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INTRODUCTION

In Kashmir Himalayas, metrological stations

are scanty and sparsely located and for that

reason, it is difficult to generate a good

understanding of the hydrological processes

(Romshoo 2012 Meraj 2015). The

problem is compounded by the difficulties in

conducting field measurements of hydro

meteorological parameters in order to derive a

spatially representative distribution of the hydro

meteorological parameters (Romshoo and

et al., et al.,

ABSTRACT

The study of Land Surface Temperature (LST) is very interesting for its applications in

many fields of natural sciences. Surface temperature ismain indicator of surfaceenergy

balance of the earth and often used asan input data in climate, agro-meteorological or

hydrological models for forecasting ecosystem responses. Due to sparse and irregular

distribution of meteorological stations in Kashmir valley climate forecasting using

interpolation of IMD data is not a viable option. Also due to highly complex terrain of

Kashmir Valley and scanty network of existing temperature observatories it is not

advisable to go for interpolation of IMD data. Hence using remote sensing LST product

can help us to overcome this problem. In our case study, daytime imageries of 8-days

MODIS LST product onboard the TERRA spacecraft (MOD11A2) were acquired and

processed.We introduce a novel algorithmwhich can reconstruct complete LST image

based on regression analysis of LST having elevation in each sliding window of the

original image, after filtering low-quality and unreliable pixelswith Quality Assessment

(QA) information and Histogram Outliers Removing method. Comparison of

reconstructed 8-day composite LST data with corresponding IMD (Tair) observations,

which record air temperature at about 2.5 meters above the surface, from six

meteorological stations in the study region indicates that LST is significantly correlated

with Tair with an average correlation coefficient is above 0.9. Also the mean absolute

difference (MAE) of ±2 C was observed in comparisons when the errors due to cloud,

snow, view angle etc., were eliminated. This research is important to quantify various

atmospheric and hydrological processes and can serve as a direct input for various

climatemodelling experimentations.
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Rashid, 2010; Hachem 2012 Altaf

2013). Land Surface Temperature (LST) plays a

vital role in the Global and regional land surface

processes it's the key parameter in the physics of

land surface processes, combining the results of

all surface atmosphere interactions and energy

fluxes between the atmosphere and the ground.

Therefore it is required for a wide variety of

cl imatic, hydrological , ecological, and

biogeochemical studies (Rafiq, 2014 ; IPCC,

2007; Kalma 2008; Wagner 2009;

Neteler, 2010). For example, canopy temperature

can be used to estimate sensible heat flux, soil

surface temperature can be used to estimate

sensible latent heat fluxes and satellitemeasured

surface temperature can be used to improve

models and methods for evaluating land surface

energy balance (Rafiq, 2014). Global

climate model (GCM) simulations indicate that

stronger summer monsoons are associated with

higher land temperatures. The canopy

temperature may be also used to evaluate water

requirements of paddy and various other crops

and to determine frost in apple and other groves.

In order to understand the entire Earth system

better on the global scale. The earth Observing

System (EOS) will provide surface kinetic

temperatures at specified accuracies of 0.3 C for

oceans and 1 C over land. Also the imagery is

available after every 12 hours i.e. two image per

day. However the satellite over pass varies, the

variation isnotmore than3hours.

The MODIS sensor is currently the optimal

match between temporal and spatial resolution

and is an excellent data source for both local and

global change research Daily time series of

satellite data have been successfully used since

the advent of the Advanced Very High Resolution

Radiometer (AVHRR) instrument on board the

NOAAseries of satellites in the 1970s In 2000, the

MODIS (Moderate-resolut ion Imaging

Spectroradiometer) instrument was launched as

a payload on the Terra satellite, and in 2002

second MODIS instrument was launched on the

Aqua satellite. MODIS improves upon the

performance of AVHRR by providing both higher

spatial resolution and greater spectral resolution

(Becker-Reshef, 2010; Romshoo and

Rashid, 2010; Anderson 2012). The polar-

orbiting MODIS sensors, like AVHRR, produce

daily Land Surface Temperature (LST) maps with

global coverage (Justice 1998; König

2001).

LST data is widely being used for urban

studies, urban climate studies, agricultural

applications and climate change studies from

climatology to hydrology to ecology and geology.

(Wan and Dozier, 1996; Weng, 2003). For

example, it is an important factor in modeling

large scale hydrological systems, global primary

production, and the greenhouse effect (Rafiq,

2014 ). Furthermore, it can be used in

agricultural applications (such as evaluating

water requirements for wheat and determining

frost damage in orange groves). Also the time

series data from MODIS can be used to monitor

actual conditions. Butusually thedata is routinely

aggregated to extract annual or monthly

minimum/maximum temperatures in order to

identify unusual hot summer temperatures or to

accumulate growing degree days. The latter

indicator is important in agriculture, since

aggregated LST maps could be used to predict

crop maturing or insect development (Wan and

Dozier, 1996;Weiss 2001).

Jammu and Kashmir is located in the

northern part of the Indian sub continent in the

vicinity of the Karakoram and western mountain

ranges. It falls in the great northwestern complex

of the Himalayan Ranges with marked relief

variation, snow-capped summits, antecedent

drainage, complex geological structure and rich

et al., et al.,

et al.,

et al., et al.,

et al.,
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Fig.1. Study area Kashmir valley Landsat 8 satellite image

temperate flora and fauna. The forests of the

state are a natural tonic wrapped up in a

wonderland a paradise for the stressed city folk

from all over the country. Within its hectares of

heavily forested mountains, lowlands and

wetlands there are numerous varieties of plants

and trees, innumerable species of animals and a

myriad of birds and insects. Kashmir valley is a

longi tud ina l depress ion in the great

northwestern complex of the Himalayan ranges.

It constitutes an important relief feature of

tremendous geographic significance. Carved out

tectonically, the valley has a strong genetic

relationship with the Himalayan complex, which

exercises an all-pervading influence on its

geographic entity. Territorially, it forms the

interior part of the Jammu and Kashmir. The

latitudinal extent of the state is 33 .55’-N to

34 .55’-N, whereas the longitudinal extent is

74 .30’-E to 75 .35’-E. The shape of the Pir-Panjal

and the Great Himalayan range has given the

Valleyanoval shapewith its long diagonalparallel

to the general direction of the bordering

mountain ranges. From crest to crest, the

transverse ridges on the southwest and

northwest of the basin are about 190 km apart.

From the crest of the Pir-Panjal to that of the

Great Himalayan range, the distance is about 100

kilometers. In altitude, it ranges from 1,549 m

(Wular Lake) to a maximum of 5,432 m (Kolahoi

Peak). The Valley occupies an area of about 15,

856km Fig1

0

0

0 0

2.

MATERIALANDMETHODS

DataSetsUsed

TimeseriesofMODIS LST (MOD11A2_L3V5&

MOD11A1_L3 V5) from 2002 to 2012 was used

for comparison with Indian Metrological

Department (IMD) data. The daily minimum and

maximum temperature recorded at 5 IMD

stations viz Pahalgam, Qazigund, Kokernag,

Gulmarg, and Kupwara were used. Additionally,

meteorological data from Sher-i-Kashmir

University of Agriculture Science and Technology

(SKUAST) station was also used in the analysis,

MODIS snow cover data was also used in some

3
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Fig. 2. Snow cover map derived from M ODIS data here blue color represents snow covered area

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502

cases to show the impact of snow on LST for that

MOD10A2dataproductwasused (Fig.2).

However, there was an error of about 3-4 C

when the area was covered with snow, as the

snow surface temperature is colder than air

temperature. The Snow cover data was used for

comparison and relating weak relationship

between LST and Tair. MOD10A2 L2 V5 was

downloaded and then those days were related

with MODIS snow cover which shows weak

relation when an error was between 3-4 C,

usually in winters the Snow cover maps were

generated and related with the IMD and LST data

(Dar 2014). Metrological data of IMD

stations was in daily bases and was converted to

the eight day average according to the time of

satellite data acquisition and finally the data was

comparedwithMODIS LSTdata.

Field survey was carried out to check the

exact location of IMD stations and also the Lu/ Lc

type was observed at respective locations and

then validated with already generated Lu/Lc

cover maps of valley (Vancutsem, 2010). Finally

these Murtaza and Romshoo 2014 reference

points were validated withMODIS generated LST

maps.

0

0

et al.,
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Fig. 3. Location of 6 M etrological Stations across Kashmir v alley.

Table 1. Location and LU/ LC type at IM D stations

S.No Longitude Latitude Altitude (feet) Vegetation Type

Kupwara 74°15'34.013"E 34°32'7.659"N 5434 Urban

SKUAST 74°52'26.963"E 34°9'11.396"N 1606 Fallow Land

Gulmarg 74°23'47.555"E 34°3'15.513"N 8920 Forest

Pahalgam 75°19'24.723"E 34°2'22.429"N 7207 Uban

Kokernag 75°17'36.676"E 33°35'21.448"N 6273 Urban

Qazigund 75°9'40.971"E 33°36'19.211"N 5666 Urban

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502



Methodology

MODIS LST data is actually the skin

temperature of land surface while as the

metrological stations record temperature at 2.5

meters above the ground surface. To examine

statistical relationships between ground

meteorological station measured surface daily

max air temperature and satellite remotely

sensed land surface temperature fromMODIS an

algorithm was generated for processing the

MODIS data so that the errors due toCloud cover,

ViewAngle, Altitude etc., doesn't affect the Data.

But theerror can reach toabout3 Cdependingon

various parameters like cloud cover, view angle

etc., and also due to snow cover (Vancutsem

Meraj 2012; Murtaza and

Romshoo, 2014). Also the land use land cover

plays an important role while we try to compare

the LST with Tair. The LST is generated using split

window algorithm (equation I) which converts

emissivity frombands31and32ofMODIS sensor.

The atmospheric effects are corrected using the

split-window algorithm (Wan and Dozier, 1996)

considering that the signal difference in the two

TIR bands is caused by differential absorption of

radiation in theatmosphere (Wan 2002).

The algorithm also corrects for emissivity effects,

assuming it is known in each ~1 km pixel (exact

.922 meters), and using prior knowledge of the

land cover type classification (Snyder

1998). As these bands have lowwave length they

cannot penetrate most land cover classes, so we

get the canopy temperature most of the times

when the area is covered with forests [ATBT

MODIS]. Out of 6 IMD stations only one i.e.

Gulmarg station has large forest cover but there

was not so significant difference between IMD

and Tair. All other stations were located in urban

areas or crop lands which have very low impact

on LST. To minimize the effect of surface types

(equation II) an algorithms was used and tested

for different LU/LC classes (Snyder 1998;

Murtaza and Romshoo, 2014) only those LU/LC

classeswere usedwhich have aminimumof 1km

area (as MODIS has the spatial resolution of .99

meters for LSTsensors).

After downloading the raw data the data was

checked for errors and quality and then the data

was further processed (Fig. 4), for cloud cover if

there was > 30 % area covered with clouds the

datawasnotused, insteaddaily LST imagerywere

used for the same. Further processing includes

re-projecting the LST so that the Bowtie effect is

eliminated which occurs due to its sinusoidal

projection (Wanand Li, 1997). The study areawas

then extracted and also the image filtering

(Lillesand 2004) was done if required. The

pixel value was then re built and the scale factor

was used to convert this pixel information to

degree Celsius and then finally the data was

relatedwith IMDfieldobserveddata.

0

2

2

et

al., 2010; et al.,

et al.,

T = LST, T and T are M ODIS band 31 and 32

brightnesstemperature; are M ODISband 31 and

32 surface emissivity; C, A , A , A , B , B , and B are

regression coefficients.

ø

et al.,

et al.,

et al.,

s 31 32

1 2 3 1 2 3

Where k is the index of the surface types and is

the satelliteviewing angle
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Ts = C + A1 + A2 1 – E +A3 ∆E T31 + T32
E2E 2

(B1 + B2 1 – E + B3 ∆E) T31 + T32…..I
E 2

+

Where E = (E31 + E32)/2

∆E = E31 + E32

Ts (k) = a0 (k) + a1 (k) T11 + a2 (kT)12 + a3 (k)

(T11 – T12)
2
a4 (k) (secø-1)……….. (II)
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Fig. 4. Flow chart of M ethodology
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Fig. 5. Flow chart of the LST data processing M ODE



These processes utilize more than 1-2 hours

but we have developed twomodels using python

programing which does the processes of both

MODIS LST andMODIS Snow cover data in 30- 40

seconds thesemodels can be used in arcgis 9.3 or

above versions (As arcgis 9.2 and lower versions

doesn't support Hierarchical Disk Format) flow

chart below gives the description of processing

steps in these two models (Fig. 5 & 6). We have

tested the model on Arcgis 9.3, 10.1 and

10.2successfully using model builder (Kennedy,

2013).

The air temperature from 6 stations were used in

the study. The temperature reading at 6:00 UTC

(11:30 Am IST) was averaged according to the

temporal resolution of the satellite data. The

IMD data was recorded on daily basis this data

was first prepared in weekly averages according

to the weekly average of satellite data. But the

satellite overpass varies with time the range of

time overpass over the study area is from 5:00

UTC to 6:55 UTC (Fig. 7). And finally, the data was

related with the data already recorded by 6 IMD

stations Pahalgam, Kokernag, Qazigund,

Kupwara,GulmargandSKUAST.

Comparison between MODIS LST and Tair

shows a very close relation. The calculated

correlation is above 0.9. The statistical analysis

show that the temperature is increasing in all

locationsof IMDstationsexceptatQazigund.

The National Aeronautics and Space

Administration (NASA) provide the real-time

satellite track for both terra and aqua satellites.

RESULTSANDDISCUSSION

8

Fig.6. Flow chart of M ODIS Snow data processing M ODEL

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502



9

Fig. 7. M ODIS terra satellite track with orbital time in UTC

The terra satellite track was retrieved from

http : / / rap id f i re . s c i . g s fc .nasa . gov/cg i -

bin/imagery/realtime.cgi. And those observation

were taken into consideration where the

observation timeof IMD (UTC 06:00) and satellite

overpass (UTC06:00)wassame(Fig.7).

The result showed very close relationship (except

some months with cloud cover and snow) when

compared to the exact time of data retrieved

fromMODIS and metrological station i.e. around

11:30hrs (UTC06:00) am (IMD station record the

daily Max temperature at 11:30 hrs) the

correlation is up to .99 and the RMSE error is just

0.860C(Fig. 8).

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502
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Fig. 8. Graph displaying comparison between IM D and LST at Sa me observation time

Finally the IMD data was arranged according to

the acquisition date of MODIS terra sensor and

weeklyaverage temperature of 6metrological for

a time series of 11 years were generated. Then

this data was compared with the respective

MODIS LST at same places using 3 different

techniques. Firstly the MODIS LST data at exact

location of IMD stationwere correlated; secondly

the average of 9 pixels around the area was

correlated with IMD and finally the best pixels

around5×5pixelwindowsaround the location of

IMD station were related with IMD data. The

results aregivenbelowstationwise.

The satellite derived LST was compared with the

IMDobservedair temperatureondaily basis from

2002-2012 as shown in the Table 2. To minimize

the effect of Snow and cloud cover MODIS snow

cover images were used. The close agreement is

found between the two with the correlation

coefficient of 0.95. The average temperature

from 2002-2012 at Pahalgam IMD station was

17.29 C and MODIS generated LST showed the

average temperature to be 16.16 C.The Max

highest temperature recorded by IMD and

MODIS LSTwas around 28 C and 29 C respectably

from 2002-2012. But there was a large error

when min temperature was correlated as due to

snowcover the IMDrecordedmin temperature to

be0.3 Cand theMODISLSTobservation recorded

it tobe -3 C.
Pahalgam

0

0

0 0

0

0
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Table 2. Table displaying comparison of M ODIS derived LST an d IM D Tair at Pahalgam IM D station.

Gulmarg

The satellite derived LST was compared with the

IMDobservedair temperatureondaily basis from

2002-2012 as shown in the Table 3. To minimize

the effect of Snow and cloud cover MODIS snow

cover images were used. The close agreement is

found between the two with the correlation

coefficient of 0.98. The average temperature

from 2002-2012 was 11.87 C (IMD) and 11.85 C

(MODIS LST). The Max highest temperature

recorded by IMD and MODIS LST was 28 C and

290C respectively from2002-2012. But therewas

a large error when min temperature was

correlated as due to snow cover the IMD

recorded min temperature to be -5.9 C and the

MODISLSTobservationrecorded it tobe -7 C.

0 0

0

0

0

Kokernag

The satellite derived LST was compared with the

IMDobservedair temperatureondaily basis from

2002-2012 as shown in the Table 4. To minimize

the effect of Snow and cloud cover MODIS snow

cover images were used. The close agreement is

found between the two with the correlation

coefficient of 0.97. The average temperature

from 2002-2012 was 18.5 C (IMD) and 18.2 C

(MODIS LST). The Max highest temperature

recordedby IMD andMODIS LSTwas 31.05 C and

32 C respectively from 2002-2012. But there was

a large error when min temperature was

correlated as due to snow cover the IMD

recorded min temperature to be -1.1 C and the

MODISLSTobservationrecorded it tobe -4 C.

0 0

0

0

0

0

Date (2002-2012) IMD LST

Average temperature 17.29 16.16

Maximum temperature 28 29

Minimum Temperature 0.3 -3

Co-relation

0.95

11
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Date (2002-2012) IMD LST

Average temperature 11.87 11.85

Maximum temperature 28 29

Minimum Temperature -5.9 -7

Co-relation

0.98

Table 3. Table displaying comparison of M ODIS derived LST an d IM D Tair at Gulmarg IM D station



Table 4. Table displaying comparison of M ODIS derived LST an d IM D Tair at Kokernag IM D station

Kupwara

The satellite derived LST was compared with the

IMDobservedair temperatureondaily basis from

2002-2012 as shown in the Table 5. To minimize

the effect of Snow and cloud cover MODIS snow

cover images were used. The close agreement is

found between the two with the correlation

coefficient of 0.97. The average temperature

from 2002-2012 was 20.5 C (IMD) and 19.2 C

(MODIS LST). The Max highest temperature

recordedby IMD andMODIS LSTwas 35.01 C and

33 C respectively from 2002-2012. But there was

a large error when min temperature was

correlated as due to snow cover the IMD

recorded min temperature to be 0 .7 C and the

MODISLSTobservationrecorded it tobe0.0 C.

0 0

0

0

0

0

Qazigund

The satellite derived LST was compared with the

IMDobservedair temperatureondaily basis from

2002-2012 as shown in the Table 6. To minimize

the effect of Snow and cloud cover MODIS snow

cover images were used. The close agreement is

found between the two with the correlation

coefficient of 0.95. The average temperature

from 2002-2012 was 19.5 C (IMD) and 19.3 C

(MODIS LST). The Max highest temperature

recorded by IMD and MODIS LST was 30.5 C and

32 C respectively from 2002-2012. But there was

a large error when min temperature was

correlated as due to snow cover the IMD

recorded min temperature to be .010C and the

MODISLSTobservationrecorded it tobe0.1 C.

0 0

0

0

0

Date (2002-2012) IMD LST

Average temperature 18.3 18.2

Maximum temperature 31.05 32

Minimum Temperature 1.1 -4

Co-relation

0.97

Table 5. Table displaying comparison of M ODIS derived LST an d IM D Tair at Kupwara IM D station

Date (2002-2012) IMD LST

Average temperature 20.5 19.2

Maximum temperature 35.01 33

Minimum Temperature 0.7 0.0

Co-relation

0.97

12
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Table 6. Table displaying comparison of M ODIS derived LST an d IM D Tair at Qazigund IM D station

SKUAST

The satellite derived LST was compared with the

IMDobservedair temperatureondaily basis from

2002-2012 as shown in the Table 7. To minimize

the effect of Snow and cloud cover MODIS snow

cover images were used. The close agreement is

found between the two with the correlation

coefficient of 0.98. The average temperature

from 2002-2012 was 19.90C (IMD) and 20.1 C

(MODIS LST). The Max highest temperature

recorded by IMD and MODIS LST was 34.3 C and

35 C respectively from 2002-2012. But there was

a large error when min temperature was

correlated as due to snow cover the IMD

recorded min temperature to be 0.0 C and the

MODISLSTobservationrecorded it tobe -1 C.

0

0

0

0

0

CONCLUSION

As the study reveals that there is a very good

correlation between satellite derived land

surface temperature and the field recorded air

temperatu re . Therefore we can use

reconstructed LST timeseriesdata substituted for

meteorological observations, especially in

modelling approaches where data is typically

aggregated. Indicators derivable from these LST

map series include, Minimum, mean and

maximum temperatures for annual/ monthly/

weekly/daily periods. LST MODIS data is among

the highest resolution temperature data

available, both maximum and minimum

temperature on daily basis can be generated

besides this the satellite observed LST can be

used in hydrological studies and various other

Date (2002-2012) IMD LST

Average temperature 19.5 19.3

Maximum temperature 30.5 32

Minimum Temperature .01 .1

Co-relation

0.95

13
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Table 7. Table displaying comparison of M ODIS derived LST an d IM D Tair at SKUAST IM D station

Date (2002-2012) IMD LST

Average temperature 19.9 20.1

Maximum temperature 34.3 35

Minimum Temperature 0.0 -1

Co-relation

0.98



land surface processes. LST data along with snow

cover data is very important for monitoring the

temperature of different land use land cover

types. It can be used for checking and predicting

crop yield and also the necessary measures to be

taken, as this data can be used as an input to

various hydro-metrological models. This

information can help in assessing the impacts of

changing climate and land cover on the

hydrological processes. However, there is the

need tocheck the credibilityofdatabycomparing

it with more T air measuring stations and also

with the Automatic Weather Stations (AWS).

Also, the errors in the data processing can be

limitedbyusing various techniquesdependingon

the user. As we need to check the view angle,

LU/LC and other Meta data associated with the

data itself. Weneed todevelop robustalgorithms

for the processing of this data, which will help in

real-time monitoring of crops and other land use

and land cover classes as the data is available on

dailybasis.
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INTRODUCTION

The role of soil microbes in invasive success of

exotic species has attracted significant attention

during thepastdecade.Many studieshave shown

that the establishment of exotic plants in their

non-native range is significantly influencedby soil

microbial communities that contribute to their

fitness and invasiveness (Bever, 2003; Wolfe and

Klironomos, 2005; Levine 2006; Hawkes,

2006; Shah and Reshi, 2007; Shah 2008

a, b; and Shah 2010) reported that though

soil symbionts positively influence plant

invasiveness, the outcome largely depends upon

the neighbouring plant identity and the source of

soil inoculum. Earlier, Callaway 2004

reported that soil biota of the invaded region can

exert neutral or positive feedbacks on exotic

plants. Thus, for the non-native plant species in

the invaded regions, plant soil microbe

interactions play an essential role in determining

plant community structure (Bever, 2003) and in

few cases may enhance invasive ability of plants

through complex feedback loops (Richardson

2000). Soilmicrobial communitiesmayalsobe

affected by the invasion of non-native plant

species (Kourtev 2002; Shah 2010). It

has been found that alien plants suppress

harmful rhizopheric soil micro-biota (Bias

2004 and Lorenzo 2010) and enrich

beneficial ones thereby establishing positive

feedback which could contribute to their

et al., et

al., et al.,

et al.,

et al.,

et

al.,

et al., et al.

et al.,

et al.,

ABSTRACT

Alien plants are mostly known to draw positive feedback from soil biota in non-native

range to promote their invasion. Here we focused on a North American native plant

species, highly invasive in Eurasia, to evaluate the impact of soil

microbes on its invasiveness. The data revealed significant differences between

individuals grown in soils with intact microbial communities and soils

without microbes. Significant positive impact of soil microbes was found on some

important attributes of the target species, such as number of leaves, branches and

inflorescences per branch. Overall, the results showed positive feedback of soil

microbes on invasiveness of which underscores the importance of soil

basedmanagement strategies for this invasive species.

Conyza canadensis,

C.

canadensis

C. canadensis,

17

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502



proliferation (Klironomos, 2002; Batten et al.,

2006; Kulmatiski and Beard, 2008 and Sanon

2012) at the expense of native biodiversity

(Callaway 2004andLorenzo 2010).

It is in this studywe aimed to assess the likely

role of soil microbes in invasion of

- an invasive alien species in the

Kashmir Himalaya. Our hypothesis was that soil

microbes play a key role in invasiveness of

We tackled this issue by evaluating

the response of grown in soils with

intact microbiota against the control with

sterilized soils.

(L.) Cronq. (Canadian

horseweed) an annual herbaceous member of

Sunflower family (Asteraceae), is native to North

America (Weaver, 2001) and is a cosmopolitan

species, distributed globally in abandoned fields,

roads, waste areas (Buhler, 1992 and Weaver,

2001) and in high organic matter soils (Leroux

1996). It was introduced from North America

into Europe almost 300 years ago, where it has

successfully naturalized and became one of the

region's most abundant plant species (Thebaud

and Abbott, 1995). In the Valley of Kashmir the

species is found inmajorityof the ruderal habitats

(ca.1,600-2,500 m.a.s.l). The rapid range

expansion of this ruderal species locally may be

attributed to production of large number of

small, wind-dispersed seeds (ranging to over 200

000 seeds per plant), high resistance to diseases,

herbivory and herbicides, besides its association

with AM mutualists (Shah 2009). It is

pertinent to mention that Shah 2014

recently demonstrated through transcontinental

field studies, green house experiments and

individual based models that

significantly reduces the native plant diversity in

non-native rangesbutnotathome.

The pot experiment was conducted at the

Kashmir University Botanical Garden (KUBG) pot

house. Theexperiment in completely randomized

design (CRD) was established wherein seeds of

the test species (collected previous year from

field populations of Kashmir) were sown in well

labelled earthen pots (9 inches deep). In this

experiment seeds of were sown in

soils with intact microbial communities collected

fromKUBGand soilswith nomicrobes separately.

Thesepotswere filledwith garden soilmixedwith

sand in a ratio of 2:1. The soil was sterilized by

autoclaving thrice at 85°C for 90 minutes with a

12 h interval between autoclaving. There were

three replicates foreach treatment.

Pots were watered on alternate days and

each pot received equal volume of water. Pots

were properly spaced in thepot houseof Kashmir

University Botanical Garden (KUBG) and carefully

managed. Immediately after germination

thinning was carried to keep density constant in

all the pots. Two seedlings per pot, both in soils

with intact microbes and soils without microbes

weremaintained till the plants attainedmaturity.

Thegrowthand fitnessattributesof

grown in different soils were measured

separately after harvesting the plants from their

respective pots. Root and shoot dry mass were

determined after drying the above and below

ground plant parts to constant weight in oven at

50˚C‐60˚C for72hours.

Paired t test was used to see the influence of

different soil types on the various quantitative

characteristics of Statistical

et

al.,

et al., et al.,

Conyza

canadensis

C.

canadensis.

C. canadensis

Conyza canadensis

et

al.,

et al.,

et al.,

C. canadensis

C. canadensis

C. canadensis

C. canadensis.

MATERIALANDMETHODS

StudySpecies

PotExperiment
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analysis was performed by using the SPSS

statisticalpackage(SPSS16 Inc., Chicago,USA).

The results obtained showed significant (p

<0.001) differences in parameters, such as total

number of leaves, total number of branches, and

number of inflorescence/branch between

grown in soils with and without

microbiota.Relativelyhigher numberofbranches

and leaves in grown in soil with

intact microbial communities, than those grown

in sterilized soils devoid of microbes, indicates

potential role of microbes in the growth of this

species. Facilitative role of soil microbes in

invasiveness of some alien plants in non native

habitats has been also reported earlier by Read

(1976); Fumanal (2006); ShahandReshi,

(2007)andShah (2008a,b).

The best performance of plants in soil with

intact microbes in respect of attributes such as

total numberof leaves, total numberof branches,

and number of inflorescence/branch between

grown in soils with and without

microbiota point towards the promotion of the

fitness of These results are consistent

with the findings of Callaway (2004a) who

also observed that introduced plants in invaded

regions use soil biota to their advantage, and not

so in the native ranges. Several workers have also

reported that invasive species modify the soil

microbiota (Callaway 2004b; Reinhart and

Callaway, 2006; Kao-Kniffin and Balser, 2007;

Jordan 2008andSanon 2009) and can

potentially enhance growth of beneficial

microbes in their rhizosphere, thereby

establishing positive feedbacks. Studies carried

out by (Callaway 2004; Hierro 2005

and van Grunsven 2010) have

demonstrated that introduced species encounter

less inhibitory effects of soil biotawhere they are

introduced than in their home range. Thus, soil

microbes can promote invasion in recipient

communities while inhibiting plants at home.

Further, in a Canadianold field study, Klironomos,

(2002) found that many invasive plants generate

positive feedback while the rare natives

generated negative feedbacks. Also the non-

native plants grown in the soil of invaded regions

are released from their soil born enemies that

assists in their survival. Thus, positive soil

microbial feedbacks for non-native

in its invaded region (Kashmir) could be a factor

for its invasiveness and this need to be further

explored through careful ly control led

experiments.

However, the impact on attributes such as

plant height, number of inflorescences and dry

weight was not statistically significnant.

Moreover, grown in soils without

microbes, as against grown in soils

with microbes, showed decreased height, lesser

number of leaves, branches, inflorescences and

dry weight, thereby indicating the promotory

effect of soil microbes on parameters

contributing to species invasiveness (Figure 1).

Thus the present study allows us to conclude that

soils with intact microbes significantly facilitate

growth and fitness of thereby

contributing to its invasiveness. These results add

to the growing body of literature reporting such

positive soil microbial feedback obtained by

invasive plants and suggest that soil based

management strategies hold pivotal importance

in invasion management. In nutshell, soil

microbes seemed to have strong impact on

attributes such as total number of branches, total

number of inflorescences, inflorescence/branch

thatcontributeto invasivenessof

RESULTSANDDISCUSSION

C.

canadensis

C. canadensis

et

al., et al.,

et al.,

C.

canadensis

Conyza.

et al.,

et al.,

et al., et al.,

et al., et al.,

et a l . ,

C. canadensis

C. canadensis

C. canadensis

C. canadensis,

C. Canadensis.
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Table 1: Effect of soil microbes on the various parameters of Conyza canadensis

Variable
C. canadensis in
sterilized soil

Mean ± S.E

C. canadensis in
non sterilized soil

Mean ± S.E
t value p value

Height (cm) 95.66± 3.3 96.67± 0.62 -0.30 0.777

Leaves 94.42±2.8 161.51±2.5 -17.88 0.000**

Branches 20.04 ± 0.46 27.000 ± 0.37 -11.81 0.000**

Total inflorescences 335.4 ± 12 352.0 ±12 -0.96 0.361

Inflorescence/branch 16.833± 0.40 12.89±0.57 5.62 0.000**

Dry weight (gm) 2.341±0.28 2.829 ±0.092 -1.64 0.152

(** highly significant differences at p<0.001)

Figure 1: Impact of sterilized and non-sterilized soil of th e invaded region on the different parameters
of (M ean±SE)C. canadensis
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INTRODUCTION

Sericulture or silk farming is an ageold practice of

rearing of silkworms for the production of raw

silk. Sericulture is both an art as well as a science

of raising silkworms for producing a fiber that has

fascinated the man from antiquity. Sericulture is

an agro based industry with a vast potential of

employment generation for both rural as well as

urban areas. Although there are several

commercial species of silkworm, Bombyx mori is

themostwidelyusedand intensivelystudied,and

practices and techniques for its rearing are the

most developed (Barber, 1992). This insect is the

only living specie in its family, Bombycidae, and

has been domesticated for so long time that it

probablyno longerexists in thewild (Ron,2008).

ABSTRACT

The aim of the present study was to ascertain the probable effect of feeding the

silkworm, L. with roaddust pollutedmulberry leaveson themature larval

weight, average larval weight, average larval weight gain and growth rate using

silkwormhybrids, SH6 ×NB4D2, CSR2 × CSR4, DUN22 ×DUN6 and CSR double hybrid in

relation to the road dust fromtheNational Highway 1A at Pampore, Kashmir, India. The

roads generateaheavy amount of dustwhich gotdepositedon themulberry leaves. As

the distance from road to mulberry plots decreased, the dust deposition on leaves

increased. Impact on the silkworm growth was assessed by rearing the larvae on dust

polluted mulberry leaves besides the amount of dust deposition on the mulberry

leaves was also measured. The mature larval weight as well as the average larval

weight, average larval weight gain and growth rate of the silkworm larvae got

significantly reduced in both the 4 as well as in the 5 instar, when they were fedwith

extreme dust polluted mulberry leaves as compared to those larvae which were fed

with low dust polluted mulberry leaves. But the effect wasmore pronounced in the 5

instar as larvae consumemaximum amount of the leaf in the 5 instar. All the silkworm

hybrids, showed a marked effect when they were fed with extreme dust polluted

mulberry leaves, but CSR2 × CSR4 was most affected with the CSR double hybrid least

affected.

Bombyx mori

th th

th

th
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The mulberry silkworm, L.

(Lepidoptera: Bombycidae) is a monophagous

insect which feeds exclusively on the mulberry

( ) leaves for its nutrition and produces

the silk. Nutritional quality and quantity has

direct impact on the overall performance of the

silkworm such as larval and cocoon weight,

amount of silk production, pupation, and

reproductive traits. Nutritional quality of

mulberry leaves has a pivotal role to play on the

quantum of ingesta, digesta and digestibility of

food among silkworms (Ito, 1972). The quality

and quantity of ingesta and digesta ensures the

proper growth and silk production in silkworms

(TakeuchiandKosaka, 1962).

Sericulture in Kashmir valley is being

flourished by mulberry trees mainly existing on

the road sides, river bunds, canals, farm/garden

boundaries/fences, etc in an erratic form. Soils of

Kashmir valleyarepredominantly alfisolswhich is

prone to dust erosion during clear sunny and

windy days which generates large amount of

dust. Continuous and unending movement of

vehiclesadds to the problemwithheavy amounts

of dust pollution being generated along the roads

of Kashmir valley. National highway 1A connects

Srinagar, the summercapital of the Statewith rest

of Indiavia Jammu. Itwitnessesahugetraffic load

comprising of heavy commercial vehicles,

besides light commercial and motor counting to

millions per annumand increasing.Mulberry leaf

is known to have a tendency to attract the dust

and particulate matter present in air and thus a

preferred plant to assess as well as reduce the

atmospheric air pollution especially with

particulate matter in urban environments (Daud

2011). Kashmir hasbeenconferredwith the

salubrious climate which is highly conducive for

sericulture. Besides facing various devastating

factors of biotic and abiotic origin, the dust

generated by vehicular movement on the roads

of valley is emerging as one more limiting factor

for quality mulberry leaf production in Kashmir

valley. Feeding these dust polluted (deposited)

mulberry leaves to silkworm is certain in

sericulture particularly in Kashmir valley where

silkworm farmers fetch leaves from the mulberry

trees,which aremainly existing along roads. Thus

these dust polluted mulberry leaves are finally

consumed by B. mori which may cause stressful

condition for its growth anddevelopment, affects

its performance and making it susceptible to

various pathogens. The road dust polluted

mulberry leaves may also affect the food

consumption of the silkworms, hence can

drastically affect its growth and development.

Though a lot of studies have been carried out on

the effect of road dust on agricultural and

horticultural crops, the studies related to the

mulberry and silkworm is very meagre (Ghosh

2011). In this regard an effort was made to

assess the effect of the road dust polluted

mulberry leaves on the growth of the silkworm,

L.

The present investigation was carried out at

Central Sericulture Research and Training

Institute (CSR & TI), Central Silk Board, Pampore,

Jammu and Kashmir, India located at an altitude

of 1574 meters above mean sea level; 74.93° E

longitude and 34.02° N latitude during spring

2013. Two plots of mulberry dwarf plantations

with Goshoerami variety were selected for dust

measurementand feeding the silkwormbasedon

their proximity to the NH -1A and plots were

named as Site A located within 30m and Site B

(beyond 150m). Dust deposited on mulberry

leaves in these plots was measured from 10

randomly selected leaves after washing off the

dust andmeasuring the freshly deposited dust at

Bombyx mori

M orus spp.

et al.,

et

al.,

Bombyxmori

MATERIALANDMETHODS
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24hours intervals forsevenconsecutivedays.

Silkworm hybrids, SH6 × NB4D2, CSR2 × CSR4,

DUN22 × DUN6 and CSR double hybrid were

reared on the dust polluted mulberry leaves

following the standardrearingprocedure(Dandin

and Giridhar, 2010) to know the effect of road

dust pollution on the growth and development of

silkworm. Two disease free layings (DFLs) of each

racewere kept in rearing trays; inwhichone setof

trays contains the neonates from each race and

were fed with the extreme dust polluted

mulberry leaves (Site A). Another set of trays

contained the neonates from each race were fed

with the low dust polluted mulberry leaves (Site

B), making the total number of rearing trays upto

eight. After the resumption from the 3rd molt,

the larvae in each tray were divided into three

replicates by keeping hundred larvae in each tray,

making the total number of rearing trays up to

twenty four and the remaining larvae were

maintained as reserved stock. One batch of

twelve trays were fed with extreme dust polluted

mulberry leaves and the other batch of twelve

trays were fed with low dust polluted mulberry

leaves. The young larvae (1st-3rd instars) were

reared at 26-28 °C with 80-90% RH, and late age

larvae (4 and 5 instars) were maintained at 24-

26 °C with 70-80% RH. The mature larval weight

was assessed by taking ten mature larvae of the

5 instar and weighed with an electronic balance

Model BL 3002. The larvae were weighed in both

the 4th as well as in the 5th instar to calculate the

average larval weight, average larval weight gain

and growth rate of the larvae. Following

equations were used to calculate the average

larval weight, average larval weight gain and

growth rate of the silkworm larvae fed with

pollutedmulberry leaves (Waldbauer, 1968).

th th

th

Refers togain in larval biomass and indicates theefficiency of conversionof

nutrition into larval biomass.

Average larval weight (ALWt) =

Average larval weight gain (ALWtG) =

Growth rate.

Growth rate (GR) =
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Total larval weight

Total number of the larvae

Fresh weight gained by larvae

Duration of feeding (days) × Mean fresh weight of the

larvae during feeding period

Total number of the larvae again

Total number of the larvae



Statistical analysis

RESULTSANDDISCUSSION

The resultant data on dust deposition, mature

larval weight, average larval weight, average

larval weight gain and growth rate were

subjected to required statistical analysis, using

MSTATC®application.

The observations related to the deposition of the

road dust on the mulberry leaves shows that

varied amount of dust deposition takes place on

themulberry leaves in proportion to the distance

from the national highway NH-1A (Table 1). The

deposition of the dust on the mulberry leaves

decreases proportionately as the distance from

the road increases. As the period of the exposure

increases, there is a steady increase in the dust

deposition on the mulberry plants from both the

plots. There is a remarkable difference in the dust

deposition between the two plots. Highest

amount of road dust deposition on the mulberry

leaveswasobserved at Site A locatedwithin 30m

proximity from the highway and were

significantly highest than the Site B (Table 1). For

the convenience in the further study, the leaves

fromthesiteAwere regardedas theextremedust

polluted leaves (EDP) and the leaves from the site

B were regarded as the low dust polluted leaves

(LDP).

Table 1. Dust Deposition on M ulberry leaves at two test sites in CSR & TI, Pampore (5-11 M ay- 2013)

26

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502

Amount of Dust Deposited (g/ 10 leaves)
Duration(in Days)

Site A Site B

1 1.65 0.79

2 2.03 0.99

3 2.22 1.07

4 2.66 1.26

5 2.87 1.39

6 3.12 1.58

7 3.35 1.72

Average ± SD 2.55 ±0.61 1.25±0.33



Feeding the silkworm larvae with the dust

pollutedmulberry leaveshasa pronouncedeffect

on the mature larval weight of the silkworm

larvae. The larvae fedwith extreme dust polluted

mulberry leaves show a significant decrease in

the mature larval weight compared to the larvae

fed with low dust polluted mulberry leaves. The

highestmature larval weightwas recorded in CSR

(DoubleHybrid) followedbyDUN22×DUN6, SH6

× NB4D2 and CSR2 × CSR4 which were fed with

low dust polluted mulberry leaves. The lowest

mature larvalweightwas recorded inCSR2×CSR4

followed by CSR (Double Hybrid), DUN 22 × DUN

6, and SH6 ×NB4D2whichwere fedwith extreme

dustpollutedmulberry leaves (Table2).

The highest average larval weight was recorded

in the larvae of CSR Double Hybrid followed by

DUN 22 × 6, SH6 × NB4D2 and CSR2 × CSR4 fed

with low dust polluted mulberry leaves both in

the 4 as well as in the 5 instar. The lowest

average larval weight was recorded in the larvae

of CSR2 × 4, followed by CSR Double Hybrid,

SH6×NB4D2 and DUN 22 × 6 fed with extreme

dust pollutedmulberry leaves in the fourth instar.

In the 5 instar, lowest average larval weight was

recorded in the larvae of CSR2 × 4, followed by

DUN 22 × DUN6, CSR Double Hybrid and

SH6×NB4D2 fed with extreme dust polluted

mulberry leaves (Table3and 4).

The highest average larval weight gain was

recorded in the larvae of CSR Double Hybrid and

DUN22 × 6 followed by SH6×NB4D2 and CSR2 × 4

fed with low dust pollutedmulberry leaves in the

4 And in the 5 instar, highest average larval

th th

th

th th
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Table 2. Effect of dust polluted mulberry leaves on mature la rval weight of silkworm, L.Bombyx mori

Mature larval weight in grams (Per ten larvae)

Hybrids EDP LDP

Percentage

Difference

(%)

SH6 × NB4D2 27.58±1.28 35.56±1.34 25.27

CSR2 × CSR4 21.37±0.27 32.83±2.67 42.28

DUN 22 × DUN 6 27.34±1.68 38.35±0.78 33.52

CSR(Double Hybrid) 23.88±1.04 38.47±1.29 46.80



Table 3. Effect of dust polluted mulberry leaves on the growt h parameters of silkworm larvae in the 4 instar
th
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4th Instar ALWt ALWtG GR

Hybrids

EDP LDP Percentage

Difference

(%)

EDP LDP Percentage

Difference

(%)

EDP LDP Percentage

Difference

(%)

SH6×NB4D2 0.49±0.02 0.66±0.01 29.56 0.36±0.01 0.53±0.01 38.20 17.56±0.22 20.38±0.27 14.86

CSR2 × 4 0.43±0.03 0.59±0.02 31.37 0.31±0.02 0.45±0.02 36.84 16.92±0.12 19.45±0.22 13.91

DUN 22 × 6 0.53±0.03 0.68±0.01 24.79 0.38±0.02 0.54±0.01 34.78 16.99±0.20 20.12±0.13 16.86

CSR Double

Hybrid

0.44±0.02 0.72±0.03 48.27 0.31±0.03 0.54±0.02 54.11 15.16±0.94 18.73±0.66 21.06

weight gain was recorded in the larvae of CSR

Double Hybrid followed by DUN 22 × 6,

SH6×NB4D2 and CSR2 × 4 fed with low dust

polluted mulberry leaves. The lowest average

larval weight gain was recorded in the larvae of

CSR2 × 4 and CSR Double Hybrid followed by SH6

× NB4D2 and DUN 22 × 6 fed with extreme dust

polluted mulberry leaves in the 4 . In the 5

instar, lowest average larval weight gain was

recorded in the larvae of CSR2 × 4, followed by

DUN 22 × 6, CSR Double Hybrid and SH6×NB4D2

fed with extreme dust polluted mulberry leaves

(Table3and4).

The highest growth rate was observed in the

larval batches which were fed with LDP mulberry

leaves as compared to the larval batches fed with

EDP mulberry leaves. In the 4 instar, the highest

growth rate was observed in the larvae of SH6 ×

NB4D2 (20.38±0.27) fed with LDP leaves and the

lowest growth rate was observed in the larvae of

CSR double hybrid (15.16±0.94) fed with EDP

leaves. In the 5 instar, the highest growth rate

was observed in the larvae of DUN 22 × 6

(13.87±0.58) fed with LDP leaves and the lowest

growth rate was observed in the larvae of CSR

double hybrid (10.04±0.05) fed with EDP leaves

(Table3and4).

thj th

th

th



Mulberry leaf quality (38.2%) along with

climate (37.0%) is one of the important

contributing factors in the production of good

quality cocoonsand silk (Miyashata, 1986). So the

cultivation of the mulberry plants used in the

rearing of the silkworms should be healthy

enough to ensure a good quality silk production.

Automobiles introduce a number of pollutants

and dust on both sides of the road (Honour

2009). Road dust is a natural sink of organic and

inorganic contaminants viz. toxic pollutants,

heavy metals and hydrocarbons (Quingsheng

2009). It has been well established that,

insects fed on road side plants have accumulated

significantly higher toxicants owing to the

toxicant content in the host plants than the

controls (Beyer andMoore, 1980). In Kashmir, the

chanceof getting the roaddustpollutedmulberry

leaves are either or both during commercial

chawki rearing centers under the government

control as well in the late age rearing carried out

at farmer's level. Findings of the present study

revealed that mulberry plantations located along

busy National Highway 1A are prone to air

pollution of large dimensions in the form of road

dust,particulatematter, automobileexhaustetc.

The observations related to the effect of the

road dust on the quality of the mulberry leaf

clearly challenge its suitability for the rearing of

the silkworm. The reason for the decline in the

growth of the silkworm may be due to less

palatability of the mulberry leaves and stress

conditions accrued to the larvae upon feeding.

The effect of the extreme dust polluted mulberry

leaves on the silkwormswasmore pronounced in

the 5 instar as the silkworm consumes the

highest amount of food in the instar. The

decline in the growth rate and mature larval

weight of the silkworm in the instar can have

derogatory effect on the productivity of the

silkworm as this instar culminates in the

production of the cocoons by the silkworms and

determines the success and failure of the crop.

et al.,

et

al.,

th

5

5

th

th

Table 4: Effect of dust polluted mulberry leaves on the growt h parameters of silkworm larvae in the 5 instar
th
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5th Instar ALWt ALWtG GR

Hybrids EDP LDP Percentage

Difference

(%)

EDP LDP Percentage

Difference

(%)

EDP LDP Percentage

Difference

(%)

SH6×NB4D2

2.47±0.05 3.13±0.07 23.57 1.94±0.06 2.47±0.07 24.03 12.87±0.17 13.81±0.52 7.04

CSR2 × 4

1.71±0.11 2.83±0.02 49.33 1.27±0.08 2.38±0.01 60.82 12.03±0.04 13.55±0.08 11.88

DUN 22 × 6

2.23±0.07 3.41±0.12 41.84 1.69±0.06 2.93±0.14 53.67 12.31±0.18 13.87±0.58 11.91

CSR Double

Hybrid 2.24±0.08 3.75±0.05 50.41 1.80±0.06 3.21±0.06 56.28 10.04±0.05 11.20±0.09 10.92



These findings borrows the support from

Khan (2013) who reported that the dust

polluted mulberry leaves causes silkworm

mortal ity, increases microbial disease

susceptibility of the silkworm and affects the

larval, silk andcocooncharactersof the silkworm.

The effect of the pollutedmulberry leaves on

the growth of the silkworm larvae further reveals

thenutritional inadequacyof themulberry leaves

polluted with the dust. The large amount of the

polluted leaves required by the larvae to

synthesize larval biomassmeans that extra leaves

are required to fed to the larvaewhich add to the

cost of the production, which declines the

profitability. These findings found the support

from the studies that nutritional quality and the

quantity affects nearly all biological processes

including the rates of biochemical and

physiological processes (Parra and Kogan, 1981;

Paul 1992), and eventually can affect the

larval quality or quantity of cocoon crops in the

silkworm. In this regard, there is a scope for

investigating the effect of road dust polluted

mulberry leaves on the biochemical and the

nutritive parameters of the mulberry leaves

which forms the sole food for the silkworm.

Similar findings were also reported by Ghosh

(2011) from their studies on mulberry plots

located near NH-34 in West Bengal. They

suggested identifying the mulberry varieties

which will be suitable for cultivation in polluted

areas and can promisingly address the problems

faced by sericulture in these challenged

environments. Although some information has

been gathered on the harmful effect of

components of air pollution on mulberry and

s i l kwo rm l i ke Po l ynuc l ea r A romat i c

Hydrocarbons (Ghosh 2011), fluorides

(Kuribayashi, 1971., Fuzi and Honda, 1972., Imai

and Sato, 1974., Mochida and Yoshida, 1974,

Kuribayashi 1976) and sulphur

(Kuribayashi, 1971); veyless information is

available about the impact of road dust and its

toxic constituents such as lead, cadmium, etc on

mulberry aswell as silkworm. In this regard, itwill

be of greater importance to cultivate mulberry

plantations away from roads for sericulture to

ensure better quality leaf. In conditions like

Kashmir, where the mulberry plantations are

scattered along the roads in a scattered manner;

which is the main leaf source for sericulture;

automobile and tourism sectors are registering a

hike day by day by leaps andbounds, it is required

to alleviate the menace of dust pollution on

mulberry and sericulture to check the alarming

downslideof this industry in the state.

From the studies conducted by feeding the

silkworm hybrids SH6 × NB4D2, CSR2 × CSR4,

DUN22 × DUN6 and CSR double hybrid with road

dust polluted mulberry leaves, it can be

concluded that the road dust lead to reduced

growthof the silkworm larvae inboth4 aswell as

in the instar, but the effects were more

pronounced in the instar. It resulted inmarked

difference in the weight of the mature larvae

which can in turn affect the productivity of the

silkworm. The effect of the road dust polluted

mulberry leaves on the silkworm can be alarming

as the majority of the sericulture units are

dependent on the mulberry plantations existing

along the road sides. In that case, the probable

and the drastic effects of the polluted mulberry

leaves on the sericulture are inevitable. The need

of the hour is to devise various preventive and

management strategies including planting

mulberry plants away from the roadsides and

washing the dust polluted mulberry leaves by

et al.

et al.,

et al.

et al.,

et a l . ,

CONCLUSIONS
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5
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spraying the water during the growing season,

can substantially alleviate the effect of the

polluted mulberry leaves on the sericulture and

can increase its productivity and ensure the

sustainabilityof this vital industry.
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INTRODUCTION

Earth observation data at multiple

resolutions have been widely used in studies of

environmental changes, natural resource

management, and ecosystem and landscape

analysis in general. Land use and land cover

(LULC) studies are important for understanding

land surface processes, hydrology and the

interactions of the human activities with the

environment (Altaf , 2013; Meraj et al.,

2013; Altaf 2014). However, proper

classification of LULC is a very essential

requirement for all modeling tasks in

environmental problems (Romshoo and Muslim,

2011; Rashid and Romshoo, 2013). Image

classification accuracy is affected by two factors:

the first factor is the influence of boundary pixels

on classification results, and the second factor

which influences classification accuracy is that

et al.

et al.,

ABSTRACT

Timely and precise monitoring of Earth's surface features is very important for

understanding relationships and interactions betweenhuman andnatural phenomena

in order to support better decision making. Remote sensing data is primary source

extensively used for mapping and monitoring in recent decades. Land use land cover

(LULC) mapping based on remote sensing data classification is one of the most

important applications of remote sensing techniques. However, with the availability of

various sensors with different spatial resolutions and different classification methods

the comparative evaluation of their performance for classification accuracy becomes

essential. A systematic evaluation of digital data from three different sensors having

different spatial resolution i.e. 79m of Landsat MSS (1979), 30m of Landsat TM (1992)

and 23m of IRS LISS-III (2008) was carried out for assessing the impact of spatial

resolution on LULC classification accuracy. Classification of the satellite data was

carried out usingMaximum Likelihood Classifier (MLC). A total of thirteen LULC classes

were classified in the Kashmir Valley. The classification results were compared using

overall classification accuracies and kappa statistics. The results revealed that the

overall accuracy and kappa statistics of 23m was higher than that of 30m and 79m

resolution images. Understanding the impact of spatial resolution on classification

accuracieswill help in theappropriate interpretationof anyclassified data.
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finer spatial resolution increases the spectral-

radiometric variation of land cover types

(Markham and Townshend, 1981). The

relationship between classification accuracy and

spatial resolution depends on size and spatial

pattern of land cover classes (Moody and

Woodcock, 1994). Appropriate spatial resolution

is also a function of the type of environment, the

kind of information desired and the techniques

used to extract information. The spatial

resolution of available image data, analysis

methods, environmental situations and primary

questions about these environments should all

be consideredwhendetermining theappropriate

spatial resolution for analysis. Improper choice of

different spatial resolution can lead tomisleading

of interpretation for map creation, change

detection and image analysis. It has been

observed that increase in theavailabilityofhigher

number of resolution datasetsmakes selectionof

appropriate spatial resolution more complex

(Chen et al., 2004). During the last three decades

the spatial resolution of the remotely sensed

images has been considerably developed as a

result of the improvement of technology. Many

fieldshavebenefitedof theavailability of thehigh

spatial resolution images such as geology,

environment, urban planning, agriculture and

others (Hsieh et al., 2001). Many researchers

have explored potential problems in developing

stable parameters from remotely sensed imagery

at different spatial resolutions due to

autocorrelation and spatial dependency (Cushnie

1987, JohnsonandHowarth1987)

Spatial resolution is one of the fundamental

characteristics of a remote sensing image. For an

optical remote sensing system, the spatial

resolution is the smallest resolvable spatial unit

(ground resolution element) recorded in an

image (Woodcock and Strahler, 1987; Chen

2005). In a digital image, the resolution is limited

by the pixel size, i.e. the smallest resolvable

object cannot be smaller than the pixel size and

determines the level of spatial detail that can be

observed on the earth's surface. Spatial

resolution reveals variable patterns and

distributions of objects (Sing 2002; Chen

2005; Frank and Tweddale, 2006) and

influences the selection of classification

approaches (Atkinson and Curran, 1997).The

basic information contained in a remotely sensed

image is strongly dependent on spatial resolution

and the spatial resolution of an image extensively

affects every stage of image classification. As fine

spatial resolution data has become more easily

available, they are increasingly employed for

different applications (Sugumaran 2002;

Goetz 2003;Herold 2003;Hurtt

2003; Van der Sande et al., 2003; Xu 2003;

Zhang and Wang, 2003; Wang 2004). In

otherwords, the factor of spatial resolution plays

an increasingly important role in theemployment

of remotely sensed imagery (Quattrochi and

Goodchild,1997;Cihlar, 2000).

The effects of spatial resolution on the accuracy

ofmapping LULC classes have received increasing

attention as a large number of multi-scale earth

observationdatabecomeavailable. Theobjective

of the study is to determine how classification

accuracychangeswithvaryingspatial resolution.

Geographically Kashmir valley is situated at an

altitude of 1580 m (a.m.s.l) lying 33 55'-34 50'

North latitude and 74 30'-75 35' East longitude

(Figure.1). The Pir Panjal range bounds it on the

south and west separating it from Jammu region

et al.,

et al., et

al.,

et al.,

et al., et al., et al.,

et al.,

et al.,
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and the Greater Himalayan range (Zanaskar

range) encloses it on the east-northeast and

north-northwest. The valley has very rugged

topography located at the mean elevation of

1,500 m above the sea level, and maximum

elevation found is more than 5,000 m above sea

level. Kashmir Valley receives precipitation both

in the formof rainandsnow.

It has been noted that the rainfall pattern exhibit

peculiar distribution patterns throughout the

year, beinggreatly concentrated in thewinter and

spring months across the valley. Valley is well

drained by the river Jhelum and its associated

tributaries, which provide water for drinking,

irrigation and hydro-power generation. Tourism

and agriculture are back bone of the economy for

the valley. The valley of Kashmir abounds in

numerous lovely lakes, swamps, springs and

streams which are important in controlling the

hydrology of Jhelum. Valley plains are rich in

alluvial soil which yields rice, saffron, vegetables

and a variety of fruit whereas the upper reaches

are covered either by forests or pastures and

snow.

Satellite data from three different satellites

representing a variety of spatial resolutions were

used in the study. Satellite data include Landsat

MSS (79m) of 1979, Landsat TM (30m) of 1992

and IRS LISS-III (23.5m) of 2008. Besides using the

satellite data, SOI map, field survey and high

resolutionGoogle imageswerealsoused.

Image classification in the field of remote sensing

is the process of assigningpixels or the basic units

of an image to classes. It is likely to assemble

groups of identical pixels found in remotely

sensed data, into classes that match the

informational categories of user interest by

comparing pixels to one another and to those of

known identity. The quality of a supervised

classification depends on the quality of the

training sites (Palaniswami et al., 2006). All the

supervised classifications usually have a

sequence of operations that must be followed,

MATERIALANDMETHODS

MappingApproach
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defining of the Training Sites, Extraction of

Signatures and Classification of the Image

(Andrews, 1972; Mountrakis et al., 2011; Swain

and Davis, 1978; Lillesand and Kiefer, 1979;

Perumal and Bhaskaran, 2010). Different training

sets were developed after analysis of various

visuals (color, tone, texture, shape, shape, size,

association, convergence of evidence, etc) and

statistical characteristics (mean, standard

deviation, etc) of the data (Robert, 1983; Jain,

1986). Supervised classification of Landsat MSS

(79m), Landsat TM (30m), and IRS LISS-III (23m)

images was performed using an appropriate

decision rule (maximum likelihood algorithm).

The Gaussian maximum likelihood (GML)

classifierwas used in this study for three reasons.

First, it is relatively convenient to implement.

Secondly, themaximum likelihooddecision rule is

by far themost common supervised classification

method and is widely used. Finally, the GML is

robustandutilizesmean,varianceandcovariance

of training site statistics, where most other

decision rules are based on simpler statistics

(Richards 1995, Chen 2005; Hanger and

Reese, 2007; Perumal and Bhaskaran, 2010;

Murtaza and Romshoo, 2014). Satellite data was

classified into thirteen different LULC classes;

agriculture, aquatic vegetation, barren land,

built-up, exposed rock, forest, horticulture,

pasture, plantation, riverbed, scrub land, snow,

andwater.

Image classification was evaluated to check the

authenticity and reliability of the classified data

(Lillesand and Kiefer, 1979; Foody, 2002; Jensen,

2007; Perumal and Bhaskaran, 2010; Romshoo

and Irfan, 2014). Accuracy assessment is a

general term for comparing the classification to

the geographical data that are assumed to be

true, in order to determine the accuracy of the

classification process. Usually the assumed true

data are derived from ground truth data. It is not

usuallypractical to ground truthor otherwise test

every pixel of a classified image. Therefore, a set

of reference pixels is usually used. Reference

pixels are points on the classified image forwhich

actual data are (or will be) known (Lillesand and

Kiefer, 1979; Jensen, 2007). The reference points

or pixels were selected from ground truth points

for IRS LISS III (23m) classified image. While as

reference points for Landsat TM (30m) and

Landsat MSS (79m) were taken from historic

Google Earth images and SOI map respectively. It

is because there was no direct method to do

accuracy assessment for 1972 and 1992 so, this

conventional method of accuracy assessment

was used. And also keeping in mind that SOI map

is the standardmap provided by the government

of India. Points from different classes were taken

in order to check the accuracy of as many as

possible classes. The number of reference pixels

is an important factor in determining the

accuracyof theclassification (Congalton, 1991).

Error matrix table was used to generate various

statistics that characterize the accuracy of a

classification technique. It simply compares the

reference points to the classified points in a CxC

matrix, where C is the number of classes. For

example, the overall accuracy compares the

number of pixels correctly classified (those

appearing on the diagonal of the matrix) to the

total number of pixels sampled (Foody, 2002).

Overall classification accuracy is given by

following formula .

Where 'P’ is classification accuracy, 'n' is number

of points correctly classified on image, and 'N' is

numberofpointschecked in the field.

However, this statistics can be misleading since a

certain number of correctly classified pixels are

expected to occur by chance alone. The Cohen's

Kappa statistics allows accessing the accuracy

et al.,

ClassificationAccuracyAssessment
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Figure 2: LULC M ap of Kashmir valley for 79m Figure 3: LULC M ap of Kashmir valley for 30m
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that takes into account the chance of random

agreement (Smits 1999; Dymond and

Jonson,2002) .

Where pr (a) is the relative observed agreement

among raters, and pr (e) is the hypothetical

probability of

ce (as

definedbyPr (e

Kappa statistics for chance, and ranges from 0 in

case of the most confused classification to 1 in

case of the most accurate classification (Cohen,

1960; Congalton 1991; Carletta, 1996; Sim

and Wright, 2005).Other statistics that can be

generated from the errormatrix include errors of

omission (producer's error) and errors of

commission (user's error). These are based on

individual classes, dividing the number of pixels

that are incorrectly classified by either the

columnor rowtotals, respectively (Congaltonand

Mead 1983; Congalton, 1991; Janssen and van

der Wel, 1994; Kalkhan 1997; Stehman,

1996, 1997; Congalton and Green, 2008; Smits

1999;Foody,2002).

Error matrix table was calculated for all the three

classified images and statistics were plotted

against the spatial resolution of the three data

sets used and the effect of spatial resolution on

classificationaccuracywascalculated.

Supervised classification of LandsatMSS, Landsat

TM and IRS-LISS-III images was carried out using

maximum likelihood classifier and following

classes were classified agriculture, aquatic

vegetation, barren land, built-up, exposed rocks,

forests, horticulture, pastures, plantation,

riverbeds, scrub land, snow and water. The

comparison of classified images is shown in

figures 2, 3 and 4 respectively. These multi-

temporal land use land cover maps were

subjected to accuracy assessment, and an error

matrix table was generated. The error matrix

results are useful for knowing the overall

classification accuracy as well as class wise

accuracy and kappa statistics, which is essential

for knowing the amount of error free

classification. The various classes for which error

matrix was generated are; horticulture,

plantation, riverbed, forest, built-up, agriculture,

scrub land, pasture, aquatic vegetation, exposed

rocksandwater.

et al.,

et al.,

et al.,
et

al.,

Theequationfor κ is:

chance agreement, using the

observed data to calculate the probabilities of

each observer randomly saying each category. If

the raters are in completeagreement thenκ =1. If
there is no agreement among the raters other

than what would be expected by chan

), κ =0.

RESULTSANDDISCUSSIONS



Figure 4: LULC M ap of Kashmir valley for 23m
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The overall accuracy and Kappa coefficient for

classification products from Landsat MSS,

Landsat TM and IRS LISS III were 72.8%, 83%, and

90.75% respectively with Kappa statistics of 0.62,

0.79 and 0.89 respectively. The table 1 below

shows the accuracy assessment and table 2

showstheerrormatrixof three classified images.

Table 1: Accuracy assessment

Spatial Resolution (m) Overall Accuracy (%) Kappa statistics

79 72.8 0.62

30 83 0.79

23 90.7 0.89

Figure 5: Graph showing comparison of Kappa statistics
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The accuracy analysis for the classified images

was plotted against spatial resolution (Fig. 5). It is

seen from the steepness of line that there is

considerable increase in accuracy from 79m to

23m resolution and the modest increase for the

intermediate spatial resolution (Moody and

Woodcock 1994, Sing 2002, Suwanprasit

and Srichai, 2012.). This could be due to the

reduction in proportion ofmixed pixels from 79m

to 23m.The graph defines the accuracy as a

function of the spatial resolution and indicates a

general decreasing trend in the error with

increasing spatial resolution. Various studies

have been conducted to assess the impact of

spatial resolution on classification accuracy.

Mumby (1997) has also compared the

classification efficiency of different remote

sensing platforms in different spatial resolution.

They found that the high resolution was

significantly more accurate than other sensors

that were less in spatial resolution. Similarly,

other studies reveals that the benefit of data that

is acquired by remote sensing sensors for

differentiating different class of objects depends

strongly on the sensor spatial resolution

(Cushnie, 1987; Johnson and Howarth, 1987;

Legleiter andRoberts, 2005).

et al.,

et al.
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Table 2: Error matrix of classified images
CLASS YEAR AG A V B U E R FO HO PA PL RB S L WA TO U A %

1972 105 0 1 4 6 0 0 6 1 0 0 123 85

1992 75 0 0 0 0 5 0 4 0 0 4 88 85AG

2008 38 0 1 0 0 3 0 1 0 0 0 43 88

1972 0 2 0 0 0 0 0 0 0 0 2 100

1992 0 5 1 0 0 0 0 0 0 0 0 6 83A V

2008 0 6 0 0 0 0 0 0 0 0 0 6 100

1972 15 0 34 1 7 0 0 9 1 0 0 67 50

1992 5 0 58 0 1 0 0 5 0 0 0 69 84B U

2008 0 0 103 0 0 0 1 0 0 0 0 104 99

1972 1 0 0 6 3 0 0 0 0 0 10 60

1992 0 0 0 8 0 0 0 0 0 0 0 8 100E R

2008 0 0 0 8 0 0 0 0 0 0 0 8 100

1972 3 0 1 8 18 0 0 0 0 0 0 30 60

1992 1 0 0 0 39 0 1 2 0 0 0 43 91FO

2008 0 0 0 0 27 0 0 0 0 0 0 27 100

1972 0 0 0 0 0 0 0 0 0 0 0 0 0

1992 3 0 0 0 0 18 0 2 0 0 0 23 78HO

2008 4 0 2 0 0 77 0 3 0 0 0 86 90

1972 0 0 0 0 0 0 0 0 0 0 0 0 0

1992 0 1 1 0 0 0 12 2 0 0 0 16 75PA

2008 0 0 1 0 0 0 20 1 0 0 0 22 91

1972 4 0 0 1 0 0 0 22 0 0 0 27 81

1992 4 0 2 0 2 7 0 48 1 0 0 64 75PL

2008 0 1 2 0 0 4 0 41 0 0 0 48 85

1972 0 0 0 0 0 0 0 0 5 0 0 5 100

1992 1 0 0 0 0 0 0 0 8 0 0 9 89RB

2008 0 0 1 0 0 0 0 3 12 0 0 16 75

1972 0 0 0 0 0 0 0 0 0 0 0 0 0

1992 0 0 0 0 0 0 0 0 0 4 0 4 100S L

2008 0 0 0 0 1 0 0 1 0 16 0 18 89

1972 0 0 0 0 0 0 0 0 0 0 1 1 100

1992 1 0 0 0 0 0 0 0 0 0 3 4 75WA

2008 0 1 0 0 0 0 0 0 6 0 15 22 68

1972 128 2 36 20 34 0 0 37 7 0 1 265
1992 92 6 60 8 42 36 13 65 7 4 7 334TO

2008 42 8 11o 8 28 84 21 50 18 16 15 400
1972 82 100 94 30 52 0 0 59 71 0 100

1992 56 36 33 100 56 16 35 42 24 20 14P A %

2008 90 75 94 100 96 92 95 82 67 100 100

Where; AG -Agriculture, AV -Aquatic Vegetation, BU -Built-up, ER-Exposed Rock, FO -Forest, HO-Horticulture, PA -

Pastures, PL-Plantation, RB- Riverbed, SL -Scrub Land, WA -Water, TO -Total, PA -Producers Accuracy and UA -Users

Accuracy.
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Furthermore, the impact of spatial resolution on

interpretation of satellite data was also analysed

as the number of land cover classes classified in

Landsat MSS (79m) was less than the number of

land cover classes classified in Landsat TM (30m)

and IRS LISS (23m) images (Suwanprasit and

Srichai 2012). Different land cover classes which

were classified in 79m image are; plantation,

riverbed, forests, built-up, agriculture, snow,

water, aquatic vegetation, horticulture and

exposed rock. While with the increase in the

spatial resolution i.e. 30m and in 23m, the

number of classes interpreted also got increased

and were classified as plantation, riverbed,

forests, built-up, agriculture, snow,water, aquatic

vegetation, exposed rock, barren land,

horticulture, pastures and scrub land. Figure 6

shows some case studies reveling degree of

interpretation of different LULC classes in

different spatial resolutions. In part (A) a small

water body in Shupian district which was easily

classified in 23m and 30m resolution images

while as the same water body was not classified

at all in 79m resolution image. Similarly, (B) the

road leading towards Gulmargh from Srinagar

was easily classified in 23m and 30m resolution

imageswhile as the same roadwhichwaspresent

in 1979 but was not classified in 79m resolution

image. How ever both the features were present

in1979.

CONCLUSIONS

A perusal of data revealed that with increase

in spatial resolution, overall accuracy and

k-coefficient also increased. There was a

considerable increase in classification accuracy

from 79m to 23m with the modest increase for

the intermediate spatial resolution.The finer

spatial resolution has a significant influence on

the classification results. Further, it was observed

that with the increase in spatial resolution,

interpretation of different land cover classes also

increased. Against the ten land cover classes

interpreted in MSS data (79m), thirteen land

cover classeswere classified in TM (30m) and LISS

(23m) data. The higher resolution data also

greatly reduced the mixed-pixel problem and

provided high probability of extracting much

more detailed information on land cover

structures. Therefore, it is concluded that spatial

resolution plays an important role and affects

classificationdetails andaccuracy.

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502
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INTRODUCTION

Submerged macrophytes form a horizontal

ecotone between land and open water and

vertically between the sediments and overlying

water. This underwater forest plays a outstanding

role in phosphorous cycling in lakes ecosystem

(Wang 2007). Macrophytes and their

attached micro flora act as a sink for phosphorus

byassimilation in biomass via conservation of use

or enhanced acquisition from decomposing

detritus (Ticconi and Abel, 2004; Richardson,

2009), reducing sediment resuspension

(Nurminen, 2001; Nurminen and Nurminen,

2005) and co-precipitation with marl (Dittrich

2004;Kian 2006). The co-precipitation

of phosphorous with marl is a well known

phenomenon in alkaline hard water lakes

(Wetzel, 2001) and causes a major problem in

chemical analysis of macrophytes (Wetzel, 1965;

Sculthorpe, 1967). Riemer and Toth (1969)

suggested that the iron and manganese content

attributed to some aquatic plants actually

represented surface deposits which posed the

et al.,

et al.

et

al., et al.,

ABSTRACT

In alkaline calcareous hard waters hydrophytes become encrusted with carbonate

precipitateof complexnature (marl)which alters thebulk chemical analysis of plants by

overestimation of their nutrient sequestration potential. The phosphorus content of

three submerged aquatic plants,

and was found to differ considerably depending on the cleaning

procedures used. Tap water washed plants exhibited higher concentrations of

phosphorus ( 6.5mg/g; 5.5mg/g; 7.8mg/g) than the

plants cleaned by acid ( 6.3mg/g; 5.2mg/g;

6.5mg/g). The ash content of tap water washed plants ( 110mg/g;

232mg/g; 264mg/g) was also high as compared to acid cleaned

plants ( 85mg/g; 110 mg/g; 50mg/g). The marl

contributed 16%, 5% and 3% of phosphorus to and

respectively. The study revealed that the plants cleaned by tapwater retained themarl

encrustationand thus increased thephosphorus contentofwater cleanedplants.

Ceratophyllum demersum, M yriophyllum spicatum

Potamogeton lucens

C. demersum M . spicatum P. lucens

C. demersum M . spicatum P. lucens
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difficulty in determining the true tissue content.

The high and erratic value of Ca and Mg in

macrophytes has beenobserved tobe affected to

the large extent by marl on macrophytes (Byod,

1970; Kelly and Ehlmann, 1980). Researchers

have used different techniques to reduce

contamination of macrophytes which include

washing in lakewater (Byod,1970;Cowgill, 1973),

tap water (Riemer and Toth, 1969), dilute acid

(wood, 1975). Despite of problems related with

tissue analysis of macrophytes there has been

very few studies onmineral removingpotential of

macrophytes from valley lakes (Kaul and Trisal,

1981; IshaqandKaul, 1989: KhanandShah, 2003)

However, no such study has been carried out so

farwhich encompassed the possible contribution

of marl in estimation of phosphorus in the

macrophytes. It is in this back drop the present

attempt was undertaken to investigate the

impact ofmarl on phosphorus and ash content of

three submerged macrophytic species namely

spicatumand

Manasbal lake is the deepest freshwater marl

lakeofKashmir, having anareaof2.8km , situated

about 32km northwest of Srinagar city. The lake

lies at an altitude of about 1584 a.m.s.l. between

34°15'and 34°16.534' N latitude and 74° 40' and

74° 42.530' E longitude. The lake catchment is

chiefly comprised of limestone and receives

water chiefly fromsprings spread throughout the

lake bed. The lake is also fed by a small irrigation

streamon theeastern sideof lake (calledLar kull).

The lake is connected to river Jhelumbya channel

called Nunnyar Nallah which is 1.6 km long and

leaves the lake on its western side and runs south

direction to join the river near village Sumbal.The

manasbal lake has luxuriant growth of

macrophytes and are represented by all the four

life form-classes belonging to emergents, rooted

floating leaf type, submerged and free floating.

The submerged macrophytes cover significant

area of the lake, while the emergent floating and

rooted floating types together constituted less

than 20% of the lake area. The submerged

vegetation is dominated by and

the rest of species have sparse

distributionpatterns.

The submerged macrophytes namely (

) were

collected from Manasbal lake. Plants were

transported to laboratory in polythene bags,

cleaned, and dried within a period of 48 hours.

Plants were thoroughly washed with tap water,

filamentous algae and extraneous matter was

handpicked fromplants. Plantswere thendivided

into two sub samples in which onewas subjected

to acid treatment of .5N HCl for one minutes and

other was cleaned with tap water. The

subsamples were washed with distilled water

before oven dried at 95 C for 20 hours to remove

the possible contamination from acid and tap

water. After drying, plants sampleswere crushed,

sieved, digested in nitric and perchloric acid and

then were analysed by Stannous Chloride

method. The other set of subsampleswere ashed

at 500 C for 8 hours in muffle furnace to cross

check the amount of marl retained by the water

washedmacrophytes. The amount ofmarl plants

retained by plants was calculated by the

subtracting theweight ofwater cleaned plants by

acidcleanedplants.

Cera t ophyl lum dem ersum , M yr iophyl lum

Potamogeton lucens.

C. demersum M .

spicatum,

C.

demersum, M .spicatum, and P. lucens

Studyarea
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RESULTSANDDISCUSSION

Dense macrophytes beds of

in the lake were covered

with a thick layer of marl which was found on all

plants as a whitish grainy coating. Significant

variations were observed in phosphorus content

of acid cleaned and water washed plants

(Table.1). Plants washed with tap water showed

more values of phosphorus than acid cleaned

plants. The maximum amount of phosphorus in

tapwaterwashedplantswasobserved in

(7.8mg/g) followed by (6.5mg/g)

and M. spicatum (5.5mg/g).Similar trend was

shown by acid cleaned plants in phosphorus

content, however, its concentration was

comparatively low ( 6.5mg/g;

6.3mg/g; and 5.2mg/g).

Macrophytes derive their nutrients from water

column and sediments, but root uptake is the

main source of phosphorus acquisition in rooted

macrophytes (Barko and Smart, 1980; Carignan,

1982) and could be the probable reason for high

phosphorus content in . On the other

hand, high surface area: volume ratio of

makes it a strong competitor for

nutrients (Hernández 1999) and thus has

assisted the plant to sequester comparable

amount of phosphorus to rooted species. Acid

cleaning reduced the phosphorus content of

and by 16%,

3%and5% respectively. This actually represented

surface deposits of phosphorus on macrophytes

(Riemer and Toth, 1969) and thus gives over

estimation of phosphorus in macrophytes.

Submerged macrophytes utilize bicarbonate as a

carbon source, thus increase pH and

consequently shift the chemical equilibrium

towards the formation of carbonate ions (Stumm

and Morgan, 1996) which then precipitate with

calcium and phosphorus. This photosynthetically

induced co-precipitation of phosphorus with

CaCO (Otsuki and Wetzel, 1972; Kufal and Kufal;

2002 and Kian, 2006) may have increased

the values of phosphorus inwaterwashedplants,

as water was unable to remove the marl layer

from plants ( Kelly and Ehlmann,1981).Moreover,

the presence of extensive embedded diatom

community andmicrobes living in themuclgnious

matrix of marl also could be responsible high

concentration of phosphorus in water washed

plants (Allenson,1973;Wetzel, 2001)

The co-precipitationofphosphoruswithmarl and

its subsequent retention on macrophytes

depends on leaf arrangement, area and their

shape. The strong and lenceolate leaves of

which remain horizontal in water column

retained maximum marl content whereas

flexible andneedle shaped leavesof

and are disturbed by slight water

currents which causes drop off marl from plants.

The average ash content of water washed plants

was more than twice than that of acid cleaned

plant (Fig .1).The maximum ash content was

recorded for (264mg/g) followed by

(232mg/g) with low being recorded for

(195mg/g). However in acid cleaned

plants (110mg/g) ranked first

followed by (86mg/g) and least

being recorded for (50mg/g). The ashing

of plants was carried out to separate organic

matter from inorganic carbon ( ), ashing

destroys organic carbonwhile it has no effects on

inorganic carbon (Allenby, 1981).The high values

of ash content in water washed plants confirmed

the presence of marl as has been reported by

(Wetzel, 1965; Scuthorpe, 1967). The impact of

marl on phosphorus and ash content of

macrophytes is quite apparent from Fig.2 and

Fig.3 marl contributes 16%, 5% and 3% of

phosphorus to and

on dry weight bases respectively

whereas it, contributes 21%, 12%, and 11% of

ash content to and

C.demersum, M .

spicatum and P.lucens

P. lucens

C. demersum

P.lucens C.

demersum M . Spicatum

P.lucens

C.

demersum

et al.,

P.lucens, C.demersum M . spicatum

et al.,
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C.demersum

M .spicatum

C. demersum

P. lucens

P. lucens M . spicatum

C. demersum

P.lucens M . spicatum

3

CaCO3

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502

47



C. demersum on dry weight basis respectively.

The study indicates that macrophytes must be

acid cleaned to evaluate their real nutrient

removalpotential.
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Table 1.Variation in concentration of phosphorus in different submerged macrophytes in mg/g DW

Macrophyte species Water washed Acid cleaned

C. demersum 6.5 6.3

M. spicatum 5.5 5.2

P. lucens 7.8 6.5

C.demersum M.spicatum P.lucens

Fig. 2. Contribution of phosphorus content of marl to submerged macrophytes
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INTRODUCTION

Nutrient enrichment of lakes is one among the

major environmental problemsin many countries

(Oczkowski and Nixon, 2008). In recent decades,

populat ion growth, agricultural pract ices and

sewage run-off from urban areas have increased

nutrient inputs many folds than the level of their

natural occurrence, result ing in accelerated

eutrophicat ion and pollut ion (Zan ., 2011).

The lakes form an important and integral

component of fresh water resources of Kashmir

valley that over the period of t ime has revealed
signs of ecological deteriorat ion. The Dal lake of

Kashmir, situated in the north-east of Srinagar has
been a great tourist at tract ion at internat ional
level in the past and st ill continues to be though

only for domest ic tourist . However, once
beaut iful the water body has been the worst
vict im of the anthropogenic pressures during the

second half of the 20th century. Being an urban
type lake, municipal and domest ic effluents have

altered the surface water composit ion of Dal lake,

et al

ABSTRACT

The present study was carried out during 2013 to determine the temporal and spat ial

variat ions in the water chemist ry of Dal Lake, Kashmir and to analyze the variat ions in

the physico-chemical characterist ics of lake water with depth. Water samples were

collected from five different sites two sites each in Hazratbal and Gagribal basin and

one in Nishat basin. Addit ionally two study sites were analyzed for variations in the

physico-chemical characterist ics with depth each in Hazratbal SI (D ) and Gagribal

basin (SIV (D ). The water chemist ry of the lake was found to vary to a smaller extent

from one basin to other. The present study revealed that whereas there has been some

improvement in the water quality at t ributable to the installat ion of sewage treatment

facility, however, at some sites the water quality cont inues to remain deteriorated. The

mean concentrat ion of orthophosphorus was found to be about 29 µg/ L as compared

to 135 µg/ L reported earlier in 1996-1997 while as nit rate concentrat ion of about 292

µg/ Lwasobserved against the 539 µg/ Learlier reported in 2006-07. The main cause of

the degraded water quality is the addit ion of untreated sewage, detergentsand run-off

from float ing gardens. The present findings also highlighted that the lake water can

improve provided all the sewage entering the lake is t reated, which will in turn depend

on how much reduct ion at variousinput sourcesisachieved.

3.1m

2.2m
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leading to increased eutrophicat ion (Hutchinson,

1973). Having a signif icant ecological and
economical role to play for the survivability of the

people in Kashmir, the regular monitoring of Dal
lake is necessary to restore and sustain it for
future. The State Govt . has been handling the

sewage problem from last ten years through
installat ion and commissioning of Sewage
treatment plants (STPs) by LAWDA (Lakes and

Water Ways Development Authority). This has
further necessitated having a search for

improvement of water quality. It is in this
backdrop, the present invest igat ion was carried
to search for improvement of water quality on the

basis of various physico-chemical characterist ics
of Dal lake (Fig.1). Also an at tempt was made to

determine variat ions in the physico-chemical
characterist icswith depth.

The parameters like water temperature, pH and

conduct ivi t y w ere measured w it h digit al

thermometer, pH metre and conduct ivity metre

respect ively while dissolved oxygen (APHA 1998;

Wetzel & Likens2000) wasest imated by Winkler's

t it rat ion method. The parameters like chloride

(Argentometeric), alkalinity (Tit rimetric) and

hardness (EDTA t it r imet rc met hod) w ere

m easur ed by t i t r im et r y m et hods w h i le

ammonical nit rogen (Phenate method), nit rate

(Sodium salicylate), phosphorus (Ascorbic acid),

dissolved silica (M olybdate blue), sulphate

(Turb id im et r ic m et hod) and sodium and

potassium were analysed by spectrophotometric

and flame photometric methods respect ively

(APHA 1998; Wetzel & Likens2000).

In order to assess the water chemist ry of Dal lake

five study sites were selected; two sites in

Hazratbal basin, one site in Nishat and two sites in

Gagribal basin. For studying the variat ions in the

physico-chemical characterist ics with depth two

sites were selected one each in Hazratbal and

Gagribal basin.

Thissite lieswithin the Hazratbal basin of Dal lake

between geographical coordinates of 34 08’

00.4” N lat itude and 74 50’ 50.9” Elongitude. The

site is located to the north of the Hazratbal shrine

surrounded by human sett lements and close to

out let of the Sewage Treatment Plant stat ioned at

Hazratbal. It hasproliferousgrowth of submerged

and free float ing macrophytes. The free float ing

macrophytes are especially harvested by some

boatmen. At this site water was also collected

from the bot tom of the lake. The average depth of

this site is 3.1 0.2 m. The point at the bot tom is

here represented asSI (D ).

Thissite lieswithin the Hazratbal basin of Dal lake

between geographical coordinates of 34 07’

31.6” N lat itude and 74 50’ 45.8” Elongitude. The

site is located to the south of the Hazratbal shrine.

It is marked by t he presence of human

sett lements on one side. Submerged and free

float ing macrophytesare abundant .

This site lies within the Nishat basin of Dal lake

between geographical coordinates of 34 07’

32.6” N lat itude and 74 52’ 37.7” Elongitude. The

site is located close to the aerat ion pumps

installed in the lake just in front of the famous

Nishat Garden.

This site lies within the Gagribal basin of Dal lake

between geographical coordinates of 34 05’

25.5” N lat itude and 74 51’ 05.5” Elongitude. It is

MATERIALANDMETHODS

StudySites

SiteI

SiteII

SiteIII

SiteIV

0

0

0

0

0

0

0

0
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located in the centre of the basin. Thissite isquite

open and is visited by tourists in shikaras. At this

site also water was collected from bot tom of the

lake. The average depth of this site is 2.2 0.2m.

The point at the bottom ishere represented asSIV

(D ).

This site lies within the Gagribal basin of Dal lake

between geographical coordinates of 34 05’

55.1” N lat itude and 74 51’ 07.8” Elongitude. The

site is surrounded by a number of house boats

and float ing gardens. The site also witnesses

heavy inflow of tourists.

+

2.2m

SiteV

0

0

RESULTSANDDISCUSSION

Physico-chemical parameters of water were

analyzed and assessed in order to understand and

comprehend t he var iat ion of t he var ious

parameters amongst the lake basins. The results

of various physico-chemical characterist ics of the

Dal lake water sample are reflected in the Figures

(2.1a-zand 2.1.1a-p).
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Fig.1.Satellite image of study area and study sites

Department of Earth Sciences, University of KashmirSource:
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(Fig.2.1a Monthly variations in air temperature ( C) at different study sites during
June 2013 - October 2013)

o

(Fig.2.1b.Monthly variations in water
temperature ( C) at different
June 2013-October 2013)

0 study sites during
(Fig.2.1c.Monthly variations in water
temperature ( C) at different depths
during June 2013-October 2013)

0

(Fig.2.1d.Monthly variation in depth (m) at study sites I and IV during June 2013 - October 2013)
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(Fig.2.1e.Monthly variations in pH at different
study sites during June 2013- October 2013)

(Fig.2.1f.Monthly variations in
pH at different depths
June 2013- October 2013)

during

(Fig.2.1g. Monthly variations in conductivity
(µScm ) at different study sites during
June 2013- October 2013)

-1
(Fig.2.1h.Monthly variations in conductivity
(µScm ) at different depths during
June 2013- October 2013)

-1

(Fig.2.1i.Monthly variations in total
dissolved solids (mg/L) at different study
sites during June 2013 - October 2013)

(Fig.2.1j.Monthly variations in total
dissolved solids (mg/L) at different depths
during June 2013 - October 2013)
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(Fig.2.1k.Monthly variations in dissolved
oxygen (mg/L) at different study sites
during June 2013- October 2013)

(Fig.2.1l.Monthly variations in dissolved
oxygen (mg/L) at different depths
during June 2013- October 2013)

(Fig.2.1m.Monthly variations in
free CO2 (mg/L) at different study sites
during June 2013- October 2013)

(Fig.2.1n.Monthly variations in
free CO2 (mg/L) at different depths
during June 2013- October 2013)

(Fig.2.1o. Monthly variations in total
alkalinity (mg/L) at different study sites
during June 2013- October 2013)

(Fig.2.1p.Monthly variations in total
alkalinity (mg/L) at different depths
during June 2013-October 2013)
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(Fig.2.1q.Monthly variations in total
hardness (mg/L) at different study sites
during June 2013-October 2013)

(Fig.2.1r.Monthly variations in total
hardness (mg/L) at different depths
during June 2013- October 2013)

(Fig.2.1s.Monthly variations in calcium
hardness (mg/L) at different study sites
during June 2013- October 2013)

(Fig.2.1t.Monthly variations in calcium
hardness (mg/L) at different depths
during June 2013- October 2013)

(Fig.2.1u.Monthly variations in calcium
content (mg/L) at different study

sites during June 2013- October 2013)

(Fig.2.1v.Monthly variations in calcium
content (mg/L) at different depths
during June 2013-October 2013)
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(Fig.2.1.1i.Monthly variations in
nitrite-nitrogen (µg/L) at different study
sites during June 2013- October 2013)

(Fig.2.1.1j.Monthly variations in
nitrite-nitrogen (µg/L) at different
depths during June 2013-October 2013)

(Fig.2.1.1k. Monthly variations in
nitrate-nitrogen (µg/L) at different study
sites during June 2013- October 2013)

(Fig.2.1.1l.Monthly variations in
nitrate-nitrogen (µg/L) at different
depths during June 2013- October 2013)

(Fig.2.1.1m.Monthly variations in
ortho-phosphate phosphorus (µg/L) at different
study sites during June 2013- October 2013)

(Fig.2.1.1n.Monthly variations in
ortho-phosphate phosphorus (µg/L)
at different depths during June 2013
- October 2013)
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(Fig.2.1.1o.Monthly variations in total
phosphorus (µg/L) at different study sites
during June 2013-October 2013)

(Fig.2.1.1p.Monthly variations in
total phosphorus (µg/L) at different
depths during June 2013- October 2013)

The m inor var iat i ons in ai r and w at er

temperature wasfound to be a result of day t ime

differences in recording temperature, depth

apart from seasonal effect . The pH recorded

during the present study (6.8-8.5) indicates the

alkaline nature of the lake (mean value 7-8). The

monthly pH values did not show significant

variat ions as the waters stand well buffered due

to presence of calcium rich rocks (lacustrine

deposits) in the catchment areas. The pH at

bot tom was lower than surface at sites I and IV

mainly due to decomposit ion of organic matter at

bot t om leading to liberat ion of acids as

byproducts of decomposit ion (Kaul and Handoo,

1980). Conduct ivity wasfound to fluctuate from a

minimum of 122µScm at Site IV in July to a

maximum of 348µScm at Site I in October 2013.

The relat ively lower values of conduct ivity during

summer could be related to the uptake of ions by

autot rophs during their peak growth in summer

and also the dilut ion factor in peak flow (Pandit

and Rather, 2006) while higher values in autumn

can be at t ributed to low discharge in lean flow

and decomposit ion of organic matter. Relat ively

lower conductivity values were observed in the

surface watersascompared to bot tom samplesat

sites I and IV, which seems to be due to

assimilat ion of ions by photosynthet ic organisms

and the mineralizat ion of organic matter under

the influence of reducing condit ions prevailing at

the bot tom of lake (M ot imer, 1941).

TDS values during the study period ranged

between 27 mg L recorded at Site IV in July 2013

and 170 mg L being recorded at Site V in October

2013. The values of TDS were reported lower in

summer which seems to be at t ributed to the

consumpt ion of ions by aquat ic plants and the

rate of evaporat ion. Site I and V was recorded to

have highest TDS concentrat ion that can be

att ributed to the domest ic sewage and float ing

gardens. Higher TDS values at bot tom than in

surface layers at study sites I and IV could be

att ributed to higher concentrat ions of HCO

which are largely balanced by equivalent

increases in Ca , M g , and Fe concentrat ions

(Crowe , 2008).

Dissolved oxygen was found to be higher during

autumn as compared to summer due to lower

water temperature in autumn. The low values of

DO in summer are due to low dissolut ion at high

temperat ure and is also due t o use by

decomposers in the water body. The lower values

of dissolved oxygen observed at Site V could be

due to cumulat ive effect of human act ivit ies like

dumping of organic wastes from float ing gardens

-1

-1

-1

-1
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where oxygen is used in decomposing these

organic wastes. The higher values of dissolved

oxygen observed at Site III could be due to the

aerat ion pumps installed very close to the study

site. The lower values of dissolved oxygen in the

bot tom layers as compared to surface layers at

sites I and IV can be explained as a result of

biological oxidat ion of organic matter, both in

water and especially at sediment-water interface,

where bacterial decomposit ion is predominant .

The amount of free CO in water usually showsan

inverse relat ionship with oxygen (Radhika .,

2004). With the onset of warmer months, the rate

of photosynthesis increases and the free CO

content gradually decreases. The minimum

values were, thus, recorded during July when the

macrophytes attained luxuriant growth. The

higher values of free CO observed at Site V could

be due to the high rate of decomposit ion of

organic wastes dumped from float ing gardens

where CO is released during decomposit ion of

these organic wastes. The bot tom waters were

observed to contain higher quant it ies of free

carbon dioxide at sites I and IV as a result of

decomposit ion of organic matter, indicat ing the

product ive nature of the lake.

The total alkalinity wasfound to be highest during

October and lowest during July which may be

asso ci at ed w i t h in cr eased gr o w t h an d

m u l t i p l i c a t i o n o f m a c r o p h y t e s a n d

phytoplankton during summer which converts

bicarbonates to carbonates and hence reduces

the total alkalinity in the surface layers. The

values for alkalinity were greater in bot tom as

compared to surface layers at sites I and IV. This

can be related to the re- entering of carbonates

from sediments into the water by conversion into

bicarbonates due to the presence of large

quant ity of free CO concentrat ion in these layers

(Ebel and Koski, 1969 and Yousuf, 1979).

The monthly range of hardness concentrat ion

was from a minimum of 62 mg L at Site III in July

2013 to a maximum of 193 mg L at Site I in

October 2013. On the basis of their monthly

average values of hardness all sites belonged to

the medium hard category (Sawyer and M cCarty,

1967).

Sodium content of the water samples ranged

from 0.5 mg L at Sites IV and V in June to 9.5 mg

L at Site III in October. Low sodium values in the

present study can be related to the rich limestone

lithology of the catchment areas (Awad

1997). The sodium concentrat ion did not show

signif icant variat ions between sur face and

bot tom samplesat sites I and IV. The lower values

of potassium can be due to highly stable nature of

potassium bearing fixat ion in clay minerals if

formed due to weathering or use in biological

systems (Hem,1985). The except ionally high

value of potassium at Site V in the month of

September can be att ributed to the use of potash

fert ilizer in the float ing gardens present near the

site. Thisassumpt ion further gainssupport by the

very high chloride concentrat ion recorded at the

same site in the same month. The potassium

concentrat ion did not show significant variat ions

between surface and bot tom samples at sites I

and IV.

Chloride content in water is usually regarded as

an indicat ion of organic load of animal origin from

the catchment area (Kumar 2004). Its

increased concentrat ion is considered as an

indicator of eutrophicat ion and pollut ion due to

sewage (Chourasia and Adoni, 1985). The

concentrat ion of chloride during the present

study did not show any significant temporal and

spat ial variat ions except at Site V which in the

month of September was reported to have very

high value of chloride concentrat ion. This can be

att ributed to the use of potash fert ilizer (potash =

potassium chloride) in the float ing gardens

present near the site. This assumpt ion further

2
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gains support by the very high potassium

concentrat ion recorded at the same site in the

same month. The chloride concentrat ion did not

show any significant variat ions between surface

and bot tom samplesat sitesI and IV.

Am m on ical -n i t r ogen du r ing t he p resent

invest igat ion fluctuated from their minimal

values in July to maximum in October. The higher

values in the month of October may be due to

increased decomposit ion of organic matter in

autumn. The lower values in summer may be due

to the photosynthet ic assimilat ion by autot rophs

during their growth in late spring and early

summer (Pandit , 1999). Among different sites,

Site I recorded the highest values of ammonical-

nit rogen that can related to the decomposit ion of

organic matter coming from the nearby human

sett lements. The concentrat ions of ammonia

were higher at bot tom than in surface layers at

study sites I and IV that can be related to the

lower oxygen levels at bot tom which prevents

ammonium oxidat ion to nit rate. Nit rite-nit rogen

is ext remely toxic to aquat ic life, however, is

usually present only in t race amounts in most

natural freshwater systems because it is rapidly

oxidized to nit rate. The low concentrat ion of

nit rite-nit rogen (NO N) in the present lake

signified the low rate of denit rificat ion. Temporal

variat ions in nit rite-nit rogen concentrat ionswere

irregular. The highest nit rite levels at Site I and

Site II can be att ributed to the domest ic sewage

flowing into this site from the nearby human

sett lements. The nit rite concentrat ions were

higher at bot tom than in surface layers at sites I

and IV which can again be related to lower oxygen

concentrat ionsat the bot tom.

M on t h l y n i t rat e-n i t ro gen con cen t rat i o n

fluctuated between a minimum of 100 µg L at

Site III in June, 2013 and a maximum of 600 µg L

at Site V in October, 2013. Lower nit rate values in

summer can be at t r ibuted mainly to it s

sequestrat ion by phytoplankton (Quiros, 2003).

Higher nit rate-nit rogen values at Site V could be

due to the surface run off of nit ro-phosphate

fert ilizers from the float ing gardens present near

this site and also to the domest ic sewage coming

from nearby house boats. The lower values of

nit rate-nit rogen concentrat ion at the bot tom of

sites I and IV could be related to the lower D.O

concentrat ion at the bot tom and it is supported

by the increase in ammonium- nit rogen, as

enough oxygen was not present for t he

t ransformat ion of ammonia to nit rate (Boyd and

Tucker, 1998).

In the present study, low values of ortho-

phosphat e w ere recorded w hich can be

att ributed to the formation of an insoluble

ca l c i u m - p h o sp h a t e co m p l e x . Su c h a

phenomenon funct ions as scavenger of some

inorganic nutrients and also acts as a removal

agent of dissolved organic matter by absorption

(Otsuki and Wetzel, 1974). The ortho-phosphate

concentrat ions did not show any significant

temporal variat ion. Itsconcentrat ion wasnot iced

to be highest (50 µg L ) at Site I that can be

att ributed to the domest ic sewage entering this

basin from the nearby human sett lements. The

higher values of ortho-phosphate concentrat ion

at the bot tom of sites I and IV may be due to its

increased release from sediments.

The minimum value of total phosphorus 110 µg

L was recorded at Site IV in June 2013 against a

maximum value of 440 µg L at Site V in October

2013. According to Cole, (1975) the high

concentrat ion of phosphate in water is due to

decay and subsequent m ineral izat ion or

decomposit ion of dead organic matter and

surface run-off. The values for total phosphorous

concentrat ion were lower in summer than in

autumn. The low concentrat ion of phosphate

phosphorus in summer isatt ributed to itsuse and

uptake by the macrophytes (Kaul et al., 1978:

Pandit , 1984, 92). The total phosphorous

concentrat ion was highest at Site V that can be

2-

-1

-1

-1

-1

-1

61



J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502

at t r ibut ed t o t he dom est ic sew age and

detergents coming from the large number of

houseboatspresent close to thissite and also may

be due to the use of nit ro-phosphate fert ilizers in

the float ing gardens located near this site. Site I

also recorded higher values of total phosphorus

that can be att ributed to the decomposit ion of

organic matter entering the site from the nearby

human set t lements. Hutchinson (1957) also

pointed out that water contaminated wit h

sew age had m ore phosphat e. The t ot al

phosphorus concent rat ions were higher at

bot tom than in surface layersat sites I and IV that

can be due to the remobilizat ion of P from

sediments(Bluszcz 2008).

The comparat ive assessment of present and past

data (Table 1) available on the water chemist ry

revealed some improvement in water quality

at t ribut able to the installat ion of sewage

treatment facility. However some sites like Sites I,

II and V witnessed same quality as reported

earlier which can be as a result of failure of

arrest ing the causal factors in the vicinity of these

sites.

The effect of domest ic sewage, detergents and

large inputs of organic matter could be clearly

manifested at Site I that was not iced to have

highest values for conduct ivity, total hardness,

magnesium hardness, magnesium content ,

ammonia, nit rite and total dissolved solids. The

elevat ed levels of total alkalinit y, calcium

hardness, calcium content , chloride, nit rate, total

phosphorus and potassium at Site V indicates the

effect of run-off from float ing gardens and

untreated sewage from houseboats.

et al.,
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Table.1: Water quality changes in Dal Lake during last forty years

2013 (P.S)
1974-
1976*

1985
*

1996-
1997*

2006-
2007*

Site I
Site

II
Site
III

Site
IV

Site
V

Mean

Dissolved
oxygen mg/l

10.25 8.7 8.6 6.8 6.7 7.0 7.9 5.8 3.8 6.2

Total
alkalinity mg/l

69.5 85.6 104 115 86 80 78 78 90 82

Nitrate
nitrogen µg/l

481 483 272 539 288 293 215 215 450 292

Ammonical
nitrogen µg/l

23.6 37.0 362 438 92 58 54 31 40 55

Ortho
phosphate µg/l

65.5 80.5 135 93 39 35 21 18 33 29

Total
phosphorus µg/l

187.8 211.5 768 615 323 303 241 233 348 290

Total dissolved
solids mg/l

30.2 32.2 119.8 20 118 73 79 42 101 83

Year

Parameters

* (c.f. Abubakr and Kundangar, 2009) P.S= Present study
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Since the lake isgenerally shallow and no thermal

st rat i f i cat ion i s yet repo r t ed . The low

concentrat ion of dissolved oxygen and high

values of conduct ivity, TDS, free CO , total

alkalinity, total hardness, calcium hardness,

magnesium hardness, ammonia, nit rite, nit rate

and total phosphorusat the bot tom of the Site I is

an indicat ion of nutrient enrichment .

The present findings reveal that the lake water

can improve provided all the sewage entering the

lake is t reated, which will in turn depend on how

much reduction at various input sources is

achieved. The key to the success will be how best

t h e au t h o r i t i es w i l l su ccessf u l l y t r eat

aut ocht honous sewage added to the lake

continuously. The authors further believe that

the study is of preliminary nature and there is

more scope to use large data sets to reach on the

concrete conclusion regarding the improvement

of water quality in Dal lake.

This work is a part of M .Sc. project of first author

under the guidance of second author who wish to

thank HOD Environmental Science for providing

laboratory facility.
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INTRODUCTION

Kashmir valley is the abode of wet lands famous

all over the world. One of the important wet land

of the valley is Hokersar. “ Sar” in Kashmiri means

marshy land or wetland. Wet landsare among the

most important life support ingsystemsfor a large

species of birds, yet two-third of these wet lands

in Kashmir has been reportedly destroyed since

1950s(Pandit ,2002).

Wet land ecosystems provide many diverse

resources and services and have ecological and

socio cultural importance to human well being.

As one of earth's most product ive ecosystems,

wet lands direct ly and indirect ly support millions

of people in providing goods (such as food and

raw materials) and services such as flood control,

w at e r f i l t r at i o n , aest h et i c b eau t y an d

recreat ional benefits (Wassawa, 2013; Stuip,

2002). Animals and humankind benefit from

them through habitat ion, water provision,

ABSTRACT

The Hokersar wet land is significant because of its hydrological, ecological, socio-

economic and cultural values that it represents. In view of its sensit ivity and

importance a socio-economic survey of Hokera wet land was carried out during 2008.

Results of the household survey of the villages around Hokera wet land is presented to

provide an insight into their general economy and dependence on the wet land and

their at t itude towards management and conservat ion of the wet land. The wet land

serves as a precious ecological resource that provides green manure, fuel wood,

livestock grazing, fishing and other useful services other than agriculture. The people

around Hokera wet land are highly benefited by the wet land as38%of the populat ion is

engaged in cult ivat ion within the wet land. The social standard and literacy rate in the

villages has gradually increased which can be at t ributed to the improvement in their

economic condit ions. But over exploitat ion of the wet land resource and excessive use

of pest icides and increase of human set t lement around wet land are the most

threatening act ions. Despite being designated as biologically rich, the wet land is under

constant threat from anthropogenic pressure.

J. Himalayan Ecol. Sustain. Dev. Vol 9 (2014) ISSN 0973-7502

65



aquacult ure and agricult ure (Owen, 1995).

Despite great ecological significance and growing

awareness among masses for protect ing these

valuable resources, their damage has been

accelerated considerably. Due to unsustainable

use, encroachment , agr icult ural expansion,

climat ic change etc, many wetlands have been

shrunk or disappeared in Kashmir valley.

Carnevari (1998) reported that the growing

economic pressures and increased transnat ional

investment opportunit ies, many of these delicate

ecosystems are being exploited without clear

u n der st and i n g o f t he i r f un ct i o n al an d

b iod iversi t y values. M or eover, w et land

ecosystemsare dynamic in space and t ime asthey

are influenced by environmental changes around

(Chenje 1998) therefore, disturbance in

wet land funct ions as life support systems have

det r iment al ef fect s on w et land and t he

surrounding environment as well (Bosch and

Hewlett , 1982). Because of their socio-economic

importance, wetlands have at tracted significant

port ions of human populat ions who survive by

exploit ing their resources, through different

resource ut ilizat ion act ivit ies, often driven by

economic and financial mot ives (Kirsten, 2005).

This has result ed in the degradat ion and

modificat ion of these valuable stocks of natural

capital.

Lot of work has been done on various aspects of

Hokera wetland (Kaul and Zutshi, 1967; Pandit ,

1980; Kaul 1982; Pandit and Kumar, 2006;

Ahanger, 2008; Shah, 2008; Dar, 2010; Romshoo,

2011) but no work on socio-economic has been

published t ill date. Therefore, invest igat ion of

sociological and economic characterist ics around

Hokera wet land was undertaken and the

determinat ion of respondentsviewsin relat ion to

issues concerning the future of such areas. This

informat ion will not only help to ensure the plans

for future development of the areas surrounding

the wet land, but also create a desire among

resident s t o par t icipat e in m anagem ent

(part icipation management) decisions and avoid

or prevent possible conflictsof interest .

Hokersar wet land situated 10 km west of Srinagar

within the geographical coordinates of (34 04´-

34 07´N lat itude and 74 40´-740 45´E longitude)

and 1584 m above mean sea level. It ispermanent

eutrophic wet land and at present is spread over

an area of about 10 km (Fig. 1). It is fed by

permanent st reams Doodhganga, Sukhnag and

flood waters. The wet land isdrained by a channel

to the Jhelum River at Sozeith Narbal village. The

catchment of the Hokersar wetland is inhabited

by ten villages. These include Sozeith (SZ), Gund-i-

Hasibh at (GH),M ar gl er Go t apo ra (M G),

Dharmuna (DM ), Siobugh (SB), Hajibagh (HB),

Sharifabad (SA), Khushipora (KP), Zainakoth (ZK)

and Lawaypora (PL). These villages occupy an

area of 2980 hectares, with populat ion of 29632

and 3893 households. The village with highest

populat ion of 8719 is Soibugh with an area of

604.2 hact ares. The vi l lage w it h low est

populat ion 777 is Lawaypora with an area of 106

hactares. Hajibagh has the lowest area of 25.50

hactares(Table 1).

et al.

et al.,
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Fig. 1. M ap of Hokersar wetland and location of villages surv eyed

Table 1. Topographic & urban zoning of Hokersar wetland

Villages Lat / Long Altitude Area (ha)
Total

population
Total no. of
Households

Sozeith (SZ)
34o 06.787´N
74 o 41.071´E

1598 m 282.07 5992 680

Gund-i- Hasibhat
(GH)

34o 06.741´N
74o 41.791´E

1596 m 520.84 3123 416

Margler (MG) 34 o 05.089´N
74o 40.852´E

1634 m 164.71 2224 278

Dharmuna (DH) 34 o 04.486´N
74o 41.799´E

1622 m 490.08 3719 490

Siobugh (SB) 34o 04.559´N
74o 42.342´E

1632 m 604.2 8178 1093

Hajibagh (HB) 34 o 04.477´N
74o 42.593´E

1632 m 25.50 1788 196

Khushipora (KP) 34 o 05.791´N
74o 44.098´E

1616 m 312.42 1820 425

Sharifabad (SA) 34 o 05.028´N
74o 44.473´E

1613 m 110.88 657 86

Zainakoth (ZK) 34 o 06.280´N
74o 43.696´E

1634 m 273.16 813 123

Lawaypora (LP) 34 o 07.163´N
74o 42.015´E

1593 m
196.27 777 106



Methods

RESULTSANDDISCUSSION

Land use pattern in Hokera
wetland

The study was carried out by surveying all the
villages around Hokersar wet land during 2008. A
total of 10%householdsat random were selected
and visited from each area. A quest ionnaire was
prepared to seek informat ion about the way the
local people create their livelihood, ut ilize the
wet land, and the contribut ion of the wet land to
make their socio-economic well-being. The
questionnaire consisted of 25 questions and
questions were designed to obtain profiles of the
household heads and family members (number
of family members, age, sex, living standards,
income, family land holdings, occupat ion and
educat ion). The quest ions were also connected
with the awareness, or non-awareness, of local
residents towards the protect ion of the wet land,
tourism, services, economic condit ions, state
provisions etc. A questionnaire consisted of
questions which require a rest ricted response,
although there was the opportunity for open
answers too. To reduce the possibility of non
response - because some of the respondents
were farmers, the questionnaire was made as
concise as possible. A comprehensive interview
schedule was also adopted because majority of
the respondents did not fill the quest ionnaire &
wanted to be interviewed which was relat ively
easy and comfortable for them. To analyse the

data obtained from the fieldwork, M S Excel
software wasused.

The study used both primary and secondary data
sources. It blended qualitat ive and quant itat ive
methods of inquiry butt ressed by part icipatory
research/ survey techniques. Qualitat ive data was
largely (but not exclusively) generated by key
informant interviews and focussed group
discussions. Quant itat ive data waselicited largely
f r o m o f f i c i a l r e p o r t s/ d o cu m e n t s an d
publicat ions.

Eight categoriesof land use were found to exist in
Hokera w et land (Table.2), t hese include
agriculture, aquat ic vegetation, built up, fallow
land, marshy, open water, plantat ion and roads.
From the stat ist ics it is clearly revealed that a
considerable decline in open water area from
85.684 Ha (1992) to 36.538 Ha (2008), fallow land
(88.329 Ha to 48.732 Ha), while an increase in
agriculture from 426.324 Ha to 495.420 Ha,
aquat ic vegetation 250.302 Ha to 445.788 Ha,
Built up 1.682 Ha to 11.347Ha, plantat ion
182.911 Ha to 216.304 Ha.
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Table 2. Land use / land cover within Hokersar wetland from 19 92 to 2008 (Romshoo et al., 2011).

Class name
Area

Area (Ha)
1992

Area (Ha)
2001

Area (Ha)
2005

Area (Ha)
2008



Socio-economic and demographic
featuresof respondents

Hokersarbased livelihoods

The total number studied households were 309.

All the respondents were male with an average

age within a range of 30 50 years. The primary

occupation of the respondent households was

agriculture (34%), govt. employee (5%) and day

labour / artisans / small business (61%). Based on

the average annual income information of the

households, we categorized them into three

different classes: extremely poor (annual income

Rs 25000);medium (annual incomeof Rs 25000 -

100000) and rich (annual income of >Rs 100000).

Itwas found that15%of thehouseholdsoccupied

in the extremely poor group, while 25% in

medium and 60% in rich category. Besides,

building structures were represented by Pacca

houses (70%)andkacchahouses (21%).

It was revealed that the local people had

traditionally been using the wetland for various

livelihood purposes for centuries (Plate 1, Plate

2). On an average, respondents were reported to

be involved in a variety of wetland-based

livelihoods (Table 3): cultivation of paddy and

vegetables (38%), fishing and other related

activities (20%), poultry rearing (12%), cattle

rearing (30%), wood collection (53%), mulch and

reedcollection (10%).

Despite the fact that wetlands are ecologically

very fragile ecosystems and distinguished

component of hydrological cycle, these can play

an important source for commercial fishing,

agriculture, livestock grazing, wood collection

and ecotourism (Turner , 2000; Mitsch and

Goosel ink, 2000) . Therefore a strong

requirement for sustainable management of

Hokersar wetland is must using management

plans, acceptable to the local communities too.

This can be achieved by awareness of the local

residents by upgrading their social status through

education, better economic opportunities,

infrastructure and health. This will be helpful for

the conservation of the values of wetland

ecosystems, without the exclusion of traditional

occupations.

et al.

The survey conducted around the Hokersar

showed that people derive lot of benefits from

the wetland and are ready to conserve it but

serious ecological deteriorations seemed to be

unending due to intensive agricultural practices

in the catchment, encroachment, siltation from

adjoiningareaandother interferences.

The Hokersar catchment is inhabited by ten

villages, wherein people are directly or indirectly

dependent on it. Even though literacy rate in

these areas have shown increase by about (4%)

compared to year 2001 (Census, 2001), the social

and economic standing is yet to improve, this can

bevisualized fromoccupational statusFig. 2. This
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backwardness presses a vast majority of

population to derive their income from wetland

directly or indirectly or by other means. The

survey indicated that land in and around the

wetland is being used as dumping ground

garbage (Plate 3), growing paddy, vegetables

gardens (Road) and plantation of populus and

willow, this has resulted in heavy use of fertilizer

and pesticides which ultimately have leached out

into the wetland and rendering it unfit (Khan and

Shah, 2004), Besides,wetlandwater is beingused

for irrigation (42%), washing (24%) and bathing

(4%) which have resulted into elevation of heavy

metal pollution within the wetland (Heitfield and

Scott,1973).

Due to overgrazing by live stock, the condition of

wetland is furtherdeteriorated. Moreover, locals

do not adhere to the restrictions on fishing,

hunting, livestock raising, drying of cattle dung

andgarbagedumpingalong its banks. This has led

to its gradual filling and change in its trophic

status from mesotrophy to eutrophy. Due to the

input of heavy organic load the health of wetland

had deteriorate by the development of nuisance

blooms of blue-green algae, odors and anoxic

conditions,which have lethal effects to thewater

quality and other fauna like; water fowl, fish and

largevertebrates (McCombandDavis, 1994).

Even though Hokera wetland is a great source of

water through canal irrigation and plays an

important role in theeconomyof the surrounding

villages, the condition of the wetland seemed to

be worse as the wetland has been encroached

from all the surrounding villages, thereby

decreasing its area from 1875.04 Ha in 1969 to

1300 Ha in 2008 (Romshoo 2011), so an

area of 575.04 Ha have been lost during last four

decades. Further, continuous and excess removal

of water for irrigationwill decrease its water level

and will pose detrimental effects on the overall

functioning of the wetland ecosystem. Another

problem haunting wetland is the ownership of

trees and floating gardens, which is threatening

the carrying capacity and very survival of the

wetland as this paves way to the encroachment

andconversionof aquaticarea into land.

The Hokera wetland is not only the abode of

migratory birds viz., Mallard ( ),

Pintail ( ), Common teal (

), Coot ( ), Shoveller ( )

etcbut alsohometodiverse florabeneficial to the

local community viz., sp., sp,

sp, sp, sp.,

sp., sp, mulch (Bashir 2003).

These aquatic plants/weeds are used for food,

fodder, and fuel. Also the reeds that grow in these

wetlands are the main raw materials that are

used for thatching inKacchahouses.

et al.,

Anas platyrynchos
Anas acuta L Anas creca

L Fulica at ra L Anasclypeata L

Phragmites Trapa
Nymphae Typha Ceratophyllum Juncus

Spargonium et al.,

Fig. 2. Occupation status in and around Hokersar Plate 3
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Respondent ´s percept ion about t he
importance of Hokersar conservation

When the respondents were invited to express

their perceptions about the importance of

Hokera conservation, all of them gave their

opinion. For the majority of them (81%)

population showed enthusiasm to conserve the

wetland but in real terms there seemed to be no

practicality as only 17% of population were ready

to migrate, 62% respondents wants it to develop

as tourist destination, 51% demands license for

fishing, 55% residents see wetland as a source of

water for irrigation. Moreover, a vast area of the

wetland has been encroached upon. The reason

for this could be the lack of state protection and

economic aidwhichwas stressedby the residents

of all adjoining wetland areas, especially by the

farmers. Besides, declaration of thewetland area

as protected has restricted access of the local

people but increased the vulnerability of their

livelihoods and traditional institutions of

resourcemanagement.

The study highlights the importance of the

Hokersar wetland vis- a- vis the benefits derived

from it by the locals and role it plays in

maintaining the ecological balance. But due to

increase in population and economic

backwardness, Hokera wetland is facing serious

ecological deteriorations, as people are highly

dependent on the Hokersar for their livelihood.

Prevention of further decline of the wetland will

require adoption of multiple-use land

management based on principles of sustainable

development, beside, target education and

public awareness programs are must along with

economic aid. Besides, ban on illegal hunting,

fishing, cattle grazing, encroachment and other

components responsible for degradation like

siltation,erosion frombanksneed tobechecked.

Our sincere thanks to all the respondents of the

study area for sharing their information aswell as

for their overwhelming cooperation during field

surveys. The first author deems his heartfelt

gratitude to Prof. Azra Nahaid Kamili, P. G.

Department of Environmental Sciences,

University of Kashmir, for her constructive

criticism and valuable guidance in carrying out

the study.
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INTRODUCTION

Fresh water are highly vulnerable to pollution

since they act as immediate sinks for the

consequences of human activity and always

associated with the danger of accidental

discharges. Freshwater is vital for various aquatic

animals and plants but the quality of freshwater

has been abruptly changed due to the

introduction of different chemicals including

pesticides, industrial discharges, metallic

pollutants etc. from effluents discharged by

industries, sewage treatmentplantsanddrainage

from urban and agricultural areas (Karbassi

2006). Amongst the aquatic animals, fishes are

very sensitive to a wide variety of toxicants n

water (Halden, 1972; Julin and Sanders, 1977).

About 95% of the protein of fish flesh is easily

digestible and fish flesh provides protein-rich

food for rapidly growing world's population. The

ability to detect, identify and properly respond to

natural chemical stimuli is an important

component of the environmental physiology of

fishes (Qaisur and Sadhu, 2011; Qaisur and

Shamim, 2013).A large part of these elements in

the form of the heavy metal ions are toxic or

carcinogenic in nature and pose a threat to

human health and the environment (Damien

2004; Farombi, 2007). The tremendous

increase in the use of heavy metals due to

increasing industrialization over the past few

decades leads to the continuous addition of

pollutants to the environment and has inevitably

resulted in an increased flux of metallic

substances in the aquatic environment (Yang and

Rose, 2003). Most of the heavy metals such as

mercury, arsenic, lead, cadmium, aluminum,

cause serious toxic effects on aquatic animals

especially fishes aswell as non-target animals like

et al.,

et
al.,

ABSTRACT

Heavy metals have long been recognized as serious pollutant of the aquatic

environment as they cause serious impairment in metabolic, physiological and

structural system when present in non-permissible concentrations. In the present

investigation, toxicity and biochemical parameters were studied in freshwater fish,

in reproductive cycle in comparison to control fish against zinc

sulphate. Fish liver was dissected out and analyzed for various biochemical parameters

like total protein, total glycogen and nucleic acids (DNA and RNA). The acute toxicity of

zinc sulphate to in terms of LC0, LC50, LC100 have been observed for

four time intervals. Sub-lethal exposure of zinc sulphate for 30 days caused significant

(p<0.05) alternation in total protein, total glycogen, nucleic acids (DNA and RNA) and

bodyweight in both testicular cycleandovariancycleof

Channa gachua

Channa gachua

Channa gachua.
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human beings if exposed to high concentration

(Jernlor and Lann, 1971; Agrawal, 1992). Zinc

belongs to a class of microelements which are

essential for proper functioning of the body

(Hilmy 1987; Kotze 1999). Elevated

levels of zinc in aquatic systems can be due to

liquideffluentdischarge, atmosphere deposition,

the leaching of domestic sewage, metal bearing

minerals, insecticides and galvanizing processes

(Nussey, 1998). The zinc caused adverse effect in

fish such as structural damage,

which affects the growth, development and

survival of fish andwith some other heavymetals

could cause serious disturbances in fish

metabolism such as abnormal behavior,

locomotor anomalies or anorexia (Woo

1994; Bryan 1995; Cicik and Engin, 2005).

Lethal and sub-lethal concentration of heavy

metals including zinc have been known to

adversely affect physiological activities and

biochemical parameters of both tissues and

blood of fish respectively (Clarkson, 1998;

Dickman and Leung, 1998; Tort and Torres, 1988;

Canli , 1998; Basa and Usha, 2003; Witeska,

2003). Therefore, an attempt has been made

during the present work to study the changes in

total protein, total glycogen and nucleic acids i.e.

DNA and RNA content of the fresh water fish,

against heavy metal zinc

sulphate.

Live specimens of Channa gachua were procured

from local fish dealers at Hazaribag (Latitude 25º

59'N and longitude 85º 22'E) and maintained in

large glass aquaria size (90x60x60cm) with

continuous flow of water. The fish were fed on

chopped goat liver daily during a minimum

acclimation period of 15 days in the laboratory.

The experimentswere conducted at 29.0 ± 1.5°C.

The pHof the ambientwaterwasmeasured by an

electronic pH meter (systronics). The respiratory

chambers were thermostated by immersion in a

temperature controlledwater bath. Although it is

an air breathing fish, even then aeration facilities

were provided for 5 hours daily to the control and

test fishes. The test fishes were also examined

carefully for pathological symptoms. They were

disinfected with 0.1% solution of potassium

permanganate and then transferred one by one

bysmallhandnet fromtheacclimatizationtankto

the experimental containers. The experiments

were divided in two steps. This group contains 20

fishes, divided into two subgroups, one of which

kept as control and the other experimental group

containing zinc sulphate for 24, 48, 72 and 96

hours respectively. The LC50 valuewere obtained

by plotting percent survival vs log pollutant

concentration and finding at what point the

straight line obtained crosses 50% of mortality.

The experimental and control groups for long

term exposure were performed for 30 days. The

body weights of the fish (65.0 to 70.0 gm) were

used in the investigation. After completion of

treatment, fisheswere removed fromtheaquaria

and washed with water. The liver and muscle

tissues were excised and total protein (Lowry,

1951), Nucleic acid DNA and RNA (Schneider,

1957) and glycogen (Van der Vies, 1954) were

measured. LC50 concentration was selected for

long term experiments. In the present study,

mean and standard error (Mean± S.E.) were

calculated for various phases and student 't' test

was used to test significant difference between

experimental and their respective control groups

withp 0.05.

The physico-chemical parameters of water used

for the experiment are given in Table 1. The acute

toxicity of zinc sulphate to in

termsof LC0, LC50, LC100havebeenobserved for

four different time intervals 24,48,72 and 96

hours (Table 2). Length of was

affected in control group in comparison to

experimental group (Table 3). All biochemical

parameters progressively decreased in both

testicular cycle and ovarian cycle of

Exposure to sublethal dose of zinc

sulphate for 30days cause significant reduction in

protein (88.22±0.26 mg/g, 87.36±0.81 mg/g),

glycogen (18.36±0.42 mg/g, 36.36±0.58 mg/g)

et al., et al.,

Channa gachua

et al.,
et al.,

et al.

Channa gachua

Channa gachua

Channa gachua

Channa
gachua.
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and nucleic acid (

DNA and

RNA in

both testicular cycle and ovarian cycle

respectively (Table4).

62.36±0.32 μg/100mg,
52.36±0.14 μg/100mg) for (86.38±0.32
μg/100mg, 86.38±0.22 μg/100mg) for
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Table 1. Physico-chemical characteristics of water used in experiment in Channa gachua

Parameter Range Maximum Minimum

Calcium carbonate (CaCO 3) (mg/l)

Dissolved oxygen (mg/l)

pH

Temperature ( oC)

Electrical conductivity (µS)

Total dissolved solids (mg/ l)

130.32

6.62

7.28

21.32

296.62

720.00

11.20

4.06

7.00

9.6

90.00

665.00

Table 2. Acute toxicity of zinc sulphate (mg/ l) at different time interval in Channa gachua

Mortality 24 Hours 48 Hours 72 Hours 96 Hours

LC0

LC50

LC100

32.40

75.60

87.48

30.96

72.90

83.16

27.72

69.12

80.64

25.56

62.28

76.50

Table 3. Body length (cm) of control and heavy metal exposed g roup in Channa gachua

Average weight
( 65.0 - 70.0 gm)

Control Exposed

Starting point on first Day

End point of 30 th Day

6.4 ± 1.07

6.8 ± 1.03

5.4 ±0.80*

5.1 ± 0.06*

*Values are mean ±SE. Data were analyzed through student't' test significant at (p<0.05)
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Table 4. Changes of biochemical parameters in Channa gachua against zinc sulphate for 30 days exposure

*Values are mean ±SE of 20 replicates. Data were analyzed through student't' test and found significant (p<0.05)

when treated groups was compared with control ones.

Parameter Reproductive cycle Control* Experimental*

Total protein (mg/g)

Total glycogen (mg/g)

DNA (μg/100 mg)
RNA (μg/100 mg)

Testicular cycle

Ovarian cycle

Testicular cycle

Ovarian cycle

Testicular cycle

Ovarian cycle

Testicular cycle

Ovarian cycle

93.04±0.23

92.04±0.46

25.04±0.48

40.82±0.51

65.71±0.34

55.04±0.21

94.76±0.27

92.03±0.18

88.22±0.26

87.36±0.81

18.36±0.42

36.36±0.58

62.36±0.32

52.36±0.14

86.38±0.32

86.38±0.22

Contamination of aquatic environment by heavy

metals whether as a consequence of acute and

chronic events constitutes additional source of

stress for aquatic organisms. Omoregie

(1990) reported that toxicants and pollutants

have significant effects, which can result in

several physiological dysfunctions in fish. The

differences in the biochemical parameter in the

different organs of the test fish can primarily be

attributed to the differences in the physiological

role of each organ (Karuppasamy, 2004).

Regulatory ability and functions are also other

factors that could influence the accumulation

differences in the different tissues. Shukla et al.

(1986) also reported that the aquatic medium

contaminated with endosulfan results in change

in oxygen contents, pH and physico-chemical

factors of water. Fishes from control group is free

from such behavioral changes, which indicate

that heavy metals are also responsible for above

altered behavioral response and fish mortality.

Probably these toxicants thus interfere with

reproductive mechanism in fishes. In the acute

toxicity of zinc sulphate the fish showed profuse

mucus secretion which is apparently a protective

device against the tolerance of metal toxicity

(Skidmore and Tovell, 1972; Pandey and Shukla

1980).

The present study demonstrated that the effects

of lethal and sub lethal concentration of zinc

sulphate for the exposure period of 4 days for

lethal and30days for sub lethalproved tobe toxic

to and are similar to the effects of

Zn on bioaccumulation in different tissue of

several fish species exposed to Zn in

contaminated system (Murphy 1978; Hofer

1989; Seymour 1994). The effect of

themetal also depends on the size of the animal,

salinity of water, temperature and the type of the

animal. The levels of various biochemical

constituents in control fish and fish exposed to

sub-lethal doses of zinc sulphate are presented in

Table 4. At the end of sub-lethal concentration for

30 days, glycogen, nucleic acid and total protein

content showed progressive decrease. Many

markers suggested that continuous stress due to

toxicant poisoning could reduce the protein

markedly (Baskaran, 1980) . Jana and

et al.,

Channa gachua

et al.,
et al., et al.,
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Bandyopadhya (1987) suggested that increased

proteolysis and possible utilization of the

products and their degradation for metabolic

purpose cause depletion of protein. Glycogen

levels are found to be highest as it is the chief

organ of carbohydrate metabolism in animals.

Thedecreasedglycogen concentration in the liver

of could be due to its enhanced

utilization as an immediate source to meet the

energy demand under metallic stress through

glycolysis or hexose monophosphate pathway. It

is assumed that decrease in glycogen content

may be due to the inhibition of hormones which

contribute to glycogen synthesis. Depleted

glycogen level under other heavy metals stress

also supports our research findings (Dubale and

Shah, 1981; Sastry and Subhadra, 1984; Bedii and

Kenan, 2005). The increase in the glucose level of

the tissue while decrement in tissue glycogen in

exposed fish makes it clear that the glycogen

reserves are beingused tomeet the stress caused

(Bedii and Kenan, 2005; Chowdhury 2004).

This can be attributed to several factors and one

of them is the decrease in the specific activity of

some enzymes like phosphoro fructokinase,

lactate dehydrogenase and citrate kinase that

decrease the capacity of glycolysis that initially

enhance glycogen concentration (Almeida

2001). To summarize, these results indicate that,

these effluents at sub lethal and lethal

concentrations altered the biochemical

composition (glycogen, protein and nucleic acid)

of the test fish, due to utilization of biochemical

energy to counteract the toxic stress caused due

to heavy metals present in effluents. Qaisur and

Sadhu (2011) revealed that in the

heavy metals have long been recognized as

serious pollutant of the aquatic environment as

they cause serious impairment in metabolic,

physiological and structural systemwhenpresent

in non-permissible concentrations. These may

affect organisms directly or indirectly by

accumulating in their body or indirectly by

transferring into next trophic level of the food

chain.
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