions respectively. Pericarp is 56.61-49.95 m wide, 

differentiated into three zones, namely – epicarp, mesocarp and endocarp.

The epicarp is uniseriate, U-shaped, made up of thin walled, rectangular, 

compactly arranged, tangentially oriented, parenchymatous cells with gland



and hair bases. Cuticle is absent. The mesocarp - consists of sclerenchyma

tissue - present as continuous zone of three to four seriate at rib and two to

three layers at furrow regions. Cells thick walled, oval, hexagonal to

polygonal compactly arranged, with very narrow lumen. The endocarp is

made up of parenchyma tissue and continuous. Cells are thick-walled,

round, tangentially oriented and loosely arranged with intercellular spaces.

Vascular traces present one at each rib, just inside the parenchyma zone.

The testa or seed coat is attached with pericarp, approximately 16.65 µm

thick, differentiated into outer and inner zones; outer zone made up of

compressed, collapsed and tangentially oriented, rectangular parenchyma

cells. Inner zone unilayered disorganized and made up of narrow layered

crusted parenchymatous cells. The endosperm persists in mature cypsela

and uniseriate. Cells are thick-walled, barrel-shaped, compactly arranged

and tangentially oriented parenchymatous cells. The mature embryo

occupied a major portion of the cypsela; cotyledons two in number, plano-

convex in shape, anterior-posteriorly oriented; secretory ducts in each

cotyledon three in number, of which central one a bit larger than others.
Vernonia pulchella Small

Cypselar morphology (PM.3A-F and Fig.2A-K)

Cypsela homomorphic, 3.0mm x 1.0 mm. (excluding pappus), 9.0-10.0

x 1.0 mm (including pappus), deep brown in colour, oblong in shape, 

straight, truncate at the apex and slightly tapered towards the base, apex

rimless, crown and beak are absent, slightly dorsiventrally compressed but

not differentiated, ribs 10 in numbers, conspicuous, straight. Surface is

asperous, pubescent with hirsute hair covering. Hairs densely distributed at

rib region and sparsely at furrow regions, antrorse, not appressed, non-

glandular, twin-type, forked, differentiated into foot and body; foot simple,

more or less same in diameter as the base of the body cells; body un-

differentiated, multicellular, biseriate, septate, with sharply pointed apex, 

tips of the body cells situated in different planes. After clearing, the cypsela

surface shows numerous small, round, glossy vesicular structures which are

arranged in several vertical rows (foveate) and glands round and stalked,

stalk single-celled. Surface cells are thin-walled, non-pitted



parenchymatous.Stylopodium is present, angular, unenlarged,

free,ecoronate and ebordered. Carpopodium  is present; symmetric, 

complete circular ring-like, cells’ outline visible, arranged in two rows;

cells rectangular to elongated, thick-walled, radially oriented, 

distinguishable from other cells of the cypsela; diameter of carpopodium

narrower than the base of the body. Carpopodium bears a single vascular

supply. Insertion of cypsela is straight, basal. Cypsela pappose; pappus

represented by two rows, heteromorphic outer deciduous, scaly, pale

yellow, without vascular trace, apical cell single, pointed and inner

persistent barbellate bristles, free from one another, 7-8 mm long, off-white

to pale-white in colour. Tip of the lateral cells elongated and approximately

as long as width of the rachis of the bristles, apex made up of single cell,

with pointed tip.
Cypselar anatomy (PM.5E-F and Fig.3E-F)

Cypsela is elliptic in cross section.

wide. Pericarp is 79.92-56.61 m wide differentiated into three

zones, namely – epicarp, mesocarp and endocarp. The epicarp is uniseriate, 

made up of thin walled, oval to rounded, tangentially oriented, 

parenchymatous cells; interrupted by persistent hair and gland bases and

vesicular cells, cuticle absent. The mesocarp is sclerenchymatous present as

continuous five to six layered zone of cells; cells are thick-walled, oval, 

radially elongated, with a small lumen. The endocarp is parenchymatous

present as biseriate and continuous. Cells are thin-walled, oval, tangentially

oriented and compactly arranged. Vallecular cavities are present. Vascular

traces present one at each rib, just inside the parenchyma zone.The testa or

seed coat – adpressed with pericarp, approximately 23.31 µm thick,

differentiated- distinguished as two layers: i) outer testa: disorganized

represented by collapsed parenchyma and ii) inner testa: disorganized

represented by crusted parenchyma cells. The endosperm persists in mature

cypsela, uniseriate, cells thick-walled, barrel-shaped, tangentially oriented

and parenchymatous in nature. The mature embryo occupied more or less

the entire portion of the cypsela; cotyledons two in number, plano-convex



in shape, anterior-posteriorly oriented; secretory duct in each cotyledon-

three in number, of which central one larger than others.
Vernonia glauca

Cypselar morphology (PM.4A-F and Fig.2L-U)

Cypsela homomorphic, 2.5-3.0 x 1.0 mm. in size (excluding pappus),  

8.0-9.0 x 1.0 mm. in size (including pappus), yellowish brown in colour

with red dots all over the surface, narrow – oblong in shape, straight, 

truncate at the apex and gradually tapered towards the base, faintly dorsi-

ventrally compressed, ribbed;  ribs nine in number, seven prominent and

straight, two inconspicuous. Surface pubescent, covered with hairs,

antrorse in orientation, non-glandular, body undifferentiated, multicellular, 

biseriate, forked, with sharply pointed apex, tips of the body cells situated

in slightly different planes. Hairs densely distributed at rib region and

sparsely at furrow regions. After clearing, cypselar wall surface shows

glandular markings due to presence of rounded and bilobed glands, which

are stalked.Stylopodium is well-developed, not distended present as ring-

like structure, unenlarged, free, ecoronate and ebordered.Carpopodium is

symmetric, complete, circular, smooth, ring like; cells’ outline visible and

distinguishable from other cells of the cypsela, cells thick walled, round to

oval, compactly arranged, tangentially oriented, parenchymatous, arranged

in 14 rows; diameter of carpopodium smaller than the base of the body. 

Insertion of cypsela is straight, basal. Cypsela is pappose; pappus

heteromorphic, present in two rows- outer pappus and inner pappus. Outer

pappus represented by many deciduous, squamellae (scale like), light

brown in colour, 2.0-3.0 mm. long, pointed apex free and base united. Inner

bristle pappus numerous, apparently equal in size, unbranched, about 5.0-

6.0 mm long, bright brown, persistent multicellular, barbellate, base free. 

Apical cell single, sharply pointed.
Cypselar anatomy (PM.5G-H and Fig.3G-H)

Cypsela is ribbed oval in cross section with nine (seven-prominent and

two inconspicuous, triangular ribs. Cypsela wall

wide at rib and furrow region respectively. Pericarp is 49.95-

wide, differentiated into three zones, namely – epicarp, mesocarp and

endocarp. The epicarp is uniseriate, made up of thin walled, rectangular, 



compactly arranged, tangentially oriented and parenchymatous cells.

Cuticle is absent. The mesocarp consists of sclerenchyma tissue present as

continuous zone of three to four seriate layers at rib and two to three layers

at furrow regions. Cells are thick walled, oval, hexagonal to polygonal

compactly arranged and with very narrow lumen. The endocarp is

parenchymatous and continuous. Cells are thick-walled, round, loosely

arranged and tangentially oriented with intercellular spaces. Presence of

seven vascular traces just inside the parenchyma zone and single prominent

cavity beneath the parenchyma cells.The testa or seed coat – attached with

pericarp, approximately 16.65 µm thick, U-shaped, differentiated into outer

and inner zones; outer zone made up of compressed and rectangular

parenchyma cells. Inner zone unilayered, disorganized, made up of thin-

walled, tangentially oriented, crusted parenchymatous cells. The

endosperm is exhausted in mature cypsela. The mature embryo occupied a

major portion of the cypsela; cotyledons two in number, plano-convex in

shape, anterior-posteriorly oriented; secretory ducts in each cotyledon three

in number.

Morpho-anatomical study of cypselae of some species of the tribe

Vernonieae was done by Mukherjee and Sarkar (2001), Basak and

Mukherjee (2003). The tribe Vernonieae has many primitive features such

as-beak less cypselae, vesicular body, symmetric carpopodium, pappus in

the form of scabrous bristles or scarious or setaceous scales, absence of

phytomelanin layer, usually absence of resin canals or secretory canals,

thick pericarp, absence of pitted parenchyma cells, absence of papillate hair

and mucilage producting hairs. Therefore, this tribe can be regarded as one

of the most primitive tribe in the Asteraceae. This view supports the

opinion of Augier and du Me'rac (1951) regarding its phylogenetic position

in the Asteraceae.

Four species of the genus Vernonia were studied morphologically as

well as anatomically. All the studied species exhibited

homomorphism.Heteromorphism was reported in other species of this tribe

by earlier workers (Jana and Mukherjee, 2012). Although shape and size

are not important characters for depiction of taxa, the shape is more or less



similar i.e. narrow-oblong to oblong. However, the size is variable in all

species studied.

Colour of cypselae is variable and also depends on the maturity. In all

the studied species, cypselar wall remain adpressed by twin hairs.

Although, in some other species of this tribe, twin hair was absent, (Basak

and Mukherjee 2003).

On the upper portion of cypselae, pappus present. Pappus plays an

important role in the dispersal of seed. Both barbellate and scaly types of

pappus which are biseriately arranged are present. On the contrary Jana and

Mukherjee, (2012) reported the presence of only barbellate type of pappus

bristles in the species Vernonia anthelmintica, and uniseriately arranged

pappus was reported by Basak and Mukherjee (2003) in the species V.

blanda and V. saligna. Observations of pappus are similar with the opinion

of Jones (1977) and Bremer (1996). Bremer (1987) mentioned that ‘pappus

has been a principal source of information at the generic level but less

important at the higher levels’.

At the basal region of cypselae, carpopodial cells are arranged in

different number of rows. In Vernonia arkansana4-5 rows;Vernonia

noveboracensis 5-6 rows;Vernoniapulchella two rows and Vernonia glauca

14 rows are present. In all the studied species, carpopodial cells arranged in

symmetric and complete ring like structure. Mukherjee and Nordenstam

(2004) observedsingle row of carpopodial cell in V. anthelminthica and 1-5

rows in V. cinerea;in V.galamensis, carpopodium absent (Basak and

Mukherjee, 2003). Such type of carpopodium was also reported by

Mukherjee (1991). As, it is so much variable from species to species and

remain constant for each species, carpopodial features have definite

systematic value for categorization of taxa. 

In Vernonia, structure of stylopodium is not so significant for

demarcation of taxa. An unenlarge stylopodium was observed in both V.

cinerea and V. gracilis (Jana and Mukherjee 2012).The absent of

stylopodium in case of V.galamensis (Basak and Mukherjee 2003). In all

the studied species, stylopodium is well-developed, present as ring-like

structure, unenlarged, free, ecoronate and ebordered. 



Anatomically cypselae are homomorphic. Cross section of mature

cypselae shows 9-10 prominent ribs and furrows. However variations were

also reported by previous workers like, in V. galamensis ribs are

inconspicuous, Basak and Mukherjee (2003), absence of prominent ribs

and furrows in Rolandra,sometimes ribs are inconspicuous as in Vernonia

bainesii and V. cistifolia and almost 4-8 gonous in cross section

(Mukherjee and Sarkar, 2001). 

Pericarp is often moderately thick to very thick in cross section and

clearly distinguished into three zones, namely – epicarp, mesocarp and

endocarp. In all the species, epicarp is uniseriate, made up of thin walled,

rectangular, compactly arranged, parenchymatous cells; persistent hair

bases, glands and vesicular bodies are also present.

Mesocarp is sclerenchymatous, present as continuous many layered

zone of cells; cells usually thick-walled with small lumen.

Endocarp is made of thin-walled parenchyma tissue. Cavities present in

Vernonia pulchella and Vernonia glauca. Vascular traces present one at

each rib (except in Vernonia glauca, where only seven vascular traces

present). Testal features also important. Testa multiseriately arranged,

parenchymatous. Mode of distribution of calcium oxalate crystals in

pericarp is significant parameter. Presence of prismatic calcium oxalate

crystals in few species of Vernonia has been noted by Velez (1981) and

Robinson (1992). It was also found in V. blanda, V. hymenolepis and

V.stenolepis by Basak and Mukherjee (2003). However, no such structure

was found in the studied species.

From the aforesaid discussion it may be concluded that diacritical

features of cypselas are valuable for demarcation of taxa at or below intra-

generic level. The value of cypselar characters can be employed for proper

evaluation of taxa together with other characters from different taxonomic

sources.
Key character to the Genus Vernonia

Cypselae 9-10 ribbed; pappus almost always biseriate; carpopodium

symmetrical, ring-like; insertion of cypselae straight, basal; testa adpressed

with pericarp; secretory duct in each cotyledon three in number.



ARTIFICIAL KEY TO THE STUDIED SPECIES OF VERNONIA

1a. All ribs conspicuous; vascular traces present one at each

rib……………… …………………………………………………….(2)

1b. All ribs not conspicuous; vascular traces not one at each rib.

……..……… ……………..…………….…......................Vernonia glauca

2a. Both ends same; diameter of carpopodium same as cypselar body; ribs

9 in number……………………………………… Vernonia noveboracensis

2b.Bothends not same; diameter of carpopodium narrower than the body of

cypsela; ribs 10 in number. …………………………………….……..(3)

3a. Carpopodial cells arranged in 4-5 rows; hairs sparsely distributed;

glands bilobed; vallecular cavities absent ; endosperm exhausted in mature

cypsela… …………………….………………………...Vernonia arkansana

3b. Carpopodial cells arranged in 2 rows; hirsute hairs densely distributed

at rib region and sparsely at furrow region; glands single lobed; vallecular

cavities present; endosperm present in mature cypsela.

……….……………………………………………….......Vernonia pulchella

ACKNOWLEDGEMENTS

The authors are extremely grateful and thankful to the Director of the

Harvard University Herbaria, 22 Divinity Avenue, Cambridge, MA 02138,

U.S.A. (A, GH) and Anthony R. Brach, PhD. Curatorial Assistant and

Research Associate, Harvard University Herbaria, for sending mature

identified cypselae for our studies.



REFERENCES

Augier, J. and du Me'rac, M.L. (1951): La phylogenies des Compose'es.

Rev. Sci.3311: 167-182.

Bar, R., Jana, B.K. and Mukherjee, S.K. (2012). Morphological study of

cypselas in 3 species of the tribe Vernonieae-Asteraceae, IJPRBS.

Volume 1(6): 208-217.

Bentham, G. (1873). Compositae. In: Genera Plantarum, Bentham, G. and

Hooker, J. D. (eds.), 'Vol. 2, Williams & Norgate, London. 

Bremer, K. (1987).Tribal Interrelationship of the Asteraceae. Cladistics,

Nat. Bot. Soc. 3: 210-253.

Bremer, K. (1996). Major clades and grades of the Asteraceae. In:

Compositae: Systematics. Proceedings of the International Compositae

Conference, Hind, D.J.N., Editor in chief, Royal Botanic Garden,

Kew.1: 1-7.

Basak, N. and Mukherjee, S.K. (2003).Taxonomic significance of cypselar

features in some species of Vernonia (Vernonieae- Asteraceae) Journal

of Hill Research.16: 9-15.

Cassini, H. (1817). Apercu des genres nouveaux formespar M. Henri

Cassini dans la famille de Synantherees. Bui Scient. Soc. Phil.4: 66.

Cassini, H. (1819). Sur la famille des synantherees contenantles caracteres

des tribus. J. Phys. Chirn.Hist. Nat. Arts. 88 : 190-204.

De Candolle, A. P. (1836). Prodromus Systematics Naturalis Regni

Vegetabilis. Paris. Vol. 5, pp. 15-66.

Dilcher, D.L. (1974). Approaches to the identification of angiosperm leaf

remains. Botanical Review.40: 1-157. 

Harborne, J.B., Williams, C.A. (1977).Vernonieae- Chemical review. In:

The Biology and Chemistry of the Compositae, (Eds: Heywood VH,

Harborne JB and Turner BL) Academic Press, London.1: 523-527.

Haque, M.Z. and Godward, M.B.E. (1984). New records of the

carpopodium in Compositae and its taxonomic use. Botanical Journal

of the Linnean Society.89(4): 321 - 340.



Hoffman, O. (1894). Compositae. In: A. Engler & K. Prantl, Die

natürlichen Pflanzenfamilien IV, W. Engelman Verlag, Leipzig. 5, pp.

390 – 391.

Hunter, G.E. and Austin, D.F. (1967). Evidence from trichome morphology

of interspecific hybridization in Vernonia: Compositae. Brittonia.19:

38-41.

Jana, B.K. and Mukherjee, S.K. (2012). Variations of cypselas of five taxa

of the tribe Vernonieae-Asteraceae. IJPRBS. 1(5): 420-435.

Jansen, R.K. and Stuessy, T.F. (1980). Chromosome counts of Compositae

from Latin America, Am. J. Bot. 67: 585-594.

Jones, S.B. (1977).Vernonieae-systematic review. In The Biology and

Chemistry of the Compositae, Heywood VH, Harbome JB and Turner

BL (eds.), Academic Press, London.1: 503-521.

Kynclova, M. (1970). Comparative morphology of achenes of the tribe

Anthemideae. Cass. (Asteraceae) and its taxonomic significance. 

Preslia.42: 33-53.

Lessing, C F.(1839). De Synanthereis Harbariiregii Beroimensis

Dissertationes, 1, Vernonieae. Linnaea.4:240-356.

Mabberley, D.J.(1977).The Plant-Book. Cambridge University press,

Cambridge, United Kingdom. p.744.

Mukherjee SK (1991). Carpological studies in Compositae. Ph.D. Thesis,

Kalyani University, Kalyani, West Bengal, India (Unpublished).

Mukherjee, S.K. and Sarkar A.K. (2001). Study of macro-morphological

and anatomical structures of cypselas of eighteen taxa of the tribe

Vernonieae (Asteraceae) Nat. Bot. Soc. 55: 85-104. 

Mukherjee, S.K. and Nordenstam, B. (2004). Diversity of carpopodial

structure in the Asteraceae and its taxonomic significance. Comp.

Newsl.41: 29-50.

Narayana, B.M. (1979). Taxonomic value of trichomes in Vernonia Schreb. 

(Asteraceae). Proc. Indian Acad. Sci. 88B: 347-357. 

Philipson, W.R. (1938). An enumeration of the African species of

Elephantopus L. J. Bot., Lond.76: 299-305.



Rajashekara, G. and Razi, B.A. (1977). Studies on fruits of Asteraceae of

Mysore city as an aid to classification. J. Mysore Univ.27:197–211.

Robinson, H. (1983). A generic review of the tribe Liabeae (Asteraceae). 

Smithsonian Contrib. Bot.54: 1-69.

Robinson, H.(1992) A new genus Vernonanthura (Vernonieae, 

Asteraceae). Phytologia 73:65-76. 

Sahu, T.R. (1984). Taxonomic implications of trichome complements to

Vernonia (Compositae) in India. Feddes Repert. 95 :237-240.

Urbatsch, L.E. (1972). Systematic study of the Altissimae and Giganteae

species groups of the genus Vernonia (Compositae). Brittonia. 24: 229-

238. 

Velez, M.C. (1981). Carpological studies of American Astereae

(Compositae). Mitt. Bot.Staats.Munchen. 17: 1-170. 













Fig.1. Morphology of cypsela of the studied species

A-F: Vernonia arkansana, A- External morphology; B-Apical part of cypsela; C-
Basal part of cypsela; D-Carpopodial cells; E-Hairs; F-Glandular hair; G-Scaly
pappus; H-J-Apical, middle and basal part of pappus bristles;K-U: Vernonia
noveboracensis, K- External morphology; L-Apical part of cypsela; M-Basal part of
cypsela; N-Carpopodial cells; O-Hairs; P-Glandular hair; Q- Vesicular body; R-Scaly
pappus; S-U-Apical, middle and basal part of pappus bristles.



Fig.2. Morphology of cypsela of the studied species

A-K: Vernonia pulchella, A-External morphology; B-Apical part of cypsela; C-Basal
part of cypsela; D-Carpopodial cells; E-Hairs; F-Glandular hair; G- Vesicular body; H-
Scaly pappus; I-K-Apical, middle and basal part of pappus bristles; L-U: Vernonia
glauca, L- External morphology; M-Apical part of cypsela; N-Basal part of cypsela; O-
Carpopodial cells; P-Hairs; Q-Glandular hair; R-Scaly pappus; S-T-Apical, middle and
basal part of pappus bristles.









to grow throughout the year and in association with a variety of other

aquatic plants (Ghosh, 2005). Seed and pollen are genetic characters of a

species. Seed surface ornamentation and epidermal patterns have been

classically and widely used for taxonomic cosederation in a variety of plant

groups. Menyanthaceae family had been studied by Marais and Verdoorn

(1963), Aston (1969) and Raynal (1974) using Light Microscope, they

concluded that these are highly variable and taxonomically ureliable.

In order to determine the systematic relationship of two common

species N. indica and N. hydrophylla from South West Bengal,by using the

seed morphological and palynological characters. These characters are very

important for proper and rapid identification, but detail morphological and

palynological studies of these two species of Nymphoides are very less

work fromsouth West Bengal. Our preliminary objectives to rediscover the

characters which are useful to utilized for identification of selected species

from that perticular area.

MATERIAL AND METHODS

Field survey

Extensive surveys were conducted in the different rural areas of the

Paschim, Purba Medinipur and Howrah districts of south West Bengal.

Seeds and pollen were collected from mature plants of 2 investigated taxa

in different aquatic field. Collected plant specimens were identified with

the help of available literature and a voucher specimen of each has been

deposited in the herbarium (VUH) of the Department of Botany and

Forestry of Vidyasagar University, Midnapore, West Bengal, India for

further reference.

Table 1:showing different field area of South West Bengal

Collection site Latitude Longitude

Dantan 210 870

Keshiary 220 870

Narayanghar 220 870



Sabang 220 870

Salboni 220 870

Keshpur 220 870

Gorhbeta 220 870

Binpur 220 860

Jhargram 22.450N 86.980E

Kharagpur 220 87.3236530E

Midnapore 220 870

Ghatal 22.670N 87.720E

Panskura 220 870

Kontai 220 870

Ulberia 220 880

Howrah 220 880

Bagnan 220 870

Gopiballavpur 220 860

Amlachati 22° 22' 36" N 87° 02' 33" E

Table 2: Investigated taxa

Nymphoides indica(Linnaeus) Kuntze, Revis. Gen. Pl. 2: 429. 

1891.

Menyanthes indica Linnaeus, Sp. Pl. 1: 145. 1753; Lim-nanthemum

esquirolii H. Léveillé; Nymphoides humboldtiana Kuntze.

Nymphoides hydrophylla (Loureiro) Kuntze, Revis. Gen. Pl. 2: 

429.

Menyanthes hydrophylla Loureiro, Fl. Cochinch. 1: 105. 1790.



Microscopic investigation

The dried seeds were first examined by stereomicroscope and 10–20

seeds for each taxon were chosen to cover the range of variation. Seeds and

pollen were mounted on stubs with double adhesive tapeforscanning

electron microscopy. The stubs were sputter coated with gold-palladium in

a Polaron Equipment E1100. After coating, the specimens were examined

with a Jeol JSM 5300 scanning electron microscope, using accelerating

voltages at 20–25 KV.

The measures were based on 15-20 readings from each specimen. The

terminology used is in accordance with Erdtman (1952), Wodehouse

(1935), Blackmore and Persson (1996) and Punt et al. (2007).

RESULTS AND DISCUSSION

Nymphoides indica

Seed morphology: [Fig- 1 (A-D)] [Table- 3]

Capsules show ellipsoid to ovoid in shaped; 6–8 mm long, 4.5-6 mm in

diameter; dehiscing irregularly and seeds 19-28 per capsule. Seeds globose

in shape,1.2-1.4 mm long and 1- 1.16 mm wide; yellowish white in colour

but when it goes on mature shows in dark brown and glossy texture;

concave at funiculus scar, hilum is not elevated, oval on shape, position in

ventralsideof seed. Epidermal cells are smooth, scale like and shining or

with a few small tubercles on surface with sporadic doted pore like

structure. Anticlinal walls are undulated margin, wrinkle lineate surface

sculpture, 0.072 mm in long, not elevated; periclinal wall also undulated,

0.069 mm in long, is not elevated

Pollen morphology: [Fig- 2 (A-F)] [Table-4]

Pollen grains of N. indica are monad, isopolar, pollen

classtricolporate, mean polar diameter 32.880 µm, and mean equatorial



diameter 19.032µm and apertures parasyncolporate. Wall

thickness/Exine is 1.923 µm, Equatorial Shape Peroblate-oblate and

polar shaped triangular; aperture parasyncolporate, colpi ±18.54µm long. 

Exine ornamentation are densely dotted with small blunt excrescences or

echinat distinctly baculate, ±568.1 nm long.

Nymphoides hydrophylla

Seed morphology: [Fig- 3 (A-D)] [Table- 3]

Capsules shows broadly ovoid in shape; 3-6 mm long, 3.5-4 mm in

diameter, dehiscing irregularly. Seeds 4-6 (-10) per capsule, globose in

shape, ±1.83 mm in long, ±1.635 mm wide; yellowish-white in colour, 



elevated hilum, basal in position, cone like structure. Seed surface with

small but prominent, slightly barbed tubercles orcolumellate truncate

appendages with pore on the epidermal cells., 64-79 µm long and 16-20

µm wide, hollow tube. One or two pair, sometimes in a bundle of 5-7 with

gemmate protuberances towards the distal part, hollow tube present on 

epidermis with several groups. Pentagonal epidermal cells convex with

depressed, with straight margin. Anticlinal wall is straight margin, not

elevated, clear surface, ±18 µm long. Periclinal wall also straight margin,

ruminate surface sculpture, depressed level and ± 23 µm long.







Table 3: Comperative seed morphology study of two common
species the genus Nymphoides in south West Bengal

Sl.
No.

Seed morphology N. indica N.
hydrophylla

Flowering and fruiting period Aug-Oct Aug-Sep.

Fruit type Capsules Capsules

Fruit shape elliptic to
obovoid

Broadly
ovoid

No. of seeds in one capsules 20-28 4-6

1000 seed wt. (gm) 2.193 3.941

Mean  value diameter of
capsuls

5.5 mm 4 mm

Mean value length of capsuls 7 mm 4.5 mm

Mean value  length of Seed 1.252 mm 1.831 mm

Mean value breadth of Seed 1.086 mm 1.635 mm

Seed index values 1.152 1.119

Seed Shape Kidney shaped,
globose

Ovate or
globose

Compression Slightly present Present

Pulp Present Present

Seed coat colour Light brown or
yellowish white

Brown or
yellowish

white

Seed coat texture Smooth and
shining

Aculeate, 
prickles 64-
79 µm long



Hilum level Not elevated Procumbent
or elevated

Hilum Shape Oval Blunt end
cone shape

Hilum Position Termina end, in
ventral

Terminal

Mean Hilum Length 0.180 mm 0.271 mm

Mean Hilum Width 0.113 mm 0.192 mm

Hilum Index values 1.592 1.411

Horn like projection Absent Present in 1 -
2 pairs

Projection length Absent 64-79 µm

Projection Width Absent 16-20 µm

Epidermal cell structure Tetra gonal, 
Scale like

Pentagonal, 
convex

Anticlinal cell wall boundaries Not clear Clear, ±18
µm long

Anticlinal cell wall level Not elevated Depressed
junction

Anticlinal cell wall margin Undulated Straight

Periclinal cell wall boundaries Not clear Clear, ± 23
µm long

Periclinal cell wall level Not elevated Depressed
junction

Periclinal cell wall margin Undulated Straight

  



Table-4: Comperative pollen morphology study of two common
species the genus Nymphoides in south West Bengal

No. 
of

chara
cters

Pollen
characters

N. indica N. hydrophylla

1. Pollen type Bilateral, isopolar Bilateral, isopolar

2. Pollen unit Monad Monad

3. Pollen class Tricolporate(parasyncol
porate)

Tricolporate(parasy
ncolporate)

4. Mean value
polardiameter

(µm)

32.880 23.458

5. Mean value
equatorial

diameter(µm)

19.032 14.167

6. P/E 1.727 1.655

7. Wall
thickness/

Exine(µm)

1.923 1.401

8. Equatorial
Shape

Peroblate-oblate Oblate

9. Polar shape Triangular(semi
angular)

Triangular(semi
angular)

10. Outline Triangular Triangular

11. Aperture Parasyncolporate Parasyncolporate

12. Colpi
length(µm)

±18.540 µm long ±15.023 µm long

13. Colpi ± 6.854 ± 5.319



wide(µm)

14. Distance
between

colpi(µm)

± 5.361 ± 4.985

15. Exine
ornamentation

Densely dotted with
small blunt

excrescences/ echinat
distinctly baculate.

Dotted with small
sharp
excrescences/
echinat distinctly
baculate.

16. No. of spine
/100µm2

± 693 ± 412

17. Spine or
baculate length

± 568.1 nm long ± 845.3 nm long

18. Spine or
baculate

breadth at base

± 772 nm ± 6.73 nm

19. Mean Pollen
production per

flower

37,928 20,322

Seed Morphological analysis

Seed ornamentation pattern have been taxonomically used as an evident

to authentic observation. Seed is a genetic character of a species which can

isolated from plant. By using this character we can identify any plant

easily. However, different variation has been observed in the African and

Madagascar species of this genus taxonomically unusable (Raynal, 1974).  

Aston (1969) observed two main types of epidermal cells in Australian

species, one is straight polygonal cells and other is irregular shaped cells.

Raynal (1974) reported that this is variable and hence become

taxonomically of doubtful merit. Sivarajan and Joseph (1989) analyzed a

great degree of variability in seed coat pattern in these groups of plant.  We

also observed two common Nymphoides (N. indica, N. hydrophylla) from



south West Bengal with extensive field survey, extensive sampling and

adequate data which make the observation more informative.  Both the

plants are aquatic in nature having more or less same morphological

characters. Seeds are globose in shape but in N. indica kidney shaped and in

N. hydrophylla ovate. Seed surface smooth and shining in nature in N.

indica but in N. hydrophyllaaculeate, prickles 64-79 µm long. Doted pore

present on seed surface of N. indica but prickles or tubercles which also

hole in nature in N. hydrophylla, all these adaptive character most probably

helps the seed to take up water, o2 from outside environment of the seed

and also buoyancy the seed to floating on the water. Seed coat too much

hard in nature due to aquatic habitat.

Palynological analysis

According to Perveen (1999) N. hydrophylla pollen grains are

syncolpate or 3-5 colpate. According to Mayah (2012) in N. indicapollen

grains are tricolpate spinuliferous. We analyzed pollen grains of both the

species are same monad, isopolar, pollen classtricolporate but in N. indica

pollen (P/E=32 µm/19.032µm) is big in size than the other selected species.

In N. hydrophylla Pollen sizeP/E=23.458 µm/14.167µm, equatorialshape

peroblate-oblate and polar shaped triangular; aperture parasyncolporate, 

colpi ±15.023 µm long; exine thickness 1.401 µm. InN. indicawhich

surface ornamentation also same with densely dotted with echinat distinctly

baculate, but small blunt excrescences,568.1 nm long, but micro sharp

excrescences or echinat distinctly baculate, 845.3 nm long in N.

hydrophylla.Pollen grains of the aquatic plants affect the water

environment. The selection of aquatic plants was made on the basis of

abundance in the locality. In the present investigation number of pollen

grains per anther per flower was estimated. Total two aquatic rooted

hydrophytes with floating leave plants i.e. N.  indicaand N. hydrophylla

were  studied. In between two aquatic taxa N.  indica produced highest

numbers of pollen grain (37,928) per flower while lowest numbers of

pollen showed in N. hydrophylla (20,322/flower), mean anther size in N.

indica is 2.5 mm while in N. hydrophylla is 0.956 mm. So it can be



concluded that there is correlation in between anther morphology with

pollen production.

Key to identify these two plants on the basis of seed and pollen

morphology-

1. Seeds surface smooth, light brown or yellowish white with oval shaped

hilum, pollen peroblate-oblate;P/E ratio ±1.7, exine densely dotted echinate

with ± 568nm long, colpi 18.540µm

log…………....................................................................................N.  indica

2. Seed surface tuberculate, yellowish with elevated hilum; pollen oblate;

P/E ratio ±1.655, exine surface dotted sharp echinatewith ±845nm long,

colpi 15.023 µm

long…………………………………………………….…....N. hydrophylla

Previous work by Sivarajan and Joseph, 1993; Li and Lin et al, on 2002

but not in details from that selected area.After analysis the selected taxa if

we comprising the data of external pollen and seed morphology reveal that

there are so many information about the relationship among these two

selected taxa.

Seed morphology has great variable among taxa of both selected species

of Nymphoides. Where in N. indica seedswith smooth surface but N.

hydrophylla having rough surface with tubercles. These two opposite

characters help to identify the both selected species. Numerically both the

seed characters also differ. Whereas N. hydrophylla having large size, hard

seed coat than N. indica. All these characters regarding seed size, shape, 

hilum morphology, epidermal cell structures, anticlinal and periclinal wall

having great diversity with two species. Few adaptive seed characters also

obsedved for their aqauatic environment i.e. hard coat seed; epidermal

tubercles those are the channel for air pocket to buoyancy the seed during

seed dispersal in N. hydrophylla under water.

Pollen exine echinate having difference in two species, sharp and less

number of echinate N. hydrophylla (± 412 /100µm2) while in N.  indica

having adequate number (± 693/100µm2) with short length. Pollen



morphology reveals that phylogenetically two species are more or less

same. If we compared these species on the basis flower morphology of N.

indica flower diameter, number of petals, number of stamens, ovary

diameter, number of ovary chambers and length of stigma appendages

which is morphologically more related with N. hydrophylla but negligible

difference in numerical data. So we concluded two species also

phylogenetically related (N. hydrophylla and N. indica) on the basis of seed

and pollen morphology. We also believed that all these morphological data

is not adequate to correlate any plant species from the phylogenetical point

of view, so needs more plant species studies on molecular basis.
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Canal on north-east and Damodar River on north-west. Annual normal

rainfall is 1461 millimeter per year. Annual maximum temperature varies

between 32-39°C, whereas minimum temperature varies between 8-10°C.

Methods

The aim of present study is provide an inventory of the valuable

agricultural weeds of different cultivars of this district. The exploration of

the area under study includes the planned field trips to various places

Howrah district for agrestal collection in rice and jute fields. It was carried

out during 2010-12. The study sites were classified into 2 groups, one is

agriculturally rich and another one is less agriculturally rich area. Each

field trip includes 5-10 days covering a particular area. Notes were written

on habitat, habit, flower colour and general distribution. Different data

about the usefulness of agrestal were documented from field survey and

resourceful persons (farmers and land owners).In the following study, 

quantitative structure and diversity of Plants were calculated .The study

was carried out through stratified random quadrate method. 2m x 2m

sample plots were nested for plants. Within each plot the number and name

of all the herbs were counted and recorded. Density (D), frequency (F), 

abundance (A) was calculated through Shukla and Chandal (2000). In the

present study, Shannon Wiener diversity index and abundance frequency

ratio (A/F) were also calculated.

Abundance frequency ratio (A/F)

The ratio of abundance to frequency (A/F) for shrub and herb species

was determined for eliciting the distribution pattern. This ratio has

indicated regular (<0.025), random (0.025-0.05) and contagious (>0.05)

distribution patterns (Whitford, 1949).
Identification of Specimens

After completing the weed collection from the crop fields the specimens

were identified by comparing with the authentic certified specimens at the

Herbarium of Department of Botany and Forestry, Vidyasagar University, 

and Central National herbarium (CAL) Howrah. Collected voucher

specimens were deposited in the herbarium of Department of the Botany

and Forestry, Vidyasagar University. 



RESULTS AND DISCUSSION

In the present study, 24 species of herbs under 13 angiospermic and 1

pteridophytic families were identified. Among theseweeds 18 species are

used as medicinal, 3 species are edible, 3 species are used as fodder

plants(Table-1).

I. Medicinal plants:

A. Dicots

1) Oxalis corniculata L. (Figure. 1A.)

Local name: Amrul

Family: Oxalidaceae

Medicinal uses: Leaves:  Used in piles, anaemia, opacities of the

cornea and warts.

2) Physalis minima L. (Figure. 1B.)

Local name: Ban tepari

Family: Solanaceae

Medicinal uses: Leaves:  The whole plant is used as appetizer tonic

and laxative.

3) Croton bonplandianus Baill.(Figure. 1C.)

Local name: Lankeswari

Family: Euphorbiaceae

Medicinal uses: Plant juice is highly useful as hypotensive and

spasmolytic.

4) Solanum nigram L. (Figure. 1D.)

Local name: Kakmachi

Family: Solanaceae

Medicinal uses: Whole plants used in asthma, bronchitis, diarrhoea, 

heart and kidney disease. Root used in urinary troubles. Leaf is used

as a laxative. 

5) Eclipta prostrata (L.) (Figure. 1E.)

Local name: Keshute

Family: Asteraceae

Medicinal uses: Leaves used in jaundice, fever and help to promote

hair growth. 



6) Scoparia dulcis L. (Figure. 1F.)

Local name: Ban dhone

Family: Scrophulariaceae

Medicinal uses: Leaves of this plant used in cold, cough etc.Roots

used in dysentery.

7) Centella asiatica(L.) Urban (Figure. 2 A.)

Local name: Thankuni

Family: Apiaceae

Medicinal uses: Used in wound healing, leprosy, diarrhoea and

ulcers.

8) Celosia argentea L. (Figure. 2B.)

Local name: Sadamurgi

Family: Amaranthaceae

Medicinal uses: Used as diuretic and also used in blood diseases. It is

also used in disease of eye.

9) Hydrolea zeylanica Vahl. (Figure.2D.)

Local name: Ishlangula

Family: Hydrophyllaceae

Medicinal uses: Plant used in diabetes and ulcers.

10) Ludwigia octovalvis (Jacq.) Raven. (Figure.2C.)

Local name: Ban lavanga

Family: Onagraceae

Medicinal uses: Plant used as astringent, laxative, vermifuge and

carminative.

11) Amaranthus spinosus L. (Figure.2E.)

Local name: Kanta notey

Family: Amaranthaceae

Medicinal uses: Plant used as laxatives and also used in blood

diseases, leprosy, bronchitis.

12) Mikania cordata L. (Figure.2F.)

Local name: Ravan lata

Family: Asteraceae



Medicinal uses: Leaves has antimicrobial properties and used in

wound healing.

13) Cleome viscosa L. (Figure.3A.)

Local name: Hurhuria

Family: Capparidaceae

Medicinal uses: The juice of leaves has been used to relive earache.

B. Monocots
1) Commelina benghalensis L. (Figure.3B.)

Local name: Kanchira

Family: Commelinaceae

Medicinal uses: Whole plant used to treat dropsy and rheumatic pain

etc.

2) Cyperus kyllinga Endl. (Figure. 3C.)

Local name: Nirbish

Family: Cyperaceae

Medicinal uses: Whole plant used as antidote of snakebite and roots

used in fever.

3) Digitaria sanguinalis (L.) Scop. (Figure. 3D.)

Local name: Crabgrass

Family: Poaceae

Medicinal uses: Parched grains are administered to women who

suffer from stomach ache after child birth.

4) Dactylotenium aegyptium(L.) Beauv. (Figure. 3E.)

Local name: Makra

Family: Poaceae

Medicinal uses: Parched grains are administered to women who

suffer from stomach ache after child birth.

5) Echinochloa colona (L.) Link. (Figure. 3F.)

Local name: Shyama

Family: Poaceae

Medicinal uses: Whole body used as diuretic and useful in diarrhoea, 

labour pain etc.

II. Edible plants:



1) Alternanthera sessilis DC. (Figure. 4A.)

Local name: Sanchi

Family: Amaranthaceae

Uses: Upper part of plants used as vegetable by local peoples.

2) Amaranthus viridis L. (Figure. 4B.)

Local name: Ban notey

Family: Amaranthaceae

Uses: Whole plants without root used as vegetable by local

peoples.

3) Marsilea quadrifoliaL.(Figure. 4C.)

Local name: Sushni

Family: Marsileaceae

Uses: Leaves used after boiled by local peoples.

III. Fodder plants:

1) Alternanthera philoxeroides Griseb. (Figure. 4F.)

Local name: Danta

Family: Amaranthaceae

2) Cynodon dactylon (L.) Pers. (Figure. 4E.)

Local name: Durba

Family: Poaceae

3) Cyperus rotundus L. (Figure. 4D.)

Local name: Motha

Family: Poaceae

Quantitative analysis of herbs
With respect to the all species, highest density was measured among

monocot of rice field in Cynodon dactylon(2.25/4m2) and in jute field it

was Dactylotenium aegypticum (3.5/4m2) (Graph 1 and 2).  Among dicot of

rice field highest density was measured in Ludwigia octovalvis (2.583/4m2)

and in jute fields it was Alternanthera philoxeroides (2.417/4m2) (Graph 1 

and 2).However, thehighest frequency was measured in Alternanthera

philoxeroides, Marsilea quadrifolia (75%) in rice fields and Cynodon

dactylon (91.6667%) in jute fields (Graph 1 and 2). Furthermore, the

highest abundancewas found in Oxalis corniculata (7) in rice fields and



Eclipta prostrata (5.75) in jute fields (Graph 1 and 2).  A/F ratio in the

study site indicated random to contagious distribution pattern.According to

Odum (1971), the study area was not completely uniform because of

several species showed contagious distribution (Table 2).

Fig.1 A. Oxalis corniculata,B. Physalis minima, C. Croton bonplandianus,

D.Solanum nigram, E. Eclipta prostrate, F. Scoparia dulcis



Fig.2 A.Centellaasiatica, B. Celosia argentea, C. Ludwigia octovalvis,D.

Hydroleazeylanica, E. Amaranthusspinosus, F. Mikania cordata



Fig. 3.A. Cleome viscose, B. Commelina benghalensis, C. Cyperus kyllinga,D.

Digitaria sanguinalis, E. Dactylotenium aegypticum, F. Echinochloa colona



Fig.4.A. Alternanthera sessilis, B. Amaranthus viridis, C. Marsilea quadrifolia,  

D. Cyperus rotundus, E. Cynodon dactylon, F. Alternanthera philoxeroides.



The details survey reveals that this field contain many valuable

agrestals, which we could use as bioresource and some are already used by

local peoples. Local peoples used this field for collection of various

medicinal (18 species) plants. They also collect these edible (03 species)

and fodder (03 species) plants for their primary uses. Documented plants

are representing through Table 1 to understand the overall structure and

function of this study area at a glance also get accurate and precise

information of the reported plant species.The present study is the first time

that documented beneficial agrestals used by local peoples of these three

fields from this district. Among three food plants of this field, density and

frequency of Marsilea quadrifolia is very high in that district. In this field

Poaceae and Amaranthaceae are the dominant families from monocot and

dicot respectively. Among fifteen medicinal plants of these fields, uses of

Croton bonplandianus Baill., Eclipta prostrata L., Amaranthus spinosus L. 

and Commelina benghalensis L. are very high. Among three food plants,

uses of Amaranthus viridis L. are very high.So, from this study it is clear in

low density of these weeds are valuable and up to certain level there is no

requirement to remove these weeds for ecological sustainability. So,

creating awareness among the local people about proper utilization of

valuable weeds and their scientific management can contribute

significantly to enhance the income of poor farmers.

Table 1: Collected and reported plant species of the study area

No. Plant species
name

Local
name

Family Importan
ce

Occur
rence

1 Oxalis
corniculata L.

Amrul Oxalidaceae Medicinal
and Edible

RF

2 Physalis
minima L.

Ban
tepari

Solanaceae Medicinal JF

3 Croton
bonplandianus
Baill.

Lankesw
ari

Euphorbiaceae Medicinal JF

4 Solanum
nigram L.

Kakmac
hi

Solanaceae Medicinal JF



5 Eclipta
prostrata L.

Keshute Asteraceae Medicinal JF

Scoparia dulcis
L.

Ban
dhone

Scrophulariace
ae

Medicinal JF

Centella
asiatica (L.)
Urban

Thankun
i

Apiaceae Medicinal RF

Celosia

argentea L.

Sadamur

gi

Amaranthaceae Medicinal JF

Hydrolea
zeylanica Vahl.

Ishlangul
a

Hydrophyllace

ae

Medicinal RF

Ludwigia
octovalvis
(Jacq.) Raven.

Ban
lavanga

Onagraceae Medicinal RF

Amaranthus

spinosus L.

Kanta

notey

Amaranthaceae Medicinal JF

Mikania
cordata L.

Ravan
lata

Asteraceae Medicinal RF

Cleome viscosa
L.

Hurhuria Capparidaceae Medicinal JF

Commelina
benghalensis
L.

Kanchira Commelinacea
e

Medicinal JF

Cyperus

kyllinga Endl.

Nirbish Cyperacae Medicinal JF

Digitaria

sanguinalis

(L.) Scop.

Crabgras

s

Poaceae Medicinal ALL

Dactylotenium
aegypticum

Makra Poaceae Medicinal JF



(L.) Beauv.
Echinochloa
colona (L.)
Link

Shyama Poaceae Medicinal ALL

Alternanthera

sessilis Dc.

Sanchi Amaranthaceae Edible JF

Amaranthus
viridis L.

Ban
notey

Amaranthaceae Edible ALL

Marsilea

quadrifolia L.

Sushni Marsileaceae Edible RF

Alternanthera
philoxeroides
Griseb.

Danta Amaranthaceae Fodder ALL

Cynodon
dactylon (L.)
Pers.

Durba Poaceae Fodder ALL

Cyperus

rotundus L.

Motha Cyperaceae Fodder ALL

RF:Rice(PADDY) field, JF:Jute field, ALL: Present in both fields.

Table 2: Quantitative structure of herbs in the study area

No. Scientific name D/4m2 F (%) A A/F Occur
rence

1 Oxalis corniculata L. 1.167 16.667 7 0.420 RF

2 Physalis minima L. 1.083 25 4.333 0.173 JF

3 Croton
bonplandianus Baill.

0.25 8.333 3 0.360 JF

4 Solanum nigram L. 1.75 33.333 5.25 0.157 JF

5 Eclipta prostrata L. 1.917 33.333 5.75 0.172 JF

6 Scoparia dulcis L. 1.667 41.667 4 0.095 JF



7 Centella asiatica (L.)
Urban

2.334 58.333 4 0.068 RF

8 Celosia argentea L. 0.75 16.667 4.5 0.270 JF

9 Hydrolea zeylanica
Vahl.

1 33.333 3 0.090 RF

10 Ludwigia octovalvis
(Jacq.) Raven.

2.583 66.667 3.875 0.058 RF

11 Amaranthus spinosus
L.

2.25 41.667 5.4 0.129 JF

12 Mikania cordata L. 0.25 8.333 3 0.360 RF

13 Cleome viscosa L. 0.417 16.667 2.5 0.15 JF

14 Commelina
benghalensis L.

0.583 16.667 3.5 0.209 JF

15 Cyperus kyllinga
Endl.

1.583 33.333 4.75 0.142 JF

16 Digitaria sanguinalis
(L.) Scop.

2.083 50 4.167 0.083 JF

1.667 41.667 4 0.096 RF

17 Dactylotenium
aegypticum (L.)

Beauv.

3.5 75 4.667 0.062 JF

18 Echinochloa colona
(L.) Link

1.75 58.333 3 0.051 JF

1.5 33.333 4.5 0.135 RF

19 Alternanthera sessilis
Dc.

1.667 41.667 4 0.096 JF

Amaranthus viridis L. 2.167 50 4.333 0.087 JF

1.417 41.667 3.4 0.081 RF

21 Marsilea quadrifolia
L.

3,583 75 4.778 0.063 RF

22 Alternanthera
philoxeroides Griseb.

2.417 83.333 2.9 0.035 JF

3.917 75 5.333 0.071 RF

23 Cynodon dactylon
(L.) Pers.

2.5 91.667 2.727 0.030 JF

2.25 58.333 3.857 0.066 RF

24 Cyperus rotundus L. 1.25 50 2.5 0.05 JF

1.083 33.333 3.25 0.098 RF
RF: Rice (PADDY) field, JF: Jute field, ALL: Present in both fields.
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the productivity remains around half under irrigated condition and within

rainfed system the upland rice is grown with ample chances of drought

proneness (Brar and Khush, 1997). Now, the NUE is remained sensitive

under both rain- fed as well as irrigated situation for rice and other cereals.

The rainfed condition induces in leaching of some soluble nitrogen salts

from rice fallows. For the Pennisetum the irrigated condition remains less

sensitive since plants can realize substantial biomass and grain yield under

water deficit state (Bray, 2004). Salinity is another problem which is also

accompanied with depletion of N from soil. Accumulation of excess NaCl

in soil very often replaces the alkaline nitrate salts by salt displacement

method and thus plants suffer from inadequate N uptake. The ionic

imbalances with alkaline pH has also lead to the changes of root hydraulic

conductivity for the cellular membrane and thereby insufficient NO3

absorption the results (Bidinger and Hash, 2003). In an estimation nearly     

mha of cultivated area under salinity and a crops under such condition

lacks around fall in yield annually (Cairns et al., 2004). Acid soil is another

problem to deplete the N from the soil and thus plants under red lateritic

soil suffers in depletion of soluble N. Nearly 40% of arable land worldwide

is affected by acid soils (Waquil and Matzenbacher, 2000). Aluminium is 

only phytotoxic under such acidic soil. In South East and some African

countries are more affected by acid soil where Aluminium toxicity is the

most targeted.  The N depletion under this category is effected with

references over 100 000 ha in Nepal on 70% of the wheat acreage in Brazil

(Colmer et al. 2005). 

Breeding for low N efficiency resistance in soil:
NUE is manifested into two ways: uptake   efficiency and utilization

efficiency in crop species. The both the attributes are effective in cereals in

an irreversible manner.  NUE is the ratio of grain yield/N applied (with or

without top dressing, i.e. all available N). Whereas uptake efficiency is the

total plant N/N applied. On the contrary, utilization efficiency refers to the

yield/total plant N. Almost the cereals are characterized with sufficient for

nearly 50% of the but utilization efficiency refers to the almost 75% of the

N in the grain (Anderson et al. 1999). Uptake efficiency is always paid



more attention under less N containing soil than in high N. There remains a

good correlation between uptake and utilization of nitrogen efficiency. 

Importantly, breeding for tolerance to rice under low N also links the

tolerance to other abiotic stress.

It was reported that report that tropical maize gives water stress

tolerance is more tolerant to depleted N in the soil (Ashraf and McNeilly, 

1988). Accordingly, both constitutive and inductive stress tolerance is

related to the allocation of N into different parts of plants, particularly, in

grain and straw. Stress tolerance mechanisms that increase yield and yield

stability (With the molecular and genetic analysis for improved NUE is set

with many aspects. The most important one is the retrospective analysis of

changes in cultivars. This is for their grain yield and NUE.  The other

important is quantitative genetic approaches to ascertain the specific loci in

combination with low nitrogen and any genetic markers (Ashraf, and

McNeilly,  2005). 

Use in nitrogen for long term selection under depleted soil:
It was reported by Austin et al. (1980) in 12 European wheat cultivars

both up take and utilization efficient are related to grain yield in both Low

and High nitrogen regimes. It was later found in Italian wheat cultivars that

the improvement for wheat from 1900 to 1994 were dependent on both

residual and added N conditions (Guarda et al., 2004). In case of CIMMYT

wheat grain yield had maximum improvement under both LN (1.1% yrK1)

and HN (1.9% yrK1) as reported by Ortiz-Monasterio et al. (1997). On

changes from tall to semi tall wheat cultivars the grain yield was higher in

low nitrogen but quite lower under high nitrogen. Therefore, it is the

genetic property of wheat plants to respond in higher grain yield under high

or/ and low N in soil accordingly. The enhanced NUE derived from uptake

efficiency first and then it was moderated with course of genetic

advancement to adopt the utilization efficiency Gouis et al. (2000).

Selection strategies for breeding in Nitrogen use efficiency under

depleted N environment:
Low N is taken as stress factor in crop species. According to crops to

stress environment it heritability that determine genetic mechanism. The



results are conflicting. Lower heritability in stress is set with low fertility

and drought stress in oats (Ud-Din et al. 1992). Quisenberry et al. (1980)

showed that similar effects in low NUE for dehydration in cotton. In Zea

mays maize, broad-sense heritability under low N and that was mostly to

lower genotypic variances .Plants with low P, low N and even late planting,

there recoded no stable correlation between heritability and yield. It was

also reported that the heritability remains more stable under stress

condition and that was due to differential behavior of genetic materials to

LN and HN condition.  Sometimes, the genetic correlations different HN

and LN exceeds between the heritability in the target environment.  In that

case the direct selection is found to be effective. This refers that alleles

under both the selection for heritability are same under different

environment of HN and LN. (Ba¨nziger et al.2002).  Such behavior for

reduction in the yield under N deficit soil may be typical for tropical but

not for temperate areas. On that basis the potential of selection in yield

recorded as 40 % higher through direct selection under the low and high N

soil. It simply concludes that grain yield differences under LN and HN is 

due to selection strategies either through directly or indirectly.  It was

Gilmer et al. (2001) who moderated the strategies for improved NUE both

LN, HN in two sets. Of those one comprises the visual selection for yield

and the second stands for a natural selection. The earlier one had fitted with

responses of plants under LN and that was an adaptation of the varieties.

On the other hand the selection out of natural condition was more

responsive to the moderated N efficiency. This was more related to the

yield attributing characters like grain yield, harvest index, biomass, and

cioupled with both uptake and utilization efficiencies under high and low

via moderate N efficiency (Edmeades, 2004). Interestingly, all these traits

are directly correlated to the grain yield under moderated N inputs in soil.

Strategies for salinity tolerance for NUE in crop species:
Water deficit and salinity are two sides of the same coins and the

breeding for tolerances to based on all possible combination of those two.

These are dealt with timing in relation to developmental stage and intensity

of stressors, duration of stressors and all other supplementary factors



for drought at the level total plant biology. This is even true for a single

gene also (Blum, 2004). The physiological characters associated with

avoidance and tolerance are mostly constitutive. However, it differs

between genotypes or/ and adaptive also. That also varies with the stage of

the life cycle and life cycle of the plants. Drought avoidance and drought

tolerance are two different things. It involves different mechanisms on 

cellular, molecular, and phonological processes.  Drought stress is

considerably variable in its occurrences, durations, severity, and this results

is manifested through interaction with environmental and genotypic

potential.. The whole-plant response to stress is more complicated since

interacts in a different way at each species responds to intensity and

duration of water deficits and allied high temperature stress. The use of

sufficient QTL adhered to sensitivity is actually effective in selection of

drought tolerance (Ba¨nziger et al. 2006). On the other hand, salt tolerance

is integrally associated with drought tolerance in its desiccation sensitivity

of species at different level and time of its occurrence. Salt tolerance is

more complicated and mutagenic in nature (Shannon, 1997; Flowers,

2004).  The most paramount feature of salt tolerance is based on the efflux

of Na+ coupled with more retention of K+. (Colmar et al.2005). This is

more associated with  high  rates salt exclusion (Munns et al. 2002).In

cereals the transpiration flow is highly associated with more K+ uptake in

turn of Na+ exclusion and maintain a stable ratio of  K+/Na+ in the cellular

tissues. It is more prudent that salt is both related to osmotic and salt-

specific ions in plants (Munns, 2005) A gradual turnover of field salinity to

chose any suitable genotype is rather hard to make reliable screening. The

effects of these all features are apprehended in plants for increased

extracting water from depleted water zone due to salinity (Srivastava and

Jana 1984). It is also held true for cases of waterlogging under irrigated

environments. This is more aggravated with multi-stressors imposed to

plants. So, the adaptability is dependent on total performances of plants

species through the seasons. It also explained  that because of a very

minimum areas of a field are highly saline, the plant  selection at low  to



moderate area was not remain as more liable to compare with the first one

(Ricardii, 2004). Still, this is more related to drying saline fields, which are

not real for the irrigation purposes.   It was also reported by Isla et al.

(2003) that, for selection purposes it is the moderately saline soils to be

best to plants growth and yield. But for higher salinity both salinity

tolerance and yield performances are required particularly, for cereal crops. 

In most of the cases the salinity may very often combine with waterlogging

stress where deposition of salt from flash flood are most crucial.  (Akhtar et

al. 1994). Therefore, a combinational approach should be there where both

irrigated and rainfed crops could be justified in terms of specific ion effects

as well as water deficit stress. Among the crops, in general, cereals are less

sensitive than legumes (Reynolds et al.2005). In fact, wild parts of crops

are more tolerant to greater degree than their local cultivated species. As

for e.g. bread wheat (allohexaploid) are intermediate sensitive to durum

wheat ( allotetraploid). Rice has a wider range of sensitivity to tolerance for

both salinity as well as drought stress but with a very little efforts to

transfer the traits to other cereals (Gregorio and Cabuslay 2005). A

significant variability do exists for salt tolerance in bread wheat among

existing cultivars and landraces of other cereals   (Poustini and

Siosemardeh 2004).  A significant variation is found between Na+ and Cl- is

recorded in different varieties of wheat(Ashraf et al. 2005). Likewise

Triticum durum L., the lines were identified with low ratio of Na+: K-

(Munns et al. 2000) . With the same trend found in rice that  the  low

transportation of Na+ through shoot under moderate to extreme salinity

(Yeo et al. 1980). 

Marker assisted selection (MAS) in breeding in crop is the most reliable

methods to be used in decipher technologies quantitative traits by

quantitative trait locus. OTL mapping is used to tag individual locus for a

particular character under stress tolerance (Yue et al. 2002).  Marker

assisted backcrossing (MABC) also utilizes the earlier selection for donor

alleles linked to QTLs. There is also and ‘background’ selection for

recipient parent alleles in subsequent back crosses. The simultaneous

analysis and introgression is adopted in subsequent back cross programme



for a particular character In addition,   PCR-based markers such as simple

sequence repeats or microsatellites (SSRs) were the most advantageous in

substitution of RFLP markers.  The SSRs has the favor that permit

multistage selection which increases the economic and promptness of

MAS. More so, the introgression of multiple QTLs into traditional cultivars

is exploited with cost and labour (Steele et al. 2006).

In the case of stress-related QTLs, it suffers from problems of epispastic

interactions. Thus, it also does not suffice the original genetic back up. For

the more effectively and commercial utilization MAS should be expressed

with QTL in new traits linked stress characters. This is also accompanied

with the most stable in all sorts of environmental fluctuations. This is more

illustrated with rice in seeking for QTL, stable and associated segregating

with yield attributes also (Lafitte et al. 2004). This is illustrated with leaf

rolling and deep root system in rice under dehydration stress to develop

QTL for drought stress. These QTL must be co-selectable with panicle

length, grain weights and other agronomic traits in maturity to serve better

selection for stress tolerance as well as yield characters also (Bernier et al.

2007). Therefore, agronomic traits along with stress postponement

(avoidance) are more preferred to the in plant stress tolerance.  Roots are

the most targeted organs for selection in QTL mapping in development of

drought tolerance (Tuberoses et al., 2003). In rice, (Li et al., 2005)

developed the QTL for root length and thickness on is the oldest in

mapping population for different agronomic condition for segregating

generations. It is the first target QTL for root in transgressed breeding to be

introgressed into original genetic back ground (Steele et al. 2006). Whereas

the density or thickness of roots is with poor lineage with other non-root

QTL, the leaf rolling characters are with good association under this

condition. In addition some root QTL has shown positive correlation with

physic-chemical properties of soil also (Cairns et al. 2004). Still, there

exists a well disproportion in determination of yield with root QTL due to

significant genetic environment interaction.  



CONCLUSION
It is to simply move toward in breeding programmer to stress tolerance

by selection of the plant types. The genetic and environmental factors are

co lineate in such a way that selection for abiotic stress tolerance is not so

easy. Breeding for high N efficiency, water stress and salinity tolerance

could be carefully managed by developing some suitable traits on their

genic materials. It is also to develop a gene pyramiding through the

selection of suitable parents adopted for better tolerance. ). MAs could be

the most feasible option despite of its poor heritability and unpredicted

reality for yield release. This is prudent to realize the reduction of crosses

in a unmanageable population through back-cross methods. Still, the

selection of a pure trait on the basis of genetic marker remains more stable

as has been evident in a number of cereal species. The map based

development of QTL and its transgression into subsequent segregating

population has proved its worth to be successful for long days. In addition

identification of some more important genes by functional genomics

approaches has warranted being stable transgenic plant for stress tolerance. 

Still, the epigenetic effects and its admixture with dominant allele have

allowed some confusion in identification of a real trait for a crop. So, not

considering a particular trait but with system plant biology through

multifaceted approaches may serve better screening indices for stress

tolerance. In addition a collective approach taking all phonemics’, 

metabolomics’, genomics, proteomics data from real experiment under

field condition would decipher the actual basis of stress adaptation.
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