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Abstract  

Screening of certain medicinal plants for the 
antibacterial activity against predominantly 
occurring oral pathogens in periodontitis has 
been the focus of this study. The oral swabs of 
patients’ suffering from periodontitis were the 
source of the pathogenic bacteria. 
Microorganisms co-inhabiting the site of 
infection were isolated, characterized and 
cultured. It was observed that the 
predominantly occurring microorganisms were 
Prevotella intermedia, Porphyromonas 

gingivilis, Bacteroides forsythus, 
Actinobacillus actinomycetemcomitants and 
Fusobacterium nucleatum. These pathogenic 
organisms were studied for their antibiograms 
and the drug resistance pattern studied. These 
multidrug resistant organisms were treated with 
the different concentrations of the methanolic and 
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aqueous extracts of Ochna gamblei and 
Psoralea corylifolia. 

The MIC studies were undertaken to adjudge 
the minimum concentration of the plant extract 
that inhibits the pathogens. Finally, the 
phytochemical analysis was performed to 
ascertain the bioactive phytochemical 
responsible for the antibacterial activity. 
Further studies aim towards determining 
toxicity parameters and bioavailability 
investigations with a view of generating a 
potential biotherapeutic drug to be effective 
and cost effective. 

Introduction 

The etiologic agents of periodontitis have been 
identified as some specific microorganisms. 
More than 700 bacterial species or phylotypes, 
of which over 50% have not been cultured, 
have been detected in the oral cavity. Species 
belonging to the genera Gemella, 
Granulicatella, Streptococcus, and Veillonella 
are commonly found. There is a distinctive 
predominant bacterial flora of the healthy oral 
cavity that is highly diverse and is site and 
subject specific (Aas et al., 2005). The 
bacteria, Porphyromonas gingivilis, 
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Bacteroides forsythus, Prevotella intermedia, 

Campylobacter rectus, Eikenella corrodens, 

Fusobacterium nucleatum, Actinobacillus 

actinomycetemcomitants, Treponema and 

Eubacterium species are the major components 
of   dental plaque, which is host associated 
biofilm. Persistent plaque deposition causes 
inflammation of the gingiva which is called as 
gingivitis. When gingivitis is not treated, it can 
advance to periodontitis.  In periodontitis, 
gums pull away from the teeth and form spaces 
called pockets that become infected. 

The main goal of treatment is to control the 
spread of infection.  Depending on the extent 
of the gum disease, the treatment varies.  
Therapeutic antibiotic along with surgery are 
the most opted form of treatment. But, due to 
high costs of antibiotics, the disastrous side 
effects and emergence of multi drug resistant 
strains of these pathogenic bacteria, a safe 
alternative is being investigated scientifically 
in this study. In the indigenous health care 
delivery system, numerous plant species and 
natural products derived from plants are used 
to treat diseases of infectious origin. Due to 
emerging antibiotic resistant infections, 
considerable attention has been paid to utilize 
eco-friendly and bio-friendly plant based 
products for prevention and cure of different 
human diseases since they are safe and 
effective. Studies have attempted to shed light 
on the antibacterial activity of some indigenous 
medicinal plants. Nonetheless, the 
investigations have primarily been restricted to 
screening only. Considering the high costs of 
the synthetic drugs and their various side 
effects, the search for alternative products from 
plants used in traditional system of medicine is 

justified.  In order to promote herbal drugs 
there has to be an evaluation of therapeutic 
potentials of drugs (Geyid et al., 2005). The 
medicinal plants, Ochna gamblei and Psoralea 

corylifolia are widely used by the traditional 
medicinal practitioners for the treatment of 
infectious diseases and hence have been put to 
systematic scientific investigation in this study.   

Ochna gamblei belongs to the family 
Ochnaceae. It is a small, very pale, glaucous 
tree with sessile sometimes cordately based 
obtuse leaves. It is extensively used in the folk 
medicine as an anti-diarrheal, astringent and an 
anti- dysenteric. Bark of the tree is very thick; 
red colored and easily peeled off. Locally 5-10 
g powder is given to patients suffering from 
diarrhea and hemorrhagic dysentery. (Moon et 

al., 2009). Psoralea corylifolia belongs to the 
family Fabaceae. Isopsoralidin, a new 
crystalline material has been obtained from the 
seeds. Raffinose has also been isolated. The 
seed oil is anti staphylococcal at 0.5 µg/ml. 
The antibacterial activity of this plant has been 
reported. (Yin et al., 2004; Newton et al., 
2000; Newton et al.., 2002)  
 

Materials and Methods 

Plant Collection and Processing: The bark of 
Ochna gamblei and leaves from Psoralea 

corylifolia was collected from urban fringe 
areas of Nagpur District (M. S., India). 
Voucher specimens have been deposited with 
the Department of Botany; RTM Nagpur 
University, Nagpur, India. The bark of O. 

gamblei and leaves of P. corylifolia were 
washed under running tap water and air dried 
under shade. After 15 days the dried bark of O. 
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gamblei and dried leaves of P. corylifolia were 
separately macerated in a mixer grinder to 
yield a fine powder which was sieved to yield 
particle size of 50-150mm. This dried powder 
(50g) was extracted in a Soxhlet apparatus 
using 100ml of petroleum ether (60-800C), 
chloroform (610C), methanol (78.5 0C) and 
water (80 0C )(Mukherjee, 2006).  The extracts 
obtained were dried and stored in sealed tubes 
at 4 0C. The methanolic extracts were found to 
be more potent against multi drug resistant 
strains of uropathogenic bacteria such as 
E.coli, S. aureus, K. pneumoneae and S. typhi 
than the other solvent counterparts and hence 
used in this study (Moon et al., 2006). 

Clinical Isolates: Clinical isolates of 
Prevotella intermedia, Porphyromonas 

gingivilis, Bacteroides forsythus, 
Actinobacillus actinomycetemcomitants and 
Fusobacterium nucleatum were obtained from 
swabs from periodontal pockets which are 
pathological deepening of the gingival sulcus. 
The bacterial cultures were maintained on 
Nutrient Agar (Himedia, Mumbai) at 4 0C and 
subcultured every two weeks.  

Inoculum Preparation: Stock cultures of 
clinical isolates were maintained at 40C on 
nutrient agar slants. A working bacterial 
inoculum was prepared by inoculating a loop 
full of the clinical isolate into a 3 ml sterile 
nutrient broth tube and incubated at 370C for 
24 hours. The turbidity was matched with 0.5 
Mc Farland’s Nephelometer Standard (WHO, 
1983; NCCLS, 2000). Dilutions to the tube 
were done with sterile nutrient broth to get a 
cell density corresponding to 2 x 106 CFU/ml. 

 Media: Nutrient Agar (M001), Agar Agar 
Type I (RM666), Mueller Hinton Agar No. 2 
(M1084) and Nutrient broth (M002) were 
procured from Hi-Media, Mumbai. The 
preparation of media was done strictly 
according to the manufacturer’s instructions. 

Antibiotic discs: Commercially available 
standard antibiotic discs were obtained from 
Hi-Media, Mumbai. The abbreviations and 
strength are given in brackets. The antibiotic 
discs used were Amoxicillin  (Ac-30 mcg), 
Ampicillin (A-10 mcg), Chloramphenicol (C-
30 mcg), Erythromycin (E-15 mcg), Penicillin-
G (P-10 mcg), Kanamycin (K-30 mcg), 
Tetracyclin (T-30 mcg), Cephalexin (Cp-30 
mcg), Ciprofloxacin (Cf-5 mcg), Co-
trimoxazole (Co-25 mcg), Gatifloxacin (Gf- 
5mcg), Norfloxacin (Nx-10 mcg), Ofloxacin 
(Of-5mcg), Pe-floxacin (Pf-5 mcg), 
Sparfloxacin (Sc-5 mcg) and Streptomycin (S-
10 mcg). 

Antibiotic sensitivity test: The antibiotic 
sensitivity of the clinical isolates was studied 
by Bauer-Kirby disc diffusion method (Bauer 
et al., 1966). A sterile non-toxic cotton swab 
was dipped into the inoculum tube and rotated 
firmly against the upper inside wall of the tube 
to express excess fluid. This swab was now 
used to streak the entire agar surface of the 
plate three times turning the plate 60 o between 
each streaking. Five antibiotic discs were 
placed aseptically on each plate with enough 
spacing. All the plates were incubated at 37 0C 
for 18-24 hours. After incubation, plates were 
examined for zone of inhibition. Zones were 
measured and recorded as sensitive, resistant or 
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intermediate referring the zone size interpretive 
chart (NCCLS, 2002). 

Activity Testing of Methanolic Extracts of 
Plant: A suspension (0.1 ml) of the test 
organisms from the 18 hour cultures was 
thoroughly mixed with 20 ml of sterile Mueller 
Hinton Agar maintained at 45-50 0C. The 
seeded M.H. Agar was poured in presterilized 
petri plates and set aside.  After solidification, 
the seeded agar was punched with a flamed 
(sterile) 10mm cork borer in order to obtain a 
well of 10mm diameter in the center of the 
petri plate. 100 µl of the methanolic plant 
extract is loaded into the well accurately with a 
micropipette (with presterilized tips) to obtain 
concentration of 20, 40, 60, 80 and 100mg/ml. 
The petri plates were delicately handled and 
kept in refrigerator for 30 minutes and then at 
room temperature for 30 minutes which 
facilitated diffusion of the plant extract. The 
petri-plates were then incubated at 37 0C for 24 
hours (Perez et al., 1990).  The zone of 
inhibition was measured with HiAntibiotic 
ZoneScale0, HiMedia, Mumbai. 2% MeOH 
and sterile distilled water were used as 
negative controls. 

Chemical prospection: The respective 
fractions of bark of O. gamblei and leaf of P. 

corylifolia were submitted to phytochemical 
tests in order to detect the presence of sterols, 
alkaloids, saponins, flavanoids, cardiac 
glycosides, cyanogenetic glycosides, 
anthroquinones, tannins, phenol, proteins, 
amino acids and carbohydrates.  These tests are 
based on visual observation of color 
modification or precipitate formation after 
addition of specific reagents.  

Minimal Inhibitory Concentration (MIC) 
Determination: MIC is the lowest 
concentration of an antimicrobial that will 
inhibit the visible growth of a microorganism 
after overnight incubation. MIC determination 
is important in diagnostic laboratories to 
confirm resistance of microorganisms to an 
antimicrobial agent and also to monitor the 
activity of new antimicrobial agents. 
Clinically, the minimum inhibitory 
concentrations are used not only to determine 
the amount of antibiotic that the patient will 
receive but also the type of antibiotic used, 
which in turn lowers the opportunity for 
microbial resistance to specific antimicrobial 
agents. 

In this study, the determination of MIC was 
done by the Agar Dilution Method (NCCLS, 
1990). Stock solutions of 100mg/ml of the 
methanolic extract of selected plants were 
prepared in DMSO-Tris buffer (3:7). 100 µl to 
3000 µl of this stock solution was added to 20 
ml sterile M.H. Agar to achieve final 
concentration of 0.5 mg/ml, 1mg/ml, 2mg/ml, 
5mg/ml, 8mg/ml, 10mg/ml and 15mg/ml. 
These were poured in petridishes and allowed 
to solidify. The reverse side of the plate was 
divided into 10 checker board blocks by glass 
marker to accommodate bacterial cultures. A 
bacterial inoculum of all the test organisms 
was prepared. 

Results and Discussion 

The antibiogram shows the pattern of 
resistance obtained after performing antibiotic 
sensitivity tests which are shown in Table 1. 
The clinical isolates were found to be resistant 
to one or more than one antibiotic. A 



 

[ISSN 0975 - 6272]      Moon & Moon 

 

5

Volume IV Number 2 2013 [1 – 10] 

Combating multidrug resistance of predominantly occurring oral pathogenic bacteria in periodontitis

sensitivity test performed with commonly used 
sensitivity test disks resulted in the appearance 
of multiple drug resistance phenotypes of the 
bacteria tested. A comparison of data in the 
inhibition zones of pathogenic bacteria showed 
that ampicillin, amoxicillin, kanamycin, 
ofloxacin and kanamycin were resistant against 
all of the bacterial strains tested. 

Table 2 shows the antibacterial activity of 
aqueous and methanolic extracts O. gamblei 
and P. corylifolia against the 5 microbes. The 
extracts were tested at 10, 30, 50 and 100 
mg/ml. Clinical isolates of Porphyromonas 

gingivilis which show resistance to commonly 
used antibiotics like Amoxicillin, Penicillin, 
Cephalexin, Streptomycin etc., when treated 
with MeOH extract of Ochna gamblei and 
Psoralea corylifolia show a zone of inhibition 
of 24 mm and 18 mm diameter at 100 mg/ml 
concentration thereby suggesting the potential 
role of the bioactive phytochemical for 
antibacterial activity.   

In this study, the clinical isolates of Prevotella 

intermedia show resistance against most 
commonly used antibiotics such as 
Amoxicillin, Co-trimoxazole, Cephalexin, 
Ampicillin, Kanamycin, Penicillin etc. 
Interestingly, the MeOH extracts show 
commendable activity against multi-drug 
resistant Prevotella intermedia strains. Worth 
mentioning is the extraordinary activity shown 
by both the plants at 100 mg/ml concentration. 
The clinical isolates of Campylobacter rectus 

show resistance to more than one antibiotic as 
clearly seen from the resistance pattern in 
Table 1. The MeOH extracts of O. gamblei 
bark are effective through 30 mg/ml to 

100mg/ml concentration. The clinical isolates 
of Actinobacillus actinomycetemcomitants 
show a common resistance pattern for Am, A, 
P, and Cp. The MeOH extracts of O.gamblei 

showed more potential as an antibacterial agent 
at all the concentrations tested whereas F. 

nucleatum also shows sensitivity towards both 
the plants. 

Table 3 shows the phytochemical profiling for 
the two plants. Ochna gamblei showed the 
presence of sterols and alkaloids in its 
methanolic counterparts while P. corylifolia 

showed the presence of sterols, alkaloids 
tannins in it methanolic extracts though at a 
lesser concentration. The chemical prospection 
of these plant extracts and fractions have 
indicated the presence of various secondary 
metabolite classes (Table 3) that are known to 
present different therapeutic applications. The 
activity of the plant extracts relates to the 
respective composition of the plant bioactive 
phytochemical. Sterols, terpenoids and tannins 
present in the respective extracts of plants were 
capable of affecting the growth of the tested 
bacterium. The terpenoids exhibit activity 
against the test microorganisms acting as either 
protein denaturing agents, solvents or 
dehydrating agents. Terpenoids act upon 
bacterial membranes by bringing about the 
inhibition of electron transport, protein 
translocation, and phosphorylation steps and 
other enzyme-dependent reactions. The plant 
extracts clearly demonstrate antibacterial 
properties, although the mechanistic processes 
are poorly understood. These activities suggest 
potential use as chemotherapeutic agents.   
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Table 4 shows the MIC of the two plants 
against the tested microorganisms. The 
Minimum Inhibitory Concentrations results of 
the selected plants prove that the plant extracts 
exhibit bacteriostatic activity at high dilution 
rates. The overall results reveal that the plants 
or plant extracts can be effectively used as 
therapeutic agents. The reason for the 
inhibitory effect of these extracts is 
presumably due to the presence of bioactive 
phytochemicals which inhibit the growth of 
bacteria. This study has highlighted some 
plants which are worthy of further 
investigation for their antibacterial activities to 
assess the in vivo and in vitro activities of these 
extracts against pathogenic strains of 
microorganisms. 

Conclusion 

From the results of antibacterial screening of 
Ochna gamblei and Psoralea corylifolia, it is 
clear that both the plants display significant 
antibacterial activity. Further research in this 
study focuses on the isolation of bioactive 
phytochemicals and also inducing the callus to 
produce higher concentrations of bioactive 
phytochemicals which are responsible for the 
antibacterial activity and to combat the multi 
drug resistance shown by the human oral 
pathogenic bacteria. It can be used as 
antibacterial supplement in the developing 
countries towards the development of new 
therapeutic agents. Additional in vivo studies 
and clinical trials would be needed to justify 
and further evaluate the potential of these 
plants as antibacterial agents in topical or oral 
applications.  

 

Table 1: Antibiotic sensitivity of 
micro-organisms 
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Table 2: Antibacterial activity of methanolic and 
aqueous extracts of Achna gamblei and 
Psoralea corylifolia
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Table 3: Phytochemical analysis 

of plant extracts 
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Abstract  

The study of sexual dimorphism is very 
important in taxonomy, bionomics and 
breeding biology related research works. 
Mature males have proportionally small body 
size as well as head and claw. They exhibit a 
typical brood chamber formed by the first, 
second and third abdominal pleurae. Male 
prawns have a very dark blackish and brownish 
colour.  Mature females can be easily 
recognized by their longer and stronger 
chelipeds with larger spines than in case of 
males. Female prawns are slight yellowish in 
colour with black spott mark on the all over the 
body parts. 
 

Keywords:  Macrobrachium assamense 

peninsularie  ⏐  Sexual Dimorphism ⏐  Khoh-
River  

 

 

 

 

 

 
 

 

 

Introduction   

Most of the prawn species of commercial 
interest belong to the Macrobrachium 
distributed in the tropical and sub tropical 
regions of the world (Jalihal et.al., 1993). 
Currently, there are nearly 250 species of the 
Macrobrachium genus in the world (Short, 
2004). Sexual dimorphism is very significant 
in biodiversity assessments and also very 
important in biometry, breeding biology, 
induced breeding, breeding, pheromone 
biology and other related works. Sexual 
dimorphisms in prawn have already been 
reported in different species (Koshy, 1969, 71; 
RajyaLakshmi, 1980; Jayachandran and 
Joseph, 1985, 88). 

Present work deals with the sexual dimorphic 
nature of freshwater Macrobrachium 
assamense peninsularie (Tiwari, 1955) from 
Khoh River of Garhwal Himalaya, India. 

Sampling Sites 

Khoh-basin is geographically situated between 
78.30º E to 78.40º E longitude and 29.45º N to 
29.55º N latitude (Map - 1). Khoh is a spring 
fed perennial river in the foot hills of  Garhwal 
Himalaya, which is formed by the confluence 
of two parent streams, the Langurgad 
(originating from the southern slopes of 
Dwarikhal) and the Silgad (originating from 
western slopes of south-east Lansdowne). 
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These parent tributaries confluence near 
Dogadda town to form the River Khoh. 
Ecologically the river has two parts, the upper 
part with fast flowing water current and pebbly 
bottom surrounded by big boulders while the 
lower part has sandy bottom and slow speed of 
water current. On the way it joins other rain 
fed tributaries originating from south east 
mountain slopes of Hathikund and Kohllu 
Chaur. At Saneh Bhabar, the river confluences 
with Saneh river and enters into the Bijnor 
district (U.P.), and near Dhampur (Uttar 
Pradesh) it confluences with the major 
Ramganga river. 

 
Map-1 

Size Range of Prawns 

During the present study of breeding biology, 
the total length of the prawns ranged from 3.4 
cm to 6.2 cm and total weight ranged from 
1.698 g to 8.494g. A total of 149 specimens 
were collected (66 females and 83 males). 
Cold water prawns prefers hilly areas with 
gravel, cobbles and bedrock with a little 
amount of sand, as the substrate.  

Sexual dimorphism 

In the present study a significant sexual 
dimorphism was notices in the prawn  
Macrobrachium assamense peninsularie 

(Tiwari, 1955). In the breeding season more 
females, M. a. peninsularie (Tiwari, 1955) are 
expected to associate with males, particularly 
in a situation where there are few males in the 
population. Similar results are also reported by 
Olatunde (1978) in cat fish. However, this was 
not the case with M. vollenhovenii, which had 
more males in the population (Kingdom and 
Erondu, 2013). 

Plate - 1 

 

Subphylum                       Crustacea 

Class                                 Malacostraca 

Order                                Decapoda 

Infraorder                         Caridea 

Family                              Palaemonidae 

Genus                               Macrobrachium 

Species                             Assamense 

Sub-species                      Peninsularis 
 

Mature males have proportionally small body 
size as well as head and claw. They exhibit a 
typical brood chamber formed by the first, 
second and third abdominal pleurae. Male 
prawns have a very dark blackish and brownish 
colour. Mature females can be easily 
recognized by their longer and stronger 
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chelipeds with larger spines than in case of 
males (Plate 1). Female prawns are slight 
yellowish in colour with black spott mark on 
the all over the body parts. Sexual 
differentiation is controlled by the presence of 
the androgenic hormone, which induce the 
male characteristics of the genital tract 
(Charniaux-Cotton and Payen 1985). A similar 
result was reported by Sharma and Subba 
(2005) in Macrobrachium lamarrei (H. Milne-
Edward 1937). Sandifer and Smith (1985) also 
observed that fresh water mature female prawn 
have proportionally small body size as well as 
head and claw.  

Koshy (1971) observed that in Macrobrachium 
dayanus the regression coefficients differ 
significantly in carapace length, length of 
rostrum and the length of the first cheliped in 
relation to the length of the cephalothorax 
between the sexes, thereby establishing the 
sexual dimorphism. Jayachandran and Joseph 
(1985) reported sexual dimorphism in 
Macrobrachium scabriculum and found that 
carapace length and length of telson in relation 
to total length and length of rostrum in relation 
carapace length showed significant difference 
at elevations. Jayachandran and Joseph (1988) 
noticed that the greater range of the 
measurement of females compared to that in 
males was due to the fact that the females grow 
to much larger size than the males. On the 
other hand, in many species like 
Macrobrachium rosenbergii and 
Macrobrachium malcomsonii, it is the male 
which grows to larger size than females. 
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Abstract  

A Bird has been described as a “Feathered 
Biped”. They are vertebrate warm-blooded 
animals. To assist in maintaining an even 
temperature ,the body of a bird is covered with 
non-conducting feathers. Birds are useful to 
human community such as –destroyers of 
insect pests, as destroyers of other vermin, as 
scavengers, as flower pollination agents, as 
seed dispersed, as food, feathers in cottage 
industry and as a fertilizers. 
The survey of Avifauna was carried from 
Nipani region, belongs to Chikodi -Taluka, 
Dist. Belgaum, Nipani is situated at 160-23 (N) 
latitude and 740-26(E) longitude, having 
moderate rainfall and comes under temperate 
zone. This region measures about 7175.31 
hectors of land. Five different stations were 
selected i.e. D1-D5 for the survey. The study 
was carried for four years, we have recorded 
about 173 species belonging to 49 families. 
This region supports good number of birds 
because of availability of different food stuff, 
shelter, resting grounds etc. 

Keywords:  Avifauna ⏐ Nipani ⏐ Stations ⏐  
Bird diversity 

 

 
 

 

Introduction   

A bird has been described as a Feathered 
Biped. They are vertebrates, warm blooded 
animals (homeotherms). To assist in 
maintaining an even temperature, the body of a 
Bird is covered with non-conducting feathers. 
It is been said that birds could exist without 
man but man could perish without birds. This 
observation has been further amplified by the 
remark, but for the trees the insects would 
perish, but for the insects the birds would 
perish and to follow the inexorable laws of 
nature to the conclusion of their awful 
vengeance, but for the trees the world perish. 
Birds are believed to have sprung from 
reptilian ancestors in bygone aeons. Birds are 
useful to human community such as destroyers 
of insect pests, as destroys of other vermin, as 
scavengers, as flower pollination agents, as 
seed dispersers, as food for man, feathers in 
cottage industry, and as fertilizer.  

Study Area 

Nipani belongs to Chikodi - Taluka, Dist-
Belgaum, situated at 160- 23(N) latitude and 
740-26(E) longitude having moderate rainfall 
average 30”to35”. It is located at 2800 feat 
(MSL) having moderate temperature zone. 
Only Nipani town has an area of 2072 hectors 
and seven villages come under its constituency, 
hence measuring around 7175.31 hectors of 
land is dry and deciduous having good source 
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of water, hence different patches of small 
ecosystem like grassland, forest, plane hilly 
areas etc. The main source of water is river 
Vedganga, Dudhganga and Jawaherlal Nehru 
water works reservoir and ponds in most of the 
village. Jawaharlal Nehru reservoir having a 
catchment area of 150 acres and it is perinnial. 
Its storage capacity is 1.25 TMC which 
supports flora and fauna. Details such as 
physico-chemical parameters, biological 
parameters, Ichthyofauna, seasonal fluctuations 
has been studied.   

The main crop of this region is Tobbaco, 
Sugarcane, groundnut, chillies and cereals. 
This region is mainly dominated by different 
plant species such as Acacia, Azadiracta, 
Tectona, Albizzia, Bamboo, Erythrina, Beautia, 
Terminalia, Pithocolombia, Eucalyptus, 
Lantena, Mangifera, Morinda, Tamarindus, 

Ficus, and with different weeds. Hence support 
sustainable place for Avifauna. Wetlands are 
abundant in this region and support a rich array 
of birds as well as providing habitats for 
breeding resident species.  

Materials and Method 

The taxonomic list of Avifauna was recorded 
during the investigation period of (April 2008 
to March 2011) is given below in observation 
Table1. The list may vary from time to time 
because of the radical changes in 
environmental factors. The behavior of birds, 
movements, habitat and identification was 
observed by using binocular (Olympus 8-
16x40) Zoom DPS 1. For identification we 
referred ‘The Book of Indian Birds’ by Salim 
Ali, Birds by Herbert. S. Zim, ‘Birds of the 
Indian Subcontinent’ Richard Grimmett et al.  

 

 Scientific name Common name Status 
1 FAMILY – Accpitridae   
i) Pernis  Ptilorhyncus Oriental honey buzzard R 
ii) Haliastur Indus Brahminy kite R 
iii) Milvus  migrans Indus Black kite R 
iv) Accipeter badius Shikra R 
v) Accipeter nisus Eurasian sparrowhawk M 
vi) Butastur teesa White eyed buzzerd R 
vii) Spizaetus limnaeetus Changeable hawk eagle R 
viii) Hieraaetus pennatus Booted eagle M 
ix) Aquila rapax Tawny  eagle LM 
x) Ictinaetus malayensis Black eagle LM 
xi) Neophron percnopterrus                            Egyptian vulture LM 
xii) Circus  macrourus                                 Pallid harrier E 
xiii) Circus pygargus                                    Montageous harrier M 
xiv) Cicus aerginosus                                  Western marsh harrier M 
xv) Circaetus gallicus                                  Short toed eagle R 
xvi) Hieraaetus fasciatus                              Bonellis  eagle LM 

2 FAMILY- Alcedinidae   
i) Ceryle rudis                                           Pied kingfisher R 
ii) Halcyon smyrnensis                              White throated kingfisher R 
iii) Alcedo atthis                                         Common  kingfisher R 
3 FAMILY –Aegithinidae   
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i) Aegithinia tiphia                                        Common iora R 
4 FAMILY –Alaudidae   
i) Eremopteriex griseos                           Ashy crowned finch  lark R 
ii) Ammomanes phoenicura                        Rufous tailedlark R 
iii) Galerida malabarica                              Malabar creasted lark R 
v) Galerida deva Sykes lark R 
5 FAMILY-Apodidae   
i) Apus affinis                                             Hous swift R 
6 FAMILY –Anatidae   
i) Dendrocygna javanica                              Lesser whitling duck M 
ii) Anas crecca                                          Common teal M 
iii) Anas poecilorhyncha                            Spotbill duck R 
iv) Anas querquedula                                 Garganey M 
v) Anas clypeata                                        Northen  shoveler M 
vi) Aytha  ferina                                          Common  pochard M 
7 FAMILY- Ardeidae   
i) Egretta alba                                           Great egret R 
ii) Egretta intermedia                                 Intermediate egret R 
iii) Egretta garzetta                                    Little egret R 
iv) Bubulcus  coromandus                        Cattle egret R 
v) Ardea   cinerea                              Grey heron R 
vi) Ardea purpurea                                    Purple heron R 
vii) Ardeola  grayii                                     Indian pondheron R 
8 FAMILY- Bucerotidae   
i) Ocyceros birostris                                 Indian grey hornbill R 
9 FAMILY- Capitonidae   
i) Megalaima haemacephala                  Copersmith barbet R 
10 FAMILY –Campephagidae   
i) Pericrocotus  cinnamomeous              Small minivet R 
ii) Coracina melanoptera                        Black headed cuckoo shrike R 
iii) Tephrodornis pondicerianus              Common wood shrike R 
11 FAMILY-Charadriidae   
i) Charadrius alexandrinus                    Kentish plover M 
ii) Vanellus indicus  Red wattled lapwing R 
iii) Charadius dubius Little ringed plover R 
iv) Vanellus malabaricus Yellow wattled lapwing R 
12 FAMILY –Ciconiidae   
i) Ciconia episcopus                       White necked stork R 
ii) Anastomus oscitans                           Asian openbill E 
iii) Mycteria leucocephala                       Painted stork E 
13 FAMILY –Cisticolidae      
i) Prinia  socialis                                     Ashy priania R 
ii) Prinia  inornata                                   Plain prinia R 
iii) Prinia sylvatica                                  Jungle  prinia R 
iv) Cisticola juncidis                               Zitting cisticola R 
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v) Orthotomus sutorius                         Common tailor bird R 
vi) Prinia hodgsonii                               Grey breasted prinia R 
14 FAMILY-Columbidae   
i) Streptopelia  chinesis                         Spoted dove R 
ii) Treron phoenicopterus                                 Yellow footed green pigeon R 
iii) Columbo livia    Rock pigeon R 
15 FAMILY-Corcaciidae   
i) Coracias benghalensis                                Indian roller R 
16 FAMILY-Corvidae   
i) Denrocitta vagabunda    Rufous tree pie R 
ii) corvus  splendens    Hous crow R 
17 FAMILY –Cuculidae   
i) Cacomantis passerinus                            Grey billed cuckoo LM 
ii) Taccocua  leschenaultii                       Sirkeer malkoha R 
iii) Eudynamys scolopaceous                        Asian koel R 
iv) Centropus  sinensis                                   Grater koel R 
18 FAMILY-Dicruridae   
i) Dicrurus macrocercus                               Ashy drongo LM 
ii) Dicrurus leucophaeus                       Black drongo R 
19 FAMILY-Dicaeidae   
i) Dicaeum erythrorhynchos Thick billed flowerpicker R 
ii) Dicaeum agile Pale billed flowerpicker R 
20 FAMILY-Glareolidae   
i) Glareola lactea Small pratincole LM 
21 FAMILY –Hirundinidae   
i) Hirundo smithii                                  Wire tailed swallow R 
ii) Hirund daurica                                 Red rumprd swallow R 
iii) Ptyonoprogne concolor                    Dusky crag martin R 
iv) Hirundo rustica                                Barn swallow M 
22 FAMILY- Laniidae    
i) Lanius  schach                                 Long tailed shrike R 
ii) Lanius cristatus                              Brown shrike M 
iii) Lanius vittatus   Bay backed shrike R 
23 FAMILY-Emberizidae   
i) Emberiza melanocephala     Black headed bunting M 
ii) Emberiza bruniceps    Red headed bunting M 
iii) Emberiza buchanani    Grey necked bunting M 
iv ) Melophus lathami Crested bunting R 
24 FAMILY-Estrildidae   
i) Amandava amandava    Red avadavat R 
ii) Euodice malabarica    Indian silver bill R 
iii) Lonchura punctulata   Scaly breasted munia R 
25 FAMILY –Muscicapidae   
i) Copsychus saularis                                Oriental magpie robin R 
ii) Luscinia brunnea                                            Indian robin R 
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iii) Saxicola torquatus                            Common stone chat M 
iv) Saxicola caprata                                  Pied bush chat R 
v) Cyornis tickelliae                                    Tickells blue flycatcher R 
vi) Luscinia svecica                                   Blue throat M 
vii) Eumyias thalassinus Verditer flycatcher  
26 FAMILY-Meropidae   
i) Merops orientalis Green bee eater R 
ii) Hypothymis azurea Black naped monarch  
27 FAMILY-Monarchidae   
i) Terpsiphone paradisi Asian paradise flycatcher LM 
28 FAMILY  -Motacillidae   
i) Motacilla alba                  White wagtail M 
ii) Motacilla cinerea            Grey wagtail M 
iii) Motacilla flava     Yellow wagtail M 
iv) Anthus trivialis     Tree pipit M 
v) Anthus rufulus     paddy field pipit R 
vi) Motacilla maderaspatensis    White browed wagtail R 
29 FAMILY –Nectariniidae   
i) Leptocoma zeylonica    Purple rumprd sunbird R 
ii) Cinnyris asiaticus      Purple sunbird R 
30 FAMILY-Paridae   
i) Parus major  Greate tit R 
31 FAMILY –-Passeridae   
i) Passer domesticus               House sparrow R 
32 FAMILY  -Paridae   
i) Arus major      Great tit R 
33 FAMILY   -Pandionidae      
i) Pandion halietus          Osprey M 
34 FAMILY-Pacidae   
i) Dinopium benghalense Black rumped flame back LM 
35 FAMILY –Ploceidae   
i) Ploceus philippinus                                   Baya weaver R 
36 FAMILY –Phasianidae   
i) Francolinus pondicerianus     Grey francoline R 
ii) Pavo cristatus                       Indian peafowl R 
iii) Francolinus pictus Painted francolin R 
37 FAMILY-Phalacrocoracidae   
i) Phalacrocorax carbo    Great cormorant R 
ii) Phalacrocorax niger       Little cormorant R 
38 FAMILY-Podicipedidae   
i) Tachybaptus ruficolis Little grebe R 
39 FAMILY _ Picidae   
i) Dendrocopos mahrattensis           Yellow crowned woodpecker R 
40 FAMILY- Pteroclididae       
i) Pterocles  exystus    Chestnut  billed sangrous R 
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41 FAMILY- Psittacidae   
i) Psittacula cyanocephala                plum headed parakeet R 
ii) Psittacula krameri                             Rose ringed parakeet R 
42 FAMILY- Pycnotidae   
i) Pycnonotus luteolus                    White browed bulbul R 
ii) Pycnonotus cafer                        Red vented bulbul R 
43 FAMILY –Rallidae   
i) Amaurornis phoenicurus     White breasted water hen R 
ii) Fulica atra                              Common  coot LM 
44 FAMILY    -Recurvirostridae       
i) Himantopus    himantopus           Black winged stilt M 
45 FAMILY-Rhipiduridae   
i) Rhipidura albicoilis White throated fantail R 
46 FAMILY-Scolopacidae   
i) Tringa nebularia    Common green shank M 
ii) Tringa glarerola        Wood Sandpiper M 
iii) Actitis    hypoleucos        Common Sandpiper R 
iv) Calidris Minuta               Little Stint M 
v) Calidris temminckii          temmincks stint M 
47 FAMILY-Sternidae   
i) Sterna aurantia               River  tern R 
ii) Chlidonias  hybrida      Whiskered tern M 
48 FAMILY   Sturnidae      
i) Temenuchus pagodarum      Brahminy starling R 
ii) Acridotheres tristis                Common Myna R 
iii) Acridotheres focus             Jungle myna R 
49 FAMILY-Sylviidae      
i) Acrocephalus dumetorum        Bylths reed warbler M 
ii) Acrocephalus Agricola            Paddyfield warbler M 
iii) Phylloscopus affinis       Tickells leaf warbler M 
iv) Phylloscopus trochiloides        Greenish warbler M 
50 FAMILY –Strigidae   
i) Ketupa zeylonensis                Brow fish owl R 
ii) Bubo bengalensis          Eurasian eagle owl R 
51 FAMILY –Threskiornithidae   
i) Platalea leucorodia                  Eurassian spoonbill R 
ii) Threskiornis melanocephalus            Black headed ibis E 
iii) Pseudibis papillosa                           Black ibis E 
52 FAMILY –Turnicidae   
i) Turnix suscitator                           Barred botton quill R 
53 FAMILY-Turdidae   
i) Zoothera citrina             Orange headed thrush LM 
ii) Turdus merula               Eurrasian black bird LM 
54 FAMILY-Timaliidae   
i) Chrysomma sinenes         Yellow eyed babbler R 
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ii) Turdoides malcolmi           Large grey babbler R 
55 FAMILY-Tytonidae    
i) Tyto alba                             Barn owl R 
56 FAMILY-Upupidae   
i) Upupa epops             Common hoopoe R 
57 FAMILY-Zosteropidae   
i) Zosterops palpebrosus           Oriental white eye R 

         

Results and Discussions   

The following taxonomic list was recorded 
from five different stations D1 to D5 –  

D1 (Centre) – Jawaherlal Nehru, Reservoir    

D2 (North) – Vedganga belt Dudhganga belt  

D3 (West) – Kodani, Gaykanwadi and Lingnur 

D4 (South) – Nipani (Tawandi, Ramling) 

D5 (East) – Pattankudi, Kothali, Chinchani  

At least 173 birds species belonging to 54 
Families are recorded. This survey shows that 
there is wider range of major species in the 
Avifauna of Nipani region. There are three 
different types of birds identified such as 
Resident of local(R), Migrant(M), Endangered 
(E) and Local  Migrant (LM) . 

The percentage of – Resident - 0.67%, Migrant 
- 0.21%, Endangered - 0.03%, and Local 
migrant - 0.07%. 

This proves that this region supports good 
number of birds because of availability of 
different food items, shelter, resting grounds as 
well as peaceful and protective land. It is 
obvious that resident and local migrant birds 
dominate the avifauna in this region.  

In certain places a mosaic type of distribution 
were observed because of afforestation and 
water resources.  

After going to the checklist it is very clear that 
both terrestrial (land) and aquatic birds from 
Nipani and its surrounding areas represents 57 
Families, Genera and Species (151). Counted 
as a rich Biodiversity. Some species are 
endangered and frequently visit to this region 
because of natural resources available in terms 
of shelter, food and breeding grounds.  

More species are likely to be added to this list 
as enthusiastic serious bird watchers contribute 
their observations. Near feature Nipani region 
has to be protected. 
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Abstract  

Breeding ethos of fresh water prawn is 
reported first time in Khoh River from 
Garhwal Himalaya. Total length of the fresh 
prawns ranged from 3.1 cm to 6.5 cm and total 
weight ranged from 1.698 g to 8.494gm. A 
total of 149 specimens were collected (66 
females and 83 males) and studied. We 
calculated the data on GSI Index; which 
showed that the maximum values were 
recorded in the Month of July (8.518 ± 3.130 
for female and 3.711 ± 0.952 for male). The 
minimum GSI values were recorded in the 
month of October (For male prawn 0.036 ± 
0.012 and for female prawn as 0.098 ± 0.054). 
Dobriyal Index (DI) values ranged from 0.010 
± 0.004 to 1.573 ± 0.652 and 0.271 ± 0.038 to 
  

Keywords:  Macrobrachium assamense 

peninsularie ⏐  Breeding ethos ⏐ G.S.I. ⏐ D.I. ⏐ 
Sexual maturity  ⏐  spawning season 

 

 

 

 

 
 

4.926 ± 0.364 in M. a. peninsularie males and 

females, respectively. The highest DI values 

for male fish were recorded as 0.031 ± 0.009 

and for female fish as 0.271 ± 0.038 in the 

month of October. Now onwards, it observed a 

trend of increase in DI value both sex and the 

lowest values were noticed in the month of 

June (1.573 ± 0.652 for male and 4.926 ± 

0.364 for female). In this study, the 

percentages of actively spawning M. a. 

peninsularie were highest during monsoon and 

early autumn season. The mean length at first 

spawning or mean length at sexual maturity is 

generally defined as the length at which 50% 

of females in a stock are sexually mature (44 

mm CL in the present study). 
 

Introduction   

Studies on breeding ethos of prawn are 
important and a basic requirement for 
improvement and effective prawn fishery 
resources management and conservation, 
determination of basic life-history information 
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and for assessing the impacts of environmental 
variability on the dynamics of prawn 
populations. Knowledge of breeding ethos, 
seasons and areas are important to 
management and hence to the studies of 
breeding dynamics of commercially important 
species. A fresh water prawn, Macrobrachium 

assamense peninsularie is mostly consumed 
for obtaining essential nutrients like protein, 
mineral and vitamins and has great potential 
for aquaculture, with short larval duration and 
survivorship. In case of India, aquaculture is 
the best means of providing employment for 
farmers.  

In general, the reproductive ethos of prawn is 
based on species of economic interest, such as 
Macrobrachium felicinum studied by Inyang  
(1981), M. vollehoveni and M. macrobrachion 

studied by Marioghae (1982), M. australience 
studied by Lee and Fielder (1982),  M. 

vollenhovenii and M. macrobrachion studied 
by Marioghae and Ayinla (1995), M. jelskii 

and M. amazonicum studied by Gamba (1997), 
M. formosense studied by Otomi and 
Nakabayashi (1999), M. acanthurus studied by 
Albertoni et.al.,(2002), M. olfersi studied by 
Mossolin and Bueno (2002), M. potiuna 
studied by Boss and Althoff (2002), M. 

lanchesteri studied by Phone et.al.,( 2005), M. 

dux studied by Arimoro and Jacob  (2007),  M. 

carcinus studied by Lara  and Wehrtmann 
(2009), M. gangeticum studied by Singh et.al., 
(2012) and M. vollenhovenii studied by 
Kingdom and  Erondu (2013). 

In recent years, few studies has done on the 
freshwater prawn, Macrobrachium assamense 

peninsularie (Bahuguna et. al., 2010; 

Bahuguna and Kumar, 2011) therefore taking 
into consideration of local people, the present 
work has been carried out to promote 
aquaculture practices in the Garhwal region. 

Methodology: 

Field work 

Samplings were collected during April 2010 to 
March 2011 from Khoh River using selective 
dip net (Map.1). The dip nets were set up for 
eleven hours (18.00 PM to 05.00 AM) and 
every sampling trip was for two days. After 
collection, the prawns were preserved and 
transferred to L. S. M. G. P. G. College 
Pithoragarh for further examination. 

 

 

 

 

 

 

 

Laboratory work 

In the laboratory, prawns were sorted into 
species and identified according to Tiwari 
(1955) and Cai et.al, (2004). Carapace length 
and total length were measured to the nearest 1 
mm, and body weight of each individual was 
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measured to the nearest 0.1 g after blot-drying 
the specimen. Carapace length was measured 
as the distance from the inside of the eye 
socket to the centre of the dorsal margin of the 
carapace, whereas total length was measured as 
the distance from the inside of the eye socket 
to the end of the telson. 

Maturation Biology 

(a) Sex determination: 

The sex determination was based on the 
presence or absence of primary and secondary 
sexual characters of males/females and the 
examinations of gonad morphology after 
dissection. 

(b) Calculation of Gonado-Somatic  
Index (G.S.I.): 

Macroscopic and microscopic study 

Macroscopic and microscopic studies were 
conducted for the determination of maturity 
and spawning in the prawn fish. For maturity 
stages, Ova samples were taken from ovaries 
and hardened in 5% formalin solution. Ova 
diameters were measured by means of an 
ocular micrometer. Sex was determined and a 
maturity classification was made (Farfante, 
1969) where stages III and IV were considered 
to be mature for males and females 
respectively or otherwise modified as desired.  

The Gonado-somatic index (GSI) was 
calculated according to the formula suggested 
by Lagler (1971) which is expressed as: GSI= 
Weight of Gonads / Weight of Prawn x 100. 

(c)  Calculation of Dobriyal Index (D.I.) 

 The Dobriyal Index (DI) was calculated as: 
D.I. = 3√GW (Cube root of average gonad 
weight) (Dobriyal, et.al., 1999).  

(d) Measurement of ova diameter 

To determine the oocyte diameter, the ovaries 
were preserved in 10% formalin solution. The 
diameters of 100 ova of each female prawn 
were measured using a Zeiss SV 6 dissecting 
microscope outfitted with an ocular 
micrometer. A total of 100 fresh ova were 
taken randomly from anterior, middle and 
posterior region of each ovary separated from 
the tissue by a fine needle and brush. The ova 
diameter was measured under microscope 
fitted with ocular micrometer according to 
recommended method given by LeCren 
(1951). Sex was determined, and the five-stage 
external characteristics system of ovarian 
development described by Wood (1930) was 
used to stage the female M. a. peninsularie. 

Stage I-Immature-Found only in young shrimp, 
ovaries small and translucent (03–25 Omd). 

Stage II- maturing-Ovaries larger, opaque, and 
yellowish (20-49 Omd) 

Stage III mature-Ovaries larger and yellow to 
greenish (41-85 Omd). 

Stage IV ripe-Ovaries green, filling virtually 
the whole space among other organs (45 -120 
Omd); 

Stage V spent-Spawned ovaries flabby and 
mud coloured (25–71 Omd). 

The microscopic examination is generally 
required to determine the stage accurately.                       

 

(e) Estimation of spawning season  



 

[ISSN 0975 - 6272]           Bahuguna & Kumar 

 

26

Volume IV Number 2 2013 [23 – 32] 

Breeding ethos of fresh water prawn, Macrobrachium Assamense Peninsularie from Garhwal Central Himalaya, India

Season and frequency of spawning can be 
estimated by analyzing the GSI, DI, 
availability of spent prawns, the occurrence of 
eggs and larvae in their natural habitat.  

(f) Determination of spawning grounds  

It was observed that during spawning time M. 

a. peninsularie gathers in certain pockets on 
the lateral side of the streams.  

Size at first maturity 

For both males and females, the size at first 
maturity was determined by calculating the 
proportion of mature individuals in each size 
class (carapace length). The size at which 50% 
of individuals were mature was taken as the 
size at which prawns reach maturity for the 
first time (King, 1995).  

Results  

The breeding biology in crustacean was 
studied by many workers; but an annual 
reproductive pattern was not reported for 
species, Macrobrachium assamense 

peninsularie. 

Size Range of Prawns 

During the present study of breeding biology, 
the total length of the prawns ranged from 3.1 
cm to 6.5 cm and total weight ranged from 
1.698 gm to 8.494gm. A total of 149 
specimens were collected (66 females and 83 
males). Cold water prawns prefer hilly areas 
with gravel, cobbles and bedrock with a little 
amount of sand, as the substrate. In midland 
areas, gravel with pebble forms the main 
substrate. The determination of breeding 
season is an essential part of biological 
investigations of prawns.  

Sexual dimorphism 

The study of sexual dimorphism is very 
important in taxonomy, bionomics and 
breeding biology related research works. 
Mature males have proportionally small body 
size as well as head and claw. They exhibit a 
typical brood chamber formed by the first, 
second and third abdominal pleurae. Male 
prawns have a very dark blackish and brownish 
colour.  Mature females can be easily 
recognized by their long and strong chelipeds 
with larger spines than in case of males. 
Female prawns are slight yellowish in colour 
with black spot mark all over the body parts. 

Maturation Biology 

The macroscopic study of gonads includes the 
physical measurements of length and weight of 
body and gonads. In the matured ovary, the 
eggs were fully ripe and yellowish in colour 
with a lot of yolk. Two prime indices, which 
were the basis of the present study, were 
calculated and presented in Table 1.1 for male 
and female prawn (GSI); and Fig.1.1 for male 
and Fig.1.2 female prawn (DI). We observed 
the data on GSI Index; which showed that the 
highest values were noticed in the Month of 
July (8.518 ± 3.130 for female and 3.711 ± 
0.952 for male). The lowest GSI values were 
recorded in the month of October (For male 
prawn 0.036 ± 0.012 and for female prawn as 
0.098 ± 0.054). From here onwards, there was 
a trend of increase in the GSI values  in both 
sex and the maximum values were reported in 
the month of July and a minimum value was 
noticed in the month of October. 

Changes in the gonado somatic index (GSI), 
calculated for the population in which females 
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spawn in batches, must not be used as the only 
credible indicator of the number of batches 
laid. Dobriyal Index (DI) values ranged from 
0.010 ± 0.004 to 1.573 ± 0.652 and 0.271 ± 
0.038 to 4.926 ± 0.364 in M. a. peninsularie 

males and females, respectively. The minimum 
DI values for male fish were recorded as 0.031 
± 0.009 and for female fish as 0.271 ± 0.038 in 
the month of October. From here onwards, 

there was a trend of increase in both sex and 
the maximum values were reported in the 
month of June (1.573 ± 0.652 for male and 
4.926 ± 0.364 for female). If we technically 
analyze the data, it is clear that the GSI values 
were at its peak in July and first fall in the 
value was observed in August which indicated 
that the fish starts spawning in August. 

Month G.S.I. of  Male 
Prawns 

G.S.I. of  Female 
Prawns 

Remark 

April 01.253 ± 0.541 05.912 ± 1.154 Increasing 
May 02.617 ± 0.679 06.612 ± 2.289 Increasing 
June 03.121 ± 0.873 07.968  ± 3.930 Increasing 
July 03.711 ± 0.952 08.518 ± 3.130 Highest Peak 

August 01.514 ± 0.421 02.731 ± 0.325 Decrease 
September 00.096 ± 0.039 00.121 ± 0.065 Decrease 

October 00.036 ± 0.012 00.098 ± 0.054 Lowest Peak 
November 00.072 ± 0.029 00.214 ± 0.074 Increasing 
December 00.089 ± 0.037 00.397 ± 0.069 Increasing 
January 00.219 ± 0.056 02.798 ± 0.562 Increasing 

February 00.451  ± 0.084 03.023 ±  0.241 Increasing 
March 00.731 ± 1.410 04.217 ±  0.346 Increasing 

 

It indicates that first fall in the value was in 
July which is followed by sharp fall in August. 
Thus spawning started in July and became 
heavier in August. This observation was 
supported by our field observation that a few 
spent prawn fish were caught in the samples of 
July itself. The reason why GSI could not point 
out the slight fall is that when we calculate GSI 
we consider body weight also in calculation. 
Body weight not only depends on the gonad 
maturity but also on the physiological and 
ecological stress that fish faces, due to the fact 
than in flooded river, the food of fish becomes 
scarce and in mature condition also it cannot 
feed, thus losing slight weight. If weight of 

body slows down, automatically GSI value 
shoots up as one of the value is in numerator 
and the other in denominator. 

Measurement of ova diameter 

Most of the ichthyologist followed the trend set 
in ICES scale proposed by Wood (1930). The 
workers in this field had classified the maturity 
stages of various fishes according to various 
features viz., general appearance, color, shape 
and size, position of the gonads, ova diameter, 
etc. In the present study, five stages of oocyte 
maturation were identified such as: (a) 
immature (b) maturing     (c) mature   (d) ripe 
and (e) spent phase and are presented in the 
Table 1.2. 

Table1.1: Monthly values of Gonado-
Somatic-Index (GSI) for male 
and female prawn, 
Macrobrachium assamense 
peninsularie 
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at which these events happen are important to 
fisheries studies, particularly the cycle of 
events leading to reproduction and the timing 
of gamete release. In this study, the percentage 
of actively spawning M. a. peninsularie was 
highest during monsoon and early autumn 
season. Although gonad development and 
subsequent spawning depend on various 
environmental conditions, prawns must reach a 
certain age or size before they are capable of 
reproducing. The mean length at first spawning 
or mean length at sexual maturity is generally 
defined as the length at which 50% of females 
in a stock are sexually mature (44 mm CL in 
the present study). Fishing pressure can reduce 
the size of target species and the size at 
maturity, but this anthropogenic influence 
apparently has a lesser effect on short-lived 
species such as crustaceans or cephalopods 
(Sparre and Venema, 1992). 

The monthly fluctuation in the percentage of 
ovigerous females indicated that the prawn 
spawns during the summer and monsoon 
season (June to August). Total length of 
ovigerous females ranged from 07 to 14mm 
and egg size varied from 89 to 102 Omd. 
Compared to other species, the eggs of M. a. 

peninsularie were smaller than those of M. 

lanchesteri 0.8-1.0 mm and M. olfersii 0.4-0.6 
mm reported by Hla et al. (2005) but similar to 
those of M. lamarrei (1.1-1.5 mm) reported by 
Arimoro  and Jacob (2007). The maximum 
length attained by M. a. peninsularie in this 
study was 4.9 cm. 

According to the Otomi and Nakabayashi 
(1999), the study of reproductive biology of 
the crane river prawn Macrobrachium 

formosense Bate (Palaemonidae) was based on 
a large number of specimens which were 
sampled during a 12 month period in the 
Yabusa River in southern Kyushu, Japan. The 
carapace length at sexual maturity for females 
was estimated to be 10.20mm. Ovigerous 
females were found from May to September. 
The spawning and hatching periods were 
estimated to last from May to August and from 
June to September respectively, based on the 
occurrence of ovigerous females with first 
stage and last stage eggs. M. formosense in the 
river was considered to have multiple spawns 
during a single annual breeding season because 
ovigerous females which spawned early in the 
breeding season were found to have a high 
value of the gonadosomatic index. Egg size 
was 0.522-0.429mm at spawning and 0.651-
0.523mm just before hatching.  

Phone et.al. (2005), Macrobrachium lanchesteri 
is presumed to be one of the most common and 
widely distributed freshwater prawns 
inhabiting still or slow-moving waters in 
Myanmar. The study of reproductive biology 
of M. lanchesteri from the Zaw Gyi River and 
Taung Ta Man Lake in central Myanmar was 
based on the occurrence of ovigerous females 
and eggs in different developmental stages. 
The total numbers of specimens studied were 
1307 from Zaw Gyi River and 757 from Taung 
Ta Man Lake. Ovigerous females were 
captured throughout the year. A higher 
percentage of ovigerous females were obtained 
from June to November. Carapace length of 
ovigerous females ranged from 6.3 to 12.5 mm 
and egg size (length) varied from 0.8 to 1.0 
mm.  
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Singh et.al. (2012) reported that the Ganga 
river prawn, M.gagaticium starts breeding in 
May which continues till October. Percentage 
of males was found dominant in the month of 
May whereas females in months of July to 
October. Maximum males were recorded in the 
size range of 166-205 mm. Prawns starts 
breeding in May which continues till October. 
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Abstract  

Construction of large dams to accelerate speed of 
economic development of India without taking into 
consideration their environmental dimensions has 
devastating effects.  It has constantly perceived that 
environmental conservation should be the very 
basis of every development process. Indian 
judiciary especially Supreme Court during eighties 
has showed a great zeal of enthusiasm to protect 
environment against developmental activities 
undertaken by governments posing threat to 
environment. On wake of 21st century, when 
development was considered inevitable in India, 
even then Court heavily relied on principles of 
sustainable development to make balance between 
right to environment and right to development. But 
in case of Sardar Sarovar dam built on Narmada 
River in State of Gujarat, the issue of environment  
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protection was ignored. In Sardar Sarovar or 
Narmada dam case, the Supreme Court took U-turn 
from its earlier environment friendly approach and 
sidelined the environmental considerations of 
undertaking construction of this dam. Therefore, 
the present study is an attempt to critically examine 
the environmental ramifications of the role of the 
Supreme Court of India in the context of Sardar 
Sarvovar dam. 

Introduction   

Construction of dams in India was described 
and considered as the “Temples of Modern 
India” by the first generation of leaders 
(Paramjit et al., 2001).  The supporters of dams 
justify construction of large dams on the 
grounds that dams are useful to control flood, 
to eradicate poverty, and to provide water for 
irrigation and drinking purposes. In addition to 
the above mentioned reasons favouring 
construction of dams, protagonists of dams 
believe that large dams and multi-purpose river 
valley projects have provided food security to 
India. But it is well documented and proven 
fact that dams have failed to deliver projected 
results. Despite this, governments are 
undertaking construction of more and more 
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large dams without taking into consideration 
their adverse environmental consequences.  
The problem of environment pollution has 
become so serious worldwide including in 
India that we can no longer ignore the issue of 
environmental protection in the name of 
development. 

The Supreme Court in the past has showed a 
great zeal of enthusiasm to protect 
environment against any developmental 
activities and issued various directions in 
appropriate cases against governments and the 
polluters regarding protection of environment. 
When any developmental activities were 
undertaken by governments threatening 
environment, the Supreme Court did not forget 
to uphold the cause of environment over 
development. Even when development was 
considered inevitable for the Country, the 
Court tried its best to reconcile right to 
development and right to environment. It did 
not afraid to endorse and apply principles of 
sustainable development such as Polluter Pays 
Principal, Precautionary Principle and Inter-
generational equity principle. But in Narmada 
dam case, Supreme Court of India ignored the 
issue of environment protection and permitted 
construction of this dam. It was clear cut 
deviation from its earlier environment friendly 
approach. Therefore, the present study is an 
attempt to critically examine the environmental 
ramifications of the role of the Supreme Court 
of India in the context of Sardar Sarvovar 
dam.  

Sardar Sarvor Dam: Background 

The Sardar Sarovar Dam is located on river 
Narmada in State of Gujarat. It is 170 Km (106 
miles) upstream from where the river flows 
into the Gulf of Khambhat in the Arabian Sea. 
The purpose of construction of the dam was to 
make optimum use of Narmada waters to solve 
the problems of irrigation in certain parts of the 

Country. Today the Sardar Sarovar Project is 
one of the largest water resources projects of 
India covering four major States - Maharashtra, 
Madhya Pradesh, Gujarat and Rajasthan. With 
1133 cumecs (40000 cusecs) capacity at the 
head regulator, and 532 km. length, the 
Narmada Main Canal would be the largest 
irrigation canal in the World. The dam 
devastated human lives and biodiversity by 
inundating thousands of acres of forests and 
agricultural land. The Construction of the 
Narmada dam was opposed by Narmada 
Bachao Andolan (NBA) an anti-dam 
organization. 

Environmental Dimensions of Sardar 
Sarovar Dam 

In Narmada Bachao Andolan vs. Union of 
India (AIR 2000 SC 3751) a PIL was filed by 
NBA. The petitioner raised various issues 
including issue of environment deterioration 
caused by construction of Naramda dam. The 
petitioner contended that the construction of 
Narmada dam would deteriorate quality of 
environment in many respects such as its 
construction would pose threat to forest and 
agricultural land and loss of biological and 
aquatic diversity. NBA activists further 
contended that the dam will disrupt 
downstream fisheries and possibly inundate 
and salinate land along the canals, increasing 
the prospect of insect-borne diseases. The 
petitioner (NBA) further contended that 
environmental clearance granted in 1987 for 
the construction of the Narmada dam was 
without any proper application of the mind as 
the complete studies in that behalf were not 
available. The Ministry of Environment had 
only granted the conditional and tentative 
clearance in 1987, subject to environmental 
studies and remedial plans for the project. 
Therefore it was contended that till that was 
done, the project should not be allowed to 
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proceed further. However, in October 2000, the 
Supreme Court gave a go-ahead for the 
construction of the dam. 

•  S.P. Bharucha’s Environment Friendly 
views Ignored 

According to minority judgement (Justice S.P. 
Bharucha), the majority judgement fails to 
note that the Sardar Sarvovar Project does not 
have proper environmental sanction. Having 
disagreed with the stand taken by majority of 
the judges on environmental matters Per 
Bharucha, J. had stated that “An adverse 
impact on the environment can have disastrous 
consequences for this generation and 
generations to come. The Supreme Court 
earlier in its various judgments has recognised 
this fact. For example, in State of Tamil Naidu 
vs. Hind Stone AIR 1981 SC 711, the Supreme 
Court recognized the need to conserve and 
protect the natural resources of the nation in 
wider interests of mankind. It observed that 
rivers, forests and minerals and such other 
resources constitute the natural wealth. These 
resources are not to be fritted away or 
exhausted by any one generation. Every 
generation owes a duty to all succeeding 
generations to develop and conserve the 
natural resources of the nation in the best 
possible way. Bharucha Judge further stated 
that the Supreme Court cannot place its seal of 
approval on so vast an undertaking as the 
project without first ensuring that  whose best 
fitted to do so have had the opportunity of 
gathering all necessary data on the 
environmental impacts of the project and of 
assessing it. They must then decide if 
environmental clearance to the project has 
been given, and, if it can, what environmental 
safeguard measures have to be adopted, and 
their cost. While surreys and studies on the 
environmental aspects of the project have been 

carried out subsequent to the environmental 
clearance, they are not complete. 

It is worthy to mention here that large dams are 
often ecologically unsound and economically 
unjustified. Justice Bharrucha also said that the 
environmental and health cost before 
constructing this dam are not fully accounted. 
These costs include the loss of forests and 
wildlife, water logging, siltation, loss of arable 
land and increase water-borne diseases (Bina 
Srinivasan et.al, 2001; Prashant Bhushan et al., 
2003; Kailash Thakur & H.R.Jhingta et. al., 
2005). He further  said that in Naramda dam 
case environmental clearance was given to the 
project without taking in to account its adverse 
impacts on wildlife, including birds, impact on 
national parks and sanctuaries, on sites and 
monuments of historical, cultural and religious 
significance and on forest, agriculture, fisheries 
and recreation, tourism and on environmental 
rights. Requisite data for impact assessment 
was not readily available. Despite the strong 
dissenting judgement of Justice Bharucha, the 
majority judges still went on to approve the 
project and allowed it to go on without any 
comprehensive environmental impact 
assessment.    

• Impacts of Dams on Environment 
Ignored 

The dams have their own adverse up-stream 
and downstream impacts on environment. The 
upstream environmental and ecological 
impacts of big dams are: soil erosion, micro-
climatic changes, loss of forests, flora and 
fauna, changes in fisheries, especially on 
spawning grounds, chain effects on catchments 
area due to construction and displacement etc, 
landslips, siltation and sedimentation, breeding 
of vectors in the reservoir and increase in 
related diseases, seism city, loss of non forest 
land, water-logging around reservoir and 
growth of weeds. The downstream 
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environment impacts of the large dams are: 
Water-logging and salinity, micro-climatic 
changes, reduced water flow and deposition in 
river, with related impacts on aquatic eco-
system, flora and fauna, flash floods, loss of 
land fertility along with river ,vector breeding 
and increase in related diseases. These adverse 
effects have long term and irreversible loss of 
quality of human life and other creatures in the 
region. 

It is interesting to mention here the majority 
views on the issue of environmental clearance.  
The Court in Narmada dam case held “there 
are different facets of environment and if in 
respect of a few of them adequate data was not 
available it does not mean that the decision 
taken to grant environmental clearance was in 
any way vitiated”.  The attitude of the Court 
favouring development over the environment is 
clearly evident from the views expressed by 
the majority judges in the said case. It was a 
clear cut subordination of the cause of the 
environment as against the cause of 
development.  

• Refuse to Apply Precautionary Principle 

It is interesting to note here that the Supreme 
Court in Narmada dam case refused to apply 
the precautionary principle of sustainable 
development. It should not be forgotten here 
that the Supreme Court earlier had applied the 
precautionary principle in various judgements 
to make a balance between environment and 
development.  For example, Vellore Citizens 
Welfare Forum vs. Union of India AIR 1996 
SC 2715 and Karnataka Industrial Areas 
Development Board vs. C. Kenchapa (2006) 6 
SCC 371 has been some of the cases wherein 
the Court applied principles of sustainable 
development to defend cause of environment. 

But in the Narmada dam case, the Supreme 
Court held “It appears to us that the 

Precautionary Principle and the corresponding 
burden of proof on the person who wants to 
change the status quo will ordinarily apply in a 
case of polluting or other project or industry 
where the extent of damage likely to be 
inflicted in not known. In the present case we 
are not concerned with the polluting industry 
which is being established. The dam is neither 
a nuclear establishment nor a polluting 
industry. It is surprising that the judges reached 
at such a conclusion. They are not treating 
dams as industries and harmful to environment. 

• Refuse to Apply EIA Notification 1994 
Retrospectively  

Dams put several adverse impacts on 
environment as have been discussed earlier. It 
is worthy to mention here that the Supreme 
Court refused to apply Environmental Impact 
Assessment (EIA) Notifications of 1994 on the 
ground that environmental clearance to 
construct Naramda dam was given in 1987 and 
that time there was no procedure prescribed by 
any statute, rule or regulation regarding EIA. 
The procedure to conduct EIA provided in 
1994 cannot be applied retrospectively in case 
of Sardar Sarvovar Project. The reason is that 
its construction commenced nearly around 
1989.  It is true that construction started in 
1989 but even then EIA could be conducted 
with regard to remaining work of the dam so 
that the possible adverse environmental effects 
could be mitigated. But surprisingly Supreme 
Court refused to apply EIA notifications of 
1994 in Narmada dam case which indicated 
that our Courts are favouring developmental 
initiatives of the governments without 
assessing their adverse effects on surrounding 
environment. 

Conclusion 

The foregoing discussion on decision of 
Supreme Court on Narmda dam clearly 
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exhibits that judiciary favoured construction of 
Narmada dam without bothering much about 
it’s adverse environmental consequences. 
During eighties, there have been several 
judicial decisions of the Supreme Court 
wherein it straightway gave priority to 
environment protection. The development 
process was considered secondary. Then came 
the time where development was considered 
inevitable to resolve problems of under-
employment and unemployment in India. The 
Supreme Court in such situation smartly 
patched both the conflicting interests’ i.e. right 
of healthy environment of the citizens of this 
country and right of development. It applied 
principles of sustainable development as per 
the international mandate to protect 
environment. But the Narmda verdict of 
Supreme Court reveals that it deviated from its 
earlier environment friendly approach. In 
Naramda verdict, the Supreme Court 
straightway ignored the cause of environment 
and treated it secondary which it seldom did in 
the past. The Supreme Court which has been 
the ardent supporter of environment made 
environment and environmental rights, 
subordinate to development processes. The 
government of India is committed to protect 
environment at international level. However, 
the Supreme Court forgot the mandate of 
various International human rights documents 
which speak about protection and improvement 
of environment. The Court failed to read 

Stockholm Declaration on Human 
Environment 1972 and Rio Declaration on 
Environment and Development 1992 into 
domestic laws of India. The changing stance of 
Supreme Court on environmental related issues 
is a cause of concern in present era wherein 
environmental deterioration has drawn 
worldwide attention. Let us hope that Indian 
judiciary in March of progress would not 
forget to uphold the cause of environment 
along with development.  
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Abstract  

Sustainable architecture is a general term that 
describes environmentally conscious design 
techniques in the field of architecture. 
Sustainable architecture seeks to minimize the 
negative environmental impact of buildings by 
enhancing efficiency and moderation in the use 
of materials, energy, and development space. 
The idea of sustainability, or ecological design, 
is to ensure that our actions and decisions 
today do not inhibit the opportunities of future 
generations. Today tourism is an important 
component of development, not only in 
economic terms but also for knowledge and 
human welfare. Given the inevitability of the 
tourism industry as an economic phenomenon,  
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bound to expand globally, we have to find a 
way to make it sustainable. Current study is an 
attempt to discuss the role of sustainable 
architecture for the development of tourism in 
the context of Kerala. 

Introduction   

Tourism is one of the most expanding, fastest 
growing, most rewarding industries of the 
modern world. International tourism 
constitutes the invisible export trade. No 
wonder then that some more enterprising 
countries have turned this flourishing industry 
into a means of spinning money. In recent 
years, India too has woken up to this great 
reality and concerted efforts are being made to 
develop and promote this foreign exchange 
earning industry in a big way. Today tourism is 
an important component of development, not 
only in economic terms but also for knowledge 
and human welfare.  Tourism has long ceased 
to be strictly just for the privileged few and 
nowadays is an activity accessible to a growing 
number of people and societies. During the 
early part of human history, man would have 
travelled under compulsion primary to satisfy 
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his biological needs. In the subsequent periods, 
the emergence of empire gave impetus to travel 
for political, business, social and religious. 
Traveling during those times was difficult 
because of the antiquated transport facilities 
and lack of safety and comfort in route 
(Thakar, 2004). 

The tourism industry has nevertheless given 
rise to some serious problems, including social 
costs and ecological impacts.  Many ancient 
local cultures have lost their identities.  Their 
societies have orientated their economy only to 
this industry.  Both natural and cultural 
landscapes have also paid high price forms of 
tourism.  These problems will persist if short-
term economic benefits are the only objective 
in mind, leading to economic gains that 
eventually become ruinous. 

In tourism, the design of buildings i.e., 
architecture played a very important role. The 
concept of sustainability is also dominated the 
architecture and thus sustainable architecture 
turned to be a highly appreciable thing by the 
tourists. The concept of Green building 
revolves around energy efficiency, 
environmental impact, water management, 
renewable energy and use of green building 
materials. The tourists are preferred to visit and 
stay the place where the buildings are built in 
sustainable architecture. The present paper 
discusses the importance of sustainable 
architecture for the promotion of tourism and 
environment. 

Tourism in the modern world 

The past two centuries have witnessed an 
increase in the commoditization of tourist sites 
across the world. Everything from historical 
monuments to exotic holiday destinations has 
been redesigned and packaged for mass 
consumption. As a result, the histories of 

specific sites have been re-conceptualized. 
Some have been preserved and celebrated, 
while others have been left to decay. In this 
process, buildings, cities and entire countries 
have been remapped by tourism initiatives to 
serve political, cultural, economic and 
scholarly goals. Considering these profound 
transformations, Architecture and Tourism 
examines the reciprocal relationship between 
the modern practice of tourism and the built 
environment. 

The idea of sustainable development 

The concept of sustainable development has 
become widely accepted as the way to a better, 
more humane and socially responsible future. 
In parallel, the tourism sector is becoming 
increasingly important in the global economy. 
The grand, but elusive, concept of sustainable 
development in which environmental 
considerations are integrated with, strives for 
social and economic development received 
widespread international attention through the 
launching of the World Conservation Strategy 
in 1980 and the presentation of the report Our 
Common Future in 1987 (WCED, 1987). In 
1987, the United Nation’s World Commission 
on Environment and Development (WCED), 
known as Brundtland Commission, met to 
create a vision called Our Common Future that 
was based upon sustainability. From this effort 
the definition of sustainability development as 
“Meeting the needs of the present without 
compromising the ability of future generations 
to meet their own needs”. The green economic 
report initiative by the UNEP gives convincing 
evidence for policy makers, designers and 
leaders from all arenas of society invest in a 
design with clean technologies, renewable 
energy, natural materials and infrastructure 
(WCED, 1987).  
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The goals of economic and social development 
must be defined in terms of sustainability in all 
countries developed or developing, market-
oriented or centrally planned. Interpretations 
will vary, but must share certain general 
features and must flow from a consensus on 
the basic concept of sustainable development 
and on a broad strategic framework for 
achieving it. Development involves a 
progressive transformation of economy and 
society. A development path that is sustainable 
in a physical sense could theoretically be 
pursued even in a rigid social and political 
setting. However, physical sustainability 
cannot be secured unless development policies 
pay attention to such considerations as changes 
in access to resources and in the distribution of 
costs and benefits. 

In essence, sustainable development is a 
process of change in which the exploitation of 
resources, the direction of investments, the 
orientation of technological development; and 
institutional change are all in harmony and 
enhance both current and future potential to 
meet human needs and aspirations. At the start 
of the twenty-first century, the problem of 
global sustainability is widely recognised by 
world leaders, and a common topic of 
discussion by journalists, scientists, teachers, 
students and citizens in many parts of the 
world.  The World Summit on Sustainable 
Development, confirmed that the first decade 
of the new century, at least, would be one of 
reflection about the demands placed by 
humankind on the biosphere.   

The concept of sustainability has become 
central to all aspects of development planning. 
The essential prerequisite of sustainable 
development is to meet the needs of the present 
without compromising the ability of future 

generations to meet their own needs. It is a 
particularly pertinent concept as far as tourism 
is concerned because tourism is often in danger 
of destroying the resource base upon which it 
depends. There is a circular and cumulative 
relationship between tourism development, the 
environment and socio-economic development. 

Agenda 21 is a non-binding, voluntarily 
implemented action plan of the United Nations 
with regard to sustainable development. It is a 
product of the UN Conference on Environment 
and Development (UNCED) held in Rio de 
Janeiro, Brazil, in 1992. It is an action agenda 
for the UN, other multilateral organizations, 
and individual governments around the world 
that can be executed at local, national, and 
global levels. 

Sustainable architecture 

Architecture is one of the man’s highest 
achievements, reflecting the culture of the 
times.  The architects and builders have a great 
responsibility in ensuring that green principles 
are actually being applied rather than just being 
paid lip service as the construction industry 
accounts for 50 % of the green house gas 
emission and a sizeable chunk of all other 
kinds of environmental impacts. Moreover, 
with the recent failure of the global political 
domain, to bring all the nations under a roof 
and bind them with laws and mutual 
agreements upto green concepts, the burden of 
responsibility the architect community 
shoulders increase manifold. 

The 21st century is the century of environment 
and sustainable development. Today architects 
and city planners are expected to think up new 
neighborhoods and cities, new public spaces, 
new means for production of historical urban 
heritage and transform land into a city with 
superior living conditions and in an 
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environmentally-friendly manner. Sustainable 
architecture is a general term that describes 
environmentally conscious design techniques 
in the field of architecture. Sustainable 
architecture is framed by the larger discussion 
of sustainability and the pressing economic and 
political issues of our world. 

Sustainable development measures success in 
terms of economic, environmental and social 
benefits. The building industry expanded on 
this concept, and applied it to “the building 
environment”, creating the term sustainable 
building. The term sustainable building is used 
interchangeably with Green building. Its 
purpose is to reduce the adverse human 
impacts on the natural environment, while 
improving our quality of life and economic 
well-being. 

In the broad context, sustainable architecture 
seeks to minimize the negative environmental 
impact of buildings by enhancing efficiency 
and moderation in the use of materials, energy, 
and development space. The idea of 
sustainability, or ecological design, is to ensure 
that our actions and decisions today do not 
inhibit the opportunities of future generations. 
The term can be used to describe an energy and 
ecologically conscious approach to the design 
of the built environment.  

If sustainability is to be given a shape, it will 
be a circle. Any aspect of living that can keep 
moving in a circle without interfering with 
objects outside this circle can be termed as 
sustainable. The key to architectural 
sustainability is to work with, rather than 
against Nature; to be sensitive so that we do 
not damage the natural systems. Architectural 
sustainability mirrors the view that it is 
necessary to position human activities as a 
non-damaging part of the ongoing ecological 

landscape, with a belief that ‘nature knows 
best’ (Turab, 2012). It is important to address 
sustainable architecture because the practice is 
almost non-existent in Indian cities. In 
addition, there seems to be some ambiguity on 
what exactly constitutes sustainable 
architecture. 

A worldwide, frequently urban, phenomenon 
where internationally renowned architects are 
lured to design buildings intended to attract 
tourists as much as, if not more than, locals. 
But now in both urban and rural areas, 
buildings are designed by architects based on 
sustainability principles in order to attract the 
tourists worldwide (Ockman & Frausto, 2005). 
In designing environmentally optimal 
buildings, the objective is to minimize the total 
environmental impact associated with all life-
cycle stages of the building project. A variation 
of every design variable may affect the 
environment during all the building's relevant 
life-cycle stages. As high-performance 
buildings use less operating energy, embodied 
energy has assumed much greater importance – 
and may make up as much as 30% of the 
overall life cycle energy consumption. 

Reducing water consumption and protecting 
water quality are key objectives in sustainable 
building. One critical issue of water 
consumption is that in many areas, the 
demands on the supplying aquifer exceed its 
ability to replenish itself. To the maximum 
extent feasible, facilities should increase their 
dependence on water that is collected, used, 
purified, and reused on-site. The protection and 
conservation of water throughout the life of a 
building may be accomplished by designing 
for dual plumbing that recycles water in toilet 
flushing. Wastewater may be minimized by 
utilizing water-conserving fixtures such as 
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ultra-low flush toilets and low-flow 
showerheads. 

Solid wood products, particularly flooring, are 
often specified in environments where 
occupants are known to have allergies to dust 
or other particulates. To reduce the impact on 
wells or water treatment plants, several options 
exist. "Greywater", wastewater from sources 
such as dishwashing or washing machines, can 
be used for subsurface irrigation, or if treated, 
for non-potable purposes, e.g., to flush toilets 
and wash cars. Rainwater collectors are used 
for similar purposes. Centralized wastewater 
treatment systems can be costly and use a lot of 
energy. An alternative to this process is 
converting waste and wastewater into fertilizer, 
which avoids these costs and shows other 
benefits. 

Buildings and development affect water 
quality, air quality and ecosystems, impacting 
human health and quality of life. The 
construction market is also responsible for the 
hazards of pollution, noxious waste, global 
warming, ozone layer depletion, deforestation 
and a whole array of related issues are being 
actively taken up for scrutiny by various 
organizations worldwide. It accounts for one-
sixth of the world’s fresh water withdrawals, 
one-quarter of its timber depletion, and two-
fifths of its material and energy flows.  
Buildings also consume 60% of the world’s 
electricity annually. Through careful planning, 
architects and other designers can build 
environmentally friendly buildings, which can 
save resources for both its operation and its 
construction. To achieve this, sustainable 
building applies principles of resource and 
energy efficiency, healthy buildings and 
materials, and ecologically and socially 

sensitive land-use to achieve an aesthetic 
sensitivity that inspires, affirms and ennobles. 

Sustainable building has proven effective in 
minimizing industry impacts on air and water 
quality and protecting natural ecosystems. It 
has also been shown to increase building value 
by improving cost performance, enhancing 
occupant comfort and creating positive public 
perception. At its broadest, a sustainable 
environment will be healthy for its inhabitants, 
will be economic during its life span, and will 
be capable of adapting to society’s changing 
needs. Buildings, as they are designed and used 
today, contribute to serious environmental 
problems because of excessive consumption of 
energy and other natural resources. However, 
buildings can be designed to meet the 
occupant’s need for thermal and visual comfort 
at reduced levels of energy and resources 
consumption. Energy and resource efficiency 
in new constructions can be affected by 
adopting an integrated approach to building 
designs.  

A building would be sustainable in every sense 
when not only the material but also the 
processes involved in the construction are 
sustainable environmentally and socially. In a 
country like India where the natural resources 
need to be optimized because of the high 
demand and scarcity on one end and on the 
other end availability of huge manpower base. 
Labour intensive construction techniques could 
be used with little mechanical use. This could 
create more green jobs and livelihood for many 
more while reduction in carbon emissions. In 
addition, the waste on site and off site needs to 
be managed wisely (Goth & Joseph, 2011). 

Yet, at this precarious threshold, it is indeed a 
pity that Green buildings and green concepts 
are still a matter of speculation and much 
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debate in today’s learned world. It is indeed 
high time that we break free from our 
nonchalance and take up green concepts and its 
implementation in a war footing to compensate 
the colossal damage already inflicted. The 
prime aim of sustainable architecture is to 
make our earth a better place to live in for us as 
well as our children.  

Linkage of sustainable architecture and 
tourism 

Architecture is a visual art, and tourism is often 
equated with site seeing. Sustainable 
architecture played a very important role in 
present-day tourism. Tourist prefers to stay in 
buildings with good light, and energy efficient 
facilities and built in natural environment. 
These type buildings have an added advantage 
in tourist business. Historically, the 
architecture of India has been more sculpture 
than architecture. The buildings of India have 
been to tell stories or elicit calm or religious 
understanding. The modern buildings create no 
feeling except that they are places of work and 
business. Using natural materials is less 
expensive and provides a natural tie to the 
surrounding environment. We should always 
look back before moving forward. 

Tourism is a major economic force whose 
development can have a fundamental impact 
on societies and the environment, both positive 
and negative. Integration of sustainability into 
tourism policies is the fundamental step 
towards the development of a sound and long 
lasting tourism industry. 

India and Kerala tourism 

India, with her rich cultural heritage, ancient 
monuments, world famous temples, 
architectural masterpieces, wild animal 
sanctuaries and scenic spots, holds a great 

attraction for the tourists on the move. In the 
past, for many decades tourist traffic in India 
was confined ‘to the northern region’. Taj 
Mahal at Agra, Fatehpur Sikri, Varanasi, Bodh 
Gaya, Jaipur and Khajuraho were the main 
tourist attractions. However, tourism was 
seldom treated as an industry and in respect of 
stay, food and sightseeing the tourists were 
treated like pilgrims. 

Tourism has emerged as a dominant economic 
factor in India and in international horizon. 
With its economic and all other advantages, 
tourism can certainly play a determining role in 
the development of poorer economies, which 
suffer from an adverse balance of payment 
situation, a high degree of social 
backwardness, besides the other environmental 
problems. 

Nature is the miracle and understanding this 
miracle is an art and mother of all art is 
architecture. India’s vernacular architecture is 
the reflection of its culture and tradition. Our 
architecture is based on the concept of 
integrated architecture or Green Architecture, 
which is architecture that is respectful of nature 
and its resources and which also creates a 
pleasant and comfortable environment for its 
occupants.  It is also bioclimatic architecture as 
the projects are oriented so that they enjoy 
good views and take advantage of natural light 
while avoiding severe solar conditions. They 
take advantage of favorable climatic conditions 
and integrate the construction in the land, as 
well as incorporating elements like recycling 
water, using renewable resources and earth 
sheltered roofs with plants. The objective is 
always to reduce energy consumption and to 
harmonize the building with its surroundings. 

Tourism is a product-cum service that requires 
continuous trimming, moderation and updating 
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in a fiercely competitive international 
environment. Effective marketing is the key to 
the problems of development of tourism. 
Government of India set up the Indian Tourism 
Development Corporation (ITDC) in 1996. 
The State Governments have set up similar 
corporations in each State for e.g., Kerala 
Government established Kerala Tourism 
Development Corporation (KTDC) on 1 
November 1966. These corporations are 
providing a unique range of tourist services. In 
India, the travel and tourism industry has really 
come of age. Tourism is presently India’s third 
largest export industry after gem and jewellery 
and readymade garments. A recent survey 
conducted by the World Tourism Organization 
(WTO) listed twenty top tourist destinations 
globally. India is nowhere in the list of twenty. 

India thus presents a gloomy picture in case of 
tourism industry, when judged against the 
booming global scenario; the country’s share 
in world tourism has been far from 
encouraging. In India, civil unrest is a major 
problem to the business of tourism. Strikes in 
airlines or hotels, agitations or civil 
disturbances, communal riots and activities of 
militants and terrorists hamper the promotion 
of tourism. Crime is another problem. 

Sustainable architecture and tourism in 
Kerala 

With advancement achieved in the field of 
building science and technology, we are 
increasingly becoming aware of the importance 
of energy-efficient building design. Many a 
times one can find solution to optimize the use 
of resources and to achieve human comfort by 
critically evaluating the vernacular architecture 
of that place. In the traditional architecture, 
buildings were designed to achieve human 
comfort by using locally available building 

materials and construction technology which 
were more responsive to their climatic and 
geographic condition (Sarkar & Sharma, 
2011).    

Man has a biological make-up. Rene Dubois 
has observed that, “Some of man’s deepest 
biological traits are governed by the movement 
of the earth around the Sun, others are 
connected with the movement of the Moon 
around the earth and still others result from the 
daily rotation of the Earth in its axis. All these 
fluctuations in biological characteristics 
probably derive from the fact that the human 
species evolved under the influence of cosmic 
forces that have not changed. These 
mechanisms become inscribed in the genetic 
code and persist today even when they are no 
longer needed under the conditions of modern 
life” (Jain, 1985).  

India inherits a tradition of built forms that 
have 5000 years of history. The treasure prove 
of varied cultural influences that travelled to 
the Indian region gave many moods and 
postures, some of a permanent nature, to 
India’s heritage. Village houses in Kerala are 
slope-roofed with Mangalore tiles and thatch to 
draw off and channel the continuous rain. 
Natural building materials available are 
granite, timber, clay and palm leaves. Timber 
is the prime structural material abundantly 
available in varieties in Kerala, ranging from 
bamboo to teak. The skillful choice of timber, 
accurate joinery, artful assembly and delicate 
carving of woodwork for columns, walls and 
roofs frames are the unique characteristics of 
Kerala’s rural characteristics. Clay is used in 
many forms starting from-starting from 
construction of walls, in filling the timber 
floors and making bricks and tiles after 
pugging and tempering with admixtures (Saha 
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& Devadas, 2010). The most developed form 
the typical traditional Kerala rural house is a 
courtyard type-Nalukettu. Kerala has got the 
National Geographic rating its backwaters as 
the world’s 23rd best destination in 2009. 

The importance of sustainable development 
and building is manifold in the case of 
developing economies like India, considering 
the resources crunch they face. Switching to a 
sustainable outlook at the earliest would prove 
beneficial to reduce the number of energy 
guzzlers and environmental liabilities that exist 
in the form of buildings, which are now 
numerous in the developing nations. At par 
with international efforts to boost sustainable 
tourism, Kerala Government also took many 
steps to popularize sustainable architecture for 
boosting tourism in Kerala. Buildings are 
designed and constructed as per 
environmentally friendly norms. These 
buildings are resource-efficient throughout a 
building’s life cycle. This requires the close 
cooperation of the design team the architects, 
the engineers, and the client at all project 
stages. The Green Building practice expands 
and complements the classical building design 
concerns of economy utility, durability, and 
comfort. 

Although new technologies are constantly 
being developed to complement current 
practices in creating greener structures, the 
common objective is that green buildings are 
designed to reduce the overall impact of the 
built environment on human health and the 
natural environment by: 

• Efficiently using energy, water, and 
other resources 

• Protecting occupants health and 
improving employee productivity 

• Reducing waste, pollution and 
environmental degradation. 

A similar concept is natural building, which is 
usually on a smaller scale and tends to focus on 
the use of natural materials that are available 
locally. In addition, occupants were more 
satisfied with the overall building than those in 
typical commercial buildings were.  

The use of bamboo, mud, fly-ash and many 
such materials in recent architecture are the 
ones which could provide us with a sustainable 
architecture. Mud has always been a symbol of 
the rural face.  Limited natural resources need 
to be conserved and hence one should reuse 
and recycle materials and resources such as 
water. Preference for readily available 
materials from indigenous sources orientate the 
building activities at the regional level to self-
reliance, energy saving, low production costs 
and minimum transportation costs.  

It has always been assumed that mud is used 
only for poor homes and small structures while 
there have been examples of airports, 
embassies, hospitals and factories also done 
with mud. Another assumption associated with 
environmentally friendly materials like mud is 
that it is fragile and ephemeral material; while 
in reality mud buildings are the oldest in 
history and it has been used and experimented 
with centuries ago. Earth is flexible because it 
can be molded and shaped when wet, and 
rammed and pressed when moist, but it 
hardens when exposed to the sun making it a 
durable building material. 

Even today mud is used in many ecologically 
sensitive construction sites (Goth & Joseph, 
2011). Earth buildings are renewable in that 
sense because the material can be reused and 
recycled indefinitely as a building material and 
returned to the earth. Kerala's building 
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architecture has in the last one decade showed 
signs of heading backwards to earth and 
nature.  The following case study amply 
substantiated the success of sustainable 
architecture the promotion of tourism. 

Case Study: Banasura Resorts, Wayanad 

The Banasura Resorts is in its kind, claimed to 
be the largest mud resort in Asia at 
Vellamunda in the bewitching backdrop of 
Banasura hills, 18 km away from 
Mananthavady in Wayanad district, Kerala. It 
nestling in 35 acres of greenery stacked with 
pepper, coffee and tea plantations and ponds. 
The 20,000 sq ft two-storey structure in the 
Banasura hills is made entirely out of mud with 
bamboo and coconut palm leaf roofs: a paean 
to Mother Earth.Tucked away at an altitude of 
3500 feet above sea level in the hills of 
Wayanad in the Malabar region, the Banasura 
Hill Resort has been named Asia's largest 
'earth' resort and is considered on of the 
'greenest' destination in the Nilgiris biosphere.  
This mist-clad hill of Wayanad, Banasura is an 
ideal retreat for the traveller who looks for a 
more enriching experience than a mere 
vacation. Sprawling across a 35 acre eco-
friendly farm, Banasura Hill Resort stands in 
the middle of a tropical forest with exotic flora 
and fauna. 

It is owned by a Virginia-based software 
engineer from Kerala, whose company 
straddles two continents. Shankar Thiruvillakat 
initially thought of setting the place up as a 
getaway for his employees. But fired by the 
imagination of Eugene Pandala, one of India's 
best known architects who works with 
traditional building technologies and is an 
enthusiast for mud buildings, it became an 
audacious architectural marvel. When most of 
India's architects are designing energy-

guzzling glass and chrome buildings that are 
supposed to mark the arrival of a new India, 
Pandala offers a different vision - the Wayanad 
earth resort is elegant and utterly modern. 
Tourists have begun trooping in already. 

The proponents of mud houses are mostly 
driven by an urge to build environment 
friendly dwellings as well as address the 
question of depleting natural resources as 
manifested in the acute sand crisis in Kerala 
(Gopakumar, 2010). The mud to be used can 
often be excavated from the construction site 
as in the case of the Banasura Hill Resort. Built 
using mud excavated from the very site that it 
stands on, the resort is a fine example of 
rammed earth architecture, and a glowing 
tribute to vernacular construction methods. The 
mud is non-toxic, non-allergic, rot and termite 
proof, controls humidity and offers great sound 
isolation. Perhaps the crowning glory of the 
technology lies in the way it can balance 
fluctuations in temperature throughout the 
year, that is store both warmth and coolness. 

People from the nearby Kurichiya village (See 
Figure 5) played a significant role during the 
construction of the resort, contributing their 
skill and expertise in building with mud. At 
Banasura, we believe in making optimal use of 
environmental resources, maintaining the 
ecological balance, and helping to conserve 
natural heritage and biodiversity.  Thousands 
of Guadua bamboo saplings planted around the 
resort creates a bio fencing while improving 
the already pristine air quality. Vetiver grass 
planted in critical areas prevents soil erosion. 

The Resort value and respect the socio-cultural 
identity of the local community. They intend to 
culturally sensitize our guests through 
interaction with the local community. They 
encourage guests to visit tribal villages closed 
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to the resort. This not only helps in the 
exchange of knowledge and wisdom between 
visitors and local residents, but also helps in 
inculcating in the host community a sense of 
pride in what they are. 

 

Fig. 1: The exterior view of the resort at dusk 

 

Fig. 2: Resort side view 

  

Fig. 3: Inside the Resort 

 

Fig. 4: Tourist cottage in the Resort 

 

 

Fig. 5: Kurichiya Settlement near the Resort 

The concept of the Banasura Resort is unique 
in many ways. No air-conditioners are needed 
as the mud walls act as an effective regulator 
of heat and cold. Moreover, there is a cooling 
stream flowing through the property (Padanna, 
2010). Eco-friendly features include a bio-gas 
plant that recycles organic waste and fires the 
resort's kitchens. Also the resort is completely 
lit by CFL lamps to minimize energy 
consumption. The resort itself has been built 
from mud and recycled wood and natural light 
is exploited to the fullest. Limited natural 
resources need to be conserved and hence one 
should reuse and recycle materials and 
resources such as water. Preference for readily 
available materials from indigenous sources 
orientate the building activities at the regional 
level to self-reliance, energy saving, low 
production costs and minimum transportation 
costs. 

Recycled wood is used for much of the 
woodwork and periodic anti-termite treatment 
is done using cashew-shell oil rather than 
chemical agents. Natural light is exploited to 
the fullest, while CFL lamps provide extra 
lighting, minimizing energy consumption. A 
bio-gas plant recycles organic waste and fires 
the resort’s kitchens. 

Conclusion 

The architecture of the future would be gauged 
not only on the hi tech technology it uses, the 
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heights it scales, the comfort it provides but 
also how efficient it is, how green it is and how 
much does it conserve, reuse and on how it 
reduces its carbon emission. The architecture 
and design of the future would not aim at 
standing from everything around but blend 
with earth and its surroundings as if it was an 
integral part of its own environment.  

Natural landscapes and diversity are 
increasingly appreciated and the tourism 
industry must be able to respond to these 
aspirations. Sustainability has given prime 
importance in designing a building for tourist 
purposes. Architecture of the future would 
have to be based on the sustainable and 
practical use of the natural resources available 
to us. Architects and designers should 
constantly work at satisfying human needs for 
growth and prosperity while making our future 
sustainable with the limited natural resources 
that we possess. The architecture in the future 
would have to blend with the modern urban 
fabric, woven with the traditional cultural and 
sociological needs of the community. 

Sustainable architecture is imperative in the 
development of tourist projects. The 
destruction of tourism resources for short-term 
gain will deny the benefits to be gained from 
mobilization of those resources in the future. 
The host populations will lose out the natural 
environment and thus will affect their future 
tourism prospects. Besides this, future 
generations of tourists will be denied the 
opportunity of experiencing environment. 
Tourism companies are increasingly 
responding to green consumerism and 
sustainable architecture to promote an 
environmentally friendly image in their 
marketing strategies. It is a fait accompli that 

the sustainable architecture will induce tourism 
and keep the nature intact. 
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Abstract  

Bhimtal is a mesotrophic lake and the 
sediments acted as a sink or trap of nutrients in 
the bottom of lake. The water quality and 
volume of Bhimtal Lake has showed a 
degrading trend due to very rapid settlement, 
constructions and encroachment on lake 
catchment basin or hills by human habitation 
beyond its carrying capacity. The bathymetric 
mapping of the lake showed that the maximum 
depth of Bhimtal Lake was recorded only 
20.9m on south-west from the middle island 
point. The sedimentation rate in three zones of 
Bhimtal Lake ranged from 0.27 to 
1.05mm/year. The rates of sediments showed 
higher trend in the mallital zone compared with  
  

Keywords: Bhimtal lake  ⏐ Bathymetric  ⏐  
Sedimentation ⏐ Land use pattern  

 

 

 

 

 

central zone and tallital zone. The mallital zone 
has received high sedimentation load because 
of extensive road and house building 
construction activities on the slopes in 
catchment areas along with perimeter of 
Bhimtal Lake.  The lake is also decreasing in 
water area, depth level, water quality and its 
biotic resources because of offsite and onsite 
impacts of soil sedimentation due to invasive 
land use pattern, degraded forest zones and 
changed agriculture pattern in lake catchment 
area. 

Introduction 

The Nainital region is known as “West-moor 
land of Kumaun” contained several perennial 
and seasonal lakes. The Kumaun lakes are 
being used as a source of water for drinking, 
irrigation, pisciculture and recreation. Due to 
many anthropogenic activities or poor 
management and conservation practices, the 
inflow of eroded material and other 
contaminants from the catchment slopes has 
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accelerated the sedimentation and siltation rate 
in lakes (Zutshi, 1985; Kumar et al., 1999). 
Eutrophication process occur in lakes very fast 
because of many anthropogenic activities like 
changes in land use pattern, increased 
industrialization, urbanization and climatic 
variations, these are the main factors 
contributed significantly to effect the chemistry 
of lake water and sediments is a cumulative 
reflection of catchment geology, weathering 
and  sediment erosion process as well as 
anthropogenic inputs. The spatial distribution 
of nutrients and organic loads accumulate in 
lake sediments reflect as degradation or decline 
in quality of lake water and aquatic ecosystems 
(Li et al., 1995; Wang et al., 2004).  Sediment 
is carried into the lake by streams, rivers as 
well as its transformation depends upon hills 
slope, vegetation cover and geology of the lake 
catchment basin. Since many lakes are sinking 
of agricultural runoff, municipal and industrial 
waste water discharges, they become enriched 
with nutrients, sediments and associated heavy 
metals (Koussouris and Diapoulis, 1989; 
Skoulikidis et al. 1988). Due to drastic rise in 
developments in the lake surroundings and 
very low dispersion and high mobilization 
rates, the lake water quality decreasing 
throughout the world has become a direct 
threat to many life forms (Koussouris et al. 

1987: Nag and Das, 1993; Sujatha et al. 2001).  
Many research scientists have been  studied  
morphological, hydrological and sediment load 
with their accumulation pattern   in different 
Himalayan and Kumaun lakes as  Trisal 
(1987), Gopal and Zutshi (1998), Chakrapani 
(2002) and  Das (2005). 

Bhimtal Lake is situated in the lesser Himalaya 
region of Uttarakhand in Indian subcontinent. 
The water quality of Bhimtal lake has been 
showing degrading trend due to fast changing 
land use pattern in its catchment basin since 
two decades after developing Uttarakhand as a 
new state. The lake is receiving high 
sedimentation and nutrient load   from its 
catchment basin resulted reduction lake water 
volume and started eutrophication processes. 
Therefore, preliminary studies were made to 
estimate the bathymetric position, deposition 
of inorganic or organic load from municipal 
sewage and sedimentation in different zones of 
Bhimtal Lake at Kumaun region. 

Materials and Method  

Bhimtal Lake is situated between 29°21’ N 
latitude and 79°24’ E longitude at 1332 m 
above of sea level in the Kumaun region. 
Bhimtal Lake is the largest lake among all 
Kumaun lakes having approximately 85.26 ha 
area and located at a distance of 22 km from 
Nainital. An island used as a fish aquarium 
towards the outlet, gives it a distinction among 
all the Kumaun lakes. The lake serves as a vital 
source of drinking water supply for the 
population of Bhimtal town and provide water 
supply for agricultural practices towards 
Naukuchiatal lower areas. The Bhimtal lake is 
divided into three zones as per its physio-
geographical position. The north-east part of 
the lake is known as mallital zone, while the 
south-west part is termed as tallital and central 
zone is middle part, consisting an island and 
sluice gate as outlet of lake. The inlet of the 
lake is in the form a small channel the jhingari 
Nullah emptying at mallital. 
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 The Morphometric analysis of Bhimtal lake 
was analysed by GPS (GARMIN GPSMAP 
model no. 76CSx) for analyzing the altitude 
and longitude of different sampling points and 
bathymetric parameters were determined by 
various ground truth surveys and by using 
various types of gauges like rod, tape, wire or 
point guage for measuring the distance to the 
water surface and depth with the help of 
moving boat. The Metereological data were 
measured on spot during sampling period and 
compared with directorate of cold water 
fisheries, Bhimtal. 

The sediment samples were collected from 
bottom surface of different sampling points at 
Bhimtal lake by using Eckmans dredge 
samplers and put into wide mouthed plastic 
containers. The present study was conducted 
during the period 2012 to 2013. The sediment 
samples were collected on monthly basis from 
different depth of bottom sediments. The 
organic matter of the sediment samples were 
measured by igniting the samples at 550 and 
950⁰C, respectively in a muffle furnance 
(Rippey et al. 1982; Kaiserli et al. 2002).  

Result and Discussion 

Bhimtal is situated at a comparatively lower 
altitude than Nainital. The pattern of seasons in 
and around Bhimtal Lake showed quite similar 
trends and fluctuated as in Nainital region. The 
minimum water temperature was observed in 
winters 10.36°C and maximum water 
temperature observed in summer season was 
24.52°C. The air temperature showed an 
increasing trend from the month March to June 
reaching to the maximum 31.42°C and the 
lowest air temperature in December 11.13°C. 

The lowest relative humidity was observed 
10% and highest 99%. The annual rainfall was 
recorded 1378.2 mm in 2012-2013. The 
Climatically, Bhimtal lake is subtropical and 
warm monomictic lake. The shoe shaped lake 
has a catchment area 11.70km2. It is 1915.5m 
long and 486.5m wide and has a maximum 
depth of 20.9m. The climate of Bhimtal and its 
surrounding areas is relatively warmer. 
Rainfall increased then the previous year. Such 
erractic rainfall adversely affected the water 
quality of lake, while the wettest months of the 
year were recorded as June, July and August 
(Table 1 & 2). 

 

Table 1: Morphometric characteristics of Bhimtal Lake 

Table 2: Metereological characteristics of Bhimtal Lake 

The bathymetric maps were prepared on the 
basis of depth contour of Bhimtal Lake. Depth 
wise distribution of Lake Basin area and 
percentage of this area are given in Table 3. 

Parameters Observations 

Altitude (m) 1332 
Longitude 79º34’E 
Latitude 29º21’N 
Length(m) 1915.5 
Width(m) 486.5 
Mean Depth(m) 17.9 
Surface area (ha) 85.26 
Catchment area (Km2) 11.70 
Shoreline (m) 4025 
Volume of water (m3) 4064.9 

Parameters Observations 
Annual Rainfall(mm) 1378.2 
Max. air temperature(ºC) 31.42 ºC 
Min. air temperature(ºC) 11.13 ºC 
Max. Water temperature (ºC) 27.52 ºC 
Min. Water temperature (ºC) 10.36 ºC 
Min Relative humidity (%) 10 
Max. Relative humidity (%) 99 
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Depth(m) 
Lake Basin Area (ha) 

Summer Winter Monsoon 
Area % Area % Area % 

0-2.5 1.6 1.87 3.2 3.75 5.90 6.92 
2.6-5.0 5.6 6.57 6.8 7.97 8.20 9.62 
5.1-7.5 8.29 9.72 11.5 13.49 12.50 14.66 

7.6-10.0 10.35 12.14 13.0 15.25 14.10 16.54 
10.1-12.5 14.90 17.47 14.8 17.36 18.40 21.58 
12.6-15.0 8.50 9.97 12.1 14.19 14.60 17.12 
15.1-17.5 2.30 2.69 6.0 7.04 18.50 21.70 
17.6-20.0 - - - - 7.20 8.44 

Island 0.91 1.07 0.91 1.07 0.91 1.07 
Swamp 10.2 11.96 4.85 5.69 - - 

Dry land area 22.4 26.27 11.84 13.89 - - 

  

Bhimtal Lake showed the maximum depth 
20.9m was observed in monsoon season was 
marked on middle line drawn between central 
and tallital zone. During summer season the 
major part of mallital zone got dried due to 
siltation and sandy soil and in central zone 
depth showed a declined trend by the 
maximum lake water drained out through the 
outlet for agricultural purposes and maximum 
depth was recorded 15.83m in summer. In 
winter season the maximum depth was 
recorded 17.2m. The average depth of central 
zone remained between 15.8m to 17.2m while 
the maximum depth 20m was towards the 
south west part. A ratio between mean depth 
and maximum depth made the basin a trough 
shaped towards tallital and saucer shaped 
towards mallital. The 35.84% of total lake 
basin was found converted in to swamps or a 
wetland from March to May. There was 
evidence to show that the depth of Bhimtal 
lake reduced due to rock silt erosion from 
surrounding hills terrain and other catchment 
areas during the rainy season. There was 
sufficient siltation at the bottom especially 
during monsoon season. The islands, swamp 

and dry land part in and around the lake has a 
total area about 20.0% of the total basin area of 
the lake (Table 3 and Fig. 1, 2 & 3).  

Bhimtal lake receives lot of inorganic and 
organic pollutants from different sources like 
construction activities, tourism development 
and domestic discharge etc. However, the 
indiscriminate construction activities e.g. 
industrial units, hotels & resorts and residential 
flats & houses occurred mainly in mallital 
industrial areas, tallital areas and other hilly 
terrains of catchment basin of Bhimtal lake.             
Geologically, Bhimtal is comprised of 
metabasites associated with shallow water 
quartzites, grits, conglomerates, phyllites and 
rocks of zeolite and greenschist facies.   
Sediments results from weathering of rocks in 
the catchment area. Much of the variation 
resulting from weathering may be expressed in 
the system Al2O3-CaO-Na2O-K2O, where CaO 
represents calcium in the silicate fraction only. 
Silica (SiO2) is the dominant oxide in the lake. 
In Nainital lake, SiO2 is less (42%) compared 
with Bhimtal lake (51.2%).The origin of lake 
and their geological characteristics described in 
details by Chakrapani (2002). 

Table 3: Percentage of Lake Basin    
area in relation of depth  
level of Bhimtal Lake 
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A: Summer  
B: Winter

C: Monsoon 

Fig.1 (A, B &C): Bathymetric mapping of  
  Bhimtal Lake during  
  different seasons 

 

Fig.2: Maximum water drained out for  
agricultural activities in summer 
season 

Fig.3: Sedimentation and vegetation on  
          Mallital zone of lake during    
          summer season. 
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The organic content is determined in the 
sediment cores to understand the contribution 
of organic matter in the lake through the 
municipal waste and other anthropogenic 
activities. The high rate of sediments and 
organic matter were determined in mallital 
zone. The sedimentation rate varied between 
0.68-1.05mm and organic matter 6.7-10.4% in 
summer season, because major part of the 
township is situated on mallital zone and the 
human population of the town ship showed an 
increasing trend due to industrialization at 
mallital valley (Table 4). The many 
anthropogenic factors were created as high 
demand on lake water for house hold activities 
and industrial purposes. A jhingari drain was 
carried municipal wastes, sewage and other 
liquid waste waters and drained as an inlet in 
mallital zone of Bhimtal lake. In central zone 
of lake, sediments rates varied between 0.36-
0.49mm and organic matter 5.4%-8.7%.  The 

tallital zone have less sediments and organic 
matters in comparison of other two zones as  
the sediment was recorded in this zone is 0.27-
0.31mm and organic matter 3.4%-4.9%. The 
spatial distribution of sediment in a lake 
depend on the water inflow velocity, 
gravitational forces, depth, bottom topography, 
vegetation cover of catchment basin. The 
sediment comprises silty material with 
practically less amount of humus in tallital 
zone. The sedimentation rate and organic 
matter in Bhimtal lake is less than Nainital 
lake. The rate of sedimentation has been 
recorded in decreasing order from the near 
shore to the far shore in Nainital lake (Kumar 
et al., 1999). The process of sedimentation and 
its deposition rate in different lakes of 
Himalayan region were described by 
Kusumagar et al. (1989) Das et al. (1994) and 
Rai et al. (2007). 

 

Lake zone Sedimenation rate 
(mm year-1) 

Organic matter (%) 

Mallital zone 0.68-1.05 6.7-10.4 
Central zone 0.36-0.49 5.4-8.7 
Tallital zone 0.27-0.31 3.4-4.9 

 

The major oxides chemistry delineates the 
lithology of the catchment area as observed, 
indicating short distance transport and poor 
mixing of the detritus. Bhimtal have low 
percentage of organic matter in comparison of 
Nainital. Bhimtal is a mesotrophic lake and the 
sediments acted as a sink or trap of nutrients 
for the most part of the year. Various remedial 

measures proposed for the conservation of lake 
includes intensive afforestation programme 
should be implemented on the eroded hill 
terrains of the catchment area, commercial 
urbanization activities like flats, cottages 
should be restricted on hilly terrains, Eco 
friendly industrial units should be promoted,  
municipal or domestic waste water & sewage 

Table 4: Sedimentation rate in  
Bhimtal lake water 
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should be treated by bioremediation 
technology before drain into lake  and other  
anthropogenic activities in catchment basin of 
lake  should be monitored  continuously  to 
restoration of lake ecosystem. All these 
preventive measures would be contributed 
significantly to reduce the sedimentation and 
siltation load in the lake and water quality of 
lake will be hygienic, pathogen free for 
drinking purpose by inhabitants of Bhimtal 
area. 
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Abstract  

The present investigation deals with the 
taxonomic enumeration of arboreal plants 
reported from Nimar eco-region of Madhya 
Pradesh. Altogether 88 species (85 Dicot and 3 
monocot) belonging to 72 genera (69 dicot and 
3 monocot) and 38 families (36 dicot and 2 
monocot) are reported from this region.  
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Introduction 

Biodiversity at the global scale is a balance 
between the rate of speciation and the rate of 
extinction .It is not uniformly distributed on 
the planet earth but more concentrated in the 
tropics due to higher rates of speciation and 
lower rates of extinction (Singh (2000). 
Biogeographically, Nimar eco-region is a part 
of Satpuda landscape and it is surrounded by 
Malwa eco-region in the North, Hoshangabad 
district in the East and Maharashtra state in the 
South-West directions. The total geographical 
area is 18,806 sq km which includes 4669 sq 
km forest area. The percentage forest cover is 
46.69 and 6.1 % is the contribution to the state 
forest. Biogeographically it is a part of Central 
India.  Recently four districts of M.P. 
(Barwani, Khargone, Khandwa and 
Burhanpur) are included in this eco-region. 
The climate of this region is mainly tropical 
and average annual precipitation is 736.80 mm. 
The area shows various types of vegetation 
groups in spite of not much seasonal 
variations. More than 30% population of this 
region consists of tribal communities (Bhil, 
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Bhilala, Rathia, Barela, Mankar and Nhal).  
This area is endowed with all aspects of 
diversity i.e. ecosystem diversity, species 
diversity and genetic diversity.  

The major natural divisions of this tract 
correspond to four physiographic regions 
namely Narmada valley, Tapti valley, The 
Satpura region and the Hatti ranges. Narmada, 
Tapti, Chhota Tawa, The Abna Sukta, Veda 
and Kunda are the main rivers which drain this 
region. Recent exploration in the beds Agni, 
Kundala, Chhota Rawa, Samdari, Ruprel and 
Ghorapachhar , all tributories of Narmada have 
revealed traces of Palaeolithic man in this 
ecoregion Recently brief accounts of 
vegetation and enumeration of species of some 
parts  of Nimar eco-region are given  by few 
workers (Mahajan et al, 2003; Mahajan and 
Mishra, 2006 ). The present paper deals with 
the exploration of arboreal plants that are 
found to grow in Nimar eco-region of Madhya 
Pradesh. 

Material and methods 

This investigation was done during the year 
2011 - 2012 and in this connection fourteen 
villages  were  surveyed viz. Bijagarh, Katkut, 
Sirwel, Nepanagar, Pndhana, Asirgarh, 
Bokrata, Pati, Bawangaja, Oon, Mohana, 
Jamnyapani, Timarni and Pipaljhopa..  A list of 
such plants was prepared, which exhibit woody 
or tree habit. In this survey both wild as well as 
cultivated arboreal plants were considered. 
Identification of the collected specimens was 
done following standard literature (Cooke, 
1957; Shastri, 1977; Solanki, 1984; Mahajan & 
Paliwal, 1984 and Mahajan, 1987). Herbarium 
sheets are deposited in the Botany Department 

of Govt. P. G. College, Khargone for future 
record. The list of identified plants and 
dominant families with maximum number of 
species are shown in Table 1 and 2 
respectively.                                                            

Results and Discussion 

In the middle of 20th Century an eminent 
botanist Santapau (1956) had stressed the need 
of methodical exploration of the flora of small 
restricted areas so that a complete flora of a 
province could be completed. Shastri(1977) 
has mentioned that due to arid conditions the 
vegetation of Nimar area shows xerophytic 
characters. Introduced species such as Cassia 

siamea, Delonix regia, Prosopis juliflora 

growing well and getting established. Mahajan 
and Paliwal (1984) has stated that the reduced 
percentages of life forms against normal 
standard of Raunkiaer’s are indicative of 
adverse edapho-climatic conditions, due to 
which the tropophilous nature of the vegetation 
is tending to be xerophilous. Similar 
conclusion has been derived by Kunhikannan ( 
2003) during his study of the flora and 
biological spectrum of Tadoba National park, 
Chandrapur, Maharashtra.  

From Table 1 it is revealed that altogether 88 
angiospermic taxa belonging to72 genera and 
38 families are found in Nimar eco-region of 
M.P. which exhibit true arboreal or woody 
habit. Out of this 85 species belong to Dicots 
(36 families) and only 3 species are reported 
from Monocots (2 families). Among naturally 
occurring trees maximum species are recorded 
from Caesalpiniaceae, Mimosaceae, Fabaceae 
and Myrtaceae families. Most dominating and 
common species are Acacia arabica Willd, 
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Albizzia lebbek Benth, Butea frondosa 

(monosperma Taub.) Taub., Ficus 

benghalensis Linn., F. religiosa Linn., 
Mangifera indica Linn., Phoenix sylvestris 

Roxb., Pithecolobium dulce Benth., Salvadora 

persica Linn., Tamarindus indica Linn. and 

Tectona grandis Linn.. Some exotic species 
that are very common are Cassia siamea Lam., 
Delonix regia Re, Eucalyptus globulus Labill., 
Leucaena leucocephala Linn. and Peltophorum 

pterocarpum Linn.. Species like Callistemon 

speciosus DC., Cassia fistula Linn., Ceiba 

pentandra Gaertn., Hamelia petens Jacq. and 
Nyctanthes arbor-tristis Linn. are less common 
in this tract while Pterospermum acerifolium 
Willd. , Spathodea campanulata Beauv., 
Terminalia arjuna Bedd.  and T.belerica Roxb. 
are quite rare on account of tropical climate, 
which prevail here.  

 

S. No.     Botanical name    Family 

1.   Acacia catechu  Willd.              Mimosaceae 
2.   Acacia ferruginea DC               Mimosaceae 
3.   Acacia leucophloea Willd.                  Mimosaceae 
4.   Achras nilotica L.                                 Sapotaceae 
5.   Aegle marmelos Corr.                         Rutaceae 
6.   Ailanthus excelsa  Roxb.                     Simarubaceae  
7.  Alangium salvifolium L.   Alangiaceae 
8.   Albizzia lebbek Benth.    Mimosaceae 
9.   Albizzia procera Benth.   Mimosaceae 
10.   Anona squamosa L.    Anonaceae 
11.   Anogeissus latifolia Wall.   Combretaceae 
12.   Anthocephalus cadamba Miq.  Rubiaceae 
13.   Azadirachta indica Juss.   Meliaceae 
14.   Bauhinia racemosa Lam.   Caesalpiniaceae  
15.   Bauhinia vaiegata L.    Caesalpiniaceae 
16.   Bombax ceiba L.    Bombacaceae 
17.   Buchnania lanzan Spreng.   Anacardiaceae 
18.   Butea monosperma Taub.   Fabaceae 
19.   Carica papaya L.    Caricaceae 
20.   Cassia fistula L.    Caesalpiniaceae 
21.   Cassia sophera L.    Caesalpiniaceae 
22.   Cassia siamea Lam.    Caesalpiniaceae 
23.   Caesalpinia elata L.    Caesalpiniaceae 
24.   Callistemon lanceolatus DC.   Myrtaceae 
25.   Cordia myxa L.    Boraginaceae 
26.   Citrus limon L.    Rutaceae 
27.   Citrus medica L.    Rutaceae 
28.   Citrus maxima Merr.                            Rutaceae 
29.   Cocos nucifera L.    Palmae 
30.   Dalbergia sissoo Roxb.   Caesalpiniaceae 
31.   Dendrocalamus strictus Nees.  Poaceae 
32.   Delonix regia Raf..    Caesalpiniaceae 
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33.   Diospyros melanoxylon Roxb.             Ebenaceae 
34.   Dolichondrone spathacea Schum.  Bignoniaceae 
35.   Emblica officinalis Gaertn.   Euphorbiaceae 
36.   Euphorbia tirucalli L.    Euphorbiaceae 
37.   Euphorbia antiquorum L.   Euphorbiaceae 
38.   Eucalyptus globules Labill.   Myrtaceae 
39.   Feronia elephantum Corr.   Myrtaceae 
40.   Ficus benghalensis L.    Moraceae 
41.   Ficus religiosa L.    Moraceae                                           
42.   Ficus glomarata Roxb.   Moraceae 
43.   Flacourtia inermis Grah   Flacourtiaceae 
44.   Grewia hirsute Vahl.    Tiliaceae  
45.   Gymnosporia royleana Wall   Celastraceae 
46.   Hamelia patens Jacq.    Rubiaceae 
47.   Holarrhoena antidysenterica Wall.  Aplocynaceae 
48.   Holoptelea integrifolia Planch.  Ulmaceae                              
49.   Hardwickia binata Roxb.   Caesalpiniaceae 
50.   Lagerstroemia parviflora Roxb.  Lythraceae 
51.   Lawsonia inermis L.    Lythraceae 
52.   Leucaena leucocephala L.   Mimosaceae 
53.   Mangifera indica L.    Anacardiaceae 
54.   Millingtonia hortensis L.   Bignoniaceae 
55.   Mimusops elengi L.     Sapotaceae 
56.   Mitragyna paniculata (L) Jack.  Rubiaceae 
57.   Moringa oleifera Lamk.   Moringaceae 
58.   Mucuna prurita Hk.    Fabaceae 
59.   Murraya exotica L.    Rutaceae 
60.    Murraya koenigii Spreng.   Rutaceae 
61.   Nyctanthes arbor-tristis L.   Oleaceae 
62.   Nerium indicum Mill.    Apocynaceae 
63.   Parkinsonia aculeate Hook   Caesalpiniaceae 
64.   Peltophorum pterocarpum L.   Caesalpiniaceae 
65.   Pithecolobium dulce Benth                  Mimosaceae 
66.   Psidium guyava Reddi   Myrtaceae                          
67.   Phoenix dactylifera Roxb.   Palmae 
68.   Pongamia pinnata Vent.   Fabaceae 
69.   Prosopis juliflora (SW) DC.   Mimosaceae 
70.   Punica granatum L.    Punicaceae 
71.   Pterospermum acerifolium Willd.  Sterculiaceae                       
72.   Santalum album L.    Santalaceae 
73.   Sapindus emerginatus Vahl.   Sapindaceae 
74.   Spathodea campanulatum Beauv.  Bignoniaceae 
75.   Salvadora persica L.    Salvadoraceae 
76.   Saraca indica L.    Caesalpiniaceae 
77.   Sesbania grandiflora Pers.   Fabaceae 
78.   Sesbania sesban (L.) Merr.   Fabaceae 
79.   Syzigium jambos L.    Myrtaceae 
80.   Terminalia arjuna W & A.   Combretaceae 
81.    Terminalia belerica Roxb.   Combretaceae 
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82.    Terminalia tomentosa W& A.   Combretaceae 
83.   Tamarindus indica L.    Fabaceae 
84.   Tectona grandis L.    Verbinaceae 
85.   Thespisia lampas D & G.   Malvaceae                              
86.   Toona ciliate Roem.    Meliaceae 
87.   Ziziphus mauritiana Lamk.   Rhamnaceae 

 
 

S.No.  Name of family  No. of genera              No. of species 

1.           Caesalpiniaceae    9      12 
2.           Mimosaceae      5      9 
3.           Rutaceae      3      6 
4.           Fabaceae      5      6 
5.           Myrtaceae      5      5  

 

From ethnobotanical point of view, mention 
may be made of Azadirachta indica A. Juss., 
Ficus religiosa Linn., Holarrhena 

antidysenterica Wall., Moringa oleifera and 
Terminalia arjuna Bedd., Aegle marmelos 

Corr, Mangifera indica Linn. and 
Pithecolobium dulce Benth  that are used by 
the tribal people to cure their various human 
ailments. 

Acknowledgements 

Authors are thankful to the Principal, Govt. P. 
G. College, Khargone for library facility.    

References 

Cooke, T. (1957): Flora of the Presidency of 

Bombay, Vols. I-III., B.S.I., Pub., 
Calcutta. 

Kunhikannan, C. (2003): Flora and Biological 
Spectrum of Tadoba National park, 
Chandrapur, Maharashtra, India, XIIIth 
Annual Conference of IAAT and                          
International Symposium on Plant 
Taxonomy: Advances and Relevance,                           

 

organized by University of Bhagalpur, 
abstract pp.39.                                                           

Mahajan, S.K. and Paliwal, P.R. (1984): 
Biological Spectrum of the flora of 
Sirwel hills, Madhya Pradesh, Nat. 

Acad. Sci., India, 54th Annual Session, 
Madurai, (Biol. Sect.), Abst. pp. 2.                            

Mahajan, S.K. (1987): Further additions to the 
flora of Khargone, Madhya Pradesh, 
Proc. Ind. Sci. Cong., Part III (Bot. 
Sect.), Abst. pp. 106. 

Mahajan, S.K., Patel, Pushpa, Singh, P.P. and 
Sapru, T. (2003): A preliminary survey 
of anthelmintic plants used by the tribes 
of West Nimar District, Madhya                    
Pradesh, Plant Diversity, Human 

Welfare and Conservation (eds.)                    
M. K. Janarthanam & D. Narasimhan, 
pp. 289-292. 

Mahajan, S. K. and Mishra, Shakun, (2006): 
Exploration of Medicinal plants in the 
tribal areas of Khandwa (M.P.), 

Table 1. List of arboreal plants reported 
from Nimar ecoregion of M.P. 

Table 2: Dominant families with 
maximum number of species 



 

[ISSN 0975 - 6272]            Mishra & Mahajan 

 

63

Volume IV Number 2 2013 [58 – 63] 

Survey of arboreal plants of Nimar ecoregion of Madhya Pradesh, India 

National Journal of Life Sciences, 3 
(3): 313 - 316. 

Santapau, H. (1956): The botanical exploration 

of India, J.I.B.S., 35:1-6. 

Singh, J.S. (2000): Paradigms of Biodiversity, 
Proceedings of Botany (Recent                         

Developments and future challenges in 

Botany), BHU, pp.107-110. 

Shastri, M.B. (1977): Flora of Khagone, 
Madhya Pradesh., In: Recent Trends 

and Contacts between Cytogenetics, 

Embryology and Morphology (ed.) 
Dyansagar, pp. 445-454. 

Solanki, C.M. (1984): Flora of Indore, Ph.D. 
Thesis, Devi Ahilya Vishwavidyalaya. 

 



 

[ISSN 0975 - 6272]               

 

Volume II Number 2 2011 [23-28] 

64
Effect of Dabur India Limited effluent on physiological and biochemical parameters of Withania Somnifera Dunal

   
 

Effect of Dabur India Limited effluent on physiological and biochemical 
parameters of Withania Somnifera Dunal 

 
Sandhya Sharma 

 

 
  
 Received: May 11, 2013 ⏐ Accepted: July 10, 2013 ⏐ Online: October 15, 2013 

 

Abstract  

During the study samples of selected plant is 
collected from polluted site at Sahibabad 
Industrial area, Ghaziabad (Dabur India Ltd.) 
and from non-polluted site (ALTT centre), 
Ghaziabad. For the germination studies 
uniformly large and healthy seeds of selected 
plant were collected from marked areas and 
sterilized with 0.1% HgCl2 solution for 10 
minutes. The soil were kept moist with 
different concentration (25%, 50% and 100%) 
of the effluent of selected industry and Five 
replica of each concentration including control 
(treated with normal water) were kept for 
germination in light. Observations regarding 
the root length, shoot length, fresh weight and 
dry weight were taken on the 5th, 7th and 9th   

Keywords: Withania somnifera  ⏐ Industrial 
effluent ⏐ Physiological & Biochemical 
Parameters  

 

 

 

 

day after sowing. The preliminary colour 
reaction tests of plant powders (plants 
collected from polluted and non-polluted areas) 
showed the presence of alkaloids, lignin, 
tannin, carbohydrates, proteins, sugars, 
subernin, glycosides, saponin, steroid, oil and 
flavins in both the cases.  

 Introduction 

Today water resources have been the most 
exploited natural system since man strode the 
earth. Pollution of water bodies is increasing 
steadily due to rapid population growth, 
industrial proliferations, urbanizations, 
increasing living standards and wide spheres of 
human activities. In industries on an average 
30% of the intake water is consumed and 70% 
is thrown out (Taquikhan, 1987). Seed 
germination and seedling growth, ultimately 
adversely affecting plant growth and yield. So 
it is relevant to understand the response of 
industrial effluents to crops dependent on it. In 
this relation efforts have been made a cross the 
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effect of industrial effluents on seed 
germination of crops like: Gautam et al. 

(1992), Agarwal et al. (1995), Kumar and Rai 
(2001), Santiago, M. et al. (2006), Saliha, B.B. 
(2003), Raman, S. (2002). The distillery 
effluent is mixture of organic and inorganic 
nutrients and has been reported to have a 
beneficial effect on seed germination 
Subramani, A. et al. (1999). Nevertheless the 
sensitivity of the plants varies from species to 
species to the effluent salinity, Raman, S. 
(2002). These effluents cause toxicity to 
different crops being grown in that area 
(Srivastava et al., 2000; Chandra et al., 2004; 
Nath and Sharma, 2002). These studies showed 
that industrial effluents affect the flora in the 
surrounding areas so several physiological 
parameters such as percentage of germination, 
seedling height, fresh weight, dry weight of 
seedling and chloroplyll content estimation and 
biochemical parameter such as Preliminary 
Colour Reaction Tests and Thin Layer 
Chromatography have been taken as criteia to 
assess on the observed plant Withania 

somnifera Dunal for response to a specific 
Dabur India Ltd. effluent. Asgandh, the Indian 
Ginseng, is popularly known for its use as 
general body tonic specially as sex tonic. It is 
added in popular herbal combinations as main 
ingredient for this purpose. The roots are used 
most commonly; although it’s all parts possess 
valuable medicinal properties and uses 
(Kirtikar and Basu, 1935). 

Materials and Methods 

The Dabur India Ltd. Industry, Ghaziabad 
(U.P.) effluent sample was collected in bottles 
from the main discharging point before 

treatment and were analysed for colour, odour, 
pH, BOD, COD, Total Dissolved Solids, Total 
Solids and Total Suspended Solids as per 
standard methods (APHA, 1981 and Trivedi 
and Goel, 1986). For the germination studies 
uniformly large and healthy seeds of selected 
plant were collected from marked areas and 
sterilized with 0.1% HgCl2 solution for 10 
minutes. The seeds were kept for germination 
(in light) in petridishes containing soil and 
treated with different concentrations (25%, 
50% & 100%) of the effluent. An equal 
number of seeds were germinated in soil with 
normal water as control. Data related to 
germination as root length, shoot length, fresh 
weight and dry weight were taken on the 5th, 
7th and 9th day after sowing. Plant samples 
were collected from 2 sites polluted as well as 
non-polluted. Polluted site was Dabur India 
Ltd. Site-4, Sahibabad and non-polluted site 
was ALTT centre Ghaziabad. Chlorophyll 
content (a, b and total chlorophyll) of both the 
plant samples was determined as per methods 
described by Arnon (1949). For TLC 
estimation the fresh plant material was dried at 
40 °C and powdered. The extraction of plant 
powder was carried out with ethyl alcohol 
using a rapid extraction method. For extraction 
5 gm plant powder mixed with 25ml of ethyl 
alcohol on water bath under reflux for 30 
minutes. The mixture was allowed to cool. 
Insoluble matters were removed by filtration. 
Now this filtrate was concentrated on water 
bath to a final volume of 10ml. This 
concentrated filtrate was used for TLC. The 
phyto-chemical tests were performed by 
adopting usual methods (Johansen, 1940; 
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Youngken, 1951; Cromwell, 1955; Trease and 
Evans, 1983). 

Results and Discussion 

Analysis of effluents: Effluent analysis shows 
the higher values for BOD and COD than the   

maximum recommended values. The results 
are shown in Table – 1. 

 

 

S. No. Characteristics Effluent value of 
Dabur India Ltd. 

Maximum Recommended 
Concentration 

1. BOD (mg/l) 210.0 30.0 
2. COD (mg/l) 880.0 250.0 
3. COLOUR Yellowish Should be absent 
4. ODOUR Herbal Odourless 
5. OIL AND GREASE 

(mg/l) 
3.0 10.0 

6. pH 6.0 5.5-9.0 
7. TOTAL DISSOLVED 

SOLIDS (mg/l) 
1200.0 2100.0 

8. TOTAL SOLIDS (mg/l) 1420.0 2700.0 
9. TOTAL SUSPENDED 

SOLIDS (mg/l) 
220.0 600.0 

 

Physiological Studies:   

i.  Germination studies: The result shows that 
in the seeds treated with 25% effluent 
concentration, the shoot length, root length, 
fresh weight and dry weight were 46.78%, 
75.34%, 42.86% and 31.19% less than 
control respectively on 5th day, 41.11%, 
60.43%, 06.67% and 42.14% reduction to 
control respectively on 7th day and 42.72%, 
40.93%, 19.05% and 44.18% below to 
control respectively on 9th day. In the seeds 
treated with 50% effluent concentration, 
the shoot length, root length, fresh weight 
and dry weight were 51.93%, 80.82%, 
57.14% and 65.48% less than control 
respectively on 5th day, 53.75%, 66.84%, 
23.33% and 72.86% reduction to control 
respectively on 7th day and 56.04%, 
52.32%, 30.95% and 76.12% below to 
control respectively on 9th day. In the seeds 

treated with 100% effluent concentration 
there was no germination upto 9th day. 
Results are presented in Table – 2.  

ii. Chlorophyll Content Estimation: In 
polluted leaves chlorophyll ‘a’, chlorophyll 
‘b’ and total chlorophyll were 36.45%, 
32.73% and 35.28% respectively less than 
leaves collected from non-polluted areas. 
Results are shown in Table –3.  

i. Biochemical Studies:  
ii. i. Preliminary Colour Reaction Test: The 

preliminary colour      reaction tests of 
plant powders (plants collected from 
polluted and non-polluted areas) showed 
the presence of alkaloids, lignin, tannin, 
carbohydrates, proteins, sugars, subernin, 
glycosides, saponin, steroid, oil and flavins 
in both the cases. Differences are tabulated 
in Table – 4.  

Table - 1: Physio-chemical characteristics 
of Dabur India Ltd. 
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ii. Thin Layer Chromatography:  TLC 
observations showed that the number of 
chemical compounds in polluted plant 
samples were higher in comparison to non-

polluted plant samples. Number of spots 
was 1-4 in polluted plants and 1-5 in the 
non-polluted plants. The Rf values are 
shown in Table – 5. 

 

Treatments Parameters 5th Day 7th Day 9th Day 

N
or

m
al

 W
at

er
 

Germination 
% 

80.00 % 80.00 % 90.00 % 

Shoot Length 
(cm) 

02.33 ± 00.22 
cv = 09.44 

02.53 ± 00.28 
cv = 11.07 

03.23 ± 00.46 
cv = 14.24 

Root Length 
(cm) 

01.46 ± 00.12 
cv = 08.22 

01.87 
± 00.17 

cv = 09.09 

01.93 ± 00.18 
cv = 09.34 

Fresh Weight 
(mg) 

00.28 × 10−¹  
 ± 05.50 × 10−³ 

cv = 19.64 

00.30 × 10−¹ 
± 05.90 × 10−³ 

cv = 19.67 

00.42 ×10−¹ 
± 07.30 ×10−³ 

cv = 17.38 
Dry Weight 

(mg) 
04.20 × 10−³ ± 
00.37 × 10−³ 
cv = 08.81 

05.60 × 10−³ 
± 00.41 × 10−³ 

cv = 07.31 

06.70 × 10−³ 
± 00.45 × 10−³ 

cv = 06.72 

25
%

 C
on

ce
nt

ra
tio

n 

Germination 
% 

50.00 % 60.00 % 60.00 % 

Shoot Length 
(cm) 

01.24* ± 00.21 
cv = 16.94 

01.49* ± 00.22 
cv = 14.77 

01.85*  00.35 
cv = 18.92 

Root Length 
(cm) 

00.36* ± 00.09 
cv = 25.00 

00.74* ± 00.16 
cv = 21.62 

01.14* ± 00.20 
cv = 17.54 

Fresh Weight 
(mg) 

00.16 × 10−¹ 
± 03.30 × 10−³ 

cv = 20.62 

00.28 × 10−¹ 
± 05.70 × 10−³ 

cv = 20.36 

00.34 × 10−¹ 
± 06.10 × 10−³ 

cv = 17.94 
Dry Weight 

(mg) 
02.89 × 10−³ 

± 00.38 × 10−³ 
cv = 13.15 

03.24 × 10−³ 
± 00.43 × 10−³ 

cv = 13.27 

03.74 × 10−³ 
± 00.57 × 10−³ 

cv = 15.24 

50
%

  C
on

ce
nt

ra
tio

n 

Germination 
% 

30.00 % 50.00 % 50.00 % 

Shoot Length 
(cm) 

01.12* ± 00.18 
cv = 16.07 

01.17* ± 00.19 
cv = 16.24 

01.42* ± 00.24 
cv = 16.90 

Root Length 
(cm) 

00.28* ± 00.08 
cv = 28.57 

00.62* ± 00.13 
cv = 20.97 

00.92* ± 00.15 
cv = 16.30 

Fresh Weight 
(mg) 

00.12 × 10−¹ 
± 02.29 × 10−³ 

cv = 19.08 

00.23 × 10−¹ 
± 04.37 × 10−³ 

cv = 19.00 

00.29 × 10−¹ 
± 05.80 × 10−³ 

cv = 20.00 
Dry Weight 

(mg) 
01.45 × 10−³ 

± 00.20 × 10−³ 
cv = 13.79 

01.52 × 10−³ 
± 00.25 × 10−³ 

cv = 16.45 

01.60 × 10−³ 
± 00.28 × 10−³ 

cv = 12.50 

10
0%

  
co

nc
en

tr
at

io
n 

No germination 

*  = Significant at 0.1% 

 

 

 

 

Table – 2: Effect of Dabur 
India Ltd. effluent on 
germination and 
seedling growth of 
Withania Somnifera 
Dunal. plant 
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The toxic effect of pure effluent for seedling 
growth was also attributed due to high amount 
of BOD and COD in the effluent. High BOD  

and COD values affect the dissolved oxygen.  
So due to high BOD and COD values and 
absence of the dissolved oxygen restricting  

 

 

 

 

 

 
S. No. 

 
Reagents 

 
Test for 

 
Nature of Colour 

Degree of Changes 
Non-polluted Polluted 

1. Dragenorff’s Reagent {Cromwell 
(1955)} 

Alkaloid Orange ppt. +++ +++ 

2. Mayer’s Reagent Alkaloid Brown ++ ++ 
3. Wagner’s Reagent (Trease and 

Evans (1983)) 
Alkaloid Brown +++ +++ 

4. Tannic Acid Alkaloid Turbidity ++++ ++++ 
5. Hager’s Reagent Alkaloid Yellow ++ ++ 
6. Phloroglucinol + HCl Lignin Dark Red ++ ++ 
7. FeCl3 Tannin Black +++ +++ 
8. Molisch’s Test  Carbo- 

hydrates 
Red +++ +++ 

9. Fehling Solution Carbo- 
hydrates 

Red +++ +++ 

10. Millon’s Reagent  Protein Red ++++ ++++ 
11. Xanthoproteic Test Protein Yellow ++++ ++++ 
12. Bendict’s Reagent after Heating Sugars Yellow Red ++ ++ 
13. Sample + Heating with Strong 

KOH + H2SO4 
Subernin Red Black ++++ ++++ 

14. Molisch’s Test after Hydrolysis Glycoside Red +++ +++ 
15. Plant Powder + H2O + Shake  Saponin Froth (W) +++ +++ 
16. Plant Powder + Conc. HCl Flavin Red ++ ++ 
17. Libermann’s Buchard Reagent  Steroids Violet +++ +++ 
18. Sudan IV Oils Red +++ +++ 

 

 

S. No. Parameters Non –polluted Polluted 
Rf – values Rf – values 

1. Sunlight (Visible) 0.56, 0.91 0.59, 0.91 
2. UV Light (264nm) 0.87 0.20, 0.91 
3. UV Light (365nm) 0.31, 0.40, 0.56, 0.91 0.31, 0.40, 0.56, 0.59, 0.91 

 

their energy supply through aerobic respiration 
which is necessary for growth and 
development of young seedlings. This damage 

plant cells and the plant can not grown up in 
the higher concentration of effluent. Zalawadia 
et al. (1996) reported the inhibitory effects of 

S. No. Parameters Non Polluted leaves Polluted leaves 
1. Chl. a (mg/g) 32.163 ± 04.860 

cv = 15.111 
20.440 ± 02.776* 

cv = 13.581 
2. Chl. b (mg/g) 14.645 ± 02.150 

cv = 14.681 
09.851 ± 01.410* 

cv = 14.313 
3. Total chl. (mg/g) 46.808 ± 06.130 

cv = 13.096 
30.295 ± 01.488* 

cv = 04.912 

Table – 4: Preliminary colour reaction tests of Withania 
somnifera Dunal. Plant grown in non-polluted 
and polluted areas 

Table – 5: Rf values of Withania 
somnifera Dunal. plant 
grown in non-polluted 
and polluted areas.

Table – 3: Effect of industrial 
effluent on chlorophyll 
content of Withania 
somnifera Dunal. plant 
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distillery effluents on seed germination, 
seedling growth, fresh weight and dry weight 
in onion. Raman et al. (2001) observed similar 
kind of inhibitory effects in mustard, 
cauliflower and radish. Ramasubramaniam et 

al. (1993) observed that germination 
percentage and seedling length of Phaseolus 

mungo L. grown in sand culture decreased with 
an increase in the concentration of effluents 
obtained from match and dye industries. 
Subramani et al. (1998) reported a progressive 
decrease in seedling growth with the increasing 
concentration of fertilizer factory effluent. 
Similar finding have been reported by Mishra 
and Bera (1996) the lower concentration of 
tannery effluent had a marked growth 
promoting effect while higher concentration of 
effluent showed reduction in seed germination, 
seedling growth and chlorophyll content in 
some crops. The inhibition of chlorophyll 
synthesis probably results from the Cu-induced 
inhibition of ALA-dehydrates reported by 
Scarponi and Perucci (1984). Izawa (1997) 
suggested that the inhibition of chlorophyll 
may be due to the induced inhibition of 
electron transport system in PS - II. The 
significant fall in the chlorophyll content under 
the higher percentage of effluent concentration 
might have been due to inhibitory effect of 
toxicants of effluent on chlorophyll synthesis 
in exposed plant. From the findings of the 
present analysis, it is evident that the effluent is 
normally highly toxic to growth of Green 
gram, but it could be favorably used for 
irrigation purpose after proper treatment.  

The greater loss of chlorophyll may be due to 
the inhibition, inactivation or denaturation of 
various enzymes associated with the synthesis 

and action of chlorophyll. The loss in total 
chlorophyll pigments (28%) might have altered 
chloroplast function and its light harvesting 
capacity as reported in acid rain and ozone 
affected pine and spruce by Siffel, et al., 1996.    
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Abstract  

Water is a vital natural resource, which is 
essential for multiplicity purposes. Water 
quality was studied by collecting samples 
fortnightly and analysing in the laboratory 
during the study period Jan- May 2013 at 
Patiala. Physico-chemical tests were done for 
tap water, hand pump water and canal water. 
Hand pump water and tap water was found 
better. Dependencies established through 
correlation coefficients revealed high 
positiveness between Conductivity and 
Dissolved Solids; Alkalinity and Hardness. 
The tools developed assist in decision making 
in Water Management Program.   

 

Keywords: Water and Wastewater ⏐ Surface 
water ⏐ Bhakra Canal ⏐ Water quality 

 

 

 

 

 

Introduction 

Water is utilized for many beneficial purposes 
such as domestic, industrial, agriculture, aqua 
farming and hydro power production. 
Although the domestic requirement is less, 
industrial and agricultural demand of water is 
large. In developed countries, the major use 
occurs for industrial production and in 
developing areas it occurs for agriculture. 

Surface water is present in stream, river, pond, 
lake, ocean forms. Quality of water streams 
and lakes is better as compared to that of ponds 
and rivers. Oceanic water is exploited not yet 
much and is highly saline. Rivers are 
imponded if the flow of water is seasonal. 

Ground water occurs due to infiltration of 
water and is present in the form of springs; 
wells etc., spring water are sometimes 
medicinal in value. Open wells are traditional 
and tube wells are replacing open wells now-a-
days for irrigation. Water quality from shallow 
wells is inferior compared to deep wells. 

In general ground water is purer, compared to 
surface water. It is dominant in gases and 
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dissolved solids etc. Surface water on the other 
hand is rich in suspended sediments and 
sufficient dissolved oxygen. The quality of 
surface water within a region is governed by 
both natural processes such as precipitation 
rate, weathering processes and soil erosion and 
anthropogenic effects such as urban, industrial 
and agricultural activities and the human 
exploitation of water resources (Jarvie et al., 
1998). Ground water quality has become an 
important water resources issue due to rapid 
increase of population, rapid industrialization, 
unplanned urbanization, flow of pollution from 
upland to lowland, and too much use of 
fertilizers, pesticides in agriculture (Joarder et 

al., 2008) 

Water quality parameters are defined by 
regulatory boards and they are analysed in the 
laboratory by standard procedure (APHA, 
1985). Some parameters are time consuming 
relatively compared to others in estimation. 
Two or three parameters are estimated to 
represents the similar type of impurity. Few 
parameters also show similar trend of changes. 
As an example, Alkalinity and Hardness are 
proportional. Suspended and colloidal solids 
are related to Turbidity. Dissolved solids 
dictate the Conductivity of water. To what 
extent and at what conditions, one influences 
the other is not known proper by. It is 
necessary to understand the significance of 
quality parameters, represent systematically, 
establish relationships existence among them. 
Statistical analysis of physicochemical 
parameters of water has been reported from the 
different parts of World and India (Dewangan 
et al., 2010). Francis Galton invented the 

concept of standard deviation, correlation and 
regression. 

Hence, the study has taken up during January 
to May 2013. Two work elements involved in 
the study are:- 

• Selection of various water sources used by 
the city people 

• Physico-chemical analysis of significant 
parameters of water from the sources. 

• Establishing relationship through 
Correlation analysis. 

• Understanding the need of above tools for 
water management programs. 

Materials and Methods 

A preliminary study was made at Patiala for 
several water sources and finally three sources 
were selected by keeping the accessibility and 
convenience. The sources of water selected 
were:- 

i. Tap water at TU Campus 
ii. Hand pump water near TU Campus 

iii. Surface water at Bhakra Canal. 

Samples were collected fortnightly throughout 
the study period Jan 2013- May 2013. Water 
was collected from the tap after discarding the 
stagnant water where as it was after sufficient 
wastages from hand pump. At the canal, 
representative sample was obtained at 40-60 
cm depth below surface. Plastic Jerry cans and 
glass bottles of 1-2 litres thoroughly rinsed 
were used for collection. The water samples 
collected from different sources were analysed 
in the laboratory for various physico-chemical 
characteristics with the procedure as 
recommended by standard method of 
examination and wastewater (APHA, 1985). 
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The analysis was carried out for various 
physicochemical parameters such as 
temperature, pH, Electrical conductivity (EC), 
Total alkalinity (TA), Total hardness (TH), 
Total dissolved solids (TDS), Total suspended 
solids (TSS), Total solids (TS) and Turbidity. 

The  pH  of  the  sample  was  determined  by  
digital  pH  meter  with an accuracy of ± 0.01. 
The buffer solution of pH 4.0, 7.0 & 9.2 is 
used for standardization. Electronic 
Conductivity was determined by using 
Conductivity meter, Model: EQ – 510. Total 
solids were determined by using gravimetric 
technique. Dissolved solids are the solids 
present in water in the dissolved state and are 
determined as the residue left after evaporation 
of filtered water at 1030C. Total alkalinity is 
the measure of the capacity of the water to 
neutralize a strong acid. Turbidity of water 
samples were measured by Nephelometer. 
Total hardness were determined by EDTA 
titration method. 

To understand the relationship between 

different water quality parameters analysed 
from different sources, statistical parameters 
were calculated using Microsoft Office Excel 
2007. The mean, standard deviations and 
correlation coefficient are calculated for 
physicochemical parameters. Any relationship 
between the two variables is known as 
correlation. If one variable increases or 
decreases with a corresponding increase or 
decrease of the other variable, a direct positive 
correlation exists between the two variables. If 
one variable decrease with an increase in the 
other variable, then there is a negative or 
inverse correlation. If the value of correlation 
coefficient is nearer to +1 or -1, it shows the 
linear relationship between the two variables.  

Correlation coefficient 

The graphic method indicates the existence of 
a correlation. To find the relationship between 
two parameters x and y, the Karl Pearson’s 
correlation coefficient, r is used and it is 
determined as follows: 
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3. Results and Discussion 

Physico-chemical analysis of water was done, 
and the significant parameters are represented 
in Table 1 – 3. Parameters shown are pH, 

conductivity, alkalinity, total hardness, 
turbidity, total solids, dissolved and suspended 
solids. pH represents the intensity of acidity 
and the water from all the three sources has pH 
7.0 to 9.0, which is desirable for drinking. 

 

 

Conductivity is ability of a sample to carry 
electrical currents and this varies with type and 
number of ions. For distilled water, it is low 
and it varies depending on water source. As the 
ground water contains mainly dissolved salts, it 

would have more conductivity. The 
conductivity of wastewater is always large. 
Alkalinity measures the ability of a sample to 
neutralise an acid and in this case alkalinity 
values are reasonably low. The highest value is 

Table 1: Analysis of Tap water

Table 2: Analysis of Hand Pump water
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164 mg/l of CaCO3 with surface water. 
Alkalinity data is generally considered in water 
treatment operations. Hardness is the resistance 
of water to produce lather with soap and the 
values obtained are higher for tap and hand 
pump water compared to surface water. 
Though it is problem in industries for drinking 
hardness is not considered to be serious. Total 
solids represent the residue obtained after 

evaporation at 103-105 0C and the samples 
have recorded values upto 500mg/l. Dissolved 
solids represent an important constituent. They 
cause saline taste and change the quality of 
industrial product. Not much variation is 
observed with dissolved solids in water at 
different sources. 

 

Suspended solids (>1 µm) doesn’t allow the 
light too pass through the water and bring 
sedimentation of river beds. Suspended solids 
are more in the case of water from Bhakra 
Canal compared to other water. Turbidity is the 
resistance to the passage of light and for 
drinking of water it should be <10 NTU. High 
values of turbidity are seen with surface water. 
Physico-chemical properties of water change 
from season to season. As an example, due to 
runoff more sediment may be contributed thus 
increasing turbidity and suspended solids. 
Rains aids in diluting the pollution aspects 
also. Summer or winter brings stratification in 
water body, thus affecting nutrient exchanges 

at various depths. Similar type of variations of 
analysis values and observed from the data 
during the study. Awasthi and Tiwari (2004) 
have studied the seasonal variations of lake 
waters at Madhya Pradesh. Maruthanayagam et 

al (2003) reported zooplankton variations in 
pond in various season at Tamilnadu. 

Statistical summary of quality parameters 
and establishing correlation: 

Table 4 – 6 represents the statistical summary 
of physico-chemical parameters of samples 
analysed. 

  

Table 3: Analysis of surface water
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Data are analysed statistically if it is extensive. 
Minimum and maximum values are reported in 
the case of temperature measurement and 
meteorology related parameters. Averages may 
be made on arithmetic basis or geometric basis. 
It is reported that arithmetic averages project 

the value on lower side whereas geometric 
average project on higher side. As an example, 
arithmetic average is used for population 
projection of developed city and geometric 
average is used for developing city. Standard 
deviation indicates the deviation of a value 

Table 4: Statistical summary of 
physicochemical parameters 
of tap water 

Table 5: Statistical summary of 
physicochemical parameters 
of hand pump water 

Table 6: Statistical summary of 
physicochemical parameters 
of surface water 
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from the average. From the Tables, the 
alkalinity for tap water, hand pump water and 
surface water are 47, 75 and 79 mg/l of CaCO3. 

This indicates the mean behaviour that 

occurred during the study period. During the 
analysis of water, dissolved solids and 
conductivity, alkalinity and hardness, turbidity 
and suspended solids are reported in practice.  

 

 

 

When two parameters are representing the 
similar behaviour, is it necessary to perform 
analysis of both? Can’t it be treated as overlap? 
Is it not the wastage of time? Hence correlation 
analysis was done for similar quality 

parameters and the results are given in Table 7 
– 9. The data shows that the correlation 
regression coefficient (r) is high (upto 0.979) 
between Conductivity and DS, TA and TH for 
hand pump and surface water whereas it was 

Table 7: Correlation analysis for tap water

Table 8: Correlation analysis for hand 
pump water 
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low (0.750) for tap water. This indicates that 
this sample requires better care in analysis. 
Correlation regression coefficient (r) was high 
(0.975) for surface water between Turbidity 
and suspended solids. This was followed by 

the decreasing values of 0.459 and 0.150 for 
hand pump and tap water. It is worth mention 
that all the parameters are positively correlated, 
meaning that the increase of one parameter 
influences the increase of the other. 

 

Need of tools developed for water Quality 
Management: 

The tools developed in the study are mainly 
Arithmetic average, Standard deviation and 
correlation coefficient. They may be 
considered for selection of pipe materials and 
design, feasible location and treatment unit 
operation.  

Conclusion 

Based on the study performed, the results and 
discussion made the following conclusions are 
drawn. 

• Tap water source is easy to access and 
convenient to handle compared to hand 
pump, Surface water at canal. The utility of 
water is also different for these sources 
(from drinking to irrigation). 

• Most of the parameters analysed were in 
higher ranges for surface water. The values 
were lower for hand pump water; followed 
by tap water this indicates the suitability of 
tap water for a designated use of drinking. 

• All the parameters subject to correlation 
analysis showed positive correlation with 
each other. Conductivity and DS; Hardness 
and Alkalinity was highly correlated (r = 
0.97) compared to Turbidity and 
Suspended solids (r = 0.15) 

• The correlation relations developed are 
promising tools for water management 
program. 
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Abstract  

The Phakot watershed is a part of Phakot beat 
of Saklana range of Garhwal Himalaya. It lies 
between 780 19’ 53” to 780 22’ 16” East and 
300 14’ 29” to 300 13’ 17” North with elevation 
ranging from 650m to1900m. The study area 
comprises of 17 villages. IRS-1C LISS III 
digital data were used for the present study. 
Prefield visual interpretation of imagery was 
carried out on false colour composites using 
image elements such as tone, texture, pattern, 
location, association, shadow. The mapping 
was done on 1: 50,000 scale. Two forest and 
six non-forest classes viz., agriculture, barren 
land, forest blank, scrub land, river and 
settlements were mapped.   

Keywords: Watershed ⏐ Phakot ⏐ Saklana 
Range ⏐ Garhwal  ⏐ Remote Sensing  
 

 

 

 

 

 

Introduction 
Remote sensing derives the earth’s surface 
from space by making use of the properties of 
electromagnetic wave emitted, reflected or 
diffracted by the sensed objects, for the 
purpose of improving natural resource 
management, land use and the protection of the 
environment. Remote sensing data (the image) 
has been used to derive thematic information 
on various natural resources and environment. 
The remote sensing image of land can be used 
to derive information on vegetative cover, 
water bodies, land use pattern, geological 
features, soil, etc.  

In order to use land optimally, it is necessary to 
have information on existing land cover/land 
use, and the capability to monitor the dynamics 
of land use resulting out of newer demands of 
increasing population and changed lifestyles. 
Both visual and digital analysis techniques are 
employed for preparation of land cover/land 
use maps using satellite data.  

Geographical Information Systems are 
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computer based systems that efficiently store, 
retrieve, manipulate, analyse and display 
spatial data according to user specification 
(Arnoff, 1991; Maguiri, 1991). Burrough 
(1986) defines GIS as a powerful set of tools 
for collecting, storing, retrieving at will, 
transforming and displaying spatial data from 
the real world. One of the most powerful 
aspects of GIS is the ability to examine 
spatially referenced objects over time. Storing, 
analyzing ecological data by geographic 
coordinates and by using spatial data structures 
are powerful basis for establishing a GIS for 
multiscale studies of ecosystems (Marble et al., 
1984). 

GIS forms an integral part in any biodiversity 
information management system. Such systems 
are designed to harness the data that are 

available, and extract the information that 
creates the kind of knowledge needed to truly 
address conservation challenges and made the 
needs of the users (Salem, 2003). 

Visual interpretation was extensively used in 
different fields such as forest inventory before 
the 1970s when digital satellite data were not 
available and the capability of computer 
techniques and image processing in handling a 
large amount of data were poor.  

Methods 

Satellite data 

• IRS-1C LISS III digital data were used for 
the present study. Data having least cloud 
cover was selected. The detailed of satellite 
data used are given in Table -1. 

  

S. No. Satellite Sensor Path/Row Date of Pass 

1 IRS-P6 LISS III 097/050 19-01-07 

 

Image processing and GIS systems: 

Following software’s were used for image 
processing and GIS analysis 

1 ERDAS IMAGINE software for image 
processing 

2 ARC/INFO for GIS analysis 

3 MS Office 2000: MS Excel, MS Word for 
word processing and vegetation analysis. 

Preliminary interpretation 

Prefield visual interpretation of imagery was 
carried out on false colour composites using 
image elements such as tone, texture, pattern, 

location, association, shadow. 

Field visit 

A reconnaissance survey was carried out to 
recognize and relate vegetation types found on 
the ground to their respective tonal variations 
on satellite image. Various observations were 
noted on vegetation types, their physiognomy 
and floristic composition. Major vegetation 
types and a few prime localities of 
characteristic types were recorded. The 
variation and tonal patterns were observed on 
existing maps/images. All roads, major 
drainage, and hilltops were traversed for 
collecting ground truth. The literature survey 

Table: 1: Satellite data used for 
vegetation mapping 
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and interactions with forest department and 
local institutions were also made for collecting 
the past/present status of forest, land use 
changes, etc. 

Ground truth is essential in remote sensing 
study. Areas with unique image tone and 
texture were visited and verified on the ground. 
During ground truth all forest types were 
covered and sampling data was collected in 
nested quadrats.   

Satellite image analysis 

Digital data pertaining to Phakot watershed 
was subjected to digital classification for 
stratifying various forest types. The digital 
Satellite data of IRS P6 LISS –III acquired 
from NRSA was evaluated on ERDAS 
Imagine Software. The Standard False Colour 
Composite (FCC) was generated by assigning 
blue, green and red colours to visible green, 
visible red and near infrared bands 
respectively. Expressing image pixel addresses 
in terms of map coordinate base is often 
referred to as geo-coding. As various thematic 
layers were to be overlaid for this work, all the 
layers were geo-referenced to real world 
coordinates. The 1:50,000 scale toposheets of 
the area were used for the purpose of geo-
referencing. 

Histogram of the scene under study was 
generated to check the range of spectral values 
present in the scene. In order to use total grey 
level range and to optimize the contrast, the 
actual grey level ranges of three bands were 
linearly stretched independently. The zoomed 
images were studied wherever necessary. The 
interpretation key necessary for identifying 
different features were developed 

systematically on the basis of image 
characteristics and associated elements viz. 
shape, size, shadow, pattern, colour/tone, 
texture, association, location and available 
ground truth. Among these characteristics 
shape, size, shadow and pattern are basically 
dependent on the scale of the image whereas 
the color/tone and texture depends upon the 
brightness, contrast and resolution of the 
image. The data was generated for 
landuse/landcover classification.  

Landuse/landcover classification 

1 Prior to ground truthing, the satellite 
data was classified using unsupervised 
classification technique. Further after 
collecting ground truth details 
maximum likelihood classification 
based supervised classification 
method was used with remote sensing 
image data. 

2 After the supervised classification 
procedure, landuse map was prepared 
which was verified, and any error or 
omissions were identified and 
corrected. 

3 A reclassification of the land-use 
categories implementing the details and 
corrections was done. The 
reclassification output was used for the 
preparation of the final landuse 
classification map.  

Results 

The forest/vegetation cover map and 
classification prepared from digital 
classification of IRS-P6 LISS III data is shown 
in table. 5.2. The mapping was done on 1: 
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50,000 scale. Two forest and six non-forest 
classes viz., agriculture, barren land, forest 
blank, scrub land, river and settlements were 

mapped. The area under various categories is 
shown in Table – 2. 

 

Class Vegetation/Land Use Types Area in Ha Area in % 
 
 

Himalayan Moist Temperate Forest 16.67036 ± 5.474166 1.34 
Sub Tropical Dry Deciduous Forest 204.25 ±39.67671 15.97 

 
 
 
 

Agriculture 428.14 ± 31.41186 33.49 
Scrub Land 203.71 ± 17.51645 15.93 
Barren Land 152.44 ± 10.50322 11.92 
River 8.88 ± 1.42363 0.69 
Settlements 256.97 ± 42.95564 20.10 
Forest Blank 7.26 ± 1.12019 0.56 

 Total 1278.36 (±150.0819)  
 

Description of Forest Types 

(a) Sub tropical dry deciduous forest: The 
major tree species in this forest were 
Anogeissus latifolius, Mallotus 

philippensis, Lannea coromandelica, 

Shorea robusta, Acacia catechu, 

Macaranga pustulata and Madhuca 

longifolia. This class occupies of 
15.97% area of the watershed. (Plate 1). 

(b) Himalayan Moist Termperate Forest: 
The major forest vegetation in this 
forest consisted of namely Quercus 

leucotrichophora, Rhododendron 

arboretum, Lyonia ovalifolia, Myrica 

esculenta and Bauhinia semla. This 
class occupies an area of 1.34% area of 
the watershed. (Plate.1). 

Non-forest Classes 

(a) Scrub Land: This class occurs in the 
forest area and consists of 
heterogeneous bushy vegetation 
comprising of different plant species 
and occupies an area of 203.71 ha, 
which is about 15.93 per cent of the 

total geographical area of the 
watershed. 

(b) Barren Land: These are degraded lands 
outside the forest area which are lying 
unutilized. A total of 152.44 ha area is 
under barren land. Lantana camara, 
Murraya koenigi Adhatoda zeylanica, 
Cassia tora, Eupatorium adenophorum and 
Berberis asiatica were observed to be the 
major vegetation of this class. 

(c) Agriculture: This is the largest class 
covering a total of 428.14 ha, which is 
about 33.49 per cent of the area. The major 
crops grown are wheat, maize, mustard, 
Barley, ginger, potato, pea etc.   

(d) Forest Blank: These areas inside the forest 
are completely devoid of vegetation. It was 
found that such forest blanks occur mostly 
in the areas where Shepard’s used to reside. 
This class covers 0.56 per cent of the total 
geographical area of the watershed. 

(e) Settlements: The extent of habitation in 
each village has been mapped using the 
satellite data. The total area under this class 

Table: 2: Area under different 
vegetation/ landcover 
type in Phakot 
watershed. 
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is 256.97 ha (20.10 %). 

(f) River: Water bodies include river. Hiul is 
the main river that runs across the study 

area. The main tributary is Bhirnu khala 
which meets with Hiul inside the 
watershed. 8.88 ha (0.69%) of the total area 
form the river course. 

Discussion 

IRS-P6 scene was used to classify the forested 
landscape of the study area. The various 
classes were identified and mapped digitally on 
the satellite image. The classification resulted 
into twelve forest types and eight non forest 
classes. Vegetation mapping of study area was 
done on 1: 50,000 scale using Landsat MSS 
data under “Natioanl Wide land Use/ land 
cover mapping (NRSA, 1983). The vegetation 
of Phakot watershed was classified into two 
forest types. The land-use classes identified in 
Phakot watershed were agricultural land, 
forest, barren land, river body, settlements, 
forest blank and scrub land. The study divided 
the forests into two forest types:  Himalayan 
moist temperate and sub tropical dry deciduous 
forest. 

Visual interpretation approaches do have 
certain advantages in terms of infusing the 
ancillary knowledge, like elevation, context 
etc. whereas computer assisted pattern 
recognition methods inherently have 
limitations in mapping forests. Vegetation 
distribution pattern is governed by topography 
and climatic conditions therefore it was 
thought appropriate to use elevation as an 
ancillary variable. 

The landscape units in the area are clearly 
discernable and are distinct. Dominant land use 
in the area is agriculture (33.49%) followed by 
settlements (20.10%). Total forest lands come 
about 33.80% but 15.93% is scrubland and 
0.56% forest area is blank. Thus 16.49% forest 
land needs proper management and is available 
for afforestation, plantations and silvicultural 

Plate 1 
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treatment in the watershed. 

 

Conclusion  

Remote sensing has emerged a valuable tool 
for conservation and development planning as 
it is an unbiased source of information. The 
current state of the art sensors provide 
repetitive and synoptic coverage of any part of 
the earth. Remotely sensed data also provide 
an opportunity to look back in time for any 
comparison of the resources positioned 
between past and present. Remote sensing and 
GIS together assist in preparing a spatial 
database of the study area and proper 
integration of this data with socio- economic 
and user need information can provide a 
framework for devising a scientific and 
sustainable land and water resources 
conservation strategy. The potential utility of 
remotely sensed data in the forms of satellite 
imagery and GIS have been widely used in 
mapping and assessing landscape attributes 
such as physiographic, soil, land use/ land 
cover, relief, soil erosion pattern etc. and 
making database of the watershed. 
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Abstract  

The present work studied the 
micromorphological characters of achenes in 
seven taxa of the family Asteraceae from 
Nagpur (M.S.) namely Acanthospermum 

hispidum DC., Amberboa ramosa (Roxb.), 
Caesulia axillaries (Roxb.), Conyza 

aegyptiaca Ait., Pulicaria angustifolia DC., 
Spilanthes acmella Linn. and Synedrella vialis 

(Less.). Dried, matured and healthy achenes 
were collected, measured, described and 
illustrated under light and scanning electron 
microscopy (SEM). Results obtained from this 
investigation showed diversity in colour, 
hilum, pappus, shape, size, spine, surface, and 
ribs. Achenes are conical in Acanthospermum  

Keywords: Achenes ⏐ SEM ⏐ micro - 
morphology ⏐ taxa ⏐ asteraceae 

 

 

 

 

 

 

hispidum DC.; Synedrella vialis (Less.); 
triangular in Caesulia axillaries (Roxb.), 
oblong in Amberboa ramosa (Roxb.), 
Spilanthes acmella Linn.; obovate in Conyza 

aegyptiaca Ait. and oblong-obovate in 

Pulicaria angustifolia DC.; hilum basal and 
lateral in Amberboa ramosa (Roxb.), basal and 
sublateral in Conyza aegyptiaca Ait. and basal 
in remaining taxa. Variations also observed in 
surface of achenes of different taxa. Surface 
spiny in Acanthospermum hispidum DC.; awns 
in Caesulia axillaries (Roxb.), Synedrella 

vialis (Less.); phyllaries in Spilanthus acmella 

Linn. and hairy in remaining taxa. Ribs are 
absent in all taxa except Amberboa ramosa 
(Roxb.). Micro and macro morphological 
similarities in structure of achene showed 
interspecies relationships and reasons for them 
to be placed in the same family and differences 
in them showed to exist as distinct species. 
These characters have been used to strengthen 
the systematic position of the taxa.   
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Introduction 

Taxa of the family Asteraceae are herbs, 
shrubs, rarely twiners or trees. The leaves are 
simple, alternate or opposite, rarely compound. 
The inflorescence is head or capitulum with 
involucre bracts. Marginal ray florets are 
ligulate and unisexual where as central disc 
florets are tubular and bisexual.  Anthers 
syngenesious and basifixed. Ovary inferior, 
unilocular with one basal ovule. Fruit is of 
achene type or cypsela with persistent pappus 
(Dutta, 1974). The family Asteraceae is an 
advanced position in systematic botany. It is 
remarkable in many respects as it has number 
of species worldwide in distribution and 
effective mechanism of cross pollination. 
These characters occur in majority of plants 
but some variations have been recovered in 
large number of taxa. These variations led 
certain systematists to established division 
within the family. Pollen carries the male 
gamete of seed plants. This character attracted 
the attention of many scientists but scientists 
also used the seed (achene) morphology 
(Nyananyo, 1987; Nyananyo and 
Olowokudejo, 1986) to produce more 
acceptable classification of the species in taxa 
of Asteraceae. The achene characters of 
taxonomic value are shape, size, colour, 
surface, spine, pappus awns, phyllaries and 
hilum. Variations in these characters have been 
used in the delimitation of various taxa 
(Kynclova, 1970; Ritter & Miotlo, 2006; Abid 
and Zehra, 2007).  

The present study is based on the hypothesis 
that achene characters played a vital role in the 
delimitation of various taxa but has not been to 

delimit the seven taxa of Asteraceae studied by 
author.  These characters are used for the 
establishment of interspecies relationships 
among the taxa investigated. 

Material and Methods  

Achene morphology of the seven taxa of 
Asteraceae was studied from Nagpur (M.S.). 
For morphological study fresh, mature, dried 
and healthy achenes were collected from 
different localities of Nagpur and kept in vials. 
For each taxon collector name and number is 
given (Appendix-I). When possible, upto four 
specimens were analyzed to confirm the 
obtained results. Morphological characters 
were examined under light and scanning 
electron microscope. Light microscopy has 
been carried out with the help of Leitz Ergaval 
microscope. For scanning electron microscopy 
dry achenes were directly mounted on 
aluminum stubs, vaccum sputtered and 
scanned at 10-20 kv. The scanning was done 
on Quanta 200, Neitherland available at 
Automotive Research Association of India 
(ARAI), Pune (Maharashtra). The following 
achene characters were studied: 

Observations 

Acanthospermum Schranc. 

Acanthospermum hispidum DC. 

Achenes are 5x2mm, more or less conical, 
narrow at the base and broad at the apex, 
golden brown in colour, two long spines at the 
apex, between these spines present four small 
curved spines, surface covered with spines and 
on lateral surface long curved spines are 
present which septate, hilum basal. 
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SEM study reveals similar characters and few 
spines on lateral side, surface cellular, cells 
rectangular, small curved spines on the surface 
are directed upward, upper surface or curved 
spines smooth where as rectangular reticulum  
occur at base, small cavities present  on the 
surface.  (A, B, C) 

 

 

 

Amberboa (Pers.) Less. nom. cons. 

Amberboa ramosa (Roxb.) 

Achenes are 5 – 6 x 2 mm, large, oblong, dark 
brown in colour, narrow at both the ends and 
swollen in the middle, many vertical ribs, 
pappus many, longer than achene, unequal in 
length, light brown at the base and silvery 
creamy coloured at the apex, lateral hairs on 
the pappus scattered, small hairs on the lateral 
side, small cavities on the surface, hilum basal 
and lateral. 

SEM study reveals that achenes are ribbed, 
oblong, narrow at both the ends and swollen in 
the middle, hilum basal and lateral, 
constriction at the apex, surface rugose, 
cellular, cells rectangular, septa not clearly 
demarcated, each cell has reticulate network 
representing cavities, deposition on the surface, 
pappus at the apex, longer than achene, pappus 
of two types: (i) long and thin (ii) long and 
broad.  Long and thin pappus have small 
pappus hairs having pulvinous base, alternate, 
apex acute while long and broad pappus have 
parallel lines showing ridges and grooves, 
pappus hairs opposite, acute having prominent 
ridge. (D, E and F). 
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Caesulia Roxb. 

Caesulia axillaries Roxb. 

Achenes are 2 x 1.25 mm, medium sized, thin, 
epapose, flattened, dark brown in colour, 
triangular in shape, narrow at the base and 
broad at the apex, thin flattened flap like 
outgrowth on the lateral side, two long and few 
short awns at apex, hilum basal.   

SEM study reveals that achenes are triangular, 
flattened, narrow at the base, broad and 
concave at the apex, hilum basal, surface 
cellular, cells rectangular, septa transverse, 
walls thin, reticulation occur in each cell, 
curved, irregular, small, thin, triangular 
outgrowth at the apex, from the lateral region 
of this septa secondary outgrowth developed, 

margin irregular, few patches on the surface 
(G, H & I) 

 

 

 

Conyza Less. nom. cons. 

Conyza aegyptiaca Ait. 

Achenes are 1.44 x 0.37 mm, small, flattened, 
thin, obovate, light brown in colour, surface 
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covered with thin, long  hairs in upward 
direction, vertical ribs on the surface, pappus 
white, thin, longer than achene, unequal in 
length, lateral hairs on the pappus spirally 
arranged, reddish tinge at the apex of the hairs, 
hilum basal and sub lateral. 

 

 

 

SEM study shows that achenes are thin, 
obovate, base narrow, constricted, hilum basal 
and sub lateral, apex concave, constriction 
occurs at the apex, surface cellular, cells thin 
rectangular with oblique septa, each cell thinly 
reticulated, hairs scattered on the surface are 
prominent, pair of hairs broad at the base, apex 
thin and acute, pappus thin, long, dark and 
light marking passing through the central 
region of the pappus, pappus hairs small, 
opposite, superposed, apex bright and obtuse. 
(J, K, L & M) 

 

Pulicaria Gaertn. 

Pulicaria  angustifolia DC. 

 

Achenes are 2 x 0.96 mm, small, flattened, 
oblong-obovate, blackish brown in colour, 
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truncate at apex, covered with hairs, pappus 
white, longer than seed, unequal in length 
pappus forming a laciniate cup, reddish tinge 
and hilum basal. 

 

 

SEM study reveals that seeds are long, straight, 
oblong-obovate, hilum basal, prominent, 
constriction occur at the base, pappus 
developed on fringed laciniate cup shaped 
structure, surface cellular, cells are small, 
hexagonal with thin oblique septa, walls thin 
and each cells have a brightly embedded and 
protruded structure; thin long unicellular hairs 
scattered and embeded on the surface; pappus 
long, thin and hairy, pappus hairs lateral and 
parallel to the pappus.  (N, O, P & Q) 

 

Spilanthus Jacq. 

Spilanthus acmella Linn. 

 

 

Achenes are 2.5 x 1.3mm, medium size, 
straight, oblong, black in colour, narrow at the 
base and broad at the apex, upward directed 
long brown hairs present on the lateral side, 
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these hairs are swollen at the base, two 
phyllaries of equal length present at the apex 
with notch and ridge in between the phyllaries, 
hilum basal. 

 

SEM study reveals that achenes are oblong, 
flattened, straight, hilum basal but not 
prominent, ‘U’ shaped notch developed 
between two long phyllaries at the apex, 
margin hairy; surface rough, cellular, cells are 
large, rectangular; walls thin, deposition of 
substances occur on the surface, hairy setae 
like structure develop from the lateral margin 
which is broad at the base, bifurcated and 
pointed at the apex; vertical rib developed from 
base to apex. (R, S, T, U) 

 

 

Synedrella Gaertn., (nom. cons.) 

Synedrella vialis (Less). 

 

 

 

Achenes are 4 x 1.5mm, long, conical or 
triangular, dark brown or light brown in colour, 
tapering at the base and broad at the apex, 
straight, spines like structure developed in 
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upward direction on lateral side, two long awns 
present at the apex with small hairs on it, 
surface hairy, hairs small, margin undulating, 
hilum basal, not prominent. 

SEM study reveals that seeds are long, conical 
or triangular, tapering at the base and broad at 
the apex, straight, hilum basal, not prominent, 
surface hairy, hairs are small, apex bright and 
pointed, two long unequal awns at the apex, 
surface cellular, cells small, hexagonal looks 
like honey comb, small, pointed, bright hairs 
protrude from the hexagonal cell surface, few 
cells show cavity like structure, awns consist 
of small rectangular cells, surface hairy, apex 
blunt.  (V.W.X.Y). 

 

Discussion and Conclusion 

Most of the tribes of the family Asteraceae 
have quite similar achene characters with the 
exception of Helianthae, Eupatorieae and 
Inuleae (Abid and Qaiser, 2007, 2008, 2009). 
These characters are found taxonomically 
significant both at generic and species levels 
which play an important role in demarcating 
definite evolutionary level.  These characters 
have also been used to strengthen the 
systematic position of the taxa.   In the present 

study micro-morphological characters of 
achene shows wide variations in seven 
different taxa of Asteraceae (Table-1). Hence, 
delimitation of taxa is difficult. Except 
Acanthospermum hispidum, Caesulia axillaries 
and Synedrella vialis in remaining taxa achene 
shape is oblong, obovate and oblong-obovate 
(Jayanarayanan and Manilal, 1998; Saklani et 
al., 2000;   Abid and Qaiser. 2007, 2008; Abid 
and Ali, 2010). Mature achenes are hairy in 
Conyza aegyptiaca, Pulicaria angustifolia, 
Spilanthes acmella and Synedrella vialis 
except in Acanthospermum hispidum, 
Amberboa ramosa, Caesulia axillaries. 
Achenes are ribbed in Amberboa ramosa and 
Conyza aegyptiaca as reported by Anderberg 
(1991). In Acanthospermum hispidum surface 
of achene is spiny which shows structural 
adaptation for effective dispersal by animals. 
Awns are present in Caesulia axillaries and 
Synedrella vialis where as phyllaries are 
present in Spilanthes acmella. These are 
dependable characters for identification of taxa 
(Jayanarayanan and Manilal, 1998). Achenes 
are epapose in Acanthospermum hispidum, 
Caesulia axillaries and Spilanthes acmella but 
pappus of unequal length and varying colour 
present in Amberboa ramosa, Conyza 

aegyptiaca, Pulicaria angustifolia (Table-1), 
(Paria and Chinya, 1998; Abid and Qaiser, 
2007 , 2009; Abid and Zehera, 2007  and 
Swelankomo, et al, 2007). This is also a 
structural adaptation for effective dispersal by 
wind which plays important role in world wide 
distribution of taxa. Hilum basal in all taxa 
except in Conyza aegyptiaca and Amberboa 

ramosa (Singh and Pandey, 1981; Pandey et 

al., 1983; Abid and Qaiser, 2007; Abid and 
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Ali, 2010 and Shekher et al., 2011). In the 
present work SEM characterization of achene 
surface also show variations in seven taxa of 
Asteraceae. Cell hexagonal with oblique septa 
observed in Conyza aegyptiaca, honey comb 
like hexagonal cell in Synedrella vialis and 
rectangular type of cells in all other taxa of 
present work (Abid and Qaiser, 2008; Abid 
and Ali, 2010). These characters have little 
influence upon the shaping of classification. 
Micro and macro morphological similarities in 
structure of achene showed interspecies 
relationships and reasons for them to be placed 
in the same family and differences in them 
showed to exist as distinct species. Different 
morphological characters also show structural 
adaptation for effective dispersal mechanism 
by different agencies. All micro morphological 
characters in the present work play an 
important role in demarcating definite 
evolutionary level which has been used to 
strengthen the systematic position of taxa. 
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Table 1: Achene characters in 
some taxa of Asteraceae 
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Abstract  

The resin (abbreviated as 8-HQAF-II) has been 
synthesised by the condensation of salicylic 
acid and butylenediamine with formaldehyde 
in the presence of a hydrochloric acid catalyst 
with molar proportion 1:1:2.The purity of 
newly synthesized terpolymer has been tested 
and confirmed by thin layer chromatography 
(TLC) technique. Terpolymer resin was 
characterized by elemental analysis, infrared 
(IR) spectroscopy, nuclear magnetic resonance 
(NMR) spectroscopy and UV-Visible spectral 
studies, which have been carried to elucidate 
the structure of the resin. Electrical 
conductivity measurements have been carried 
out to ascertain the semiconducting nature of 
the copolymer resin. The electrical properties 
of 8-HQAF-II copolymer were measured over 
a wide range of temperature (303-453K), 
activation energy of electrical conduction has 

 

 

 

 

been evaluated and plot of log α vs 1000/T is 
found to be linear over a wide range of 
temperature, which can be ranked it as 
semiconductor.   

Keywords: Wilson’s law ⏐ Electrical 
conductivity ⏐ Terpolymer ⏐ Semiconductor ⏐ 
Polychelates 

Introduction 

Terpolymeric resin owing to large applications 
in electronic devices as sensors, electronic 
controls, semiconductors and thermally stable 
insulators, have been open up hopefully new 
vistas of applicability in the field of 
electronics. Extensive research work has been 
carried out on synthesis and characterization of 
terpolymers in our laboratory. The terpolymers 
offer novelty and versatility; hence they 
occupy the pivotal position in the field of 
material science. The progress in the field 
terpolymers has been extremely rapid, as they 
generally useful in packaging, adhesives and 
coatings in electrical sensors and 
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organometalic semiconductors. Some other 
applications have been reported in the field of 
activators, ion exchangers, catalyst and 
thermally stable materials. Semiconductors are 
the most important ingredients of modern 
electronics. The concerted research effort was 
carried out to aim at developing organic 
materials that would posses the good electrical 
properties as the inorganic semiconductors. 
The terpolymer resins are well known for their 
behavior as semiconductors though carrier 
mobility in them usually is very low [10-12]. 
Kanda et al reported the rubeanato –copper 
semi-conductive polymers and studied their 
AC and DC conductivity [13]. Dhawan and co-
workers reported the conducting polymers 
predicted to be the futuristic materials for the 
development of light emitting diodes, antistatic 
and EMI materials, sensors, optoelectronic 
devices and rechargeable batteries due to their 
unique conduction mechanism and greater 
environmental stability [14]. This article 
describes the synthesis, structural 
characterization of a new terpolymer 
synthesized from 8-Hydroxy quinoline, 
adipamide with formaldehyde and its electrical 
conductivity measurement study. 

Materials and Methods 

Experimental 

All Chemicals were AR grade or chemically 
pure grade.  8-Hydroxyquinoline, adipamid 
were purified by rectified spirit, formaldehyde 
(37%)  (AR grade, Merck) were used. All other 
solvents and the indicators were of the 
analytical grade procured from India and DMF 
and DMSO (HPLC grade) were used.from 
India.  

Synthesis of 8-Hydroxyqunoline –
Adipamide - Formaldehyde Terpolymer 
resins. 

A mixture of 8-Hydroxyquinoline(0.2 mol) and 
adipamide (0.1 mol) with formaldehyde (0.3 
mol) was carried out in the presence of 2M 
(200 ml) HCl as catalyst by molar ratio of 
2:1:3 of reacting monomers, was taken in a 
round bottom flask fitted with water condenser 
and heated in an oil bath at 125ºC ± 2ºC for 5 
hrs with occasional shaking to ensure thorough 
mixing. The temperature of electrically heated 
oil bath was controlled with the help of 
dimmer stat. The brown coloured resinous 
product was immediately removed from the 
flask as soon as reaction period was over and 
then purified. The reaction is shown as in Fig. 
1. 

 

                     

                           

  

 

 

 

 

Fig.: 1 Reaction scheme for 8-HQAF 
terpolymer resin. 
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Electrical Conductivity 

Resin was palatalized and thin layer of 
colloidal graphite in acetone was applied on 
both sides of the pellets. The colloidal graphite 
on either side of pellets functioned as 
electrode. A typical sample holder was 
designed for the purpose of resistivity 
measurement and pellet is mounted on it. For 
measurement of resistivity at different 
temperature, a suitable electrical furnace was 
used. Hewlett-Packard 4192 Impendence 
Analyser 5Hz-13MHz was used to measure the 
electrical conductivity of all tri-polymers 
resins. The temperature variations of resin 
were studied by placing the sample holder 
along with the pallet in the electric furnace that 
was then heated slowly. The resistances of the 
sample pallets were measured by two probes 
(terminals) method. Resistivity (ρ) was then 
calculated using the relation: 

ρ = R. x A/l 

The DC resistivities were measured from 313 
to 423 K. The electrical conductivity (σ) varies 
exponentially with the absolute temperature 
according to the well-known relationship: 

σ =σ0 exp –Ea/kT 

The relationship has been modified as: 

Log σ = logσ0 + -Ea/2.303kT 

According to this relation, a plot of Log σ Vs 
1/T would be linear with negative slope. From 
the slope of the plots, the activation energy was 
calculated [10-14, 33]. 

 

 

Results and Discussion 

Molecular Weight Determination By 
Conductometric Titration In Non-Aqueous 
Medium. 

The molecular weight ( ) of the terpolymer 
was determined by non-aqueous 
conductometric titration in DMF against 
ethanolic KOH by using 50mg of sample. 
Inspection of a plot (Fig.1) revealed that there 
were many breaks in the plot. From this plot 
the first break at 180 miliequivalents and the 
last break at 2610 miliequivalents were noted. 
The calculations of ( ) by this method is 
based on the following considerations: (1) the 
first break corresponds to neutralization by the 
more acidic phenolic hydroxy group of all the 
repeating units; (2) The break in the plot 
beyond which a continuous increase is 
observed represents the stage at which 
phenolic hydroxy group of all the repeating 
units are neutralized. On the basis of the 
average degree of polymerization (DP) is given 
by the following relation. 

 

 

 

 

 

 

 

 

 
 
 



 

[ISSN 0975 - 6272]               

 

Volume IV Number 2 2013 [98 – 105] 

101
Electrical conductivity of newly synthesised 8-hydroxyqunoline –adipamide - formaldehyde terpolymer resins 

 
The average degree of polymerization (DP), 
which is given by the following relation, is 
found to be 14.5 and The number average 
molecular weight ( ) is 3886 as obtained by 
multiplying the DP by the formula weight of 
the repeating unit. 

Viscosity Measurements 

Viscosity measurements of newly synthesized 
terpolymer resin have been carried out at 303 
K in freshly double distilled DMSO using 
Tuan-Fuoss viscometer. The viscosity 
measurements were carried out at six different 
concentrations ranging from 0.5% to 3.0% in 
constant temperature bath. The plot of intrinsic 
viscosity determination is presented in fig.2. 

Intrinsic viscosity was determined by using 
Huggins and Kraemers relation [21, 22]: 

ηsp /C = [η] + k1 [η] 2 C…..Huggins relation 

ln ηr/C = [η] - k2 [η] 2 C…Kraemer relation. 

From the above Huggins and Kraemer relation, 
it is clear that the plots of ηsp /C and ln ηr/C 
versus C would be linear giving the slopes k1 
and k2 respectively. Intercept on the axis of 
viscosity function gave intrinsic viscosity value 
in both the plots. The values of the intrinsic 
viscosity obtained from both the plots have 
been found to be in close agreement with each 
other. The calculated values of constant k1 and 
k2 satisfy the relation k1+ k2=0.5 favorably 
which is in good agreement with the trend 
observed and explained by earlier workers. 

Electronic Spectral Analysis  

The electronic spectrum of the resin was 
recorded in dimethylsulphoxide (DMSO) at 

room temperature with a UV-240 Shimadzu 
double beam spectrophotometer. 8-HQAF-II 
terpolymer samples gave two characteristics 
band in UV-visible spectra at 320-350 nm and 
240-250 nmin fig.2. These observed positions 
for the absorption bands have different 
intensities. The more intense band 240-250nm 
is due to (π→π*) allowed transition of 
quinoline ring, which readily attains 
coplanarity and shoulder merging (loss of fine 
structure) and also due to chromophore groups 
like >C=N, groups and the less intense 320-
350 nm may be due to (n→π*) forbidden 
transition in >C=N groups. Thus π→π* 
transition indicates the presence of aromatic 
nuclei and to n→π* transition indicates the 
presence of -NH and OH groups. 

 

Fig. 2: Viscometric plot of 8-HQAF-II resin 
UV-Visible Studies 

Infra-Red Spectral Analysis 

Infrared spectra in the region 400-4000cm-1 
were recorded on a Perkin-Elmer with KBr 
pellets. The IR spectrum of the newly 
synthesized 8-HQAF-II terpolymer resin is 
depicted in fig 3. The broad and strong band 
appeared in the region 3323-3348 cm-1 may be 
due to >NH stretching (amide/imides). The 
sharp band obtained at 3110-3130 cm-1(aryl C-
H stretching), 827-828 cm-1 indicate the 
presence of -CH2 group (-CH2 bridge), 703-710 
cm-1 indicate the presence of -CH2 group(-
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CH2- rocking), 1271-1273 cm-1 (-CH2 plane 
bending). The band at 1465 -1464cm-1 may be 
ascribed to aromatic skeletal ring [1-4,20-26]. 
The band at 1271-1273 cm-1 may be due to 
tetrasubtituted aromatic ring. The bands at 
1007-1009 cm-1, 1095-1096 cm-1and 1117-
1118 cm-1 may be suggested the presence of 
5,7,8-substituted aromatic ring. 

 

             

 

 

 

 

 

 

 

Fig.3: Electronic spectra of 8-HQAF-II resin 
Infra Red Studies 

NMR Studies 

The NMR was scanned at 300MHz with 
duterated dimethylsulfoxide (DMSO) solvent 
The NMR spectrum of the 8-HQAF-II 
terpolymer shown in fig.4 exhibited signals in 
the region of 2.58 – 2.59 (δ) ppm is due to 
methylene proton of Ar-CH2-N moiety. A 
strong signal at the range of 4.5 – 4.54(δ) ppm 
may be due to protons of -NH bridge. The 

signal obtained at 4.65 – 4.75 (δ) ppm may be 
assigned to Ar-CH2-Ar The multiple signal 
(unsymmetrical pattern) in the region of 7.3 – 
7.35 (δ) ppm may be due to aromatic protons.  
The signal obtained at 7.4 - 7.45(δ) ppm may 
be due to -CH2-CH2-CO-NH.  The signal 
obtained at 8.8 – 8.87 (δ) ppm may be assigned 
to the proton of phenolic -OH involved 
intramolecular hydrogen bonding. 

 

                                     

 

 

 

 

 

 

 

 

Fig. 4: NMR spectra of 8-HQAF-II resin 

Scanning electron microscopy (SEM) 

The morphology of the synthesized and 
purified terpolymer resins under investigation 
has been reported by scanning electron 
microscopy which is shown in Fig. 5. The 
SEM photographs exhibits such spherulties 
which are the aggregate of crystalline present 
along with the some amorphous regions. The 
amorphous region shows secondary structural 
feature such as corrugations and having 
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shallow pits. The spherulites structure of the 8-
HQAF-II terpolymer resin, indicates the 
presence of crystalline structure of the 
polymer. But the corrugation in the surface 
area with deep pits, shows the amorphous 
nature of the terpolymers.  Thus SEM 
micrographs of 8-HQAF-II terpolymer resin 
indicates the presence of transition structures 
between crystalline and amorphous. 

            . 

 

Fig. 5: Scanning electron microscopy of 8-
HQAF-II resin 

Electrical Conductivity for 8-HQAF-II 
Resin 

The DC resistivity of 8-HQAF-II copolymer 
resin was measured in the temperature range of 
303K to 453 K by applying a constant voltage 
(50 volts) across the pellet. The temperature 
dependence of the electrical conductivity of 
terpolymer is plotted in Fig.6. From the results 
of electrical conductivity data following points 
are drawn. 

 The values of electrical conductivity of 8-
HQAF terpolymer resins vary between 
5.17 x 10-11 to 2.47 x 10-5 ohm-1 cm-1 at 
303K and 3.63 x 10-6 to 1.456 x 10-3 at 
453K. 

 The plots of log σ versus 1/T is found to be 
linear in the temperature range under study, 
which indicate that the Wilson's 
exponential law σ= σo exp (∆E/kT) is 
obeyed. 

 The energy of activation (Ea) of electrical 
conduction calculated from the slopes of 
the plots is found to be in the range of 1.08 
x 10-4 ev. 

 Electrical conductivity of each of these 
terpolymer resins increases with   increase 
in temperature. Hence, these terpolymers 
may be ranked as semiconductors. 

The electrical conduction of polymeric 
material depends upon incalculable parameters 
such as porosity, pressure, method of 
preparation, atmosphere etc; activation energy 
(Ea) is not affected by these parameters and, 
therefore, it is fairly reproducible [10-14,26-
29]. The magnitude of activation energy 
depends on the number of electrons present in 
semiconductor materials. The more the number 
of Л – electrons lowers the magnitude of 
activation energy and vice versa. 

 
Fig.6: Electrical Conductivity Plot of 8-HQAF-

II Resin 

Conclusion 
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A resin 8-HQAF-II based on condensation 
reaction of 8-hydroxyquinoline and adipamide 
with formaldehyde has been prepared by 
simplest route. SBDF resin is soluble in diethyl 
ether, DMSO,DMF, aqueous KOH/NaOH (8% 
solution ) and found to be acid resistant in hot 
condition also. Electrical conductivity of the 
resin increases with increase in temperature. 
Hence, the resin may ranked as 
semiconductors. The concerted research effort 
was carried out to aim at developing organic 
materials that would possess the good 
electrical properties as the inorganic 
semiconductors. 
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