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Abstract  

The study deals with the observation of 
reproductive capacity of major carp Labeo 
dyocheilus in spring fed Western Ram Ganga 
River from Kumaun Himalaya. The total 
reproductive capacity of the fish varied from a 
minimum 3,218 to a maximum 31,524 in the 
fish measuring to 8.5 Cm to 39.2Cm 
respectively. The reproductive capacity was 
highly dependent on the ovary weight and 
ovary length than any other body parameters. 
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Introduction 

Labeo dyocheilus is commonly known as 
Oonara in Kumaun region. It is a medium size 
major carp fish. It is a highly valued food fish 
in western Ram Ganga River, Uttarakhand. Of 
the five species recorded in Uttarakhand 
region, L. dyocheilus and can grow to about 
39.2cm in the length and 860.55gm in weight. 
The information of the reproductive capacity is 
very important to estimate the potential of fish 
species for commercial farming. The 
reproductive capacity can be defined as the 
number of eggs laid by one female fish per 
hatching. Knowledge on the fecundity of a fish 
species is important for determining: (a) 
spawning potential and its success (Qasim 
1973), (b) fluctuations in the egg production 
potential of individual stock related to life 
processes such as age and growth (Ludwig and 
Lange 1975), (c) effects of environmental 
factors (De Vlaming 1971) and (d) formulating 
the commercial management of fishery (Lagler 
1956). Reddy (1979) also mentioned that the 
determination of breeding season is an 
essential part of biological investigations of 
fishes.  

The role of reproductive capacity has been 
acknowledged by the several fishery biologists 
in Garhwal and Kumaun hill stream fishes 

International Journal for Environmental Rehabilitation and Conservation 
Volume III No. 1 2012 [1 – 7]     [ISSN 0975 - 6272] 

For correspondence: 
 

Department of Zoology, L.S.M. Govt. P.G. College 
Pithoragarh, Uttarakhand, India. 

E-mail: pankaj_paurigarhwal@rediffmail.com 



 

[ISSN 0975 - 6272]      Pankaj Bahuguna 

 

2

Volume III Number 1 2012 [1 – 7] 

Observation on the reproductive capacity of wild major carp Labeo dyocheilus from Kumaun Himalaya, India

(Agarwal et.al., 1988; Dobriyal et al., 2003; 
Bahuguna et al, 2007, 09, 10; Joshi et.al., 
2010; Bahuguna and Kumar, 2011 etc.). 
Efficient growth and remarkable capacity for 
reproduction are the two main aspects of L. 
dyocheilus for fish culture. A detailed 
investigation on the reproductive capacity of 
this species was considered desirable to form a 
basis for studies aimed at increasing the 
production of fishes inhabiting the mountain-
rivers, hill-streams, ponds, and reservoirs.  

Materials and Methods 

Sampling Sites 

Fish sampling took place on three stations 
(Map.1).  

 

 

The first sampling station, Chaukhutiya of the 
western Ram Ganga River, is located along a 
coarse, rocky zone with swift water current. 
The second sampling station, Maasi of the 
western Ram Ganga River is located in the 
rocky zone. Mohana is the third sampling 
station on the semi-plain zones having swift 
water current. Monthly samples of Labeo 
dyocheilus were collected with the help of 
local fisherman during the months of 
November 2008 to October 2011.  

Laboratory Studies 

A total of 46 female fishes were collected. The 
total length (TL) of each specimen was 
measured to the nearest 0.1cm, while weight 
was measured to the nearest 0.1gm. After 
morphometric measurements, the fishes were 
preserved in 8% formalin for further study. 
The total length and weight of each fish was 
recorded in fresh condition. However, the other 
parameters were measured within a fortnight of 
collection. Samples of 100 mg each from the 
middle, anterior and posterior part of the ovary 
were taken and numbers of ova of each sample 
were counted with the help of binocular 
microscope.  

Reproductive Capacity estimation 

Reproductive capacity (fecundity) was 
calculated by the formula RC = S * OW / 100, 
where RC = Reproductive capacity, S = 
Average number of eggs obtained from the 
three different samples of 100 mg. each, OW = 
Total weight of the ovary. Total weights with 
ovary (TW to the nearest 0.001gm) were taken 
using a digital electronic balance. 

Analysis of Data  

The relationship between reproductive capacity 
and other body parameters were obtained by 
the least square test, used as Y = a + bx, where 
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Y = (Reproductive Capacity, dependent 
variable), x = Body parameters (independent 
variables), a = Slope and b = Intercept. 

Observations 

The summarized data on the reproductive 
capacity of Labeo dyocheilus from western 
Ram Ganga River are presented in the table 1. 
Like most of the hill-stream fishes, it is also a 
monsoon breeder and breeds during the last 
week of June to August. It attained its 
maximum length of about 39.2cm. Various 
relationships between reproductive capacity 
and body parameters (Fish length, fish weight, 
ovary length and ovary weight) were 
calculated. These relationships were expressed 
with the help of regression analysis. 

Fish length and Reproductive capacity: The 
maximum reproductive capacity was recorded 
31,524 from a fish measuring 39.2 cm in total 
length while, minimum fecundity 3,218 was 
observed in the fish having the total length of 
8.5cm. The obtain regression equation for this 
relationship was: RC= -4645.6974+781.3562 
FL, r= 0.9718(Fig.1). 

 

Fish weight and Reproductive capacity: 
Reproductive capacity was found to hold a 

straight line relationship with the fish weight. 
The minimum and maximum reproductive 
capacity was noted 3,218 and 31,524, when the 
fish weight was 120.13gm and 860.55gm 
respectively. The statistical equation for this 
relationship is as follows: RC= -
1819.1713+37.5840 FW, r = 0.9785(Fig.2). 

 

Ovary length and Reproductive capacity: The 
total reproductive capacity ranged from 3,218 
to 31,524 in the fish of ovary length measuring 
from 3.5cm to 15.9cm.The regression equation 
obtained for this study was: RC=-
9506.8842+2743.5286 OL, r= 0.9815(Fig.3).  
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Fig.1: Regression relationship between 
fish length and reproductive   capacity
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Fig.2: Regression relationship between fish    
weight  and reproductive  capacity
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Fig.3: Regression relationship between 
ovary length and reproductive   capacity
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Ovary weight and Reproductive capacity: The 
minimum weight of the ovary was recorded 
25.80gm, while the maximum was 260.83gm. 
The egg laying capacity of fish was ranged 
from 3,218 to 31,524 respectively. The 
regression data of this relationship was: RC= -
720.3901+110.6017 OW, r= 0.9899(Fig.4). 
The equation showed that it was the closest 
relationship among all other body parameters 
studied here. 

 

 

Discussion 

Labeo dyocheilus, an edible fish species from 
Kumaun region for local folk, has good 
reproductive capacity considering its body 
size. It is definitely conducive if developed as a 
pond culture or reservoir fisheries. The hill 
stream fishes show a great variation in their 
reproductive capacity. It mostly depends on the 
habitat ecology of the fish. The first sampling 
site is Chaukhutiya which is the upper part of 
the river. The small and medium size groups 
(5.1cm-30.0cm) of fishes from this site may be 
due to the low temperature of water and lack of 
food material. The second and third sampling 
site are Maasi and Mohana, which is the lower 
part of the river and the medium and larger size 
groups (15.1cm-40.0cm) of fishes from this 
site may be due to proper availability of food 
and high temperature of the river water. The 
change in the fecundity estimation could be 
due to different environmental conditions in 
which the two populations live. The fecundity 
also varied with the seasons, climatic 
conditions, environmental habitat, nutritional 
status and genetic potential (Bromage et al. 
1992).  

 

Size Groups 
(cm) 

Fish Length (cm.) Fish Weight 
(gm) 

Ovary Length 
(cm) 

Ovary Weight 
(gm) 

Reproductive 
Capacity 

05.1-10.0 8.5-9.8 
9.2±0.4 

120.13-151.45 
136.21±12.15 

3.5-5.8 
4.5±0.8 

25.80-45.12 
36.15±7.20 

3,218-5,423* 
4563±1035 

10.1-15.0 11.2-14.4 
12.70±0.90 

160.35-220.67 
196.82±20.77 

4.2-7.7 
5.5±1.8 

35.71-75.93 
55.54±17.12 

4,643-6,457 
5,487±952 

15.1-20.0 15.7-19.1 
17.60±1.10 

208.65-347.47 
260.98±37.75 

5.4-8.2 
6.7±1.1 

77.19-109.41 
98.50±12.7 

6,839-10,399 
8,911±1208 

21.0-25.0 22.3-24.7 
23.45±0.75 

295.66-482.24 
378.84±40.10 

6.9-9.9 
7.9±1.4 

89.12-142.74 
109.20±22.5 

7,868-13,976 
10,557±2101 

25.1-30.0 27.5-30.0 
28.76±1.10 

380.59-654.93 
539.87±70.78 

8.9-12.5 
10.1±1.9 

98.3-187.21 
148.54±40.71 

8,984-19,835 
15,471±4008 

30.1-35.0 31.3-34.8 
33.17±1.31 

510.59-740.33 
642.78±45.15 

10.7-13.7 
11.5±1.5 

180.18-220.86 
207.18±19.89 

17,541-25,897 
23,145±2033 

35.1-40.0 37.0-39.2 
38.72±1.40 

638.62-860.55 
719.50±60.19 

11.6-15.9 
12.8±1.75 

197.27-260.83 
238.61±22.15 

19,973-31,524 
27,186±4177 
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Fig.4: Regression relationship between 
ovary weight and reproductive  capacity

Table1: Summarized data on the reproductive 
capacity of Labeo dyochelius (McClelland) 
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Several factors may be responsible for the 
difference in fish size from the two sampling 
sites (Bahuguna and Kumar, 2011). In Labeo 
dyocheilus the reproductive capacity is 
observed from 3,218 to 31,524 and increases 
with an increase in all the body parameters. 
The straight-line relationship has been 
calculated between the fish length and 
reproductive capacity, fish weight and 
reproductive capacity, ovary length and 
reproductive capacity, ovary weight and 
reproductive capacity. The reproductive 
capacity was more dependent on ovary weight 
(r= 0.9899) and ovary length (r=0.9815), than 
the fish body weight (r=0.9785) and fish body 
length (0.9718). Bhatnagar (1964) observed a 
range of breeding potential from 67,288 to 3, 
10, 934 for Labeo dero in the fish measuring 
33 to 50 cm. A linear relation between the 
fecundity and ovary weight has been reported 
by Bhatnagar (1964) of Labeo dero in Bhakra 
reservoir and Sinha (1972) of Puntius sarana 
in Bhadra reservoir. 

Jyoti and Malhotra (1972) reported the 
fecundity of Schizothorax niger from Kashmir 
valley as 8100 to 13940 in the fish ranging 
12.3 to 36.5 cm. Gaigher et.al, (1975) reported 
that Labeo umbratus showed a curvilinear 
relationship between length and fecundity with 
the average fecundity increasing from 11 000 
in fishes with a length of 20 cm to 48,000 to 
fishes with a length of 32 cm in the Tyume 
river, Eastern Cape. Raina (1977) has reported 
the fecundity of Schizothorax esocinus to be 
3,910 to 53,108 in the fish length group of 14.9 
cm to 39.7 cm. Joshi and Khanna (1980) 
reported the fecundity range of 47,168 to 3, 
80,714  in Labeo gonius. Pathani (1981) found 
the fecundity of Tor putitora from 7076 to 
18535 from Kumaun lakes. Sunder and Subla 
(1984) estimated the fecundity of Schizothorax  

curvifrons and reported it to be in a range of 
4,834 to 31,221 in the fish length 190 mm to 
430 mm from River Jhelum, Kashmir.  

Dhasmana (1990) reported fecundity of Garra 
gotyla gotyla from 1, 05,900 to 1, 94,349 in the 
fish measuring from 15.2 to 19.2 in river 
Alaknanka. Bhatt and Pathak (1992) advocated 
that the maximum fecundity of golden 
Mahseer was 1, 22,325 in Sarju river of 
Kumaun. According to Desai (2000) the 
fecundity of Tor tor from river Narmada was 
7,000 to 1, 01,600 in the fish measuring 28 
to75cm. According to Dobriyal et. al (2003), 
the fecundity of Crossochcilus latius latius had  
a range of 20,660 to 70,630 in the fish 
measuring 16.0 to 26.3 cm from river 
Mandakini of Garhwal, Uttaranchal. Bahuguna 
and Kumar (2011) reported that the total 
breeding capacity of Pseudecheneis sulcatus 
was recorded as 781 to 8314 in the fish ranging 
from 10.0cm to 23.9mm. It was observed that 
the breeding capacity was highly dependent on 
fish weight (0.9967) and ovary weight (0.9696) 
than any other body parameters. 
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Abstract  

The seeds of Pisum sativum were sown in the 
sandy loam soil in the different plots for the 
treatment in the field studies. Pisum sativum 
was treated by GA3 (10-6 M) & Kn (10-3 M) 
concentrations with respect to the contol. The 
plants of Pisum sativum, for the growth 
analysis were taken regularly and randomly at 
the 15 days interval from the seedling 
emergence stage till to maturity. The length of 
Pisum sativum stem (Pea) was observed with 
two concentrations of plant hormones to 
evaluate the appropriate concentrations of 
these growth regulators, which showed the 
maximum stem length of the Pisum sativum 
with respect to the control. 

Keywords:  Pisum sativum ⏐ Stem, GA3 ⏐ Kn 
hormone ⏐  

 

 

 

 

 

 

 

 

 

 

 

Introduction 

The earth is surrounded by a cover of gases as 
atmosphere; this atmosphere allows most of 
the electromagnetic radiation to pass through, 
which reaches the surface of earth. This light 
or rays from the sun is absorbed by the earth 
surface & converts it into heat energy. This 
heat energy is re-emitted by the surface of the 
earth during night. Due to excessive presence 
of some gases in the atmosphere, this escape of 
heat from earth surface is prevented, resulting 
in heating of earth called global warming. The 
gases which are responsible for causing global 
warming are called green-house gasses. The 
harmful effects of green-house gasses in the 
atmosphere are causing global warming, 
climate change, ozone depletion, sea level rise, 
adverse effects on agricultural crop as well as 
on the whole biological system. 

The effects of global warming on the 
environment and for human life are numerous 
and varied. It is generally difficult to attribute 
specific natural phenomena to long-term 
causes, even though some effects of recent 
climate changes as rising sea levels, glacier 
retreat, arctic shrinkage & altered patterns of 
agricultural crops are cited as direct 
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consequences. Among secondary and regional 
effects extreme weather events, expansion of 
tropical diseases, changes in the timing of 
seasonal patterns in ecosystems and drastic 
economic impact are predicted. 

Changes of methods of the rice farming 
processes and the capture of methane from 
landfill sites contributed to this rise, it is felt. 
This is very useful information provided as it 
will help people to get aware of environmental 
problems & issues being faced worldwide. 
Though there are certain people that are 
helping to preserve environment. But only few 
people can’t do anything (Partha Das 
Sharma’S et al., 2008).  

Inrease in penetration of ultraviolet radiation to 
terrestrial surface as a consequence of 
depletion of the stratospheric ozone layer has 
received much globle concern 10% depletion 
in stratospheric ozone corresponds to a 20% 
increase in the flounce of biological damaging 
ultraviolet radiation (Baker and Allen et al., 
1994).The enhanced ultraviolet radiation can 
deleteriously affects overall growth and 
biomass accumulation of the plant species 
(Tevini, 2000). The plants contain a large 
number of ultraviolet exposure sensitive targets 
such as nucleic acids (DNA & RNA), lipids, 
proteins and quinens (Jordon, 1996), which 
must be protected to ensure the normal growth 
& development of plants.  

It has been well established that the plant 
growth regulators (PGRs), influence the 
growth and development of plants. These 
chemical substances are able to coordinate 
growth among different plant parts or different 
physiological & biochemical processes, these 
chemical substances are known as 
phytohormone. Cytokinins are generally 
stimulating auxiliary & adventitious shoot 

proliferation, regulate differentiation, stimulate 
root formation, activate RNA synthesis & 
stimulate protein & enzyme activity. 
Gibberellins are generally used to promote 
stem elongation, flowering and breaking 
dormancy of seeds, buds & bulbs. There are 
over 90 forms of gibberellins, but GA3 is the 
most commonly used form (Phyto-Technology 
Laboratories (2011). Hormones such as 
Cytokinins, Gibberellins & Auxins are 
chemicals that regulate and stimulate the plant 
growth. The plant growth hormones are affect 
seed growth, time of flowering, sex of flowers 
and the senescence of leaves and fruits. Also, 
they affect the tissues that grow upward and 
downward, the formation of the leaf and the 
growth of the stem (Helgi-opik and Stephen, 
2005). Cytokinins which include 6-
Benzylamino Purine (BAP) and Zeatin are 
group of the chemicals that influence cell 
division & shoot formation. Plants need 
hormones at very specific times, during the 
plant growth and at specific locations (Helgi-
opik & Stephen et al., 2005). Gibberellins 
usually inhibit adventitious root formation as 
well as adventitious shoot formation. 

Plant growth hormones are signal molecules, 
produced at the specific location in the plant in 
the extremely low concentrations. Hormones 
are naturally produced within plants, though 
very similar chemicals are produced by fungi 
and bacteria that can affect plant growth 
(Srivastava et al., 2002). A large number of 
related chemical compounds synthesized in the 
laboratory that function as hormones are called 
plant growth regulators (PGRs).The 
concentration of hormones required for plant 
responses at the very low concentrations 
(Srivastava et al., 2002). Plant hormones affect 
gene expression and transcription levels, 
cellular division and growth. The hormones 
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have positive and inhibitory functions, and 
they often work in tandem with each other 
(Rost and Eliot et al., 1979). 

The role of cytokinin in the seed germination 
was also observed by Khan and Tao et al., 
(1978). The overall growth of plant was 
improved by the plant growth regulator 
treatments, when it was compared to the 
control, because these treatments significantly, 
increase all plant growth parameters. The 
increased vegetative growth of the plants 
nourished and developed in a better manner, 
than without treatment plants. IAA, Kn & GA3, 

which are most important plant growth 
regulators (PGRs) and has a thoughtful effect 
on the crop production, through increase in the 
stem length, leaf area, flower induction, yield, 
weight & size of the crops. Kinetin used as 
seed treatment or foliar spray individually or in 
combination, increased the seed yield by 26%, 
while foliar spray increased it by 43.6% over 
control. Kinetin (Kn) also affected two 
important plant processes viz. photosynthesis 
and nitrogen metabolism. Net photosynthetic 
rate and nitrate reductase activity are 
significantly increased in the plant treated with 
kinetin. The significant increase in the content 
of the total chlorophyll with kinetin application 
as also reported by (Khalil & Mandurahi et al., 
(1989) may also be responsible for the increase 
in photosynthesis (Gzik et al., 1987).  

The concentrations of starch soluble protein 
and free amino acids were maximum, when 
Kinetin (Kn) was applied both as seed 
treatment and foliar spray. This could be due to 
kinetin mediated increase in photosynthetic & 
nitrate assimilation activity, besides decrease 
in protease activity and immobilization of 
nutrients and metabolites from Kn treated 
tissues as observed by Kumari & Bharti et al., 

(1992). Few attempts have been also made to 
investigate the role of endogenous cytokinins 
(Kn) on the lateral bud-growth and apical 
dominance. The most of the hypotheses 
concerning the possible involvement of these 
hormones in apical dominance were 
formulated after conducting experiments with 
synthetic compounds. This is probably the 
main reason for the views that are presently 
held regarding the role of cytokinins in the 
control of the apical dominance and growth of 
lateral bud. Auxins and gibberellins (White et 
al., 1975; Jones and Phillips, 1966) produced 
by the apical bud as well as by the leaves and 
both hormones have been suggested to be 
growth factors, which might regulate growth 
(Thimann et al., 1997). 

The Kinetin mediated increase in seed yield 
under water stress has also been reported for 
wheat. Comparatively, more height of Kinetin 
treated plants also indicates the beneficial 
effects in general on plant growth. The Kn 
application was associated with a high Harvest 
Index (HI), thereby, indicating partitioning of 
more photosynthates towards seeds. 
Significantly higher seed yield in Kn treated 
plants also led to higher water use efficiency 
(WUE) (Blackman & Davies et al., 1985). In a 
series of experiments, Mok (1994) observed 
that a large number of plant developmental 
processes have been found to be influenced by 
the cytokinin effect on cell expansion, 
inhibition of leaf senescence, chloroplast 
development, root and shoot branching. Nagel 
et al., (2001) have evaluated that cytokinin 
application plays a significant role in the 
flower production and exerted a positive effect 
on the yield of soybean, thus increasing the 
total seed production. Skoog and Miller et al., 
(1959) evaluated that the ratio of cytokinin in 
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nutrient media profoundly influences the 
morphogenesis of roots and shoots.  

The crop improvement also through the 
conventional method to provide food security 
for the ever growing population has several 
limitations. Modern plant biotechnology has 
held promise over the years to improve outputs 
from plants. The uses of PGRs as a way of 
improving plant yield through micro-
propagation and somatic embryogenesis. 
Improved and disease resistant crops could 
easily be made available to farmers, if the use 
of synthetic growth hormones for plantlet 
regeneration is vigorously pursued. The 
hormones like auxins, cytokinines & 
gibberellins could be made available at 
reduced cost to users for rapid multiplication of 
cultivated crops (Gana, A. S, (2010). Cytokinin 
enhance the cell expension in soyabean and 
increased stem thickness, while Kinetin 
reduces shoot length, but increased the fresh 
weight by increasing stem diameter (Kaul and 
Farooq et al., 1994) and (Chaudhry and Khan 
et al., 2000). 

There are numerous studies on the effect of 
growth hormones on plants (Jawanda et al., 
(1979); Mishra et al., (1986) and Reis et al., 
(2000). Some of these studies have shown 
physiological and the morphological 
parameters have found promotion in these 
traits in response to increased growth hormone 
treatments. The impact of plant growth 
regulators on various physiological parameters 
have been worked out by various workers. 
Mahmud et al., (1983) evaluated that the effect 
of various growth regulators on growth, 
development and yield of various varieties of 
oil-seed crops well documented. The 
treatments of different growth substances have 
given remarkably encouraging results in 

promoting seed germination in tomato, radish, 
lettuce, watermelon, brinjal, carrot and a 
number of other vegetables have been studied 
by Swaminathan et al., (1987).  

GA3 is produces by the apical bud (Jones & 
Phillips (1996). Thus, it is conceivable that 
internode elongation is modulated by the apex 
by way of the effects of GA3 on cell division 
on one hand and by their synergistic effects on 
cell elongation on the other. The effects of GA3 
in dwarf pea, enhanced internode elongation, 
when applied separately (Arney & Mancinelli 
et al., 1967). The role of gibberillic acid in the 
seed germination is also well established. 
Exogenous GA3 stimulates amylase activity. 
Aleurone layer of endosperm is sensitive to 
GA3 hormone. GA3 also cause release of 
enzyme amylase and protease. These enzymes 
participate in the break down of stored starch 
to simple sugars. These sugers are then 
translocated to grow in embryo, where they 
provide energy for growth. Thus both oxygen 
and GA3 enhance seed germination. 

In the dwarf pea (Brian & Hemming et al., 
(1958) and in cucumber (Sandhu & Kasper 
Baver et al., (1974) were observed that the 
IAA and GA3, both hormones are promoted 
internode elongation. The dwarf bean plants 
confirm the central importance of GA3 in 
inducing the mitotic activity necessary for 
elongation, but they also indicate a role for the 
auxin in the regulation of internode elongation.  

The gibberellins have been observed to 
influence the carbohydrate status in many plant 
species (Canomedrano et al., (1997) and Yim 
et al., (1997). In elongated tissues, common 
response to exogenous gibberellins is an 
increase in acid invertase activity (Wu et al. 
1993). Gibberellin has the characteristic 
property to improve the yield, plant height and 
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flower induction in the chrysanthemum 
(Mohariya et. al., 2003). Pharis and King et al., 
(1985) observed that the gibberellins (GA3) 
play a major role in the development of fruit 
set. The plant height was increased by GA3, 
while branch number per plant was increased 
by all growth regulators. The interaction of 
plant growth regulators (PGRs) has significant 
promotory effect on shoot morphogenesis as 
reported by Baraldi et al., (1988).  

During field study, it has been demonstrated by 
Yadav et al., (2005) that the growth promoters 
significantly improved growth & yield of rice. 
A lot of work has been done on the effects of 
growth substances on the different parameters 
of plant growth and development by Bahuguna 
et al., (1988). Shah and Samiullah (2006) 
studied the effect of plant growth regulators on 
growth and yield of black cumin and observed 
that, these substances were found to be more 
effective in promoting shoot length, dry 
weight, leaf number and seed yield. Giberellins 
are tetracyclic diterpenoid growth factors that 
are essential regulators of stem elongation and 
other developmental processes (Hooley et al., 
1994). It is well documented that this 
phytohormone affects stem growth, through 
both cell elongation and cell division (Knede 
and Zeevart; 1997). Gibberellin is a well 
known stimulator of cell expansion, cell 
elongation and elongation of the internodes 
(Huttly and Phillips et al., 1995). GA3 induced 
wall extensibility (Huttly and Phillips et al., 
1995) and expantion, elongation of internodes 
(Morie et al., 1989) and expantion of leaf area 
which in turn manifestes itself in the form of 
more dry matter. At the time of cell division, 
the cells need more nutrients, which are made 
available by the efficient manipulation, 
absorption and utilization of the available 
nutrients triggered by the GA3 spray. GA3 

increased stem length and number of flower 
per plant.  

The promotory effect of growth regulators in a 
particular concentration is a well known 
feature. The many of these factors are 
necessary for the success of plant life. 
Therefore, the present investigation is being 
carried out to study the promotory effects of 
the some phytohormone concentrations viz. Kn 
10-2 (M) and GA3 10-7 (M) was observed on the 
stem growth pattern of the Pisum sativum 
(Rai).  

Materials and Methods: 

Laboratory and field experiments were 
conducted in the Uttaranchal College of 
Science and Technolgy, Dehradun 
(Utttarakhand). Certified seeds of the Pisum 
sativum were procured from Seed centre of 
Forest Research Institute (FRI) Dehradun 
(Utttarakhand) for the study.  

General experimental design in the 
laboratory 

(A) Control: Seeds of Pisum sativum were 
soaked for 24 hrs. in distilled water and placed 
on moistened filter paper in Petridishes. 

 (B) Growth Regulators: Test solution of Kn 
and GA3 were prepared in three concentrations 
viz.10-7 to 10-2 M) (molarities) in Pisum 
sativum. Seeds of Pisum sativum were soaked 
for 24 hrs. in different concentrations of 
growth regulators, soaked seeds were placed in 
paired Petridishes lined with moistened filter 
paper.  

Field study: During field study, crop of Pisum 
sativum was grown in field and the plots were 
divided by black paper sheets into five blocks. 
On the basis of the maximum germination, 
survival and minimum mortality percentage of 
the plant hormone concentrations viz. Kn (10-3) 
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& GA3 10-7 (M) respectively were sprayed 
during field study. Each field block was given 
treatments as follows: 

Treatments of field plots 

1. One field plot was taken as control. No 
treatments were given to crop of this 
plot. 

2. Other field plot was sprayed with GA3 
(10-7 M) concentration daily with respect 
to the control. 

3. Next other field plot was sprayed with 
Kn (10-2 M) concentration daily with 
respect to the control.  

Observation 

In the control plot, the values of stem length 
(cm/pl), fresh and dry weight (g/pl) of the stem 
were recorded at the fifteen day stage of the 
growth as 7.42 (cm/pl), 0.28.6 and 0.03 
(g/plant) respectively and observed to be 
increased continuously up to maturity and 
noticed as ca. 60.5 (cm/pl), 4.79 and 2.23 
(g/plant) respectively. When the other plot was 
sprayed by GA3 (10-7 M) concentration daily, 

the promotory effect was observed on the stem 
length, fresh and dry weight with respect to the 
control condition. The maximum promotion of 
length, fresh and dry weight was noticed at the 
15 day stage of growth and recorded as 
ca.91%, 51%, 34%; at the 30th day as ca. 27%, 
85%, 46%; at the 45th day as ca. 65%, 41%, 
28%; at the 60th as ca. 72%, 27%, 24% & at the 
maturity as ca. 72%, 27%, 24% respectively 
with respect to the control.  

When the next other plot was sprayed by Kn 
(10-3 M) concentration daily, the maximum 
enhancement was observed to stem length, 
fresh and dry weight with respect to the 
control. The maximum promotion of length, 
fresh and dry weight was noticed at the 15th 
day stage of growth and recorded as ca. 78%, 
34%, 24%; at the 30th day as ca. 68%, 30%, 
and 22%; at the 45th day as ca. 82%, 42%, 
38%; at the 60th day as ca. 74%, 23%, 16% and 
at the maturity as ca. 86%, 48%, 34% 
respectively with respective to the control. 
(Table 1 and fig.1) 

  

TREATMENTS PARAMETERS CROP AGE IN DAYS 

15 30 45 60 75 

 Length (cm) 7.42±0.7302 9.66±1.269 30.2±4.965 50.5±1.331 59.4 ±1.441 

Control F.W.(g) 0.286±0.0063 0.27±0.0141 1.21±0.0487 2.79±0.206 4.69±0.306 

 D.W.(g) 0.03±0.0032 0.02±0.0026 0.21±0.0102 0.686±0.0631 0.866±0.0731 

 Length (cm) 14.16±0.8683 41.3±4.166 74.1±18.456 68.4±12.03 82.6±14.03 

GA3 (10-7) M F.W.(g) 0.604±0.0326 0.77±0.0209 1.71±0.0352 3.102±0.0144 5.102±0.0242 

 D.W.(g) 0.22±0.0126 0.28±0.021 0.48±0.0121 0.866±0.0429 0.967±0.0629 

 Length (cm) 13.2±1.224 38.9±4.465 55.1±9.101 87.8±24.87 95.7±28.77 

Kn (10-3) M F.W.(g) 0.674±0.0458 0.83±0.026 1.72±0.206 3.676±0.0731 5.651±0.0832 

 D.W.(g) 0.246±0.0102 0.42±0.0143 0.50±0.0357 1.058±0.0337 3.067±0.0437 

 

 

Table 1: Stem growth patterns of field grown Pisum sativum as increased by some 
plant growth regulators (PGRs) such as Kn and GA3 respectively. 
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The maximum promotion was also noted with 
the Kn (10-3 M) on the length, fresh and dry 
weight of the stem was noticed at the 15th day 
stage of growth and recorded as ca. 78%, 34%, 
24%; at the 30th day as ca. 68%, 30%, and 
22%; at the 45th day as ca. 82%, 42%, 38%; at 
the 60th day as ca. 74%, 23%, 16% and at the 
maturity as ca. 86%, 48%, 34% respectively 
with respect to the control. The above studies 
found support from the work of Gupta et al., 
(2011), Mishra et al., (1986) and Reis et al., 
(2000). Therefore, these plants were sparyed 
with plant growth regulators such as GA3 and 
Kn daily, the promotion were found in all these 
considered parameters as compared to the 
control.  

Conclusion 

As noted the promotory affects of the plant 
growth regulators (PGRs) was observed on the 
Pisum sativum as compared to the control. Kn 
(10-3) & GA3 (1O-7) hormone concentrations 
were found to promote the stem growth of the 
Pisum sativum (Pea). This showed that the 
plant growth regulators caused significant 
change in the stem growth patterns of the 
Pisum sativum (pea). 
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Abstract  

Navsari district is located in the south eastern 
part of Gujarat state in the coastal lowland 
along Purna River in India.  Its geographical 
coordinates are 20° 51' 0" North, 72° 55' 0" 
East. In the present study, the physico-
chemical parameters of Navsari district 
(Gujarat, India) have been analyzed regarding 
their suitability for drinking purpose. The study 
was carried out by collection of water samples 
from six sampling sites. These samples are 
analyzed for turbidity, pH, total solids, total 
suspended solids, total dissolved solids, total 
hardness, magnesium hardness, calcium 
hardness, phenolphthalein alkalinity, total 
alkalinity. The analyze results is compared 
with permissible limits as prescribed by WHO, 
GPCB for drinking water quality.  

Keywords:  Drinking water ⏐ Hardness ⏐ 
Total solids ⏐ Pollution  ⏐  Navsari 

 

 

 

 

 

 

 

 

 

Introduction 

Water is the most beautiful and precious gift of 
nature without which no life could survive on 
earth (Dara,1998 and Kumar and Kakrani, 
2000). Water takes many different shapes on 
earth and to study water a new science evolved 
named as “Hydrology” which is the science to 
know the properties, distribution and behavior 
of water in nature (Fair et al., 1958). Among 
the various needs of water, the most essential 
need is drinking. Surface water and ground 
water are two major sources for the supply of 
drinking water. Surface water comes from 
lakes, reservoirs, and rivers. Groundwater 
comes from wells that the water supplier drills 
into aquifers (Park, 1997). Maintaining the 
quality of water is the most important one for 
human being since it is directly linked with his 
daily life (Gosh, 2002). Thus, proper and 
managed study of water, especially freshwater 
is essential to understand the relationship and 
interdependence of various constituents of any 
habitat. 

The town of Navsari is approximately about 
2000 years old. The city is situated at 
southeastern Gujarat state, west-central India. 
It is situated in the coastal lowland along the 

International Journal for Environmental Rehabilitation and Conservation 
Volume III No. 1 2012 [18 – 24]     [ISSN 0975 - 6272] 

For correspondence: 
 

1Dept of Biology, K.B.S. College, Vapi. Gujarat.  

2V. N. South Gujarat University, Surat, Gujarat. 

3N.V. Patel College of Pure and Applied Sciences V.V. 
Nagar, Gujarat, (India). 

E-mail: nitin584@yahoo.co.in 



 

[ISSN 0975 - 6272]      Krishna et al. 

 

19

Volume III Number 1 2012 [18 – 24] 

Evaluation of Drinking Water Quality of Navsari District (Gujarat) 

Purna River. The district covers an area of 
2,211 square kilometers and has population of 
1,229,463 of which 27.36% is urban. It lies 
between 72.5 east latitude and 65.3 west 
longitudes. Weather is pleasant almost all the 
year around, sunny from September to May, 
rainy from June to August. There are two 
lakes in the city namely Dudhiya Talao and 
Sarbatiya Talao. The main source of 
Nagarpalika Water Works Supply in Navsari 
city comes from Kakarapar through a canal and 

is stored in a small reservoir called “Dudhiya 
Talao” (Patel et al., 2000). The kakrapar wier 
is constructed across the river Tapi and down 
stream of Ukai dam. To monitor the potable 
water quality, total selected six sampling sites 
shown in Plate 1 are untreated water of 
Dudhiya Talao (Site 1), treated water of 
Navsari water works (Site 2), Station area (Site 
3), Lunsikui area (Site 4), Chhapra village (Site 
5) and Viraval village (Site 6).  

 

 

 

Material and Methods 

In the present study, six sampling sites were 
selected. The sampling was done on seasonal 
pattern. Composite sampling method was 
particularly adopted in Dudhiya Talao (Site 1). 
The taps were kept open for 2-3 minutes while 
collecting samples from pipeline supply to 
remove the possible impurities in water 

through pipes. Water samples were collected at 
fixed time to maintain the consistency in the 
results. Care was also taken for collection 
timing depending on water supply from 
Navsari Nagar Palika.  

The methods of APHA (1995) and Trivedi and 
Goel (1986) were followed for water analysis. 
The parameters such as turbidity, pH, total 
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Turbidity of drinking water of Navsari district 
was higher from untreated water (site 1) and 
reduced drastically after treatment (site 2). 
More or less same value was recorded from 
remaining sampling sites3-6 in all the three 
seasons except in summer season from (site 3). 

The pH was predominantly alkaline ranged 
between 7.48 to 7.83 in monsoon season, 7.41 
to 8.10 in winter season and 7.41 to 8.08 in 
summer season throughout the study from all 
the six sampling sites of Navsari district. pH of 
drinking water was found highest in untreated 
water (site1) whereas lowest in Viraval village 
(site6) during all the three seasons. The pH of 
treated water (site 2), station area (site 3), 
lunsikui area (site 4) and chhapra village (site 
5) were more or less same in all three seasons. 

Total solids were recorded maximum in the 
range of 664.47-990.50mg/l from untreated 
water (site 1), chhapra village (site 5), viraval 
village (site 6), and found to be minimum 
488.16mg/l from lunsikui area (site 4) in 
monsoon season whereas it was recorded more 
or less same from sites 2 and 3 during all the 
three seasons. Total dissolved solids of 
untreated water (site 1), chhapra village (site 
5), viraval village (site 6) were recorded in 
range of 649.19-972.50mg/l in all three 
seasons whereas in treated water (site 2), 
station area (site 3) and lunsikui area (site 4) 
were more or less same in range between 
472.31-749.38mg/l.  

The results of total suspended solids were 
found to be higher from untreated water (site 
1) and reduced drastically after the treatment 
(site 2). More or less same value was recorded 
from chhapra village (site 5) and Viraval 
village (site6) whereas in station area sampling 
site3 and lunsikui area sampling site4 results 
were close to sampling sites 5 and 6. 

Total hardness of untreated water (site 1) was 
found to be minimum during all three seasons. 
It was recorded in the range 306.50-
486.47mg/l from treated water (site 2), station 
area (site 3) and lunsikui area (site 4) whereas 
it was found to be in similar range of 426.85-
565.36mg/l from sampling sites 5 and 6. The 
results of calcium hardness, in untreated water 
(site 1) was far below than the treated water 
(site 2) in summer and monsoon seasons 
whereas it was found in same range between 
241.82-499.66mg/l from station area (site 3), 
lunsikui area (site4), chhapra village (site 5) 
and Viraval village (site 6). Magnesium 
hardness were recorded in range 58-67.78mg/l 
from untreated water (site1) and was minimum 
from treated water (site 2) whereas it was more 
or less similar range from 67.09-95.63mg/l 
from station area (site 3), lunsikui area (site4), 
chhapra village (site 5) and Viraval village 
(site 6) during all the three seasons. 

Total alkalinity of untreated water (site 1) and 
treated water (site 2) was found minimum 
during all the three seasons in range 93.50-
156.50mg/l whereas it was more or less similar 
range from    217.69-315.03 mg/l from station 
area (site 3), lunsikui area (site4), chhapra 
village (site 5) and Viraval village (site 6) 
during all the three seasons as shown in above 
graph. Phenolphthalein alkalinity were 
recorded in the range of 1.66-4.06mg/l from all 
the sampling sites 2-6 except during monsoon 
season from untreated water (site 1) it was 
highest in range of 7.25mg/l was depicted in 
graph. 

Discussion 

In the present study, turbidity was highest in 
untreated water and was reduced in all the sites 
and maintained well. The highest turbidity in 
untreated water was due to presence of clay, 
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silt brought with runoff of water from 
Kakrapar canal and did not crosses the 
standard limits.  

pH is the measure of the intensity of acidity or 
alkalinity and measures the concentration of 
hydrogen ions in water (Mackee and Wolf. 
1963). pH value of 7 is considered to be the 
best and most ideal (Sawyer abd Mc Carty, 
1967). During the present study pH was found 
to alkaline range between 7.4-8.10 which was 
under the desirable limit. 

The survey regarding the taste threshold level 
of TDS was done by Bruvold and Ongerth 
(Bruvold and Ongerth, 1969) and was 
concluded that the range between 658-758mg/l 
was good enough and the range between 1283-
1333 mg/l unpalatable for drinking. So, water 
with presence of high level of TDS was not 
used by the consumers.  In   the   present    
study   TDS was found in    the range 472.31-
972.50mg/l which was within the desirable 
limit. 

Hardness is defined as the concentration of 
calcium and magnesium ions content of water 
(Kumar and Kakran, 2000). Most natural water 
supplies contain at least some hardness due to 
dissolved calcium and magnesium salts (Fulvio 
and Olori, 1965). Hardness was higher from 
sampling sites 3-6 compared to untreated and 
treated. However the value did not cross the 
limits. 

Calcium is important as a nutrients, its 
deficiency causes rickets (Trivedi and Goel, 
1986). High concentrations of calcium are not 
desirable in washing, laundering and bathing. 
Scale formation in boilers takes place by high 
calcium along with magnesium (Park, 1997). 
In the present study, calcium was found 
highest from sampling sites 5 and 6 due to bore 
well water. 

Magnesium also occurs in all kinds of natural 
waters with calcium, but its concentration 
remains generally lower than the calcium 
(Purohit and Saxena, 1990) So if calcium and 
magnesium is high in water than it may cause 
kidney disease (Taylor, 1958). In the present 
study magnesium was found below the 
desirable limit. 

Alkalinity in natural waters is due to free 
hydroxyl ions and hydrolysis of salts formed 
by weak acids and strong bases. Water with 
low alkalinity is more likely to be corrosive, 
which could cause deterioration of plumbing 
and an increasing chance for lead in water if 
present in pipe, solder or plumbing fixtures 
(Frank, 1987).  In the present study, alkalinity 
was high from sampling sites 3-6, this may be 
due to corrosion in distributing pipes and the 
bore well supply but were found in normal 
range. All the physico-chemical fall within the 
permissible limit. This indicates that the water 
of Navsari district and its vicinity is suitable 
for drinking purpose. 
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Abstract  

The study was conducted to determine the 
occurrence of moulds on seed and dal of Gram 
collected from severe flooded area of Kalamna 
grain market of Nagpur. Seed and dal samples 
of Gram collected in polyethylene bags. In all 
seed and dal samples, 30 fungal organisms 
were isolated belonging 12 genera of fungi. 
Out of them Aspergillus flavus and A. stellatus 
were abundant and A. niger and Rhizopus sp. 
were frequently observed while A. 
amestelademi, A. tamari and Drechslera 
halodes were less frequent. Rest of the fungi 
showed their occurrence. The A. flavus 
dominated over other fungi. Among Penicillia, 
P. islandium was most commonly recorded. 

The presence of Aspergilli, Penicillia and 
Fusarium showed that there were higher 
moisture contents in seed and dal as these 
fungi are moisture loving. All these fungi are 
mycotoxin producing fungi. These fungi  

 

 

 

 

 

 

 

 

contaminate the all seed and dal lots in godown 
and spread and create the infection which 
causes health hazard problem in human being 
and animals. Therefore, the consumption of 
infected seed and dal of Gram has to be 
avoided for consumption purposes. 
 

Keywords:  Moulds ⏐ dal of Gram ⏐ 
mycotoxin  ⏐  godown 
 

Introduction 

Nagpur is one of the most famous centres for 
orange and food grains. The Gram is valuable 
pulse crop important for its high protein 
content, starch and vitamins and considered of 
a great nutritive value which is used in our 
daily diet as a dal. The moisture content plays 
an important and decisive role for the attack of 
moulds which causes deterioration and 
degradation in grain quality and storability. 
The storage moulds impose health hazard 
problem in human beings and animals 
(Christensen and Kaufman, 1969). Beting, 
1989, Charjan et al. 2006, Charjan et al., 2010, 
Ashish Lambat et al., 2011, Rajesh Gadewar et 
al., 2011, Charjan et al., 2011. The present 
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study deals with the moulds intercepted on 
seed and dal. Samples of Gram collected from 
severe flooded areas in Nagpur grain market, 
Kalamna during the month of August, 2010, 
when almost area of Nagpur City was 
submerged under water of the Nag river. 

Materials and Methods 

Ten seed and dal samples of Gram were 
collected separately in aerated polythene bags 
from severe flooded areas of Nagpur grain 
market, Kalamna. Four hundreds seeds and 
dals were plated out of equidistance and 
examined for the occurrence of moulds 
following standard moist blotter techniques 
(Anonymous, 1985). The antibiotic 
antibacterial substance like streptomycin was 
used in medium for the inhibition of bacterial 
colonies. The plates were incubated at 28 ± 
10C for 7 days. The fungi developed on seeds 
were identified with the help of standard 
monographs (Barnett and Hunter, 1972, Ellis, 
1971, Domesch, 1980). 

Results and Discussion 

In all 44 fungal isolates were recorded and 
categorized under 16 genera of fungi (Table-1). 
Out of them, 10 sp. of Aspergillus (A. flavus, 
A. fumigatus, A. japonicus, A. nidulans, A. 
niger, A. ostianus, A. stellatus, A. tamari and 
A. ustus); two sp. Alternaria (A. alternata and 
A.lunata); 3 sp. of Cladosporium (C. 
cladosporioides, C. sphacrospermum and C. 
tenuissimum); 3 sp. of Dreshlera (D. 
gustraliensis, D. hawaiensis and D. specifer), 4 
sp. of Fusarium (F. equiseti, F. moniliforme, F. 
oxysporum and F. semitectum), 8 sp. of 
Penicillium (P. chrustosum, P. citrunum, P. 
chrysogenum, P. cyclopium, P. griseofulvum, 
P. islandium, P. lividium and P. 
simplicisssimum) and 3 sp. of Rhizopus (R. 
nigricans, R. stolonifer and R. arrhizus). Other 

fungi found were Cephalesporum sp., 
Chaetomium globosum, Curvularia lunata, 
Helminthosporium tetramere, Macrophomina 
phaseolina, Mucor sp., Neurospora sitophila, 
Rhizoctonia bataticola and Verticillium sp. 

The percentage occurrence of each fungus was 
calculated and finally the results are presented 
in Table 1. In the present study the Aspergilli 
were dominant over other fungi, interestingly 
in Aspergilli, Aspergillus flavus and 
Aspergillus niger was present in all samples of 
seed and dals with maximum average value 
while Aspergillus fumigatus was found 
minimum. Dominance of Aspergilli on stored 
grains has been reported earlier by Deo et al., 
1980, Charjan and Tarar, 1992, Charjan and 
Tarar, 1993, Charjan et al., 1994, Charjan and 
Gupta, 1996, Charjan et al., 2006, Charjan et 
al., 2010, Charjan et al., 2011) 

Moreover, Penicillia, Rhizopus, Fusarium, 
Drechslera and Cladosporium were next to 
Aspergilli. Cephalesporium sp., Colletotrichum 
truncatum, Curvularia lunata, Macrophomina 
phaseolina was present in only one sample. 
Similar types of fungi were also isolated on 
different crop seeds by Giridhar and Reddy 
(2001), Reddy (2006), Sinha (2007), Agrawal 
(2007), Mohd. Shaker (2010), Charjan et al., 
(2011) on raisins, gram, blackgram, 
greengram, some pulses and soybean seeds 
respectively.  

The fungal percentage seed lot infected was 
also considered and found that Aspergillus 
flavus, Aspergillus niger and Aspergillus 
stellatus were abundant, and Aspergillus 
tamari, Rhizopus arrhizus, Rhizopus stolonifer 
and Penicillium citrunum were frequently 
present in the seed and dal samples, while 
Aspergillus japonicus, A. ostianus, A. ustus, 
Drechslera hawaiensis, Fusarium semitectum, 
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Penicillium, Chrysogenum, hawaiensis, 
Fusarium semitectum, Penicillium, 
Chrysogenum, P. simplicissimum and Rhizopus 
nigricans were moderately found and rest of 
fungi were poorly observed. 

Further it was observed from the experiment 
that the presence of Aspergilli, Penicillia, 
Rhizopus, Fusarium, Drechslera and 
Colletotrichum showed that there were higher 
moisture contents in grains and dals as these 
fungi are moisture loving. All the above said 
are mycotoxin producing fungi. Natural 
contamination and storage deterioration of 
starchy, oily and proteinaceous food 
commodities by mycotoxins has been reported 
earlier by several workers (Prasad et al. 1984, 
Giridhar and Reddy, 2001). These fungi 
contaminate the all seed lots in godowns and 
spread and create the infection in other 

agricultural commodities. Association of the 
moisture loving fungi with seeds are found to 
be harmful to the seed health and seed content, 
such mouldy seeds are known as spoiled or 
deteriorated and the process is termed as 
biodeterioration. The fungal attack on the 
pulses seeds lead to hydrolytic breakdown of 
carbohydrate, protein and lipid content of the 
seed at different levels, the hydrolytic cleavage 
is correlated with potentiality to the associated 
seed borne fungi for their extracellular enzyme 
make up. 

The results suggested that it is desirable to 
avoid Gram seed lot with higher percentage of 
moisture (flood affected) for consumption 
purposes. Because above moisture loving fungi 
are mycotoxin producer causes health hazard 
problem in human beings and animals.  

 

S.N. Name of fungi Average % T.P.I. S.L.I. P.S.L.I. 
A1 Aspergillus flavus 36.8 368.0 10 100.00 
A 2 A. fumigatus 0.40 4.0 2 20.00 
A 3 A. japonicus 2.00 20.0 4 40.00 
A 4 A. nidulans 1.00 10.0 2 20.00 
A 5 A. niger 28.20 282.0 10 100.00 
A 6 A. ostianus 2.80 28.0 3 30.00 
A 7 A. stellatus 7.90 79.0 8 80.00 
A 8 A. tamari 5.00 50.0 5 50.00 
A 9 A. tenuis 1.70 17.0 2 20.00 

A 10 A. ustus 2.50 25.0 3 30.00 
A 11 Alteranaria alternata 1.00 10.0 2 20.00 
A 12 A. lunata 1.70 17.0 2 20.00 
B13 Cephalesporium sp. 0.80 8.0 1 10.00 
C14 Chaetomium globosum 1.20 12.0 2 20.00 
D15 Cladosporium cladosporioides 0.50 5.0 2 20.00 
D 16 C. sphaerosphermum 0.70 7.0 2 20.00 
D 17 C. tenuissimum 0.80 8.0 2 20.00 
E18 Colletotrichum truncatum 0.50 5.0 1 10.00 
E 19 C. truncatum     
F20 Curvularia lunata 0.60 6.0 1 10.00 

 

 

Table 1: Incidence % of fungi on seeds and dals of Gram collected 
from flooded area Kalamna grain market of Nagpur 
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G21 Drechslera australiensis 0.40 4.0 2 20.00 
G 22 D. hawaiensis 1.20 12.0 3 30.00 
G 23 D. specifer 0.10 1.0 2 20.00 
H24 Fusarium equiseti 0.40 4.0 2 20.00 
H 25 F.moniliforme 0.50 5.0 2 20.00 
H 26 F. oxysporum 0.50 5.0 2 20.00 
H 27 F. semitectum 0.30 3.0 3 30.00 
H 28 Helminthosporium tetramera 1.30 13.0 2 20.00 
J29 Macrophomina phaseolina 0.10 1.0 1 10.00 
K30 Mucor sp. 0.60 6.0 2 20.00 
L31 Neurospora sitophila 1.00 10.0 2 20.00 
M32 Penicillium chrustosum 0.80 8.0 2 20.00 
M 33 P. citrunum 0.40 4.0 5 50.00 
M 34 P. chrysoginum 0.50 5.0 3 30.00 
M 35 P. cyclopium 1.00 10.0 2 20.00 
M 36 P. griseofulvum 0.40 4.0 2 20.00 
M 37 P. islandium 0.30 3.0 2 20.00 
M 38 P. lividium 0.20 2.0 2 20.00 
M 39 P. simplicissimum 0.30 3.0 4 40.00 
N40 Rhizoctonia bataticola 1.00 10.0 2 20.00 
O41 Rhizopus nigricans 2.10 21.0 4 40.00 
O 42 R. stolonifer 5.0 50.0 6 60.00 
O 43 R. arrhizus 5.50 55.0 5 50.00 
P44 Verticillium sp. 2.0 20.0 2 20.00 

 

 

T.P.I. - Total Percentage Incidence  : S.L.I. - No. of Seed Lots Infested 

P.S.L.I. - Percentage Seed Lots Infested : 75-100%: Abundant 

50-74%: Frequent   : 25-49%: Moderate and below 25%: Poor 

References 
Anonymous (1985). International rules for 

seed testing. Seed Sci. and Technol. 13: 
299-513. 

Agrawal V. K. (2007). Techniques for the 
detection of seed borne fungi. Seed Res. 
4:24-31. 

Ashish Lambat, Rajesh Gadewar, Pravin 
Charde, Sanjiv Charjan, Konglath 
Cherian, Prachi Lambat (2011). Effect of 
post harvest operations on seed quality of 
urdbean. In Proceeding of the 
International Conference in Agricultural 

Engineering (Post Harvest Technology), 
Thailand, 31 March-1 April, 2011. 
PP.14-20. 

Barnett, H. L. and Hunter, B. B. (1972). 
Illustrated genera of imperfect fungi, 
Burgess Publishing Company, USA. 

Betina, V. (1989). Mycotoxins chemical, 
biological and environmental aspects. 
Elsevier, Amsterdam, Oxford, New 
York. 

Christensen, C.M. and Kafmann, M. H. (1969). 
Deterioration of Stored grains by fungi. 
Ann. Rev. Phytopath. 3: 69-84. 

Continued….Table 1: Incidence % of fungi on seeds and dals of Gram 
collected from flooded area Kalamna grain market of Nagpur 



 

[ISSN 0975 - 6272]      Sanjeev et al. 

 

29

Volume III Number 1 2012 [25 – 29] 

Moulds intercepted on seed and Dal of Gram

Charjan, S.K.U. and Tarar, J. L. (1992). Effect 
of storage on germination and microflora 
of soybean seed. Indian J. Agric. Sci. 
62(7): 500-502. 

Charjan, S.K.U. and Tarar, J. L. (1993). 
Studies on seed quality parameters and 
mycoflora associated with bold and 
shriveled seeds of greengram. 
Biojournal, 5:71-72. 

Charjan, S.K.U. and Tarar, J. L. (1994). 
Viability, Vigour and mycoflora changes 
in pulse beetle damage seeds of 
greengram Proc. Nat. Acad. Sci. 64(B)I: 
95-98. 

Charjan, S.K.U. and Gupta, V. R. (1996). 
Impact of storage condition on fungal 
flora and germinability of gram seeds. J. 
Soils and Crops. 6(2): 136-138. 

Charjan, S.K.U., Wankhede, S. R., Tayade, K. 
G. (2006). Viability, vigour and 
mycoflora changes in pulse beetle 
damaged seeds of cowpea. In 
proceedings of National Seminar on 
economics of sustainability of dry land 
agriculture, India, 5 to 6 January 2006: 5-
6. 

Charjan, S.K.U., Patil, A.E. and Udasi, R. N. 
(2010). Seed quality and mycoflora 
associated with bold and wrinkled seed 
of cowpea. J. Phytol. Res. 23(2):379-380. 

Charjan, Sanjiv, Mohod Vandan, Rokade 
Shashikant, Gadewar Rajesh, Lambat 
Ashish and Charde Pravin (2011). 
Effects of seed size and storage time on 
soybean seed qualities. In Proc. 
International Conference in Agricultural 
Engineering (Post Harvest Technology, 
Thailand, 31 March-1st April, 2011: 1-6. 

Deo, P. P., Gupta, J. S., Gupta Pushpa (2080).  
Moulds intercepted on seed and dal of 
lentil collected from severe flooded areas 
in Agra mandi. Seed and farms Nov. 
1980: 11-12. 

Domesch, K., Garms, W. and Anderson, T. H. 
(1980). Compendium of soil fungi. 
Academic press, New York. 

Ellis, M. B. (1971). Dematiaceous 
Hyphomycetes. Common wealth 
Mycological Institute, Kew, Surrey, 
England.  

Giridhar, P. and Reddy, S. M. (2001). 
Incidence of mycotoxigenic fungi on 
raisins, Ad. Plant Sci. 14(1): 291-294. 

Mohd. Shaker, Momin, R. K. and Hashmi 
Seema (2010). Isolation and 
identification of some pulse mycoflora. 
Bionano Frontier. 2: 321-324. 

Prasad, T., Bilgrami, K.S., Thakul, M. K. and 
Singh, A. (1984). Aflatoxin problem in 
some common spices. J. Ind. Bot. Soc. 
63: 171-173. 

Reddy, B. N. (2006). Evaluation of fungicides 
against seed borne fungi of blackgram. 
Seed and Farms, February, 2006: 162-
163. 

Rajesh Gadewar, Lambat Ashish, Charjan 
Sanjiv, Charde, Pravin, Cherian, 
Konglath and Lambat Prachi (2011). Post 
harvest losses in qualities of pegionpea 
seed due to pulse beetle infestation. In: 
Proc. International Conference in 
agricultural engineering, Thailant, 31 
March – 1st April 2011: 14-20. 

Sinha, M. K. (2007). Changes in the starch 
content of some fungal infected pulses. 
Indian Phytopath 34: 269-271.

 



 

[ISSN 0975 - 6272]               

 

Volume II Number 2 2011 [23-28] 

30
Comparative study of Eco Cement with OPC and PPC 

 

 

 

 

 

 
 

Comparative study of Eco Cement with OPC and PPC 
 
 

Vinay Deulkar1, Manish Verma2, Umesh Pendharkar3 

 

Received: March 23, 2012 ⏐ Accepted: May 10, 2012 ⏐ Online: July 27, 2012 
 

Abstract  

Around 26 billion tons of CO2 are released to 
the atmosphere annually, around 20 billion 
metric Tons of which is from the burning of 
fossil fuels and close to a significant 2 billion 
tones from the production of Portland cement. 
Over two tons of concrete are produced per 
person on the planet per annum. There by 
causing the greenhouse gases are increasing in 
the environment this is the major problem 
arising for world .this problem cannot be 
reduced but this can be minimized by eco 
friendly material eco cement. 

Eco-cements are hydraulic cements containing 
15-20% reactive magnesia. When this reactive 
magnesia react with opc a brucite is form this 
is capable of absorbing co2 from environment. 

The most important characteristic of eco-
cements is absorption of CO2 from atmosphere. 
Other properties affected include shrinkage, 

 

 

 

 

 

 

 

durability and rheology. This paper discusses 
the potential impact on sustainability of the 
new eco-cement Technologies for 
sustainability and comparison of physical 
properties of Eco Cement with Ordinary 
Portland Cement (OPC) and Portland   
pozzolana cement. It also discusses the amount 
of CO2 absorb by Eco cement in comparison 
with OPC and PPC. 
 

Keywords:  Brucite   ⏐ durability  ⏐  reactive 
magnesium oxide  ⏐  reactive magnesia  ⏐   
Portland cement  ⏐  Portland pozzolana cement 

  

Introduction 

Eco-Cement is made by heating magnesite in a 
kiln to produce reactive magnesium oxide 
(magnesia). That magnesia powder is then 
added to a conventional Portland cement mix 
which, in turn, can be mixed with aggregates, 
in the usual fashion, to make Eco-Cement.  

Eco-Cement hydrates in permeable substrates, 
using mix water, then carbonates. The more 
magnesia added and the more permeable it is, 
the more CO2 the Eco-Cement absorbs. An 
Eco-Cement concrete block typically takes up 
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to one year to carbonate fully, occurring 
quickly at first and then slowing as the process 
continues. Furthermore, should an Eco-Cement 
structure reach its end-of-life or become 
obsolete, it can be almost fully recycled back 
into cement.  

As we know that, incorporating pozzolans into 
cement mixtures is common practice, but 
because Portland is alkaline there are strict 
limits. Magnesium-based cements, however, 
are significantly less alkaline, leaving room for 
much larger amounts of bulking material 
without compromising structural integrity. 
“We can probably get three of four times more 
waste into our cement than Portland cement,” 
Mr. Harrison has said buildings could become 
massive ‘carbon stores’.  

How do Eco-Cements work? 

Eco -Cement is made by blending a small 
amount of reactive magnesia with conventional 
hydraulic cements like Portland cement. As the 
magnesia hydrates it consumes water forming 
brucite hydrates which can later deliver more 
water for the more complete hydration of other 
hydraulic cement components adding to long 
term strength development. We maintain that 
lime should not be allowed to remain in 
concrete as it is far too mobile and reactive. 
Put some in your next cup of tea if you do not 
believe this! In Tec-Cement concretes lime 
produced as a result of the hydration of 
Portland cement is consumed by what is 
known as the pozzolanic reaction with silica 
and alumina and replaced by brucite which is 
magnesium hydroxide and a much more stable 
and less soluble alkali. The result is that 
durability is significantly improved. Many 
other properties of concrete are favorably 
affected including the flow characteristics 
(rheology) and dimensional change. 

A. Chemical Reaction of Eco Cement 

MgCO3  MgO + ↓CO2 - Efficient low 
temperature calcinations 

MgO + H2O  Mg (OH)2 – Hydration 

Mg (OH)2 + ↓CO2 + 2H2O → MgCO3 + 3H2O 
– Carbonation 

In the cycle of chemical reaction of eco cement 
it does not take much energy to go from one 
state to another, it occurs at low temperature. 
Magnesium Oxide which hydrates to 
magnesium hydroxide and then carbonates is 
ideal for scrubbing CO2 out of the air and 
sequestering the gas into the built environment. 

Methodology in Manufacturing the Eco 
Cement 

1. Magnesite (a compound of magnesium) is 
obtained from quires and then it heated in a 
kiln to around 600 to 750 degrees C. The 
lower firing temperature of the Tec-Kiln 
makes it easier to use free energy such as 
wind or solar or even waste energy and Tec 
Eco plan to make a kiln that does not use 
fossil fuels and in which the CO2 gases 
produced from the magnesium carbonate as 
it decomposes is captured and contained 
for further use or safe disposal.  

2. Eco cement also wants to grind in the hot 
area of his kiln for increased efficiency. 

3. The heating process produces reactive 
magnesia. 

4. The reactive magnesia (powder) is added 
in ordinary Portland cement. 

5. The resulting blended powder is eco 
Cement. 

For experimental work of this paper the 
readymade the reactive magnesia (MgO 
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powder) available in market is added in OPC 
about 15%. 

Comparison of Physical Properties 

For the comparison of physical properties of 
Eco cement, about 15% MgO powder is 
properly mixed with the OPC. For this 
preparation the MgO powder is produced from 
the chemical shop. Other two samples OPC 53 
grade and PPC were used. All general physical 
properties of Eco cement are checked and 
compared with the ordinary Portland cement 
and Portland pozzolana cement as under.  

A. Fineness Test 

 The Sieve test is preferred for this purpose. 
Weigh correctly 100 grams of all three 
samples, took it on IS sieve No. 09 (90 
microns). Break down the air set lumps in the 
samples with the fingers. Continuously sieving 
has been done in circular and vertical motion 
for the period of 15 minutes. The residue left 
on the sieve was weighed. Three samples of 
each cement that is PPC, OPC and Eco cement 
was checked, the average results are as under- 

 

 

As per standers the residue should not be more 
than 10%. But it is observed that Eco cement is 
finer than PPC and OPC. 

 

B. Standard Consistency Test 

This is the test conducted to estimate the 
quantity of water to be mixed in cement to 
form a paste of normal consistency for use in 
other tests. The conventional method of Vicat 
apparatus is used. Three trials are taken for all 
three samples of cements, for different 
percentage of water. The standard consistency 
found for all samples is under- 

 

The above observations shows the standard 
consistency of OPC, PPC and Eco cement was 
found nearly same from different trials. 

C. Soundness Test 

It is very important that the cement after 
setting shall not undergo any appreciable 
change of volume. This will cause serious 
difficulties for durability of structures when 
unsound cement is used. The testing of 
soundness of the cement, to ensure that the 
cement does not show any appreciable 
subsequent expansion is of prime importance.  
The unsoundness of the cement is due to 
excess of lime and magnesia or excessive 
proportion of the sulphates. As Eco cement 
contains percentage of magnesia more than 
OPC and PPC there may be fear of 
unsoundness, so this test become very essential 
while comparing the Eco cement with other 
types of cements. The soundness of all there 

S.  No. 
Type of 
Cement 

Average 
residue left 

01 OPC 4.5 % 

02 PPC 3.5 % 

03 Eco Cement 2 % 

S.  No.
Type of 
Cement 

standard 
consistency 

01 OPC 41 % 

02 PPC 38 % 

03 Eco Cement 40 % 

Table I: Results of fineness test on cement samples 

Table II: Standard consistency 
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samples of cements are tested by using the Le-
Chatelier apparatus. There samples of each 
cement sample is boiled with the Le-Chatelier 
mould. The differences between the initial and 
final distance of indicator points were noted. 
The average results are as under – 

 

S.  No. 
Type of 
Cement 

Average differences 
between the initial 
and final distance of 
indicator points 

01 OPC 2.33 mm 

02 PPC 1.67 mm 

03 
Eco 

Cement 
3.00 mm 

 

Here from the observation the eco cement is 
looking somewhat unsound in comparison with 
OPC and PPC. But as per the standard the 
average differences between the initial and 
final distance of indicator points of Le-
Chatelier mould must not exceed 10 mm, so 
though the expansion of Eco cement is slightly 
more but it is well within the limit, so Eco 
cement can’t stated as unsound. 

D. Setting Time Test 

The initial setting time is regarded as the time 
elapsed between the moment that the water is 
added to the cement, to the time that the paste 
starts losing its plasticity. The final setting time 
when the paste is completely lost its plasticity 
and has attained sufficient firmness to resist 
certain pressure. In actual construction dealing 
with cement paste, mortar or concrete certain 
time is required for mixing, transporting, 
placing, compacting and finishing. During this 

time cement paste, mortar, or concrete should 
be in plastic condition. The time interval for 
which the cement product remains in plastic 
condition is known as the initial setting time. 
Normally a minimum of 30 minutes is given 
for mixing and handling operations. Once the 
concrete is placed in the final position, 
compacted and finished, it should lose its 
plasticity in the earliest possible time so that it 
is least vulnerable to damage from external 
destructive agencies. This time should not be 
more than 10 hours, which often referred as 
final setting time. 

Initial Setting Time Test: For this test 
conventional Vicat Apparatus is used with as 
usual procedure –  

 

 

Final Setting Time Test: For this test also 
conventional Vicat Apparatus is used with as 
usual procedure -  

S.  No.
Type of 
Cement 

Initial Setting 
Time 

01 OPC 115 Minutes  

02 PPC 190 Minutes 

03 Eco Cement 135 Minutes 

S.  No.
Type of 
Cement 

Final Setting 
Time 

01 OPC 175 Minutes  

02 PPC 310 Minutes 

03 Eco Cement 290 Minutes 

Table III: Soundness of cement samples 

Table IV: Initial setting time 

Table V: Final setting time 
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As per IS 12269 – 1987 (for OPC) and IS 1489 
(Part 1): 1991 (for PPC) initial setting time in 
minutes shall not be less than 30 and final 
setting time shall not be more than 600. The 
both setting times of Eco cement are within the 
limits of 30 minutes and 600 minutes.  

E. Compressive Strength Test 

The compressive strength of hardened cement 
is the most important of all the properties. 
Therefore, it is not surprising that the cement is 
always tested for its strength at the laboratory 
before the cement is used for important works. 
Strength test are not be made on neat cement 
paste because of difficulties of excessive 
shrinkage and subsequent cracking of neat 
cement. Strength of cement is indirectly found 
on cement sand mortar in specific proportions. 
The standard sand is used for finding the 
strength of cement. It shall conform to IS 650 – 
1991. For checking the compressive strength of 
all three samples of cements that is OPC, PPC 
and Eco cement 555 grams of standard sand, 
185 grams of cement sample has been taken. It 
means ratio of cement to sand was 1:3. The 
amount of water   + 3.0 percent of combined 

weight of cement and sand and mixed the three 
ingredients thoroughly until the mixture is of 
uniform color. The time of mixing kept 
between 3 to 4 minutes. Immediately after 
mixing, the mortar is filled into a standard cube 
of size 7.06 cm, the area of the face of the cube 
was equal to 50 square centimeters. 
Compaction is done by standard specified 
manner. Nine cube of each sample of cement 
that is OPC, PPC and Eco cement are prepared 
and kept for curing in the tank. Three cubes of 
each cement sample are tested after 3, 7 and 

finally 28 days of curing. The results are 
tabulated under-  

      
      

According to IS 12269 – 1987 the minimum 
compressive strength of OPC 53 grade should 
be 27 MPa in 03 days, 37 MPa in 07 days and 
53 MPa in 28 days of curing. And as per IS 
1489 (Part 1) 1991 the minimum compressive 
strength of PPC should be 16 MPa in 03 days, 
22 MPa in 07 days and 33 MPa in 28 days of 
curing. For OPC and PPC the testing of 
compressive strength meets the norms of 
standards. For Eco cement no standard norms 
are available, but from testing it is observed 
that the compressive strength of the Eco 
cement is less than OPC but its strength is very 
nearer to PPC. It means where strength criteria 
has prime important but using PPC it can be 

S. 
No. 

Days 
of 

Curing

Cement 
sample 

Average 
Compressive 
Strength of 

three cubes in 
Mpa 

01 
03 

Days 

OPC 29.75 

PPC 25.82 

Eco 24.50 

02 
07 

Days 

OPC 38.91 

PPC 31.50 

Eco 30.00 

03 
28 

Days 

OPC 54.28 

PPC 37.28 

Eco 36.61 

Table VI: Compressive Strength of Cement Samples 
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replaced by Eco cement to achieve its other 
benefits. 

Measurement of CO2 absorbed by the 
cement sample product 

It is theoretically clear that due to excess MgO 
the Eco cement will absorb more CO2 as 
compare to other cements. To demonstrate this 
comparison a set has been developed in the 
laboratory. Instead of measuring CO2 level 

from Air of closed chamber or container it will 
measure the amount of CO2 absorbed by 
product of Eco cement and other cement. For 
this purpose set up of lime water and CO2 
reaction was developed in the laboratory. We 
can measure the amount of calcium carbonate 
[CaCO3] precipitated due to lime water and 
CO2 reaction as under – 

Ca (OH) 2 + CO2 → CaCO3   +   H2O                                           
(lime water)      (white precipitate)      

Reagents required: 1) Con. H2SO4 – foe 
washing the gas CO2 and absorb the water 
vapors.  

2) Dilute H2SO4 – dilute 1:4.  Add acid to the 
water and stir it continuously. 

3)  Lime water – Add excess of water to the 
lime keep for overnight, decant and filter it 
properly. 

4) Powder of cement product – powder cement 
product of 28 days cured and kept open in air 
for 7 days. For this purpose the cubes which 
were prepared for compressive strength test 
was left for 7 day in open and then grind to get 
the powder. 

Glassware preferred: For proper 
demonstration of the experiment in laboratory 
the glassware of Agawal scientific glass 
industries (ASGI) are choose, which is well 

known in this field and  ISO 9001 : 2008 
certified company. 

1)  RB flask B-19, 250 ml 

2) Adaptor 1030 with socket B-19, cone B-19 

3) Bottle gas washing B-29, 250ml  

4) Funnel separating Cone B-19  

Procedure adopted:  

1) Take nearly 75 to 100 ml of lime water in 
the gas washing bottle and weigh iit with the 
help of chemical balance correctly. Note down 
the initial weight of bottle with lime water.  

2) Take about 10 to 15 grams of power of 
cement product, pour it in the round base (RB) 
flask and assemble as shown in the figure. 

3) Add nearly 100 ml of dilute H2SO4 from 
dropping funnel till it shows effloresces. It 
generates the carbon dioxide gas which will 
pass through con.  H2SO4 initially which 
absorbs the H2O vapors. Later on it will bubble 
in the bottle of lime water. Due reaction of 
CO2 with lime water, lime water turns to 
cloudy milky.  

4) To check the saturation of the lime water 
extra test tube filled with lime water again can 
be attached to the out let of the bottle. When 
the lime water in the test tube starts become 
milky it shows the saturation in bottle of lime 
water. 

5) Weigh the lime water bottle after 
experiment. If the weight of lime water 
increases it shows the amount of CO2 from 
cement product sample. 

The figure shows the detail demonstration of 
the experiment. The extra test tube is also 
shown in the figure to check the saturation of 
the lime water in the gas washing bottle. 
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Abstract  

Zooplankton composition of Lakhani Lake, 
Lakhani of Bhandara district has been studied 
for a year. A total of 21 species were 
identified. 9 of them belonging to Rotifera, 8 to 
Cladocera, 3 to Copepoda and 01 to ostracoda. 
The study of zooplankton diversity would be 
very useful in preparing the biodiversity atlas 
of the planktonic species as well as in future 
environment impact assessment studies. 

 

Keywords:  Bioindicator  ⏐ Cladocera ⏐  
Eutrophication  ⏐  Lakhani lake  ⏐  Rotifera  ⏐  
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Introduction 

Bhandara district is popularly known as ‘Lake 
District’. It possesses more than 15000 lakes 
and reservoirs. Studies on freshwater 
biodiversity of Bhandara district are scare. 
Zooplanktons occupy an important position in 
the trophic structure and play a major role in 
the energy transfer of an aquatic ecosystem. 

Anthropogenic activities at the basin of lake 
and nearby agricultural runoff increased the 
organic load, which considerably alter their 
physico-chemical characteristics. Accelerate 
the process of eutrophication, which alter food 
chain sequences leading to production of 
commercially less valuable higher trophic 
organisms (Rao et al., 1994). One of the main 
difficulties in studying loss of biodiversity due 
to eutrophication is the absence of previous 
records of species composition. The present 
work was undertaken to study the zooplankton 
composition of Lakhani Lake, Lakhani of 
Bhandara district. Notable contributions on 
zooplankton of fresh water ecosystem are 
available due to Sharma and Micheal (1987), 
Sharma (1996), Kodarkar (1999), Kudari et al. 
(2005). 
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Materials and Methods 

Lakhani Lake is about 100 year old, situated in 
the urban area, surrounded by nearby 
agricultural land. The water body is organically 
enriched with anthropogenic activities as well 
as agricultural surface runoff. Samples were 
taken monthly for a year by plankton net of 
bolting cloth of 25µ. The samples were 
preserved 4% fomaline and observed and 
identified by using the literature of Ward and 
Whipple (1959), Micheal (1988), Dhanapathi 
(2000) and Sehegal (1983). 

Result and Discussion 

Zooplankton was recorded from Lakhani Lake, 
Lakhani belonging to Rotifera, Cladocera, 
Copepoda, Ostracoda.  The lake was 
dominated with Rotifera followed by 
Cladocera, Copepoda and Ostracoda. A total of 
21 species were identified. 9 of them belonging 
to Rotifera, 8 to Cladocera, 3 to Copepoda and 
01 to Ostracoda.  

The Lakhani lake is largely colonized by 
submerged and emerging macrophytes, which 
almost completely occupy its surface area.  
Littoral rotiferns, members of Cladocerns and 
ostracods favour this kind of environment 
(Rocha et al., 1995).  Out of 09 species of 
rotifers, 05 species belongs to Brachionidae 
and one species of Lecanidae and one from 
Asphlanchnidae. Brachionus was the 
prominent genus represented by 07 species i.e. 
Brachionus calyciflorus, B. Calyciflous 
amphiceros, B.falcatus, B. quadridentatus, B. 
bidentata, Plationus patulus and Keratella 
tropica. Genus Brachionus is one of the most 
ancient genus of monogonont rotifers and is 
represented by 46 species in India (Sharma, 

1983).  The genus Brachionus is the index of 
eutrophic waters (Sladecek, 1983) and its 
abundance is considered as a biological 
indicator for eutrophication (Nogueira, 2001). 
The species B. calyciflorus is considered to be 
a good indicator of eutrophication (Sampaio et 
al., 2002). According to Liu Fengqui, (1996), 
the small population of Copepods is directly 
proportional to the large population of the 
rotifer species appeared in waters with high 
eutrophication. The dominant of Rotifer 
species indicates organic pollution due to 
direct entry of untreated sewage from 
catchments area (Arora, 1966).  

About 600 species of fresh water Cladocerans 
have been reported (Korovchinsky, 1996) to 
occur throughout the world and in India 110 
species have been recorded (Patil and Goudar, 
1989).  In the present study 08 Cladoceran 
species are recorded. According to Uttangi 
(2001) Cladocerans prefer to live in clear 
water. In the littoral zone, the Chydorus 
species usually associate with macrophytes, 
periphyton or sediment (Wisniewski et al., 
2002). The Cyclopoids Copepods were 
recorded during early winter may be due to the 
water with heavy algal blooms (Meshram, 
1996). Ostracod gave very little contribution in 
the zooplankton diversity and occurs 
occasionally. The present study indicates that 
the water body is highly eutrophic and a 
sustainable and holistic management planning 
is necessary for conservation of this lake. 
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Rotifera Cladocera Copepoda Ostracoda 
Family: Brachionidae 
Brachionus 
calyciflorus 
B.calyci. amphiceros 
B. falcatus 
B. quadridentatus 
B. bidentata 
Plationus patulus 
Keratella tropica 
 
Family: Lecanidae 
Lecane sps. 
 
Family: 
Asplanchnidae 
Asplanchna 
brightwelli 
 

Family: Sididae 
Diphanosoma sarsi 
Diphanosoma  
excisum 
 
Family:Macrothricidae
Macrothrix spp. 
Ilyocryptus spp. 
 
Family: Chydoridae 
Chydorus spp. 
 
Family: Daphnidae 
Cereodaphnia cornuta 
Simocephalus spp. 
 
Family: Moinidae 
Moina micrura 
 

Family: Cyclopidae 
Mesocyclop spp. 
Ectocyclops 
phaleratus 
 
Family: Diaptomidae 
Heliodiaptomus 
viddus 
 

Family:Cyclopidae
Cypris spp. 
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Abstract  

The Navegaon National park located on the 
undulating hills, which form the catchment of 
Itiyadoh dam and Navegaonbandh Lake. It covers 
an area of 133.88 sq km of pristine dry deciduous 
to moist deciduous forest. The area has special 
habitat like caves, cliffs, thickets on the gentle to 
steep slopes of hills which shelter variety of 
herpetofaunal species.  
In management strategies of National park mostly 
conservation and management of higher vertebrates 
like birds and mammals are emphasized and the 
herpetofauna which is very useful in controlling 
agriculture and other pests are overlooked. Such 
lack of attention to conservation issues within 
herpetological community may be due to our 
ignorance of biology of such species. For the 
present study all the forest ranges included in the 
park area were surveyed with the assistance of park 
officials, local tribals and other naturalists from the 
area.  
Keywords:  National park  ⏐ Herpetofauna  ⏐  
Conservation  ⏐  Management ⏐ Navegaon 
National Park    
 

 

 

 

 

 

 
 

Introduction 

Navegaon national park is situated in the 
Gondia district of Maharashtra state and is 
about 150 Km from Nagpur. The park area was 
notified as National park in the year 2000. The 
park is located on undulating hills, which form 
the catchment of Itiyadoh dam and Navegaon 
Bandh Lake. It covers an area of 133.88 Sq 
Km of pristine dry deciduous to moist 
deciduous forest (Champian & Seth 1968). The 
area has special habitats like caves, cliffs, 
thickets on the gentle to steep slopes of hills 
which shelter variety of herpetofaunal species. 

A perusal of literature on herpetofaunal 
diversity reveals many reports from central 
India and erstwhile Central provinces (Smith 
1931, Sharma 1976, Agrawal 1981, Saksena et 
al. 1988, Sanygal and Dasgupta 1990, Pillai 
etal. 1991, Ingle 2002, 03, Gajbe 2003.). 
Various workers have studied and reported 
herpetofauna from national parks also. 
Agarwal (1976) recorded 8 species of reptiles 
from Kanha national park and Sanyal & Sur 
(1995) described 22 species of reptiles from 
Kanha Tiger reserve. Chanda (1995, 96) 
recorded 5 species and Eric & Chanda (2002) 
reported one species of amphibian from Kanha 
tiger reserve. Agrarwal recorded 3 species of 
reptiles from Pench national park, Pasha etal. 

International Journal for Environmental Rehabilitation and Conservation 
Volume III No. 1 2012 [42 – 49]     [ISSN 0975 - 6272] 

For correspondence: 
 

1Centre for higher learning & research N.H.College, 
Bramhapuri, Distt. Chandrapur.(M.S.), India 
2Deptt. of Zoology  S.S.J. College, Arjuni/Morgaon, Distt. 
Gondia. (M.S.), India 
3Deptt. of Zoology Samarth College Lakhani, Distt. 
Bhandara (M.S.), India 
4Navegaon National park, Distt. Gondia (M.S.), India 

E-mail: paliwalgt@rediffmail.com 



 

[ISSN 0975 - 6272]      Bhandarkar et al. 

 

43

Volume III Number 1 2012 [41 – 49] 

Herpetofaunal diversity at Navegaon National Park, Distt. Gondia Maharashtra 

(2002) recorded 10 species of snakes from 
Pench national park. Chada (1995) recorded 8 
species of amphibians from Indrawati tiger 
reserve. 

In terms of endemism in vertebrates India 
ranks fifth in reptiles and seventh in 
amphibians but in management strategies of 
national parks mostly higher vertebrates like 
birds and mammals are emphasized and 
herpetofauna is overlooked. Such lack of 
attention to conservation issues with respect to 
herpetological community is mostly due to our 
ignorance of biology of such species. 
Therefore the present investigation is 
undertaken to prepare a diversity atlas of 
herpetological fauna of the national park. 

Methodology 

For the present study all forest ranges included 
in the park area were surveyed with the 
assistance of park officials, local tribals  and 
nature lovers from the area from September 
2009 to August 2011. 

The amphibians and reptiles encountered were 
photographed and latter identified with 
standard literature (Fauna of British India 
Volumes by Smith Vol 2 (Sauria), Vol 3 
(Serpents), Chanda (2002), Daniel (2002) and 
Khaire (2006). 

Result and Discussion  

Table 1 and Plate 1 illustrates the amphibian 
species recorded in the park area.  

In the present investigation 13 species of 
anurans belonging to 5 families were recorded. 
Saksena et al. (1988) reported 8 species of 
amphibians from Madhya Pradesh. Pillai et al., 
(1991)  reported 8 species of amphibians  from 
Narmada valley, Sanyal etal. reported 7 species 
of amphibians from Bastar. Ingle (2003) 
recorded 5 species of amphibians from 

Madhya Pradesh. Chanda (1995) recorded 8 
species of amphibians from Indrawatti tiger 
reserve. Many workers have studied the 
amphibian fauna of Maharashtra State. Sekar 
has given a list of 34 species of amphibians 
from Maharashtra State. Paddhey and Ghate 
(2002) listed 43 species of amphibians from 
Maharashtra State. 

Though the amphibians are reported from other 
parts of Maharashtra, the species from the 
national park area are not extensively explored. 
The species recorded in the present 
investigation are common with the species 
recorded from other parts of Maharashtra and 
M.P. 

Table 2 and plate 2 illustrates the reptilian 
species recorded in the park.  

In the present investigation 3 species of 
Tortoises, 14 species of Lizards and 29 species 
of Snakes were recorded. The diversity of 
Snakes apparently appears to be fairly rich in 
the park. 

Agrawal (1981) recorded 8 species of reptiles 
from M.P. And C.G., Khajuria (1986), Sanyal 
& Dasgupta (1990) reported 19 species of 
reptiles from Bastar. Ingle (2002) reported 30 
species of Snakes from Malva region. Various 
workers also reported reptilian species from 
the national parks from adjacent states. 

Agrawal (1976) reported 8 species of reptiles 
from Kanha national park. Sanyal & Sur 
described 22 species of reptiles. Agrawal 
(1977) recorded 3 species of reptiles from 
Pench national park and Pasha et al. (2000 
reported 19 species of snakes from  Pench 
national park M.P. Saksena (1991) reported 15 
species of reptiles from Madhao national park 
while Sanyal (1995) reported 12 species of 
reptil8ia from Indrawatti tiger reserve M.P.  
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The species recorded are similar to the other 
species reported from the National parks from 
adjacent States. 

According to Biju (2008) the core philosophy 
of conservation is to protect the habitat, the 
species then conserve themselves. This applies 
very well to the herpetofaunal species as many 
threatened species might have taken shelter in 
national parks and sanctuaries. 

Most of the species of herpetofauna are 
sensitive to environmental and habitat 
requirements, however they typically excluded 
from consideration in habitat management and 
E.I.A. Many species of them are habitat 
specialists, therefore details of ecology and 
distribution can be used in monitoring habitat 
quality as indicators of specific habitat.   

 

Class/Order/Family Species Name Common Name Status 

Class-Amphibia 

Order- Anura 

Family- Buffonidae 

Buffo melanostictus Asian common Toad Common 

 

 

Family- Micrihylidae Ramanela varigata Narrow mouthed pug 

Frog 

Rare 

 Kaloula taprobanica Painted bull frog Uncommon 

 Microhyla ornata Ornamented pygmy Frog Common 

 Microhyla rubra Red microhylid Uncommon 

 Uperodon systoma Marabled Baloon frog Uncommon 

 Uperodon globulosum Grey Ballon Frog Common 

Family- Ranidae Hoplobatrachus tigerinus Indian bull Frog Common 

 Euphlyctis cyanophlyctis Skittering Frog Common 

 Hydrophylax malabarica Fungoid Frog Uncommon 

Family- Dicroglossidae Sphaerotheca breviceps Indian Burrowing Frog Common 

 Sphaerotheca dobsoni Burrowing Frog Uncommon 

Family- Rhacophoridae Polypedates maculatus Common Tree Frog Common 

Total Species: 13. Buffonidae (1), Microhylidae (6), Ranidae (3), Dicroglossidae (2), 

Rhacophoridae (1). 

 

 

 

 

Table 1: Amphibian species 
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Class/Order/Family Species Name Common Name Status 
Class- Reptilia 
 
Order- Chelonia 
 
Family- Trionychidae 

Aspideretes gangetcus  
 

Indian Softshell Turtle 
 

Uncommon 
 

Aspideretes leithii Deccan Softshell Turtle 
 

Common 
 
 

Family- Emydidae Melanochelys triguga  Black Turtle Uncommon 
Order- Squamata 
 
Sub order-  Sauria 
 
Family- Geckonidae 
 

Hemidactylus brook Brooks Gecko Common 
Hemidactylus triedrus Termite Hill Gecko Uncommon 
Hemidactylus flaviviridis House Gecko Common 
Hemidactylus leschenaulti Bark Gecko Common 
Geckoella collegalensis Kollegal Ground Gecko Rare 
Geckoella nebulosa Clouded Ground Gecko Rare 

Family- Agamidae 
 

Calotes versicolor  Common Garden Lizard Common 
Psammophilus dorsalis Peninsular Rock Agama Common 
Sitana ponticeriana Fan-throated Lizard Common 

Family- Chammaelonidae Chamaeleon zeylanicus  Indian Chamaeleon Uncommon 
Family- Scincidae 
 

Mabuya carinata Common Skink Common 
Mabuya macularia Little Skink Common 
Lygosoma punctatus Snake Skink Uncommon 

Family- Varanidae Varanus bengalensis Common Monitor Common 
Sub order-  Serpents 
 
Family- Typhlopidae 

Ramphotyphlops braminus  Common worm or Blind 
Snake  

Common 

Grypotyphlops  acutus  Beaked Worm Snake Uncommon 
 
 
Family- Boidae 

Python molurus molurus  Indian Rock Python Uncommon 
Gongylophis coincus  Russels Sand Boa Common 
Eryx johni  Johns or Red Sand Boa Rare 

 
 
Family- Colubridae 
 

Coelognathus helena  Comman Trinket Snake Uncommon 
Ptyas mucosa  Dhaman or Common Rat 

Snake 
Common 

Argyrogena fasciolata Banded Racer Uncommon 
Oligodon taeniolatus  Russell`s Kukri Snake Rare 
Oligodon arnensis  Common Kukri Snake Common 
 Dendrelaphis tristis  Common Brozeback or 

Tree snake 
Common 

Lycodon striatus  Barred Wolf Snake Common 
Lycodon aulicus  Commom Wolf Snake Common 
Sibynophis subpunctatus  Dumerils Black-headed 

Snake 
Uncommon 

Xenochrophis piscator Checkered keelback Common 
Amphiesma stolata  Buffstripped keelback Common 
Macropisthodon plumbicolor Green keelback Rare 
Atretium schistosnm Olive Kellback Common 
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Boiga trigonata Common Cat Snake Common 
Boiga forsteni  Forstens Cat Snake Uncommon 
Ahaetulla nasuta  Common Vine Snake Uncommon 

 
Family- Elapidae 

Bungarus fasciatus  Banded Krait  Common 
Bungarus caeruleus  Common Krait Common 
Calliophis melanurus  Slender Coral Snake Rare 
Naja naja  Spectacled Cobra Common 
Naja kaouthia  Monocled Cobra Rare 

 
Family- Viperidae 

Daboia russelli  Russells Viper Uncommon 
Echis carinatus  Saw-scaled Viper Rare 
Trimeresurus graminsis  Bamboo Pit Viper Uncommon 

Total Species: 46. Trionychidae (2), Emydidae (1), Geckonidae (6), Agamidae (3), Chammeleonidae (1), 
Scinidae (3), Varanidae (1), Typhlopidae (2), Boidae (3), Colubridae (16), Elapidae (5), Viperidae (3). 

 

 

Table 2: Reptilian species
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Abstract  

The comparative analysis of Dobriyal Index 

(DI) and Gonado Somatic Index (GSI) used for 

the estimation of sexual maturation of  a major 

carp Labeo dyocheilus was studied in the 

Western Ram Ganga, India. Dobriyal Index has 

been used by different researchers in India and 

abroad and is observed to be more effective 

than GSI. In the present study too, the DI 

showed more accuracy than GSI when 

correlated with other observation. 
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Introduction 

Fishes of the genus Labeo are distributed in 

some rivers of the Uttarakhand region from 

India.  Labeo dyocheilus is a commonly 

distributed species inhabiting Western Ram 

Ganga River. It is a small to medium sized fish 

and commonly known as “Oonara”. 

L.dyocheilus is a shoaling species, inhabiting 

rocky habitats of small and large spring-fed 

rivers. For a long time it had been considered 

as a species without commercial value in 

Uttarakhand area but however, it is currently 

gaining more and more importance among the 

fish of commercial interest. The knowledge of 

its spawning time and viability for fish culture 

at commercial level, and the knowledge of its 

spawning time and frequency are essential.   

 This study contributes to the knowledge of the 

sexual maturity of this species, by investigating 

the biological aspects of maturation including 

the Dobriyal Index (DI), Gonado-somatic 

index (GSI), spawning season and 

determination of spawning grounds. Several 

scientific investigations on maturation biology 

based on GSI and DI of fish by macroscopic 

method are reported Dobriyal et.al, (1999), 

Yazdanpanah (2005), Esmaeili and Shiva 

(2006), Esmaeili et. al., (2009) and Bahuguna 

and Kumar (2011). The present investigation 

was undertaken to assess a comparative 

analysis of DI and GSI used for determination 
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of sexual maturity in fish. The present 

communication emphasizes that interpretation 

of DI is much better than GSI in such cases 

where the fish starts spawning during the last 

week of a month and completes it during the 

next months. The reason behind the fact is that 

GSI calculation also considers body weight 

which in turn interferes with the exact outcome 

of the index since the body weight depends not 

only on gonadal weight but also on the eco-

physiological factors. 

Materials and Methods 

Sampling for fish 

Fish sampling took place at three stations. The 

first sampling station which is situated at 

Masse, on the spring-fed western Ram Ganga 

River, is located along a coarse, rocky zone 

with swift water current. The second sampling 

station at Domunda on the western Ram Ganga 

River is located in the rocky zone.  Marchula, 

the third sampling station is located on the 

plain zones of swift water. Monthly samples of 

Labeo dyocheilus were obtained from local 

fisherman during the November 2008 to 

October 2010. The total length (TL) of each 

specimen was measured to the nearest 0.1cm, 

while weight was measured to the nearest 

0.1gm. After taking morphometric 

measurements, the fish was preserved in 5% 

formalin for further study. The total length and 

weight of the fish was recorded in fresh 

condition. However, other parameters were 

measured within a fortnight of collection. A 

total of 160 specimens were collected (101 

males and 59 females).   

Maturation Biology 

Following indices were calculated. (a) The 

Dobriyal Index (DI): Dobriyal Index was 

invented by Dobriyal et.al. (1999). It produced 

better results because the body weight was not 

considered in this case. The D.I. is calculated 

as: D.I. = 
3
√GW (Cube root of average gonad 

weight), where, D.I. = Dobriyal Index, 
3
√GW 

= Cube root of average gonads calculated for 

each month for male and female fish 

separately. (b) The Gonado-somatic index 

(GSI): The Gonado-somatic index (GSI) was 

observed to the indicated spawning period and 

frequency. The weights of the body as well as 

of the gonads (testes and ovaries) were noted. 

The GSI value was calculated with the help of 

equation: Weight of Gonads / Weight of Fish x 

100. (c) Spawning season: Season and 

frequency of spawning can be estimated by 

analyzing the GSI, DI, availability of spent 

fishes, the occurrence of eggs and fry in their 

natural habitat. (d) Determination of spawning 

grounds: It was observed that during spawning 

period L. dyocheilus gathers in certain pockets 

on the lateral side of the streams. From that 

vicinity some eggs, fry and spent adult fishes 

were collected. Hence these spots were 

considered as possible spawning ground of the 

fish.      

Results 

Monthly samples of Labeo dyocheilus were 

collected with the help of local fisherman 

during the months of November 2008 to 

October 2010. A total of 160 specimens were 

collected (101 males and 59 females). From 

the monthly collection of 101 males and 59 

females for two years it was observed that the 

male attains the maximum size of 36.7mm and 

females 35.2mm. The minimum length of the 

fish was 12.5cm and maximum length 36.7cm 

respectively. The macroscopic study of gonads 

includes the physical observation of testes and 

ovaries and their length –weight 

measurements. Generally the lobes were 
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unequal and elongated. The middle portion of 

the ovary was broader than the anterior and 

posterior regions. In the matured ovary, the 

eggs were fully ripe and yellowish in colour 

with a lot of yolk. At this stage, the eggs 

become transparent and all look almost equal 

in diameter. The surface of the fully matured 

gonad was very smooth. It has been observed 

that the ovaries changed their shape, size, 

colour and other morphological features in 

different stages of maturity in different months. 

The mature testes were white, with milt oozing 

out on slight pressure. Milt was thick, white 

and adhesive. On the basis of above 

observations two prime indexes Gonado-

somatic index (GSI) and the Dobriyal Index 

(DI) were calculated. 

 The monthly values of Dobriyal Index (DI) 

are presented in the Fig.1. D.I. values for male 

and female fishes were observed maximum 

2.719 and 5.795 respectively in the month of 

May. The minimum D.I. values were observed 

in September 0.003for male; and in October 

0.008 for female. The monthly GSI values of 

Labeo dyocheilus are presented in the Fig.2. 

The minimum GSI value for male was 

recorded 0.019 and for female 0.121 in month 

of October and maximum values 4.986 for 

male and 14.798 for female during the month 

of June. Thus DI indicated that spawning 

started during June and also observed first 

decrease in value in this month, whereas GSI 

indicated that spawning started in the month of 

July. 
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Fig.1: Monthly variation in Dobriyal Index (DI) for Labeo dyocheilus during 

November 2008 to October 2010. 

Fig.1: Monthly variation in Gonado-Somatic Index (GSI) for Labeo 

dyocheilus during November 2008 to October 2010 
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Apart from this the Dobryial Index was found 

to be more accurate than GSI in locating the 

exact spawning season of fish which showed 

higher value in May in both the sexes and 

showed first decrease in value during June. 

The single spawning frequency was also 

confirmed by percentage occurrence of fish in 

different maturity stages during different 

months and also by the occurrence of fry and 

fingerlings during August to October. The 

monthly values of GSI of both the sexes are 

presented in the Fig.2, which shows clear 

peaks of the GSI in the month of June. The 

GSI of male and female fishes gradually 

increased from November onwards and 

attained the peak in June. The maximum GSI 

was recorded in the month of June 4.968 for 

male and 14.798 for female. It decreased in the 

month of July and was lowest in September 

(0.081 in male and 1.337 in female) in both the 

sexes indicating that the breeding period was 

July- September for Labeo dyocheilus fish.  

Discussion 

Several workers have applied the Gonado-

somatic index to elucidate the maturity and 

periodicity of spawning. The maximum values 

of GSI in both the sexes of Labeo dyocheilus 

were observed in month of July. Dobriyal 

Index indicated maximum value of DI in the 

month of May and spawning started in June; 

and minimum D.I. values were observed in the 

September 0.003for male; and in the month of 

October 0.008 for female.  D.I. was found to be 

a better index in comparison to GSI in 

indicating exact time of spawning as it was 

recorded maximum in May and first time 

decrease in the values during June, which 

shows that spawning had already started in 

June. On the basis of comparative analysis of 

DI and GSI, it is concluded that the spawning 

season of Labeo dyocheilus in the Kumaun 

Himalaya commences during June and extends 

up to the September. 

In the present study it was observed that Labeo 

dyocheilus spawns during June to September in 

the Western Ram Ganga River. The percentage 

of fishes which had completed the process of 

laying eggs increased till the month of 

September and from October onwards no 

fishes were found either in resting phase or in 

the developing new batches of eggs. Further, 

the fry were observed from July onwards. Our 

field observations were found exactly similar 

with Dobriyal index (DI) which was highest in 

May (2.719 for male and 5.759 for female) and 

first decrease in the value was in June (1.714 

for male and 4.769 for female). This nature of 

decrease in DI was observed continuously till 

August. When we analyzed the result of GSI 

we observed that this value was higher in June 

and started decreasing from July till 

September. This variation may be due to the 

fact that the number of spent fishes was too 

small that they could not have enough impact 

on GSI to bring it down. Dobriyal index 

calculates only the gonad weight (not the body 

weight) so probably this may be the reason for 

its being more accurate. This observation was 

also supported by our field study when a few 

spent fish were caught in the samples of June 

itself. 

The reason why GSI could not point out the 

slight decrease in the number of maturation 

indices when we calculate GSI, we also 

consider body weight in the calculation. Body 

weight depends not only on the gonad maturity 

but also on the physiological and ecological 

stresses that the fish faces which may be due to 

flooded condition of the river, when the food 

of the fish becomes scarce and in mature 



 

[ISSN 0975 - 6272]      Pankaj Bahuguna 

 

54 
 

Volume III Number 1 2012 [50 – 55] 

Appling new modified maturity index to detect the spawning season of fish 

 

condition they cannot feed properly, thus it 

may be one of the reason in slight decrease of 

the body weight. If weight of body goes down, 

then GSI value will automatically increase as 

one of the value is in numerator and the other 

is in denominator.  

Scientific bodies have also observed similar 

findings were recorded in Glyptothorax 

telchitta from Khoh river, India ( Rautela, 

1999); in Pseudecheneis sulcatus from river 

Alaknanda, India (Thapliyal, 2002); in Tor 

chelynoides from Nayar river, India (Uniyal, 

2003); in Nemacheilus botia from Khoh river, 

India (Singh, 2004); in Tor putitora from Song 

river, Uttarakhand, India (Bahuguna, 2004); in 

Garra rufa from Zanjiran stream, Iran 

(Yazdanpanah, 2005); in Botia dayi Hora from 

Khoh stream, India (Kumar et.al.,2006); in 

Persian tooth carp Aphanius persicus from 

Maharlu lake basin in Southern Iran (  Esmaeili 

and Shiva, 2006);  in Garra lamta from Khoh 

river, India (Rautela, et.al., 2006) and in 

Iranian cichlid Iranocichla hormuzensis Coad 

from Mehran river South Iran (Esmaeili et.al., 

2009).  
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Abstract  

Cancer remains the major cause of death in the 
developed, developing and underdeveloped 
countries next only to cardiovascular disease 
and hence is a major cause of morbidity and 
mortality worldwide. N-Nitrosodiethylamine 
(C4H10N2O) is the most important 
environmental carcinogen among the 
nitrosamines, present in our environment and 
food chain. N-Nitrosodiethylamine is present in 
a variety of Foodstuffs including milk, cheeses 
(0.5 to 30 µg/kg), meat products such as various 
salted and dried fishes (<1 to 147 µg/kg), cured 
meats (up to 40 µg/kg), alcoholic beverages (0.1 
µg/kg), and a few varieties of vegetables such as 
soybeans (0.2 µg/kg). DENA has been 
suggested to cause oxidative stress and cellular 
injury due to involvement of free radicals. It is  

 

 

 

 

 

 

 

reasonably anticipated to be a human 
carcinogen based on sufficient evidence of 
carcinogenicity in experimental animals. The 
essential nature of any cancer in humans or in 
animals continues to challenge scientists and 
practitioners interested in the patho-physiology, 
prevention and therapy of this disease. Despite 
recent advances in our understanding of the 
biological processes leading to the development 
of cancer, there is still a need for new and 
effective agents to keep this disease under 
control. 

 

Keywords: Chemoprevention  ⏐  Environnemental 
impact⏐  N-Nitrosodiethylamine  ⏐  Oxidative 
damage  
 

 

Introduction 

N-nitroso compounds (NOCs) are one of the 
important groups of carcinogens frequently 
present in human environment and food chain 
(Preussmann, and Stewar 1984). NOCs, like N-
nitrosodimethylamine (NDMA), N-
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nitrosomethylethylamine (NMEA) and N-
nitrosodiethylamine (DENA) are highly 
mutagenic compounds that are suspected of 
carcinogenicity (Ohkawa et al., 1979; Ohsawa 
et al., 2003). The presence of nitroso 
compounds and their precursors in human 
environment together with the possibility of 
their endogenous formation in human body 
have led to suggestions of their potential 
involvement in human cancers (Bartsch and 
Montesano, 1984; Kaplan et al., 1997).             

DENA is an N-Nitroso alkyl compound and 
was chosen as a carcinogenic model because 
this well-investigated, classic carcinogen is 
present in our environment and suggested to 
increase the generation of reactive oxygen 
species (ROS) resulting in oxidative stress and 
cellular injury (Preussmann, 1984; Bartsch et 
al., 1989; Bansal et al., 2000; Aiub et al., 
2003). There is considerable support to the 
concept that oxygen free radicals and related 
lipid peroxides also play a key role in the 
pathogenesis of normal senescence and of age-
related chronic degenerative diseases, 
including cancer (Maxwell, 2000). N-
Nitrosodiethylamine is reasonably anticipated 
to be a human carcinogen based on sufficient 
evidence of carcinogenicity in experimental 
animals (IARC 1978, 1982, 1987).   

 

Synonyms   

DEN (mutagen); NDEA; DANA; 
Diethylnitrosamine; Diaethylnitrosamin 
(German); Diethylnitrosamide; Diethylnitroso-
amine; Ethanamine; N-ethyl-N-nitroso; N,N-
Diethylnitrosamine; N-Nitrosdi; N-Ethyl-N-
nitroso-ethanamine; Nitrosodiethylamine.      

 

 

Chemical Structure  

C2H5

C2H5

N-N O

   

Properties 

N-Nitrosodiethylamine is volatile, clear yellow 
oil that is soluble in water, alcohol, ether, other 
organic solvents, and lipids. The compound is 
sensitive to light, especially ultraviolet light, 
and undergoes relatively rapid photolytic 
degradation (IARC 1978, HSDB, 2002). 

 

Principle sources of DENA 

DENA is found in a drinking water, wide 
variety of foodstuffs such as milk products, 
meat products, number of alcoholic beverages, 
soft drinks, tobacco smoke and a few varieties 
of vegetables are the principal sources of 
nitroso compounds (Tricker et al., 1991; 
Kumar and Kuttan, 2000; Liao et al., 2001; 
Bansal et al., 2005). 

Uses 

N-Nitrosodiethylamine is used primarily as a 
research chemical. It is used as a gasoline and 
lubricant additive, antioxidant, stabilizer in 
plastics, fiber industry solvent, copolymer 
softener, and starting material for synthesis of 
1,1-diethylhydrazine. It is also used to increase 
dielectric constants in condensers (IARC 1972, 
HSDB, 2002).  

 

Primary routes of exposure 

The primary routes of potential human 
exposure to DENA are ingestion, dermal 
contact, Inhalation, eye contact, skin 
absorption. 
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Air, diet, and smoking contribute to potential 
human exposure at levels of a few µg per day. 
N-Nitrosodiethylamine is present in a variety 
of foods, including cheeses at concentrations of 
0.5 to 30 µg/kg, soybeans at 0.2 µg/kg, various 
fish at <1 to 147 µg/kg, cured meats at up to 40 
µg/kg, and alcoholic beverages at 0.1 µg/kg 
(IARC, 1978). N-Nitrosamines such as N-
nitrosodiethylamine are frequently produced 
during rubber processing and may be present 
as contaminants in the final rubber product. N-
Nitrosodiethylamine has also been detected in 
tobacco smoke condensate at concentrations of 
1.0 to 28 ng/cigarette. Up to 8.3 ng/cigarette 
were found in mainstream smoke and 8 to 73 
ng/cigarette were found in side stream smoke. 
An analysis of indoor air polluted with tobacco 
smoke indicated levels of up to 0.2 ng/L of N-
nitrosodiethylamine (Brunnemann et al., 
1977). The compound has been found in high-
nitrate well water for drinking at 
concentrations of 0.010 µg/L and in deionized 
water at 0.33 to 0.83 µg/L. Wastewater from 
two chemical plants contained 0.07 and 0.24 
µg/L (IARC 1978).  

 

Chronic Health Effects and Hazard 
identification 

N-Nitrosodiethylamine is on the Hazardous 
Substance List because it is cited by NTP, 
DEP, IARC, HHAG and EPA. The Potential 
symptoms are Irritation of eyes, skin, 
respiratory tract and liver damage. This 
compound affects the different organs in 
animals such as Liver, bladder, kidney, 
esophagus, brain, nasal sinuses, stomach, and 
lungs.  

The following chronic (long-term) health 
effects can occur at some time after exposure 
to N-Nitrosodiethylamine and can last for 

months or years: (i) N-Nitrosodiethylamine is a 
probable carcinogen in humans. There is some 
evidence that it causes liver, nose and lung 
cancer in humans. Further, scientists believe 
there is no safe level of exposure to a 
carcinogen. (ii) N-Nitrosodiethylamine has 
caused cancer in the offspring of animals 
exposed during pregnancy. N-
Nitrosodiethylamine may damage the 
developing fetus. The acute chronic hazardous 
effect is that, when heated to decomposition 
this compound emits toxic fumes of nitrogen 
oxides (NTP, 1992). 

Reactivity Profile of DENA  

N-Nitrosodiethylamine reacts with strong 
oxidizing agents. Incompatible with reducing 
agents and can be hydrolyzed by hydrogen 
bromide in acetic acid (NTP, 1992).  

 

Human/ Animal Carcinogenicity Data 

It is well known that N-Nitroso compounds act 
as strong carcinogens in various mammals 
including primates (Leoppky and Li, 1991). 
Human exposure to nitrosamines results from 
contact with mixtures containing these 
compounds (e.g., cutting oils, tobacco 
products). Because of potential confounding by 
the other substances in these mixtures, data 
from human exposure is of limited use in the 
evaluation of carcinogenicity of individual 
nitrosamines. Further, no adequate human 
studies of the relationship between exposure to 
N-nitrosodiethylamine and human cancer have 
been reported (IARC 1978, HSDB, 2002). 

There is a large database on the carcinogenicity 
of nitrosamines, most of which pertains to 
structure-activity relationships rather than to 
dose- response. Diethylnitrosamine 
administered by gavage, in drinking water, or 
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by feeding produces liver tumors in the 
following species: rat, mice, hamster, guinea 
pig, rabbit, dog, and monkey (Druckrey et al., 
1963, 1967; Rajewsky et al., 1966; Yamamoto 
et al., 1972; Tomatis, 1973; Magee et al., 
1976).  

Tracheal and lung tumors have been observed 
in Syrian golden hamsters upon administration 
of diethylnitrosamine by gavage or inhalation 
(Magee et al., 1976). Diethylnitrosamine 
administered to pregnant mice, rats, and 
hamsters has been shown to act 
transplacentally, inducing tumors in the 
progeny (Mohr, 1966; Tomatis, 1973; 
Druckrey, 1973a, b). Dose-related increases in 
incidence of upper GI tumors and liver cell 
tumors were observed in C57-BO mice, and 
tracheal and liver cell tumors were observed in 
Syrian hamsters (Peto et al., 1984). 

Diethylnitrosamine is mutagenic for S. 
typhimurium, E. coli, and Neurospora crassa, 
and produced mitotic recombination in S. 
cerevisiae, recessive lethal mutations in D. 
melanogaster, and chromosomal aberrations in 
mammalian cells. Positive responses in 
bacterial cells are dependent upon the addition 
of a mammalian metabolic system (Montesano 
and Bartsch, 1976). Diethylnitrosamine is 
structurally related to known carcinogens. Lee 
et al., 1989 demonstrate the Inhibition of N-
Nitrosodiethylamine Carcinogenesis in Mice 
by Naturally Occurring Organosulfur 
Compounds and Monoterpenes'. These results 
provide evidence for an increasing diversity of 
naturally occurring compounds having the 
capacity to inhibit nitrosoamine carcinogenesis 
(Wattenberg, 1985). The impact of such 
inhibitory effects on environmental exposure 
of human populations to this class of 
carcinogens could be of importance, but clear 

evidence for such inhibitory effects remains to 
be demonstrated. 

 

Environmental and Drinking water impact 

DENA may also form in the environment from 
the reaction of nitrite with Rhodamine B and 
Rhodamine WT tracer dyes. Because of its low 
estimated Koc (adsorption coefficient) value of 
43, DENA is expected to be moderately to 
highly mobile in soil. Volatilization from soil 
surfaces will be rapid while volatilization of 
DENA incorporated into the soil will be slower 
but may nevertheless be significant. The half-
life for N-Nitrosodiethylamine (DENA) was 
found to be about 1-2 hours in a Teflon 
outdoor smog chamber irradiated with 
sunlight. The primary fate mechanism for 
DENA in water may be photolysis 

In water, DENA is not expected to partition to 
sediments, suspended organic matter or biota. 
Volatilization from water is probably not 
significant. Hydrolysis is probably not a 
significant removal process. Estimated 
atmospheric residence time for DENA is < 0.3 
days with photolysis probably the primary 
removal mechanism. DENA has been found in 
the air at dye, rubber and foundry industries. 
DENA has also been found in Philadelphia 
drinking water, in the passenger area of new 
cars, in cigarette smoke, and in cheese, bacon, 
beer and fish. Thus, the general population 
may be exposed to DENA from riding in new 
cars, breathing cigarette smoke, drinking beer, 
or eating certain foods such as cheese, bacon, 
and fish. 

Philadelphia tap water contained <0.1-0.7 ng/l 
N-nitrosodiethylamine. EFFL: Chemical plant 
effluent released to a river contained 132 ng N-
nitrosodiethylamine/l. In human esophageal 
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mucosa, the de-ethylation of N-
nitrosodiethylamine to form acetaldehyde 
appears to be catalyzed by the cytochrome 
P450, CYP2A6, but not by CYP2E1. It is also 
catalyzed by human CYP2A13.  

Single doses of N-nitrosodiethylamine in 
rodents have been used to initiate liver cancer 
for research on tumor promoters. Researchers 
may be subject to inhalational exposure to this 
chemical in animal rooms where animals 
injected with it are kept. N-
Nitrosodiethylamine constituted 5% of all 
airborne nitrosamines found in one study of the 
vulcanized rubber industry.  

N-Nitrosodiethylamine (DENA) released to 
water is expected to stay in solution and not 
partition to organic matter (Koc= 43). The 
estimated Henry's Law constant for DENA is 
1.1X10-8 atm-cu m/mol; therefore, 
volatilization from water will probably not be 
significant. Photolysis may be the most 
significant removal process for DENA since 
89% degradation occurs in 7 hours with 
sunlight. Incubation studies for 108 days in 
lake water at 30°C in the dark indicate that 
hydrolysis and bio-concentration are not 
significant processes.  

 

Mechanism for DENA-induced oxidative 
damage and carcinogenesis 

ROS and Oxidative stress 

Oxidative stress has recently been suggested to 
participate in both the metabolism (activation 
and detoxification) and the carcinogenic 
actions of nitrosamines, including DENA 
(Bartsch et al., 1989; Loeppky and Li, 1991). 
There are experimental, clinical and 
epidemiological reports that oxygen free 
radicals and related lipid peroxides play a key 

role in the pathogenesis of age-related chronic 
degenerative diseases and etiology of cancer 
(Marklund and Marklund, 1974; Ray et al., 
2000). 

N-nitrosodiethylamine (DENA) has been 
suggested to enhanced free radicals, disturbing 
the ROS status and ultimately leading to 
oxidative stress and carcinogenesis (Ames et 
al., 1993; Gey, 1993; Noguchi et al., 2000). It 
is metabolized to its active ethyl radical 
(CH3CH2

+) metabolite by cytochrome and the 
reactive product interacts with DNA causing 
mutation and further which would lead to 
carcinogenesis (Anis et al., 2001). 

Szatrowski and Nathan (1991) suggested that 
tumor cells produce substantial amount of 
hydrogen peroxide and reactive oxygen 
metabolites that are released into the 
circulation. Therefore, the increased 
susceptibility of plasma and red blood cells of 
DENA-administered rats could be due to the 
production of ROS during the metabolism of 
DENA or during the process of carcinogenesis. 

It is widely accepted that DENA undergoes 
metabolic activation by cytochrome P450 
enzyme to reactive electrophiles that are 
cytotoxic, mutagenic and carcinogenic. 
Because of its relatively simple metabolic 
pathway and potent carcinogenic activity, 
DENA has found widespread use as an 
experimental model in the field of 
carcinogenesis and in chemoprevention. A 
single administration of DENA induced liver 
tumor is evidenced by the increase in liver 
weight increased level of hepatic enzyme like 
SGPT, SGOT, ALP, total bilirubin and 
decrease in total proteins and increased levels 
of GGPT, GPX, GST and LPO (oxidant 
enzymes), decrease in SOD and catalase (free 
radical scavengers) and morphological changes 
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noted by histopathological studies (Surender et 
al., 2011). 

Herrold and Dunham, (1963) experiment 
suggests three possible mechanisms for the 
carcinogenic effect of DENA on the 
respiratory system, liver, and ethmoturbinals. 
These indude: (a) a local action of DENA; (b) 
that the DENA or a metabolite present in the 
circulating blood is selectively deposited in 
various tissues where it is metabolized to a 
carcinogen; or (c) that a carcinogenic 
metabolite is excreted via the respiratory 
system. 

The work of Druckrey and his colleagues 
(1961 and 1962) has been considered as 
supporting a theory that the 
dialkylnitnosamines are carcinogenic by virtue 
of their metabolic conversion to active 
alkylating agents, diazoalkanes. The theory 
proposed that a specific “dealkylizing” enzyme 
is not required for each tissue and that 
enzymatic oxidation in the alpha carbon atom 
is sufficient, with the result that the alkyl 
residue is quickly split off because the 
oxidation products are chemically unstable, 
and the diazoalkanes are formed (Druckret and 
Preussmann, 1962). 

An estimation of lipid peroxidation products 
and antioxidants has accepted them as 
significant biomarkers of cancer 
chemoprevention (Hayes and Pulford, 1995). 
Decreased activities of GPx, SOD and CAT in 
DENA-treated rats could be due to 
overutilization of these non-enzymatic and 
enzymatic antioxidants to scavenge the 
products of lipid peroxidation. Tumor cells 
have been reported to sequester essential 
antioxidants from the circulation, in order to 
meet the demands of the growing tumor 
(Buzby et al., 1980; Corrocher et al., 1986).  

Effect of DENA on Soft Tissues and their 
Prevention 

DENA is one of the most well-known liver, 
lungs and kidney carcinogens. Tumors of the 
liver, kidneys, and lungs have been induced in 
rats by the feeding diethylnitrosamine (Magee 
and Barnes, 1956; Zak et al., 1960; Argus and 
HochLigeti, 1961; Magee and Barnes, 1962).  

N-Nitrosodiethylamine is a powerful and 
potent hepatocarcinogenic dialkyl nitrosamine 
that has been used as an initiating agent in 
some 2 stage (initiation and promotion) 
protocols for hepatocarcinogenic studies. It is 
metabolized to reactive electrophilic reactants 
that alter the structure of DNA and forms alkyl 
DNA adducts (Yoshiji et al., 1991). 
Sundaresan, and Subramanian (2003) showed 
that administration of s-allylcysteine could 
prevent DENA-induced hepatocarcinogenesis 
in rats. It has been reported that DENA is 
metabolized to alkylating reactants, which 
could interact with DNA molecule and initiate 
carcinogenesis (Anis et al., 2001). 

Shaarawy et al, (2009) reported the protective 
effects of garlic and silymarin on DENA-
induced rats hepatotoxicity. In this study, they 
demonstrated that the injection of DENA to 
rats lead to a marked elevation in the levels of 
serum AST, ALT and ALP which is indicative 
of hepatocellular damage, as previously 
reported (Bansal et al., 2005).  

Melatonin Modulates the oxidant–antioxidant 
Imbalance during N-Nitrosodiethylamine 
Induced hepatocarcinogenesis in rats was 
reported by Dakshayani et al. (2005). Chodon 
et al., (2008) find out the effect of Genistein on 
modulating lipid peroxidation and membrane- 
bound enzymes in N-Nitrosodithylamine 
induced and Phenobarbital- promoted rat liver 
carcinogenesis.  
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Hydro-ethanolic extract of E. neriifolia leaves 
have been observed to possess 
chemopreventive effect against DENA-induced 
renal carcinogenesis in mice (Janmeda et al., 
2011). We have also reported the 
chemoprotective activity of hydro-ethanolic 
extract of euphorbia neriifolia Linn. leaves 
against DENA-induced liver carcinogenesis in 
mice (Pracheta et al., 2011). EN extract 
restored SOD and CAT enzyme levels in the 
liver and kidney.  

Zak et al. (1960) demonstrated that DENA 
produced lesions in the kidney, as well as 
tumors of the trachea and bronchus. They 
believe that the kidney lesions may represent 
an early stage in tumor development. This can 
be supported by Magee and Barnes (1962). 
Dontenwill et al. (1961; 1962) reported that 
squamous-cell carcinoma of the trachea and 
lung of Syrian hamsters followed 
administration of DENA by each of three 
approaches-tube feeding, inhalation, and 
subcutaneous injection. 

In lungs, administration of DENA resulted in 
chronic interstitial pneumonia along with 
infiltration of leukocytes. Under 
hypercholesterolemic conditions, liver showed 
vacuolar degeneration and swelling of 
hepatocytes but more severe changes were 
seen upon DENA administration, such as 
accumulation of lipid droplets in hepatocyte, 
granular degeneration along with infiltration of 
fibroblasts indicating chronic change. In 
spleen, there was a depletion of lymphocytes 
from lymphoid follicles under 
hypercholesterolemic conditions. 
Administration of DENA, however, also 
resulted in congestion and hemorrhage in 
spleen along with severe depletion of lymphoid 
cells. Kidneys showed mild congestion under 

hypercholesterolemic conditions but DENA 
administration caused severe granular 
degeneration and coagulative necrosis in 
kidneys (Mittal et al., 2006). 

 

Chemoprevention 

Chemoprevention is a major area that has been 
intensively investigated in recent years. A large 
number of agents including natural and 
synthetic compounds have been shown to 
possess chemopreventive value. This warrants 
the exploration and evaluation of effective 
anticancer drugs which could be easily 
available. Chemopreventive agents can be 
divided into two groups: antimutagenic and 
antiproliferative: Antimutagens reduce the 
formation of carcinogens or mutagens there by 
preventing DNA damage through suppression 
of phase I enzymes or enhancement of Phase II 
detoxifying enzymes and alternatively 
chemopreventive agents may exert 
antiproliferative effects via induction of cell 
cycle arrest or apoptosis, inhibition of terminal 
differentiation and inhibition of oncogene 
activity or DNA synthesis (Wu et al. 2001; 
Wu, Kassie and Mersch– Sundermann 2004). 
The search for new chemopreventive and 
antitumor agents that are more effective and 
less toxic than existing agents has kindled great 
interest in phytochemicals.  

 

Synthetic or Natural Approach 

In the recent times focus on plant research has 
increased all over the world and a large body 
of evidence has collected to show immense 
potential of medicinal plants used in various 
traditional systems (Modzelewska et al., 2005). 
One of the oldest, most effective strategies for 
developing new chemotherapeutics is the 
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isolation and evaluation of chemicals of natural 
origin. The importance of natural products for 
drug discovery has been impressive. 
Chemoprevention involving the use of natural 
products to inhibit or reverse the carcinogenic 
process is an effective approach to control 
cancer. 
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Abstract  

Continuous exposure of Escherichia coli to 

increasing concentrations the compounds of 

first transition series results in the development 

tolerance. The level of tolerance, however, is 

not identical for all the compounds under 

study. Manganese, Nickel and Zinc compounds 

showed lesser tolerance in comparison to other 

metals of the series. The percent inhibition of 

growth was usually more than 90% at the 

exposure of 2x104 µgm/ml of the compounds 

of all the metals. Distinct changes in size and 

shape occurs in the tolerant varieties of E. coli 

which can be visualized using SEM. 
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Introduction 

The role of many elements of first transition 

series elements in growth and metabolism is 

well documented. Cu, Zn, Mn are known to 

form metalloenzymes that are almost essential 

for their survival. Fe2+ ions are also required in 

trace amounts by most bacteria for their 

growth. The stress responses of the members 

of first transition series has not been done in 

totality. The degree or the extent to which 

microbes can sustain or develop systems to tide 

over such situations with respect to the 

exposure to the transition metal ions is also not 

completely clear. The influence of nickel (II) 

ions concentration on the growth and nickel 

(II) bioaccumulation properties of Escherichia 

coli and it was found that the growth of 

Escherichia coli was delayed obviously with 

the increasing nickel (II) ion concentration, 

while the accumulation capacity increased until 

the maximum was obtained (Wu et al., 2009). 

Luli, et al., 1983 have reported hexavalent 
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resistant bacteria, which could tolerate 250 

µgm of Chromium VI per ml. K. Sundar et. al., 

2010 have reported high chromium tolerant 

bacterial cell from Palar river basin. Ezaka E 

and Anyanwu C.U. 2011 have reported 

Chromium VI bacterial cell isolated from 

sewage. They have shown chromium tolerant 

Escherichia coli, Staphylococci, Bacillus, 

Pseudomonas and Micrococcus which could 

tolerate up to 200µgm/ml and above 

concentration of chromium. Chromium tolerant 

bacteria have also been reported from 

industrial applicants and contaminated soils by 

other workers (Shakoori A. R. et al 1999 and 

Linna Ma et. al., 2011). 

Materials and Methods 

 Isolation and characterization: 

Escherichia coli was isolated from sewage 

of Nag- Nallah Nagpur on nutrient, EMB 

and McConkey’s agar. The isolates were 

confirmed by conventional source tracking 

technique including morphological, cultural, 

biochemical and enzymic characterization.  

 First Transition Series compounds 

Vanadium pentoxide, Chromium nitrate, 

Mangnous acetate, Ferric oxide, Cobalt 

chloride, Nickel nitrate, Cupric sulphate and 

Zinc sulphate were prepared in the 

concentration range of 0.2µgm/ml, 

2.0µgm/ml, 20µgm/ml, 200µgm/ml, 

2000µgm/ml, and 20000µgm/ml in sterile 

distilled water and sterilized by membrane 

filtration.  

 Development of tolerance:  

Escherichia coli were grown in 10 ml of 

sterile nutrient broth supplemented with 1 

ml of above solutions separately for each 

compound and dilution. The tubes were 

incubated at 370C +-20C, for 24 hours and 

an aliquot of the culture after 24 hour 

exposure was spread on nutrient agar plates 

for isolation of salt tolerant Escherichia coli 

by incubating the plates at 370C+-20c for 

24 hrs. The colonies were then subjected to 

tolerance studies.  

 Tolerance studies:  

After developing proper inoculum size the 

cells were exposed to prolonged exposure 

for 6 days at high concentrations. The 

viability was tested by Nephelometric and 

sterility test. 

 Scanning Electron Microscope:  

The tolerant cells were grown exponentially 

and harvested by centrifugation at 1000g for 

30 min. the pellets were then processed for 

SEM as per the method of Klainer 1970. 

Results and Discussion 

Escherichia coli isolated from sewage sample 

were subjected to confirmation. These cells 

were grown in 10 ml of nutrient broth 

supplemented with 1 ml of the different 

concentrations of compounds and grown for 24 
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hours at 370C+-20C. The aliquots were spread 

on nutrient agar plates and isolated colonies 

were obtained. These colonies were picked 

aseptically and grown in nutrient agar medium 

supplemented with the concentration of 

respective compound to which they showed 

tolerance. These organisms were continuously 

maintained in that concentration for further 

study. The organisms were first grown in 100 

ml of sterile nutrient broth supplemented with 

the respective compound at highest tolerant 

concentration and incubated at 370C ± 20C for 

6 days, at every 24 hrs interval 3 ml aliquot of 

the culture was removed aseptically and OD 

was measured at 600 nm. Some salts showed 

steady decline in the optical density within two 

days of incubation and by the end of 6th day 

there were hardly any viable cultures. However 

other salts continue to show growth with 

steady rise in optical density up to 6 days. Out 

of the eight elements Vanadium, Chromium, 

Iron, Cobalt and Copper tolerant organisms, 

showed continuous tolerance, whereas the 

organisms showing tolerance against 

Manganese, Nickel and Zinc showed a very 

high degree of variance and on repeated 

exposure, to the salts they lost the tolerance 

and become susceptible. The viability of the 

culture was ascertained by taking a loop full of 

culture from the 6th day flask and sticking 

them on sterile nutrient agar plates. These 

plates are incubated at 370C ± 20C for 24 hours 

and observed for colony formation after 24 hrs. 

The results are shown in Table 1 and 2. 

The organisms which were viable at 

0.2µgm/ml were taken out and grown in fresh 

nutrient agar media for 6 days. 100 ml of 

sterile nutrient broth was supplemented with 

20 to 2000µgm/ml in different flask and they 

were inoculated with 1 ml aliquot from 0.2 

ugm/ml tube for each metal compounds. The 

flasks were then incubated at 370C ± 20C for 6 

days. After 6th day 5 ml culture was removed 

aseptically and percent inhibition was 

measured.  

Turbidity was measured at 600 nm using a 

nephelometer. The growth was recorded as 

Nephelometric Turbidity Unit or NTU. The 

percent inhibition was calculated as follows:   

 
The results are shown in Table 3 and Fig 1. 

After 6th day 1ml of culture was inoculated in 

to fresh sterile nutrient agar plates by spread 

plate technique, and plates were incubated at 

370C ±20C for 24 hrs. The tolerant organisms 

formed distinct colonies suggesting there by 

the presence of viable cells even after 6 days of 

exposure. 

The tolerant cells were grown exponentially in 

sterile nutrient broth and harvested by 

centrifugation at 1000g for 30 min. The 

scanning electron Micrography was performed 
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by Klainer 1970, and the variations in SEM are 

shown in Fig 2. 

Discussion 

We found comparatively large number of 

tolerant colonies of E. coli against vanadium, 

Chromium, Iron, Cobalt and Copper. Although 

many workers have reported Nickel tolerant E. 

coli but our strain was tolerant at lower 

concentrations but became susceptible at 

higher concentrations. Observation of tolerance 

of chromium, cobalt and copper is well 

documented (Luli et al., 1983, Sundar et al., 

2010, Ezaka, E. and Anyanwu, C.U. 2011, 

Shakoori, A. R. et al., 1999 and Linna et al., 

2011). 

Cobalt tolerant bacteria have been reported by 

many workers including cobalt tolerating E. 

coli Seidametova et al., 2004 and Olukoya, et. 

al., 1997. Enteric bacteria particularly E. coli is 

known to show copper resistance. Williams J R 

1993 have reported copper tolerant Escherichia 

coli, Salmonella and Citrobacter. Escherichia 

coli K 12 strain showed resistant level up to 18 

millimolar of CuSO4. 

Changes in the morphology and aggregation of 

cells due to stress condition of both physical 

and chemical nature has been reported. SEM 

has been used to visualize such changes 

(Dalton, et al., 1994), Ackerlev, et al., 2006 

have shown that Escherichia coli K12 

experiences a stress condition when exposed to 

chromate. Within 3 hrs of chromate exposure 

the cells tend to show filamentous morphology. 

We have found that exposure to any of the 

compounds of first transition series results in 

variations in length and breadth of Escherichia 

coli as can be seen from Fig 2. 

 
Compound No. of Tolerant colonies Qualitative Tolerance 

Vanadium 24 ++++ 

Chromium 32 +++ 

Manganese *4 + 

Ferrous 40 +++ 

Cobalt 24 +++ 

Nickel *5 + 

Copper 30 ++++ 

Zinc *5 + 

+ = Tolerance at low concentration but loss of tolerance at 2x104 µgm/ml. 

+++ = Moderately tolerant at 2x104 µgm/ml. 

++++ = Very high tolerance at 2x104 µgm/ml. 

 

Table 1: Isolation of tolerant varieties 
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Compound  0.2µgm/ml 2 µgm/ml 20µgm/ml 200µgm/ml 2000µgm/ml 20000µgm/ml 
Vanadium  26 22 48 60 80 92 
Chromium  28 32 43 62 84 94 
Manganese   24 36 38 42 81 94 
Iron  38 42 56 67 87 96 
Cobalt   31 37 48 68 87 95 
Nickel  36 42 51 65 85 94 
Copper  37 42 52 67 84 95 
Zinc  32 36 51 68 84 95 

 

 

 

Compound  Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc 
0.2 µgm/ml 17 21 20 32 29 35 31 28 
2  µgm/ml 18 20 25 35 32 33 32 30 
20 µgm/ml 19 25 33 39 35 40 35 32 
200 µgm/ml 40 43 35 48 45 48 42 41 
2000µgm/ml 72 74 79 81 83 83 78 78 
20000µgm/ml 89 90 92 94 95 94 93 93 

N.B.: Values of percentage were rounded off to the nearest whole number as per standard practice 
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Table 2: Percent Inhibition of growth due to exposure of 
first transition series compounds to tolerant 
variety of Escherichia coli organism. 

Table 3: Percent inhibition of growth due to first transition   
               series compounds against EC-Test 

Fig. 1: Graph of Percent inhibition of growth due to first  
            transition series compounds against EC-Test 
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Control EC7 Test   

 

            
 

EC-Test Exposed to Vanadium at X-5000      EC- Test Exposed to Chromium at X- 7500 

          
 

          EC-Test Exposed to Manganese at X-7500  EC- Test Exposed to Ferrous at X-7500 
 
 

                 
EC-Test Exposed to cobalt at X-5000  EC-Test Exposed to Nickel at X-7500 

            
EC- Test Exposed to Copper at X-5000   EC- Test Exposed to Zinc at X-5000 

 

Fig. 2: Scanning Electron Photomicrograph 
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