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Abstract 

We report the preliminary results of field survey carried out in the Overa-Aru Wildlife Sanctuary (WS) focussing on 

the mega fauna of the area. The sampling recorded basic information on the occurrence, distribution and relative 

abundance of six species of mammals and two species of raptors. Among mammals highest sign encounter rate was 

observed for Himalayan brown bear Ursus arctos (0.23 ± 0.15) while, long-tailed marmot (Marmota caudata) was 

the most frequently sighted (0.24 ± 0.19). Raptor species showed an overlap in their elevational range and were 

distributed mainly in the coniferous forests and alpine habitats of the area. The study highlighted the conservation 

importance of the area. We therefore, propose a well-designed monitoring program using camera traps surveys that 

can be useful in generating robust information on population trends, to ensure efficient conservation of the species in 

the sanctuary.  
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Introduction 

Kashmir Himalaya, located in the north-western extreme of the Himalayan biodiversity hotspot (Rodgers et al., 

2000; Mittermier et al., 2004) exhibits a rich repository of natural resources. Positioned at the junction of the 

Eurasian and Palaeotropical bio-realms, the region is endowed with teeming floral and faunal diversity (Mani, 1974; 

Dar et al., 2001). It also represents a unique bio-region primarily owing to its complex topography and habitat 

heterogeneity along a wide elevational range (Dar et al., 2001; Husain, 2001). More than 2000 plant species 

distributed in the region form diverse habitat types homing wide variety of life forms across its landscape (Dar et al., 

2002). Moreover, the complex topography and vegetation cover of the region plays a profound role in determining 

the climatic variability and influencing the ecosystem functioning in the entire Kashmir Himalayan landscape. In 

spite of such enormous significance, very little ecological information is available on the biodiversity this region. 

This is primarily due to the extreme weather conditions, rugged terrain and remoteness of the area challenging 

researchers in carrying out long-term studies (Schaller, 1977). Resultantly, most of the protected areas except a few 

even lack proper documentation of their faunal diversity (Sathyakumar and Bashir, 2013; Pal et al., 2016). 

Therefore, as a preliminary step towards long-term ecological monitoring, we aimed at collecting baseline 

information on the status of the mega faunal assemblage of Overa-Aru WS, located in the south division of Kashmir 

Himalaya. 
 

Material and Methods 

Study area 

Overa-Aru WS is located in the Anantnag district of Jammu and Kashmir between the latitudes of 33°55' to 34°20' 

N and 75°5' to 75°32' E (Figure 1). Its elevation varies from 2100 m to 5425 m (summit of Mt. Kolahoi). Overa-Aru 

is an old sanctuary declared under Dogra rule in 1945 covering 32 km² and later extended to 392 km². At present the 

sanctuary covers a total area of 457.39 km² declared by the state government including Overa (165.39 km²) and Aru 
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(292 km²). Due to variation in altitude, aspect and soil, a diversity of vegetation is discernible in the protected area. 

The vegetation of the Overa-Aru WS is mainly Fir (Abis pindrow) with Kail (Pinus griffithi) in the lower elevations 

near Nullahs (Suhail, 2000). Based on varied physical variations three major forest types found in the area include, 

riverine vegetation (1600-2300 m), coniferous forests (2300-3300 m), and alpine scrubs and pastures (above 3400 

m), respectively.                                    
 

Field sampling in Overa-Aru WS 

Field activities in the Overa-Aru WS were carried out in the form of expeditions that included camping in different 

areas of the WS (Plate 1a). We first surveyed the Aru part of the WS during which field sampling and monitoring 

were done in two separate divisions. One division covered the areas of Lidderwath, Khallen, Bod kholl, Muse kholl, 

Satlenjan, Royelle, and Surmasar (2400-4000 m, Plate 1b) and the other part included areas of Kote patheri, 

Geerwar, Gaddad pathri, Kanzal pathri, Aangun, and Danwath (2700-3900), respectively. The surveys were 

administered from different halt points/base camps located at Lidderwath (2730 m), Khallen (3220 m), and Gaddad 

pathri (2900 m) areas. 

During surveys, natural trails, ridges and nullahs were walked and information on sightings and evidences of 

occurrence of wild mega fauna were recorded. Nine such trails of lengths varying from 2.9 to 6.3 km were identified 

and marked during the surveys (Figure 1). Each trail was monitored four times during the survey period. In case any 

animal evidence (sighting/sign) was encountered, information on its GPS location, elevation, and habitat type was 

recorded. The presence locations of animal evidences were later plotted on the digital elevation model (DEM) of the 

study area to represent their distribution using ArcGIS 9.3. Sign encounter rate (index of animal abundance) was 

calculated using the formula: ER= n/L; where ‗n‘ is the total number of sightings/scats/pellet groups encountered 

and ‗L‘ is the total linear length covered during trail sampling (Marques et al., 2001; Sathyakumar, 1993a and 

Sathyakumar, 1993b). 
 

 

 

Results 

During sampling, we recorded the presence (sighting/evidence) of charismatic species including 

Himalayan brown bear, Asiatic black bear Ursus thibetanus, common leopard Panthera pardus, Bearded 

vulture Gypaetus barbatus, Himalayan vulture Gyps himalayensis, and many species of birds. The most 

frequently sighted mammal was the long-tailed marmot (n = 9) with an encounter rate of 0.24 ± 0.19 

individuals/km. The sign encounter rate was highest for Himalayan brown bear followed by Asiatic black 

bear and common leopard, respectively (Table 1). The Himalayan brown bear evidences were recorded 

above 2900 m primarily covering the alpine scrub/pasture habitats, while the black bear evidences were 

distributed mainly in the coniferous habitat below 3200 m (Plate 1c & 1d). Among mammals, long-tailed 

marmot was recorded at the highest elevation of 3611 m and black bear at the lowest elevation of 2694 m. 

Distribution range of both the species of vultures (raptors) recorded were overlapping covering both 

coniferous and alpine scrub/pasture habitats (Plate 1e & 1f). 
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Table 1: Encounter rate (ER/km), elevation range (m) and habitat type (R = riverine, C = 

coniferous, ASP = alpine scrubs and pastures) of different species recorded during 

trail sampling in the Overa-Aru WS. 
 

S. 

No 
Species (with IUCN status)* 

Evidenc

e 
ER ± S.E Elevation (m) Habitat 

1. Himalayan brown bear (CR) Sign 0.23 ± 0.15 2904-3425 C, ASP 

2. Asiatic black bear (VU) Sign 0.18 ± 0.08 2694-3019 C 

3. Common leopard (VU) Sign 0.02 ± 0.02 2936 C 

4. Long-tailed marmot (LC) Sighting 0.24 ± 0.19 3326-3611 ASP 

5. Yellow throated marten (LC) Sighting 0.06 ± 0.06 2730 R, C 

6. Himalayan stoat (LC) Sighting 0.03 ± 0.03 3046 C 

7. Bearded vulture (NT) Sighting 0.05 ± 0.03 2972-3696 C, ASP 

8. Himalayan vulture (NT) Sighting 0.10 ± 0.06 3068-3480 C, ASP 

* CR = Critically Endangered, VU = Vulnerable, NT = Near Threatened, LC = Least Concern  

 
 

Discussion 

In this study, we were able to obtain very useful information on the occurrence of mega faunal species, 

their distribution, and relative abundance in Overa-Aru WS. Species recorded in the survey were of global 

conservation significance including two vulnerable, two near threatened and one critically endangered as 

listed in IUCN (IUCN, 2017) validating the conservation potential of the area. Distribution patterns of the 

species recorded were in accordance with their habitat preferences reported elsewhere (Figure 2). Brown 

bear being an alpine species known to occur primarily above treeline (Sathyakumar, 2001) was recorded 

mostly in the alpine scrubs and pastures above 2900 m, whereas the occurrence of black bear primarily in 

the coniferous forests complemented its forest dwelling habit (Sathyakumar and Choudhury, 2007). The 

occurrence of long-tailed marmot at the highest elevation compared to other species was also in 

accordance with its habitat preference elsewhere including rough grasslands and alpine meadows covered 

with rocks and dwarf junipers (Molur et al., 2005). On the contrary, the occurrence of leopard and 

yellow-throated marten, the habitat generalist species below treeline indicated their affinity for forested 

habitats. Stoats known to prefer coniferous and mixed woodlands, although they occupy a wide range of 

habitats and are often found in forest-edge habitats, scrubs, alpine meadows and marshes (Pulliainen, 

1999), their occurrence in the krummholtz zone validated their adaptability to different habitat types. The 

occurrence of both the species of raptors near and above treeline was typical of their high-altitude habitat 

specificity however the scavenging records of Himalayan vulture on animal carcasses at lower elevations 

indicated their broad habitat niche. Although, the encounter rates of signs/sightings of the species 

recorded during the surveys provided a general overview of their relative abundance in the area, it is less 

feasible to compare these indices with the estimates reported elsewhere because of the low sample size. 

Moreover, due to the time and logistic constraints of our study we were unable to record the presence of 

other species reported from the area (Suhail, 2000), including Hangul (Cervus hanglu), Kashmir musk 

deer (Moschus cupreus) and Himalayan serow (Capricornis thar). 
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Our study clearly indicates the enormous potential and need for research and conservation initiatives in 

the area though a much comprehensive study and a long-term monitoring exercise. We therefore, propose 

a well-designed monitoring program using camera traps supplemented by local knowledge that can 

provide robust data to wildlife managers to monitor the long-term population or biodiversity trends. We 

also believe a higher initial outlay of funds and training for a camera trap based monitoring system will 

provide the framework needed for conservation programs in Overa-Aru WS to move forward. 
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Plate 1: (a) Camping in the study area, (b) Landscape of Surmasar area, (c) Den of Himalayan brown bear, (d) 

Brown bear scat/feces, (e) Sighting records of Himalayan vulture, & (f) Bearded vulture. 
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Abstract  

Plant genetic engineering is an incredibly important tool to study the gene regulation, plant development and 

produce resistant varieties against various abiotic and biotic stresses. Genetic transformation of plants in addition to 

target gene also requires a highly specific promoter for the specific and temporal expression of the target gene. In 

crop biotechnology, transgene is commonly driven by, constitutive promoters, such as CaMV 35S (cauliflower 

mosaic virus), or its derivatives. Such promoters are in use for long, although they efficiently drive the expression of 

genes but are associated with a number of unwanted problems such as homology-dependent gene silencing, altered 

plant development or morphology and are constitutively expressed at high levels throughout the plant even in the 

absence of the inducers (abiotic or biotic stress). To overcome this burden, tissue or organ specific and inducible 

promoters can be used to drive transgene expression. Various tissue specific promoters such as leaf-specific 

promoter, phloem-specific promoter, root-specific promoter, fruit-specific promoter, specific promoter and flower 

specific promoter have been isolated and characterized earlier. The variations in the expression of stress inducible 

genes are a result of the architecture of the promoters. Expression of transgene under the control of stress-inducible 

promoters is in demand and is preferred to produce transgenic plants having resistance to multiple stresses. This 

review highlights the advantages and disadvantages of constitutive promoters and the need for inducible promoters. 

Keywords: Genetic engineering, 35S promoter, salicylic acid and jasmonic acid  

 

Introduction  

Promoters are DNA sequences usually upstream of transcribed gene and play a central role in the regulation of gene 

expression determining when, where and to what extent a gene is expressed. The structure of eukaryotic promoter is 

modular, comprising distal (upstream activation sequence; UAS) and proximal region (core promoter) containing 

TATA element. RNA polymerase binds to the TATA region of the core promoter and initiates transcription of the 

gene. Core promoter region provides the binding site for recruiting general transcription factors (GTFs). The GTFs 

consist of TATA-binding proteins (TBP), RNA polymerase II and other associated factors as well transcription 

factors for basal transcriptional activity of the linked gene. Majority of plant gene promoters contain highly 

conserved sequence TATA box which is normally located at -25 to -35 regions in the eukaryotic promoter. The 

consensus sequence of TATA box is ‗TATAAT‘ however mismatch of one or two nucleotides have been reported 

from several promoters which do not alter the function of the promoter (Butler and Kadonaga, 2002). Although 

TATA box is important constituent of promoter, several promoters are also known in plants which lack TATA box 

and are commonly classified under TATA- less promoter. Such promoters are mostly found in photosynthetic genes 

(Nakamura et al., 2002).  
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Eukaryotic promoters comprise of multiple elements, some of which are found in nearly all promoters. These 

include, CAAT box which is a consensus sequence close to -80 bp from the start point (+1), playing an important 

role in promoter efficiency, by increasing its strength, and function in either orientation. The consensus CAAT 

sequence found in conserved eukaryotic promoter is GGCCAATCT. In plants an analogous sequence called AGGA 

box is present (Roa-Rodriguez, 2003).TATA box a sequence usually located around 25 bp upstream of the start 

point. The TATA box binds to RNA polymerase II and a series of transcription factors to an initiation complex 

(Smale and Kadonaga, 2003) (Figure 1). GC box, the sequence rich in Guanidine (G) and Cystidine (C) surround 

the TATA box in the promoter region. The consensus GC box sequence found in conserved eukaryotic promoter is 

GGGCGG (Roa-Rodriguez, 2003). CAP is the site at which the transcription process actually starts; it is designated 

as +1. The consensus CAP site sequence found in conserved eukaryotic promoter is TAC. RNA polymerase II, the 

enzyme that transcribes a gene into mRNA, and the relevant transcription factors recognize the promoter region. 

RNA polymerase binds on the TATA box and scans along the DNA till it finds the CAP site, latter is the actual site 

of RNA synthesis. The transcription process only takes place in the downstream direction, from 5‘ (left) to 3‘ (right) 

(Smale and Kadonaga, 2003). 

In addition to the core promoter and proximal promoter sequence, other cis-acting DNA sequences that regulate 

RNA polymerase II transcription positively or negatively are also present, these include the enhancers, silencers and 

boundary/insulator elements (Blackwood and Kadonaga, 1998; West et al., 2002). Enhancers and suppressors 

constitute the distal regulation machinery which can exert their effect from considerable distance and are often 

capable of modulating expression of adjacent genes (Blackwood and Kadonaga, 1998). Enhancers are found to be 

located at variable distances from the promoter ‗itself‘ in either of the directions (upstream or downstream), they 

bind to the transcription factors and enhance the activity of a promoter.  
 
 

 

 
 

         Figure 1: Schematic representation of plant promoter. 
 

 

Promoter diversity 

In plant biotechnology promoters are traditionally grouped into three categories, constitutive (active continuously in 

most or all tissues), spatiotemporal (tissue specific or stage-specific activity and inducible (regulated by both biotic 

and abiotic stresses and the application of an external chemical or physical signal) (Potenza et al., 2004). In general 

the activity of a promoter depends on the availability and activity of the transcription factors. Those binding to 

constitutive promoters are available and active all the time, whereas those binding to spatiotemporal and inducible 

promoters are themselves rationed and made available only in certain tissues or developmental stages, or in response 

to external signals. In recent years, various promoters have been isolated from different sources (plant, viral and 

bacterial) and characterised to drive the transgene expression in plant systems (Yoshida and Shinmgo, 2000; Muller 

et al., 2004). 
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Constitutive promoter 

Constitutive promoters (are active in all tissues and at all time) are the most common promoters used to drive the 

transgene expression in plant biotechnology. These promoters have been isolated from both viruses as well as from 

plant housekeeping genes. Among plant virus promoters, the most common is the Cauliflower mosaic virus 35S 

promoter, which controls the synthesis of the 35S major transcript (Odell et al., 1985). Despite  widely used, the 

CaMV 35S promoter has a number of potential drawbacks, such as its poor performance in monocots, its 

suppression by feeding nematodes (Goddijn et al., 1993), homology dependent gene silencing (Vaucheret et al., 

1998) and   the intellectual property issues. Plant housekeeping genes are another important source of constitutive 

promoters. Among these are genes encoding actins and tubulins. The rice actin1 promoter drives strong transgene 

expression in rice protoplasts transiently expressing gusA (McElroy et al., 1990) and in most tissues of transgenic 

rice plants (Zhang et al., 1991). The ubiquitins are another highly conserved family of housekeeping genes, some of 

them are constitutively expressed (Kawalleck et al., 1993) while others are responsive to stress (Christensen and 

Quail, 1996).  
 

Inducible promoters 

These promoters are activated by one or more stimuli and often direct the expression of genes in certain plant 

tissues. They are generally modulated by both biotic and abiotic factors such as microbes, insects, nematodes, 

wounding, hormones, cold, salt and chemicals (Tyagi, 2001; Tang et al., 2004) (Table 1). Inducible promoters are 

broadly classified into two groups namely physically-regulated and chemically regulated based on the nature of the 

stimuli that triggers their expression. These promoters are widely known to be very important in plant biotechnology 

to drive transgene expression.  
 

Physically-regulated promoters 

These promoters are activated by both biotic and abiotic factors. There are a large number of known pathogen-

inducible genes, promoters of some of them have been characterised in plants (Rushton and Somssich, 1998; Singh, 

1998; Venter and Botha, 2004; Roychoudhury and Sengupta, 2009; Kovalchuk et al., 2010). In plant genetic 

engineering, an ideal pathogen-inducible promoter should strongly and rapidly drive the expression of the specific 

transgene in response to a wide range of plant pathogens. Interestingly it should be able to express plant resistant 

genes which are commonly used by different research groups (Anand et al., 2009; Guerra-Guimaraes et al., 2009) 

temporally and locally during plant-pathogen interactions (Gurr and Rushton, 2005). In Arabidopsis, pathogen 

inducible promoter (CMPG1) was not only induced by pathogen attack but also by wounding (Heise et al., 2002). 

Cis-acting regulatory elements of plant pathogen-inducible promoters are classified based on their interaction with 

defense signalling molecules such as salicylic acid, methyl jasmonate and ethylene or signals based on the core 

sequences which they possess, such as the GCC or W boxes (Mazarei et al., 2008). Several  plant promoters known 

to be induced in response to abiotic stresses like rd29 (dehydration inducible promoter) consists of a dehydration 

responsive element (DRE) that respond to water stress (Yamaguchi-Shinojaki and shinijaki, 1994),  Hahb4 promoter 

from sunflower was found to be induced by water stress, high salt and ABA in tissue-specific manner (Dezar et al., 

2005)  
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 Table 1: List of pathogen inducible promoters identified in plants 
 

Source and gene 

promoter 
Stimuli reported to cause induction 
 

Reference 

Arabidopsis PR1 Salicylic acid Lebel et al., 1998 

Arabidopsis VSP1 Jasmonic acid Guerineau et al., 2003 

Potato GST1 Phytophthora elicitor, oomycetes, fungi, bacteria Rushton et al., 2002 

Tobacco PR2-d Salicylic acid Shah et al., 1996 

Tobacco chitinase Ethylene, Phytophthora elicitor, 

oomycetes, fungi, bacteria 

Rushton et al., 2002,  

Ohme and Shinshi 1995, 

Brown et al., 2003 

Parsley ELI7 Phytophthora sojae elicitor, fungal elicitor, 

oomycetes, fungi, bacteria 

Rushton et al., 2002, 

Kirsch et al., 2000 

Arabidopsis NPR1 Salicylic acid, Pseudomonas syringae pv. Tomato Yu et al., 2001 

Periwinkle Str Jasmonic acid, yeast derived elicitors, Phytophthora 

elicitor, oomycetes, fungi, bacteria 

Rushton et al., 2002, 

Menke et al., 1999 

Arabidopsis OPR1 Jasmonic acid He and Gan, 2001 

Parsley PR1 Fungal elicitor, oomycetes, fungi, bacteria Rushton et al., 2002 

Rice NPR1 Salicylic acid Hwang and Hwang, 

2010 

Tobaco tpoxN1 Vascular tissues, petioles, veinlets, stem epidermal cells Sasaki et al., 2002 

 
 

 

Wound induced promoters 

Several wound-inducible promoters have been cloned and characterised from different plant species which shows 

dynamic expression (Table 2). It has been reported that the spatial expression patterns of several defensive genes 

such as chitinases, protein inhibitors and ascorbate free radical reductase, were reported modulated from wounding. 

The wound inducible expression of FAD7 gene promoter was reported. Many putative wound-responsive elements 

have been identified, such as the AG-motif (Sugimoto et al., 2003), DRE (dehydration responsive element; 

Yamaguchi- Shinozaki and Shinozaki 1994; Rushton et al., 2002), Gbox (Delessert et al., 2004; Kawaoka et al., 

1994), GCC box (Suzuki et al., 1998; Nishiuchi et al., 2004), GST1 box (Strittmatter et al., 1996; Rushton et al., 

2002), JERE (jasmonate/elicitor responsive element (Menke et al., 1999; Rushton et al., 2002), S box (Rushton et 

al., 2002), PAL-box (Kaothien et al., 2000), W-box (Eulgem et al., 2000; Rushton et al., 2002), and 13-bp/L-box 

(Takeda et al., 1999). 
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Table 2: List of promoters known to be wound-inducible in plants.  
 

Isolated promoter Expression in tissues References 

TpoxN1 Vascular tissues, petioles, veinlets, stem 

epidermal cells 

Sasaki et al., 2002 

PR10 Apical meristem of leaves and stem 

tissues 

Liu et al., 2005 

BV-XTH1 Roots, leaves Dimmer et al., 2004 

BV-XTH2 Trichomes, flowers Dimmer et al., 2004 

RNS1 Seedlings and leaves Hellwig et al., 2008 

AtTPS12,AtTPS12 Roots, hydathodes and stigma Ro et al., 2006 

BjCH1J Young seedlings and leaves Wu et al., 2009 

FAR1, FAR4 and 

FAR5 

Leaves and stem Domergue et al., 2010 

RNaseLE Phloem tissues Kock et al.,  2004 

 

Chemically -regulated inducible promoters 

Phytohormones like salicyclic acid and jasmonic acid have been explored as effector molecules to regulate the 

expression of stress inducible genes in plants. Salicylic acid (SA) is one of the important phytohormone signal 

molecules involved in disease resistance in plants (Alvarez, 2000; Desveaux et al., 2004). Many promoters have 

been identified which are induced by salicylic acid,  such as soybean IFS promoter, tobacco PR-1a and PR-2d 

promoters, Gastrodia elata GAFP-2 promoter and Arabidopsis GST6 promoter (Yin et al., 2004). These promoters 

contain the SA responsive cis-acting element TGACG, which belongs to the family of activation sequence-1 

elements, is reported to function as a transcriptional enhancer conferring SA inducibility to reporter genes in 

transgenic plants (Subramanian et al., 2004). Jasmonates (JAs) are vital regulators of abiotic and biotic stresses in 

plants, JA also plays important roles in physiological and developmental processes, including root growth, 

senescence, trichome formation, cell cycle progression, and flower development (Wasternack, 2007; Pauwels et al., 

2008). MeJA-responsive cis-acting elements have been identified in the promoters of several JA-regulated genes 

(Kim et al., 1992; Ruíz-Rivero and Prat, 1998; Guerineau et al., 2003). 
 

 

Tissue or organ specific promoters 

These promoters show restricted expression to particular cells, tissues, organs or developmental stages of a plant. 

They are also called spatiotemporal promoters. Many promoters have been identified that drive tissue or organ 

dependent expression of the target gene specifically to the seed, or to a particular region of the seed. Storage proteins 

such as corn zein (Schernthaner et al., 1988), rice glutelin (Takaiwa et al., 1991), barley hordein (Marris et al., 

1988), rice prolamin (Qu and Takaiwa, 2004) and wheat glutenin (Colot et al., 1987) have been rich sources of seed-

specific promoters, predominantly directing expression to the endosperm (Wobus et al., 1995). Additional promoters 

have been shown to direct gene expression to the embryo and aleurone (Furtado and Henry, 2005). Many anther-

specific and pollen specific promoters have been identified in a variety of plants, including the TA29 promoter from 

tobacco (Koltunow et al., 1990), the A9 promoter from Arabidopsis (Paul et al., 1992) and the RA8 promoter from 

rice (Jeon et al., 1999). 

 



 

12 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

Synthetic promoters 

In plant genetic engineering, the availability of a range of defined synthetic plant promoters that can drive the 

gauged expression of genes would be advantageous, because, such promoters can be exploited to study various 

signalling pathways and also engineer plants with disease resistant genes that can be expressed only when needed. 

These promoters can be artificially designed  by three ways: (a) By combining defined cis-regulatory element with 

strong constitutive promoter (Rushton et al., 2002; Gurr and Rushton, 2005) or by duplicating the upstream 

enhancer domains in conjunction with strong promoter (Maiti et al., 1997); (b) By combining cis-regulatory 

elements from different promoters (Sawant et al., 2001);  (c) By fusing two strong constitutive characterised 

promoters to develop hybrids that allow both the promoters to be active in either direction or by developing 

bidirectional promoters (Comai et al., 1990). The best approach to fine tune and restricted gene expression was 

developed by (Jensen and Hammer, 1998; Hammer et al., 2006). 
 

Characterisation and Insilco analysis of promoters  

The characterization of promoter can be done by first analyzing the DNA sequences through BLAST search of the 

flanking region against EMBL database such as NCBI (www.ncbi.nlm.nih.gov/) and followed by in silico analysis. 

The in silico based promoter prediction tool basically works on two approaches, one of the methods involves search 

by structural content; like Gene2 Promoter (http://potal.O.genomatrix.de/products/GFene2Promoter), Promoter scan 

(Pretridge, 1991), which utilizes the information of specific structural features  of a promoter based on the actual 

three-dimensional structure adapted by a promoter element during gene expression process in vivo. The other 

approach of promoter prediction tools like PLACE (Higo et al., 1999; www.dna.affrc.go.jp/PLACE/), PlantCare 

Lescot et al., 2002; http:// bioinformatics.psb.ugent.be/webtools/plantcare/html/), (http://www.ppdb. 

gene.nagoyau.ac.jp), AtcisDb (http://Arabidopsis.med. ohiostate.edu/AtcisDB/index.jsp) performs ‗search by 

signals‘ in which the algorithms aim to identify regulatory regions and promoters based on sequence composition. 

The signal based promoter predictions involve detection of cis-acting regulatory elements (CAREs), which are very 

short stretch of conserved nucleotides and define transcriptional specificity. However detection of CAREs based on 

in silico approaches does not always find functionally relevant. Since the sequence is very short stretches of 

nucleotides, there is always a random chance of finding such sequences in any stretch of DNA (Blanchette and 

Sinha, 2001). One of the few approaches to overcome the limitation is to carry out a phylogenetic foot printing to 

find conserved regulatory elements among functionally related promoters of diverse species or between co-

expressed genes. The identity of such elements can only be confirmed by experiments through transgenic studies. 
 

Functional characterization of the plant promoters 

In order to test the newly isolated promoter a suitable host is required to understand their role in gene expression. 

Although, significant progress has been made in many species but most commonly used host plant model system is 

Arabidopsis thaliana (Meyerowitz and Somerville, 1994). Many promoters from different plant species were 

functionally analysed in A. thaliana using transgenic approach. For example anther-specific and pollen specific 

promoters like TA29 promoter from tobacco (Koltunow et al., 1990), and LAT52  from tomato (Twell et al., 1990) , 

seedling and flower specific promoter, the A9 promoter from Arabidopsis (Paul et al., 1992) and the RA8 promoter 

from rice (Jeon et al., 1999). OrysaEULS2, OrysaEULS3, and OrysaEULD1A from rice (Al Atalah et al., 2014), 

OsPHY1 from rice (Guo et al., 2013). Another approach for the functional validation of plant based promoters is 

agroinfiltration. Deletion studies of promoters have led us in identification of the important cis-elemnts or regulatory 

http://bioinformatics/
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motifs that are essential for conferring specificity. For example, deletion of ABA-responsive cis-element in plant 

stress inducible promoters has shown the functional significance of commonly found consensus sequence elements 

like ‗ACGT‘ box mediates ABA induction (Shen et al., 1996). There are various approaches for promoter deletion 

to generate deletion fragments which includes restriction endonucleases (Yang et al., 1995), or sequential deletion of 

the promoter fragments using exonuclease III enzyme (Leyva et al., 1992; Meister et al., 2004) or PCR 

amplification of a promoter region by sequence specific primers. PCR based approach of the promoter deletion is 

commonly utilised method for functional validation of the promoter as well as their sequence motifs (Srinivasan and 

Saha, 2010).  
 

Conclusion 

The present review highlights the importance of stress inducible promoters in plant genetic engineering and also the 

disadvantages of constitutive promoters. One of the greatest challenges in the plant genetic engineering is the 

identification of stress inducible promoters which should replace constitutive promoter like 35S promoter. The use 

of constitutive promoters for developing disease resistant or stress tolerant crop varieties is not always desirable, 

because constitutive overexpression of transgenes may compete for the building blocks that are required for plant 

growth under normal conditions. Therefore, stress or pathogen-inducible promoters are expected to be optimal for 

driving transgenes. 
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Abstract 

Diverse application of nanoparticles (NPs) made it possible that they can be used in agriculture as nanofertilizers 

which increase the plant growth and yields. This paper investigates the in vitro stuides of two nanoparticles, silver 

(Ag) and copper oxide (CuO) nanoparticles on the germination of mustard seeds. Different concentration (0, 2, 4, 8 

or 16 mg/L) of both nanoparticles was used in this experiment. CuO NPs shows the better result than AgNPs on 

germination and maximum increase was found at 4 mg/L of CuO NPs which was about 19% by CuO NPs at 4 mg/L 

as compared to control, whereas, vigour index was 267% and germination index was 29% higher than the control. 

At the same concentration (4 mg/L), AgNPs increased the germination rate by 8%, vigour index by 104% and 

germination index by 9% over the control. 

Keywords: Agriculture, copper, mustard, nanoparticles, silver 
 

Introduction  

Nanotechnology is one of the most promising field of science which have potential application in many sectors.  

According to definition it is the branch of science which deals with the manipulation of matters at atomic, molecular 

or macromolecular level where properties significantly differ to those at larger scale. Particles have at least one 

dimeson and size between 1-100 nm are called nanoparticles (NPs). Importance of NPs is due to their unique 

physicochemical properties, i.e., high surface area, high reactivity, size and (Siddqui et al., 2015). Due to rapid 

progress and widespread use, it is now possible to synthesize and produce engineered nanoparticles (ENPs) with 

several types, dimensions, and morphologies (Gui et al., 2015).  

A number of studies showed the response of nanoparticles on germination, seedling growth, physiology of plants but 

the result on seed germination is not yet conclusive due to variation in result (Hao et al., 2016). It was reported that 

TiO2 NPs improve the seed germination of fennel (Liu and Lal, 2015). Similar result also found in the case of zinc 

oxide nanoparticles (ZnO NPs), for cucumber (Rosa et al., 2013). Increased germination of corn, barley, and 

soybean seeds in response to multiwalled carbon nanotubes (MWCNTs) was also found (Lahiani et al., 2013). 

AgNPs is one of the most used nanoparticles due to their antimicrobial properties. Evidence suggests that AgNPs 

affects the plants growth and physiological activities (Vishwakarma et al., 2017; Sable et al., 2018). It was found 

that percent germination was accelerated by AgNPs in pearl millet (Parveen and Rao 2015). Cu-based NPs have 

various uses (Wang et al., 2012; Zuverza-Mena et al., 2015; Xiong et al., 2017).  

In this study, we have investigated the impact of AgNPs and CuO NPs on the germination parameters of mustard 

seeds. 
 

Materials and Methods 

Source of mustard seed 

Mustard Seed (Brassica juncea cv. RGN-48) purchased from Indian Agricultural Research Institute PUSA, New 

Delhi. Healthy and uniform size seeds were selected for the study. These seeds were surface sterilized with 0.01% 

mercuric chloride solution for five minutes, followed by rinsing with double distilled water (DDW), at least thrice, 

to remove even the traces of adhered mercuric chloride to the seed surface before treatments and transferred into the 

mailto:hayat_68@yahoo.co.in
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petri dishes. The petri dishes were sealed with paraffin tape and placed inside the incubator at temperature of 22 ± 2 
oC. Germination was asses in the form of percent germination, germination index (GI) and vigour index (VI) 
 

Preparation of AgNPs and CuO NPs  

AgNPs and CuO NPs purchased directly from the Sigma-Aldrich, New Delhi. Various of concentration (0, 2, 4, 8 

and 16 mg/L) of both AgNPs and CuO NPs was prepared in DDW. 
 

Seed germination rate  

Germination rate was recorded every day from 2 to 7 days. The number of germinated seeds was noted daily for 7 

days. Seeds were considered as germinated when their radicle showed at least 2-3 mm in length. 
 

Vigor index (VI)  

Seedling vigor index was calculated by the following formula as suggested by Abdul Baki and Anderson (1972).  

Vigor index = % germination X seedling length (root + shoot) cm  
 

Germination index (GI) 

Germination index was calculated by the formula given by Tao and Zheng, (1990). Germination index (GI) = % 

germination ÷ germination days 

 

Results 
 

Seed germination rate  

Seed germination rate was significantly improved by all the treatments. Out of the two nanoparticles, the response of 

CuO NPs was significantly higher than that of AgNPs, irrespective of the concentration. CuO NPs (4 mg/L) proved 

best that increased the seed germination rate by 19%, over the control, whereas, at the same level AgNPs had 8% 

more seeds to germinate (Figure 1). 

 

Figure 1:  Effect of AgNPs and CuO NPs on percent germination of mustard 

seeds at 7th days. Vertical bars show standard errors (±SE)   
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Vigour index 

The results presented in figure 2 indicate that vigor index increased significantly irrespective of the concentration 

and the nanoparticle used. CuO NPs produced more pronounced result as compared to Ag NPs. The 4 mg/L of CuO 

NPs proved best that enhanced the vigor index by 267%, over the control. Moreover, at the same concentration 

AgNPs improved it by 104% more than the control.  

 

 

 
 

 

 

Germination index 

It is deduced from the figure 3 that germination index was positively affected by AgNPs and CuO NPs, at all their 

concentrations but latter improved it to a significant level. CuO NPs (4 mg/L) exhibited maximum increase of 29%, 

over the control. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of AgNPs and CuO NPs on vigour index of mustard seeds at 7th 

after treatments days. Vertical bars show standard errors (±SE) 
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Figure 3: Effect of AgNPs and CuO NPs on germination index of mustard seeds at 

7th days after the treatment Vertical bars show standard errors (±SE) 
 

 

 

Discussion 

Seed germination initiate from the imbibition of water which activates the physiological processes that‘s where 

plant‘s life start (Wierzbicka and Obidzińska, 1998). The present study was implicit to inspect the effects of 

different concentration of AgNPs and CuO NPs on germination of mustard seed. All the concentrations of both the 

NPs increased the rate of germination (Figure 1, 2 & 3), where 4 mg/L of CuO NPs proved best which excelled 

over that of AgNPs. Our result is well supported by Raju et al., (2016) who find that Fe NPs significantly increase 

the germination of green gram seeds by enhancing the water uptake. Similarly, improved seed germination by 

AgNPs (Krishnaraj et al., 2012; Sharma et al., 2012; Yin et al., 2012 Almutairi and Alharbi, 2015), ZnO NPs 

(Afrayeem and Chaurasia, 2017), CNTs (Khodakovskaya et al., 2009; Ghodake et al., 2010), CuO NPs and SiNPs 

(Shah and Belozerova, 2009; Siddiqui and Alwhaibi, 2013; Suriyaprabha et al., 2014), TiO2 NPs (Zheng et al., 

2005) and AuNPs (Gopinath et al., 2014), biogenic NPs (Bhati-Kushwaha et al., 2013) with varied crops has already 

been reported. Moreover, SiO2 and MoNPs activated the germination in rice seeds (Adhikari et al., 2013). Soybean 

seeds exposed to ZnO NPs also overcome the impact of drought stress with improved germination (Sedghi et al., 

2013). The prominence in the effect of CuO NPs over AgNPs on seed germination of mustard seeds (Figure 5) is 

possibly because of its impact on the generation of ethylene which favoured seed germination (Taiz and Zeiger, 

2002). Ag is also the inhibitor of ethylene action so that nanoform may also exert the same effects but this study still 

needed effective mechanism. However, seed germination response to NPs is considered as poor indicator (Rico et 

al., 2011) but needs a thorough investigation to understand the actual mechanism by testing various crops. 
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Conclusion 

It can be concluded from the present study that NPs have ability to improve the seed germination at lower 

concentration. Both the NPs i.e. AgNPs and CuO NPs positively influence the seed germination process of mustard 

seed. Out of the two tested NPs response of CuO NPs was more pronounced than AgNPs. 
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Abstract 

The work was carried out for a period of one year to study the proximate body composition of Labeo rohita which 

were collected from Gho-Manhasa fish farm because of easy access and availability in abundance throughout the 

year. The specimens were divided into four groups on the basis of their size and sex viz., LrbI (Size 20.0 mm – 

100.0 mm); LrbII (Size 101.0 mm – 250.0 mm); LrbIII (Size 251.0 mm – 500.0 mm Male) and LrbIV (Size 251.0 

mm – 500.0 mm Female). The results during the period of one year revealed that the protein content was found to 

differ significantly (P>0.05) in adult males and adult females whereas no significant variation (P<0.05) was noticed 

in the small size groups during the recorded months. Also, protein content of muscles in immature groups was found 

to be higher as compared to mature groups. Lipid content showed lower values in small size groups than the mature 

groups. In adults, lipids were found to increase during pre-spawning period of the fish. Moisture content decreased 

with an increase in the size of the animal and in the mature groups, variations in the moisture content were mainly 

related with the spawning. Ash content increased with an increase in the size of the fish. In mature groups minimum 

values of ash were observed during the resting and recoupment phase.    

Keywords: Proximate body composition, Labeo rohita, seasonal variation, Jammu  
 

Introduction 

Every living being needs nutrients in terms of proteins, fats, lipids, carbohydrates, vitamins and minerals for their 

normal maintenance, growth and reproduction. Fish plays an important role for food security and nutrition by 

providing food and income (HPLE, 2014). The nutritive value of fish has been recognized all over the world. Fishe 

are known to be more nutritive and relishing than the plant food. They are also known to be most efficient among 

farm animals in converting feed into nutritious food. Because of their easy digestibility, fish proteins are generally 

preferred to those of beef and egg. Retention of dietary protein and energy in fish farming is approximately twice 

than that of chicken and swine, with correspondingly lower waste production. Since fish is important in its use as 

food, therefore, the formulation of balanced food products from plants, cereals and fish is of immense importance. 

Information on energy content of fish in their natural environment also provides baseline data for energy flow 

studies as well as useful information on their nutritional value (Marais and Erasmus, 1977). A recent systematic 

review of international development and research agencies working in nutrition and food security revealed that ―fish 

is strikingly missing from strategies for reduction of micronutrient deficiency, precisely where it could potentially 

have the largest impact‖ (Allison et al., 2013). The knowledge of proximate composition of fish is of paramount 

importance in evaluating its nutritional status. Lot of work has emanated on biochemical composition of finfishes 

but very limited work has been conducted on shellfishes. Because of the fact that shrimps have become the major 

source of protein to low income earners due to its low price and availability, it becomes necessary to study nutritive 

value of prawns or shrimps as well (Adeyeye and Adubiaro, 2004). Biochemical composition has been widely 
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recognized as a more relevant indicator of growth during larval development when the nutritional value of different 

natural or experimental diet is assessed (Ceccaldi, 1982). 

Cowey and Sargent (1972) have well stated that ―the ultimate aim of nutritional research is the provision of balanced 

diet, which will meet the requirements of the animal with respect to any one of a number of physiological functions 

ranging from growth to reproduction‖. Basic nutritional requirements of an aquaculture animal followed by the 

balance between different feed inputs needed to achieve optimal growth performance are the elementary features of 

fish farming (Pitcher and Hart, 1982). Moreover, the economic judgments involving any aquaculture venture cannot 

be accurately made unless the biological and physiological aspects of the animal are successfully fathomed. In this 

regard studies on the proximate body composition of pond reared Labeo rohita of different size groups and sexes 

was carried out to know the nutritional status of the organism under study. 
 

Materials and Methods 

Collection of specimens 

For biochemical analysis live specimens of Labeo rohita were collected from Gho-Manhasa fish farm because of 

easy access and availability in abundance throughout the year. In the laboratory, they were analyzed for their 

proximate body composition. This analysis was performed over a period of one year (August 2005-July 2006). 

To carry out the analysis of main body constituents the L. rohita were divided into four groups each as: 

1. LrbI (Size 20.0 mm – 100.0 mm) 

2. LrbII (Size 101.0 mm – 250.0 mm) 

3. LrbIII (Size 251.0 mm – 500.0 mm Male) 

4. LrbIV (Size 251.0 mm – 500.0 mm Female) 

The LrbI and LrbII were not found throught the year but only from August to November and August to December 

respectively whereas LrbIII and LrbIV were found throughout the year. 
 

Proximate body composition 

The sample of flesh was accurately weighed (1g) and was dried in hot air oven at 105±10C to constant weight. The 

difference between the initial weight and the final weight was used to determine the moisture constant (AOAC, 

1999). Protein content of the flesh of the L. rohita was estimated following Lowry et al. (1951). The total lipid 

content was determined by the method of Folch et al. (1956). Ash content was estimated by heating the samples in a 

muffle furnace at 550 0C for about 3 hours. (AOAC, 1999). 
 

Statistical analysis 

The data was analyzed to test the level of significance with the help of Microsoft Excel 2003 and SPSS (12.0 

Version, Chicago, USA). The level of significance was tested by one way ANOVA, Duncan Post Multiple 

comparisons (Duncan, 1955). 
 
 

Results  

The observed values of four main constituents (moisture, protein, lipid and ash component) in flesh of four recorded 

groups, LrbI, LrbII, LrbIII, LrbIV of L. rohita are presented in tables 1 to 4. and figures A to E. 
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Moisture 

Moisture/water content in the flesh of LrbI was observed to have a minimum value of 79.80±0.29% (November) and 

a maximum value of 80.12±0.27% (October). However, the variation in moisture content from August to November 

was not observed to differ significantly (P>0.05) (Table 1). 

Moisture contents of LrbII ranged from 78.53±0.22% (minimum) to 79.82±0.43% (maximum) in the month of 

December and September respectively. However, the variation in the moisture content of the fish from August to 

October was not observed to differ significantly (P>0.05).  

Moisture content in adult males of L. rohita of LrbIII was observed to range between 77.84±0.31% (minimum) to 

80.19±0.21% (maximum) during the months of June and September, respectively. Significant variation (P<0.05) in 

the moisture content of flesh of L. rohita was observed during different months of the year. Maximum moisture 

content was observed from September to January i.e. during the period of spawning and winter months while 

minimum moisture content was recorded from April to July. 

Mean values of moisture content in LrbIV (adult) females were observed to lie within a range of 77.80±0.35% 

(minimum) to 80.50±0.29% (maximum) in the months of June and September. The moisture content was found to 

decrease significantly from January (80.34±0.29%) to June (77.80±0.35%). While moisture recorded gradual 

increase from June (77.80±0.35%) to September (80.50±0.11%), a little but significant decrease (P<0.05) was 

noticed during November (79.81±0.12%) and December (79.66±0.26%).  
 

Table 1: Seasonal variations in the moisture content of L. rohita  

Months LrbI LrbII LrbIII LrbIV 

January - - 79.80±0.30ab 80.34±0.29ab 

February - - 78.84±0.38cd 80.04±0.10abcd 

March - - 78.56±0.59de 79.58±0.40def 

April - - 78.43±0.42def 79.46±0.21ef 

May - - 77.98±0.62ef 78.49±0.48g 

June - - 77.84±0.31f 77.80±0.35h 

July - - 78.35±0.35def 79.26±0.26f 

August  80.09±0.50a 79.71±0.66 a 79.23±0.08bc 79.84±0.23bcde 

September 80.05±0.19a 79.82±0.43 a 80.19±0.21a 80.50±0.11a 

October 80.12±0.09a 79.51±0.38 a 

b 
80.00±0.14a 80.29±0.29abc 

November  79.80±0.27a 78.90±0.21 b 

c 
80.02±0.23a 79.81±0.12cde 

December  - 78.53±0.22 c 79.74±0.25ab 79.66±0.26def 

Mean 80.01±0.29 79.30±0.62 79.08±0.87 79.59±0.79 

Values having the same super script in a column do not differ significantly (P>0.05) 

 
 

Protein 

The protein content in case of LrbI ranged from 16.00±0.09% (September) to 16.42±0.37% (November). Although 

protein content recorded an increase from September to November but no significant difference (P>0.05) was 

observed with respect to other months of the study period. 

Mean value of protein in LrbII ranged from 15.79±0.11% (August) to 16.41±0.12% (November). Protein content 

displayed a gradual decrease from August to September followed by a minor increase in November and a further 
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decline in the month of December. No significant difference (P>0.05) was noticed in the protein content during 

August and September and between October, November and December (Table 2). 

Flesh of the adult males of L. rohita (LrbIII) had a protein content ranging from 14.53±0.40% in Spawning period 

(September) to 16.16±0.13% in pre spawning period (June). The flesh protein content exhibited a low protein value 

14.84±0.65% (January) which gradually increased upto 16.16±0.13% (June). The flesh protein content then 

manifested a decline from 15.75±0.40% (July) to 14.53±0.40% (October). No significant difference (P>0.05) in 

protein content was noticed from September to January.  

Flesh protein of adult females of L. rohita (LrbIV) varied within a range of 14.44±0.23% in spawning period 

(September) and 15.89±0.10% in pre spawning period (June). Increase in flesh protein content of adult female was 

observed from January (14.77±0.07%) to June (15.89±0.10%), which then produced a decline during monsoon 

season from July (15.42±0.62%) to September (14.44±0.23). 
 

 
 

Lipid 

Lipid content in the flesh of LrbI was observed to have a minimum value of 1.30±0.06% (September) and a 

maximum value of 1.65±0.29% (November).  

Lipid content of LrbII recorded a minima of 1.62±0.05% (September) and a maxima of 2.20±0.14% (December).  

Lipid content of the flesh of LrbIII was observed to have a minimum value of 1.80±0.07% (September) and 

maximum value of 2.50±0.12% (June). An inquisitive study of collected data reveals that flesh lipid content showed 

a marked increase from January (1.94±0.04%) to June (2.50±0.12%) which further decreased to 1.80±0.07% in the 

month of September (Spawning period) (Table 3). 

Lipid content of the flesh of adult females LrbIV was observed to have minimum value of 1.52±0.07% (October) 

and a maximum value of 2.86±0.44% (May). Lipid content was recorded to increase from January (1.76±0.11%) to 
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May (2.86±0.44%) followed by a gradual decrease in lipid content from June (2.63±0.13%) to October 

(1.52±0.07%). A little but insignificant (P>0.05) increase in lipid content was noticed in November and December. 

 

 
 

Ash 

In the smallest size group of L. rohita LrbI the minimum ash content was noticed in the month of November 

(1.39±0.12%) and maximum in October (1.63±0.10%). 

In LrbII minimum value (1.88±0.11%) of ash content was recorded in the month of August and maximum value 

(2.33±0.7%) was recorded in the month of December. 

Ash content in LrbIII the values of ash content showed a minima of 2.10±0.05% (October) and maxima of 

2.89±0.20% (May). No regular seasonal trend was noticed during entire period of study. However, the values 

differed significantly (P<0.05) between different months. 

Ash content in adult females LrbIV ranged between 1.97±0.07% to 2.53±0.03% in the months of January and June 

respectively. Though no regular seasonal trend of the ash content was noticed during the period of study but it was 

recorded to be high during summer and low during winter months. However, a significant (P<0.05) variation in the 

ash content was noticed during different months of the investigative period. 

In LrbI, protein showed significant correlation with lipids (r=0.602, P<0.05) and negative significant correlation 

with moisture (r=-0.702, P<0.05) but negative insignificant correlation with ash (r=-0.153, P> 0.05). Lipids showed 

insignificant correlation with moisture (r=0.559, P>0.05) and ash (r=-0.357, P>0.05). Moisture showed insignificant 

but positive correlation with ash (r=0.432, P>0.05) (Table 4). 

In LrbII, protein showed highly significant positive correlation with lipids (r=0.691, P<0.01) and ash (r=0.770, 

P<0.01) and significant negative correlation with moisture (r=-0.543, P<0.05). Lipid showed negative highly 

significant correlation with moisture (r=-0.657, P<0.01) but depicted positive insignificant correlation with ash 

(r=0.421, P>0.05). Moisture showed negative insignificant correlation with ash (r=-0.470, P>0.05). 
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In the adult males, the protein showed positive and highly significant correlation with lipids (r=0.620, P<0.01), 

positive but insignificant correlation with ash (r=0.042, P>0.05) and highly significant negative correlation with 

moisture (r=-0.830, P<0.01). Lipids also showed highly significant negative correlation with moisture (r=0.684, 

P<0.01) and positive insignificant correlation with ash (r=0.313, P>0.05). Moisture showed negative insignificant 

correlation (r= -0.279, P> 0.05) with ash. 

In adult females, protein exhibited highly significant positive correlation with lipid (r=0.719, P<0.01), highly 

significant negative correlation with moisture (r=-0.785, P<0.01) and positive but insignificant correlation with ash 

(r=0.177, P>0.05). Lipid showed highly significant negative correlation with moisture (r=-0.708, P<0.01) and highly 

significant positive correlation with ash (r=0.458, P<0.01). Moisture showed highly significant negative correlation 

with ash (r=-0.456, P<0.01). 
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Discussions 

The mean moisture content during the present studies was found to decrease with an increase in the size of the 

animal. The moisture content was observed to be 80.01±0.29% in LrbI followed by LrbII (79.30±0.62%), LrbIII 

(79.08±0.87%) and LrbIV (79.59±0.79%). Decrease in the moisture content with growth of organisms has earlier 

been reported by Parker and Vanstone (1966) who found that the fish (Oncorhyncus gorbuscha) showed decline in 

water content with growth. Similarly Munz and Morris (1965) suggested that growth causes a decrease in water 

content of Eptatretus stouti. Their results further indicated that annual variation in the moisture content seems to be 

more common in mature specimens than immature ones. Ashraf et al. (2011) also observed decrease in moisture 

content of farmed silver carp with the increase in size. 

Moisture content was not found to vary significantly in LrbI whereas a little but significant variation in moisture 

content was found in LrbII with maximum moisture content (79.82±0.43%) in the month of September. In mature 

specimens (LrbIII and LrbIV) moisture content was found to be maximum in September (80.19±0.21% and 

80.50±0.11%). These variations in the moisture content might be due to spawning effect and breakdown of lipids as 

a consequence of vigorous metabolism. These findings get support from the work of Idler and Bitners (1958) and 

Dambergs (1964). Watanabe et al. (1992) while working on white abalone also observed high moisture content 

during spawning. During the present study it was observed that moisture content showed significant (P<0.05) but 

inverse relationship with lipid contents. Such observations concur with El Saby (1934), Brandes and Dietrich 

(1953), Gerking (1955), Brown (1957), Suppes et al. (1967), Denton and Yousef (1976) and Shearer (1994). 
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Protein content was found to vary significantly in LrbIII and LrbIV (adult females) whereas protein content in 

smaller size groups LrbI and LrbII was not found to differ significantly during the investigation period. The values 

of protein content for LrbIII and LrbIV dwelled into a peak during June which was not found to vary significantly 

(P<0.05) with the values recorded during the months of April, May and July. The maximum value of protein content 

attained during the month of June (onset of spawning period) in both the mature groups could be ascribed to the 

greater accumulation of proteins for facilitating the process of vitellogenesis and enhanced metabolic rate leading to 

increased feeding intensity to satisfy the greater demands of energy and body building processes. Similar kinds of 

observations have been reported by Geri et al. (1995) in Cyprinus carpio and Shekhar (2004) in L. rohita. A 

decrease in the protein content of LrbIII and LrbIV from July to November may consequently arise due to spawning 

function, reduced feeding intensity and enhanced catabolic processes and reduction in the reserve food content and 

large scale transfer of proteins from muscles to ovaries. Corroborating the present findings, Love (1970) also stated 

that the building up of gonads during gonadal growth is always accomplished at the expense of body proteins. 

Selvaraj (1984) also reported a hike in muscle protein content during early part of cytoplasmic growth phase in the 

fishes studied by them. A further decline in the muscle protein content of fish was observed in the month of January 

in both LrbIII and LrbIV which could be attributed to cold climatic conditions of study area. Shekhar (2004) 

similarly, recorded minimum value of protein during the months of December and January. It was also observed that 

in winter months the fishes consumed less feed. These observations are also supported by the results obtained from 

the present study on variation in food preferences of Labeo rohita in nature where the maximum number of empty 

stomachs was found in winter months. Similar results have been reported by Jafri (1969) in Wallagonia attu, 

Somavanshi (1983) in Garra mullaya, Selvaraj (1984) in Ilisha melostoma, Luzanna et al. (1996) in Coregonius 

bondella, Cunjak et al. (1998) in Salmo salar and Huntingford et al. (2001) in Gastrosteus aculeatus. 

Moreover, protein content in immature groups of L. rohita (LrbI and LrbII) was found to be higher than mature 

groups LrbIII and LrbIV. This differential behaviour of muscle protein might be attributed to the differences in 

age/size of the fish and progressive maturation of gonads. Similar view point has been put forth by many authors 

(Shul‘man, 1966; Khawaja, 1966 and Shul‘man, 1972). Contrary to our studies Ashraf et al. (2011) observed less 

protein in smaller size than bigger size farm reared silver carps. 

Lipid contents were found to decline from July (2.11±0.35%) to September (1.80±0.07%) for LrbIII and June 

(2.63±0.13%) to October (1.52±0.07%) for LrbIV. The decline in the lipid content during spawning period (August-

October) was possibly due to mobilization of lipid as energy source to meet the high demands, during energy 

consuming process of ovulation and spawning on one hand and due to low feeding intensity and low availability of 

food items on the other. Similar reports on energy mobilization in fishes during spawning season have previously 

been made by Jafri and Khawaja (1968), Love (1970), Diana (1983), John and Hameed (1995), Van den Thillart et 

al. (2002), Kilne and Willet (2002), Jonsson and Jonsson (2005), Nargis (2006) and Zaboukas et al. (2006). The 

variability in lipid content of fish provides an indication of the effect of habitat conditions and season on the state of 

fish. Most of the investigations on biochemical composition of fish and primarily the studies on the dynamics of fat 

in relation to their biology have been studied by Atwater (1888), Greene (1914), Lovern and Wood (1937), Leim 

(1958), Berg and Bremset (1998), Ali et al., (2001), Jonsson and Jonsson (2005), Zaboukas et al. (2006) and Nargis 

(2006). The above mentioned authors suggested that fat content of fish fluctuates considerably according to season, 

age, physiological factors and environmental conditions. Quantitative studies on the variation of lipid content in the 

flesh of L. rohita during the present course of studies revealed lower values of lipid contents in small size groups 



 

34 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

(LrbI and LrbII) than adult (higher size groups LrbIII and LrbIV). The present findings are similar to those of 

Shul‘man (1966), Dempson et al. (2004), and Ashraf et al. (2011). Among these some authors also found that 

intensity of energy and protein metabolism in animals decrease with age. In mature groups flesh lipid contents were 

found to be high in June (2.50±0.12) and May (2.86±0.44%) for LrbIII and LrbIV respectively. Similar reports on 

increase in lipid contents during pre-spawning period are most commonly observed. These findings are supported by 

several workers (Somavanshi, 1983; Jonsson and Jonsson, 1998; Jonsson and Jonsson, 2005 and Nargis (2006). 

During the present study period, ash content was also observed to follow the same trend as that of moisture. Ash 

content was observed to increase with an increase in the size of animal. Present seasonal and size related variations 

in ash were not found to follow a regular seasonal trend. However in LrbI, the ash content was found to be high 

during October and low during November. In LrbII ash content was found to be high in December and low during 

August. Whereas in higher size groups LrbIII and LrbIV ash content was found to be highest during May and June 

while it was recorded to be lowest during October and January respectively. In both the mature groups minimum 

values were observed during resting and recoupment phase and maximum during pre-sprawning when feeding 

intensity and body building processes surpass the degenerative changes occurring in the body. Similar observations 

were earlier placed on record by Greene (1914) and Shulman (1960). 
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Abstract 

Fish are amongst the most diverse groups dwelling in fresh waters of the world. Among them, several groups 

developed air breathing mechanisms to avoid low oxygen constraints, which are common in fresh waters and more 

than 1200 species described so far. Such diversity is reflected also in feeding habits, fish size, swimming 

performance and breathing patterns, among others. The obligatory air breathing habit in the family channidae is an 

adaptation to low oxygen environments. Fish of this family are capable of using their stomach as a gas exchanger. 

Water breathing fish, which are highly active are not supposed to be hypoxia tolerant fishes but are often found in 

hypoxic environments. The present study was aimed to investigate the total oxygen consumption of fresh water fish 

Channa gachua during exposure and acclimation to sub lethal acidic pH (5.0) medium. The oxygen consumption of 

fish significantly depleted in all the days of exposure to sub lethal acidic pH 5.0 starting from first day to fourteen 

days of exposure. The rate of total oxygen consumption depletion was higher on first day. From the second  day 

onwards a gradual decreasing trend was observed in the depletion up to 14th day of exposure. The unit of oxygen 

consumption of fish depends on exposure to sub lethal pH medium exhibited significant depletion when compared 

to control. The rate of depletion was maximum in the initial days of exposure and reduced gradually in twelfth and 

fourteenth day of exposure. But at day 14th  no significant decrease was observed in both the parameters of the 

experimentation. This observation indicates that the fish was capable of regulating their metabolic modulations and 

physiological functions through acclimation process to be the possible reason for the successful survival of fish in 

acidifying water. The reduced oxygen consumption of fish on exposure to sub lethal acidic medium confirms the 

prevalence of hypoxic condition in the surrounding medium. 

Keywords: Acidic pH, oxygen consumption, Channa gachua.  

[[Paper 

Introduction  

Most of the water bodies are polluted by heavy load of industrial effluents, sewage and chemicals of industries in 

metropolitan cities. Water is essential for all living organisms to perform all life functions but if aquatic organisms 

are exposed to toxic water contents then their physiology and biochemical processes are affected badly. All these 

chemicals interact in various ways with cells and they can be detected by chemical analysis only. Water quality i.e. 

hardness, oxygen, temperature, pH etc. has a marked influence on the expression of toxicity as reported by Qaisur 

and Shamim (2014). The bimodal breathing system may be defined as the one in which an organ or organs of the 

fish at a given stage of life history utilizes both water and air in its gas exchange mechanisms. The same 

environmental pressure that caused the development of different air breathing mechanisms is considered to induce 

long and short term adaptations in fishes (Qaisur and Sadhu, 2012). These adaptations are the result of adjustments 

in biochemical, physiological and molecular characteristics and enable the fish of the river to survive episodes of 

hypoxia. Environmental stress is of prime importance during the course of exposure of an animal to different acidic 

media. The recommended pH range for aquaculture is 6.5 to 9.0. The fish and other vertebrates have an average 
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blood pH of 7.4 and fish blood comes into close contact with water (1 or 2 cell separation) as it passes through the 

blood vessels of the gills and skin. A desirable range for pond water pH would be close to that of fish blood (i.e. 7.0 

to 8.0). Fish may become stressed and die if the pH drops below 5 (e.g. acidic run off) or rises above 10 (e.g. low 

alkalinity combined with intense photosynthesis by dense algal blooms phytoplankton or filamentous algae (Boyd, 

1979). The acidic medium is known to negatively influence to the most organisms and therefore low pH of aquatic 

medium is an important aspect of environmental pollution. The oxygen consumption in fish has been considered as 

an index for denoting the intensity of metabolism as metabolic activity of an organism is increased by its oxygen 

utilization (Bijay et al., 2003). Respiration is an essential physiological activity of all the living organisms by which 

they obtain energy for carrying out all metabolic activities of the body (Krishna, 1981). The rate of oxygen 

consumption is the basic physiological parameter serves as an indicator of physiological stress (Bhaskar and 

Govindappa, 1985) and changes in the oxygen consumption could be used to evaluate any change that would occur 

in the metabolism due to alterations in the environment. Such stresses like acidic medium have been studied by 

Sreenivasa et al., (2008); pesticides by Roberts et al. (1987); heavy metals by Venkata et al. (2007); pulp mill 

effluents by Reeta et al. (2011); hydro carbons by Percy (1977)  and natural stresses like temperature and salinity by 

Bashamohideen (1984). Thus variations in respiratory activity have been used as sensitive indicators of stress in fish 

exposed to pollutants (Bashamohideen, 1984 and Qaisur, 2011). The above studies unequivocally suggest that the 

sensitive indicator of stress like oxygen  consumption in fishes exposed to pollutants is considerably increased and 

decreased but studies involving the oxygen consumption of the whole animal with reference to sub-lethal effect of 

acidic media is very few in fishes which are of great commercial and economical value. Hence, an attempt is made 

in the present investigation to study the influence of acidic media on certain aspects of oxygen consumption in an air 

breathing fish Channa gachua following exposure to the sub lethal concentration of acidic medium at different 

exposure periods. 

 

Materials and Methods 

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 

specimens were fed on chopped goat liver daily during a minimum acclimation period of 15 days in the laboratory. 

Routine oxygen consumption from air and still water was measured in a closed glass respirometer containing 3 litres 

of water (initial O2 content = 6.5 mg O2 / litre and  pH = 7.2) and 0.51 mL of air (Figure 1). The fish had free access 

to air through a small semicircular hole (10 cm diameter) in a disc float. Carbosorb (B.D.H) or KOH in a petridish 

placed on the float to absorbed CO2. Thus the fish could exchange gases with water by way of its gills as well as 

with the air using the supra branchial chamber. The air phase of respirometer was connected to a differential 

manometer. Movement of the manometer fluid follow uptake of oxygen when the CO2 is absorbed by Carbosorb 

(KOH). The fish were acclimated to the respirometers for at least 12 hours before the readings were taken. The 

concentration of dissolved oxygen in the water was estimated by Winkler‘s volumetric method Welch (1948). The 

oxygen uptake through gills was calculated from the difference between the oxygen levels of the ambient water in 

the respirometer before and after the experiment and the reading of volume of water in the respirometer. The oxygen 

uptake from air was measured and calculated from the reading of volume change in the manometer and by the use of 

the combined gas law equations and vapour pressure (Qaisur and Sadhu, 2012). Mean values of CO2 of a series of 

observations, on each fish at standard temperature pressure dry and standard errors were calculated. The experiments 

were conducted at 29.0 ± 1.5°C. The pH of the ambient water was measured by an electronic pH meter systronics. 
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The respiratory chambers were thermostated by immersion in a temperature controlled water bath.  However, 

sexually mature Channa gachua of almost same weight group 70-90 grams were used. The experimental individuals 

were divided into different groups on the basis of body weight and sex. The fish was kept in large aquaria with 

continuously following dechlorinated water to acclimatize them to laboratory conditions of 12 hours per day for 

fifteen days before they were used for experimentation. This fish is known for its adaptability to laboratory 

conditions and suitability to acidic media (Bhaskar and Govindappa, 1985). Hence, this fish was selected as the 

experimental model for the present investigation. As the smaller fish are considered to be more sensitive to toxic 

pollutants rather than larger one (Anderson and Weber, 1975) small sized fish weighing around 200 ± 50g were 

selected for the present investigation. After 24 h of the stipulated period, the fish were immediately used for the 

estimation of oxygen consumption and unit oxygen consumption in different aquatic pH media. The acidic media 

with different pH ranging between 3.0 and 7.0 with variability of 0.5 were prepared by adding 1 N hydrochloric acid 

to water. 1 N solution of hydrochloric acid was prepared separately with distilled water (pH= 7.0) soft water 

chlorides (110 mg/L ± 10) carbonates (16mg/L ± 2) bicarbonates (400 mg/L ± 50) and hardness (35mg/L as CaCO3 

± 4). The 1 N HCL was added for the purpose of obtaining different acidic media mentioned above and their pH was 

verified with pH meter Elico India. As the chloride ions are least toxic, hydrochloric acid was used widely for the 

preparation of acid media Jones (1968). 

The water media having different pH range of 3.0 to 7.0 with variability of ± 0.5 pH were taken. For each pH 

medium in the above range 10 separate tanks were maintained with fish each tank containing 10 individuals. The 

fishes were fed daily at 8 a. m with commercial fish feeds and the medium in the tanks was changed at 9 a.m. The 

pH of the media was maintained constantly by employing special dropping system during experimentation. The 

number of fish died in each of the above media was recorded at regular intervals of time up to 96 h. The percentage 

of mortality was calculated on the basis of individuals that died at each time interval. The media where the mortality 

of the fish was observed were taken as lethal media and the others where there was no mortality were taken as sub 

lethal media. The oxygen consumption was determined during the temporal sequence of exposure starting from the 

first day till the maintenance of constant oxygen consumption by the fish on the 10 th day to 14th day respectively. 

The sub lethal acidic media (pH= 5.0) was employed as an ambient medium for acclimatization of the fish. The fish 

were taken into the respiratory chamber containing the same pH medium at 2.00 p.m. on alternate days and the 

oxygen consumption was determined within a period of 1hour. After this the fish were transferred into their 

respective tanks. The oxygen consumption was determined during the temporal sequence of exposure starting from 

the first day till the maintenance of constant oxygen consumption by the fish on the 10th day to 14th day. Similarly 

control fish in the neutral pH= 7.0 were maintained and their oxygen consumption was also studied individually 

over the temporal sequence of time as done in the case of fish maintained under sub lethal acidic media. The oxygen 

consumption of fish was determined by the static method. The unit oxygen consumption was calculated by dividing 

the oxygen consumption by weight of the fish and represent as mg O2/kg/h. All the values of-t- below 5 percent 

levels are considered as not significant and the value above 5 percent level is considered as significant. 
 

 

Results and Discussion 

The pH of water plays an important role in regulation of growth and development of aquatic animals. The present 

study was aimed to find out the relationship between environmental acidification on the growth and development of 

Channa gachua. The measurement of oxygen consumption becomes a marker to understand the overall changes that 

takes place in the whole body on exposure to any stress condition. Several investigators (Sailaja et al., 2009; Chavan 
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et al., 2011; Sathick et al., 2011; Sindhe et al., 2011) reported that the level of whole oxygen consumption was an 

index for metabolic modulations that take place in the body on exposure to acidic stress. 

The data presented in Tables 1 & 2, show changes in the total oxygen consumption and unit oxygen consumption of 

the fresh water fish during exposure to sub lethal acidic (pH=5.0) media. The total oxygen consumption was 

significantly decreased on first day of exposure to sub lethal acidic (pH=5.0) medium and exhibited a non-

significant change over control on 14th day of exposure. This observation indicates that the fish was capable of 

regulating their metabolic modulations and physiological functions through acclimation process to compensate the 

acidic stress imposed by the external media, which might be the possible reason for the successful survival of fish in 

acidified water. Decrease in total oxygen consumption might be due to hypoxic condition prevailed in external 

media. Another reason might be due to reduced gaseous exchange through gill surface because of excessive 

formation of mucous Suchismita and Gupta (2012). The other alternative could be the reduced oxygen carrying 

capacity of the blood due to altered blood pH on exposure to acidic media. Several investigators also reported earlier 

in supporting to the present study that decreased ability of fish to extract oxygen from low pH waters Packer and 

Dunson (1972) and Sailaja et al., (2009). Investigator like Qaisur and Sadhu (2012) in Channa gachua  

experimentally shown that one of the causes of thermal death is the osmoregulatory failure at temperature extremes. 

In a changed environmental condition organism tries to adapt and adjust to sustain its life is called acclimatization.  

It must try to prevent or minimise changes in its body temperature is called thermoregulation. Changes in the 

environment and its composition compel the fishto alter its body physiology and biochemistry in order to cope up 

with this novel threat. 

Reduced oxygen consumption of fish Channa gachua on exposure to sub lethal acidic media confirms that 

prevalence of hypoxic condition in the surrounding media. Since the unit oxygen consumption also exhibited similar 

depletion trend it suggests the possibility of existence of hypoxic condition. The unit oxygen consumption of fish 

also exhibited non-significant change on 14th day of exposure. This observation supports and forms a basic evidence 

for the perfect type of acclimation by adults. Since the total oxygen consumption in animals forms a marker for the 

general metabolism the stabilization of total oxygen consumption on 14th days exposed fish reflects the maintenance 

of normal oxygen consumption on par with the control fish. Hence, two weeks period of exposure to fish to acidic 

media made successful in survival through acclimation process, failure of such a regulatory mechanism, might be 

responsible for the mortality of fish in lethal pH media. In view of acclimation of fish to acidic media provided 

better metabolic adjustments at whole animal level reveal the better survival value. Thus, the changes in oxygen 

consumption could reflect the effect of acidic media on the aquatic fauna especially in fishes. Information on 

temperature tolerance and resistance is of much value in judging the eco-physiological characteristics of fishes. 

Qaisur and Shamim (2017)  reported that in Channa gachua  the behavioural characteristics are obviously sensitive 

indicators of toxicant effect. It is necessary however, to select behavioural indices of monitoring that relate to the 

organisms behaviour in the field in order to derive a more accurate assessment of the hazards that a contaminant 

may pose in natural system, should be considered for species forming social organizational. If social interactions are 

not considered, only a certain portion of a population may be protected, and the toxicity of contaminant may be 

under estimated and also primarily influence modulations in the level of oxygen consumption. This also provides a 

platform to establish tolerable limits and safe levels of toxic agents for the biota of aquatic environment and to save 

the residue imbalance in aquatic bio-ecological cycles which help in involving bio detector monitoring. 
 

 

 



 

41 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

     
 

 

    
 

 

References 

Anderson, P.D and Weber, L.J. 1975. Toxic response as a quantitative function of body size. Toxicol. Appl. 

Pharmacol., 33: 471- 483. 

Bashamohideen, Md. 1984. Physiological mechanisms and behavioural pattern during environmental stress and 

environmental adaptations. In: Bulletin Ethological Society of  India (Vol. III) Studies in Animal 

Behaviour (Ed.B.S. Rao and C.S. Shetty) pp. 147-152. 

Bhaskar,M. and Govindappa, S. 1985. Acclimation to sub lethal acidic and alkaline  media of Tilapia mossambica 

(Peters) Changes in glycogen metabolism of red muscle. Bull. Environ. Contam. Toxicol. 37: 113-119. 

Bijay Bhushan P., Mandip and Roy, K.R. 2003. Effect of copper sulphate and potassium dichromate on oxygen 

consumption of the air breathing fish Channa gachua. J. Ecotoxicol. Environ. Monit. 16(1): 71-76. 

Boyd, C.E.  1979: Water quality in warm water fish ponds. Anburn University, Alabama, 359 p. 

Chavan, P.N.,Afsar, S.K., Jagtap, A.R. and Mali, R.P. 2011. Effect of temperature and body size on oxygen 

consumption of fresh water fish Oreochromis mossambicus from Godavari river at Nanded. J. Ecotoxicol. 

Environ. Monit. 21(5): 475-480. 

Jones, J.R.F. 1968. Acids and alkaline pH tolerance limits. In: Fish and River Pollution. Butterworth, Co. Ltd., 

Canada. p. 107-117. 

Krishna Murthy, C.R. 1981.Symposium Proceedings. Ind. J. Bio.Phys. Biochem.  8 (4): 245. 



 

42 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

Packer, R.K. and Dunson,W.A. 1972. Anoxia and sodium loss associated with death of brook trout. J. Comp. 

Biochem. Physiol., 41A: 17-26. 

Percy, J. A. 1977. Effects of dispersed crude oil upon the respiratory metabolism of an Arctic marine amphipod, 

Onisimus (Pergamon Press, New York, 192-200.Boekisimus) aJflnis. ln: Fate and effects o[ petroleum 

hydrocarbons in marine organisms and ecosystems (Wolfe, D.A. (Ed.)).  

Qaisur R., and Sadhu D. N. 2012. Factors affecting aerial and aquatic respiration in the air breathing fish Channa 

gachua. J. Ecotoxicol. Environ. Monit. 22(1): 17-30. 

Qaisur R. and Shamim A. C. 2014. Impact of zinc sulphate on biochemical parameters in reproductive cycle in an 

air breathing fish Channa gachua. J. Himalayan Ecol. Sustain. Dev. 9: 74-80. 

Qaisur R. and Shamim A. C. 2017. Impact of sodium cyanide on behavior and oxygen consumption in an air 

breathing fish Channa gachua.  J. Res. Dev. 17: 35-45. 

Reeta K., Pathak, R.N. and Rani, P. 2011. Ecological status of river daha in north bihar and its effects on fish 

diversity. Nat. Environ. Poll. Tech. 10(2): 293-295. 

Roberts, M.H.Jr., Sved, D.W.,and Felston, S.P. 1987. Temporal changes in AHH and SOD activities in feral spot 

from the Elizabeth river a polluted sub estuary. Mar. Environ. Res. 23: 89-101. 

Sailaja, V., Madhuri, E., Ramesh Babu, Ramakrishna, K.S. and Bhaskar, M. 2009.Impact of altered pH media on 

mortality rate oxygen consumption and excretion in prawn. Ecol. Environ. Conser. 15(1): 153-157. 

Sathick, O., Raveendran, S. and Muthukumaravel, K. 2011. Effect of pesticide rogar on oxygen consumption and 

gill histology of the estuarine fish Mystus gulio. J. Ecotoxicol. Environ. Monit. 21(5): 409-414. 

Sindhe, S.C.S., Butchiram, M.S., Jagadeesh Naik,M. and Indira P.2011. Effect of 

sub lethal concentration of ziram on oxygen consumption of the fresh water fish Labeo rohita. J. Ecotoxicol. 

Environ. Monit. 21(1&2): 77-81. 

Sreenivasa Reddy, A., Venkata Reddy, M. and Radha krishnaiah, K. 2008. Impact 

of copper on the oxidative metabolism of the fry of common carp Cyprinus carpio (Linn.) at different PH level. J. 

Environ. Biol. 29 (5): 721-724. 

Suchismita D., and Abhik G., 2012. Effect of Cd chloride on oxygen consumption and gill morphology of Indian 

flying barb Esomus dandricus. J. Environ. Biol. 33: 1057-1061 

Venkata Reddy, M., Sreenivasa Reddy, A. and Radha krishnaiah, K. 2007. Nickel induced changes in protein 

metabolism of the snail Pila globosa  (Swanson) Asian J. Environ Sci. 2(1&2): 21-27. 

Welch, P.S. 1948. Limnological Methods. Mcgraw Hill book Co. Inc. New York. London. pp. 206-213. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

43 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

 
A Brief Review on Climate Change Vis a Vis Solid Waste Management 
 

Aadil Gulzar1*, Nighat Gani1, Mohammad Aneesul Mehmmod2 and Zahid Nabi3 

             
1School of Energy and Environmental Studies, Devi Ahilya University, Indore, M. P., India 
2Department of Environment and Water Management, School of Sciences, Sri Pratap College, Cluster 

University, Srinagar-190001,  J & K, India 
3Department of Environment Science, Central University of Jammu, Bagla (Rahya Suchani), Samba- 181143, 

J & K,  India 

*Corresponding author: ehaan900@gmail.com 
 

Abstract 

This review deals with the interaction between solid waste and climate change. Unaccountable dump structures or 

even some landfills do not include methane collecting systems, in developing countries. In this condition, the 

greenhouse gas escapes to the atmosphere. The methane emissions from landfills in India are ranked second next 

only to coal mining. The estimation of methane emission from landfills is important in order to evaluate measures 

for reducing these greenhouse gases. We have also discussed about the emission of greenhouse gases from solid 

waste and their contribution to climate change. The importance has been placed on municipal solid waste generation 

quantity in Indian cities and its effects on environment and climate change. Finally, concludes that the problem of 

solid waste needs some holistic approaches such as reuse of solid waste to produce energy and bio-manures. 

Keywords: Landfill, methane generation and climate change 
 

Introduction 

In many metropolitan cities, open, uncontrolled and poorly managed dumping is commonly practiced, giving rise to 

serious environmental issues. More than 90% of Municipal Solid Waste (MSW) in cities and towns are directly 

disposed of on land in an unsatisfactory manner (Mor et al., 2006).In the majority of urban centers, MSW is 

disposed of by depositing it in low-lying areas outside the city without following the principles of sanitary 

landfilling. Compaction and leveling of waste and final covering by earth are rarely observed practices at most 

disposal sites, and these low-lying disposal sites are devoid of a leachate collection system orlandfill gas monitoring 

and collection equipment (Bhide and Shekdar, 1998; Gupta et al., 1998). Landfilling would continue to be the most 

widely adopted practice in India in the coming few years, during which certain improvements will have to be made 

to ensure the sanitary landfilling (Kansal, 2002; Das et al., 1998). 
 

Solid waste management 

Municipal solid waste management (MSWM) is associated with the control of waste generation—its storage, 

collection, transfer and transport, processing, and disposal in a manner that is in accordance with the best principles 

of public health, economics, engineering, conservation, aesthetics, public attitude, and other environmental 

considerations. Presently, most of the metropolitan cities and MSWM systems include all the elements of waste 

management. However, in the majority of smaller cities and towns, the MSWM system comprises only four 

activities: storage, collection, transportation, and disposal (Sharholy et al., 2008).The important processing 

techniques include compaction, thermal volume reduction, and manual separation of waste components, 

incineration, anaerobic digestion, and composting. The organic fraction of the waste is processed either through 

mailto:ehaan900@gmail.com
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composting (aerobic treatment) or biomethanation (anaerobic treatment). Composting through aerobic treatment 

produces stable product-compost, which is used as manure or as soil conditioner.  
 

Solid waste management options 

Landfill gas (LFG) is about 50 to 60% methane with the remainder CO2 and traces of non-methane volatile organics, 

halogenated organics and other compounds (IPCC, 2006; IPCC, 2001). N2O is produced as an intermediate gaseous 

product of microbial nitrogen cycling. N2O emissions depend on the type of waste treatment as well as conditions 

during the transport, storage and treatment. These emissions are small compared to total global emissions (IPCC, 

2006; UNFCCC, 2005). Assessment of trends including future emissions for the waste sector often emphasizes CH4 

emissions from landfills (IPCC, 2001; Bogner & Matthews, 2003). These studies indicate that there is a significant 

potential to reduce CH4 emission in this sector, and mitigation measures are cost-effective (Delhotal, 2005; USEPA, 

2003; Pipatti & Wihersaari, 1998; Tuhkanen, 2001; IEA 1999 and others). For example, the IPCC (2001) estimated 

that mitigation potential of waste CH4 in 2020 would be more than700 Mt CO2 eq/yr. About 75% of this is CH4 

recovery from landfills at net negative direct cost, and 25% at a cost of about US$20/t Co2eq. A majority of 

emission reductions were assumed to occur in OECD countries (IPCC, 2001). Similar results were obtained by 

USEPA (2003) where mitigation potentials ranging from approximately 40.75% were estimated to be achievable 

with negative or low costs (< 20 US$/CO2 eq) by 2030 for a selected set of countries (China, Mexico, South Africa, 

Ukraine, and the United States). 
 

Urban waste management 

The urban waste produces Methane by their anaerobic decomposition which contributes to the climate change 

(Doorn and Barlaz, 1995). Methane is the second largest GHG emission from India, and about 400 to 600 Gg (about 

25-35percent of total Methane emission) are produced from municipal solid waste (Kumar, Gaikwad et al., 2004; 

Thakur, 2009). Other study reveals 30- 40% percent of urban waste remains uncollected (Joardar, 2000). And 

normally, Urban Local Bodies spend Rs 500 to 1500 per ton on Solid waste management. About 60-70 percent 

spends on collection, 20-30 percent on transportation and less than 5 percent on treatment and disposal (India, 

2008). 
 

 Climate change 

The Earth has gone through many natural cycles of warming and cooling during droughts, flooding and extreme 

weather patterns. Scientists have confirmed that the Earth‘s atmosphere and oceans are warming gradually as a 

result of human activity (Intergovernmental Panel on Climate Change (IPCC, 2007). This warming will exacerbate 

climate variability and ultimately, adversely impact food and water security around the planet. Central to global 

warming and climate change is the ―greenhouse effect‖. Carbon dioxide (CO2), Nitrogen Oxides (NOX), Sulphur 

dioxide (SO2), dioxins, fine particles and other greenhouse gases entering the Earth‘s atmosphere by activities of 

everyday energy use and the way of management of the environment still contribute to the build-up of Green House 

Gases (GHG), which are directly released into the atmosphere. Climate change impacts are only one of a number of 

environmental impacts that derive from solid waste management options. Other impacts include health effects 

attributable to emissions of ozone-depleting substances like Chloro-Flouro-Carbons (CFC), contamination of water 

bodies, depletion of non-renewable resources, noise, accidents and so on. These environmental impacts are in 

addition to the socio-economic aspects of alternative ways of managing waste (Smith et al., 2001). Waste 

minimization, recycling and re-use represent an important and increasing potential for indirect reduction of GHG 
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emissions through the conservation of raw materials, improved energy, resource efficiency and fossil fuel avoidance 

(Bogner et al., 2007). Half the world‘s population lives in urban areas and a significant portion of human activities 

that lead to global climate change are concentrated in cities (Betsill, 2001). Climate change is thought to be the 

culprit responsible for some of the recent environmental problems the world over, most prominent of which are 

severe flooding in parts of Asia and America, droughts in parts of Africa and the global food crises which gave rise 

to civil unrests in many parts of the world. Even though the current global economic recession has been blamed on 

unscrupulous economic practices (Obama, 2009), proper scrutiny may reveal that climate change has a hand in it. 

According to Holdern (1992), climate change is the most important and dangerous, and certainly the most complex 

global environmental issue to date.  

A report by the United States Environmental Protection Agency estimates that 42% of total greenhouse gas 

emissions in the US are associated with the management of waste materials (USEPA, 2009). In India, about 960 

million tonnes of solid waste is generated annually as by-products during agricultural, industrial, mining, municipal 

and other processes. Of this 350 million tonnes are organic wastes from agricultural sources; 290 million tonnes are 

inorganic waste of industrial and mining sectors and 4.5 million tonnes are hazardous in nature. Efforts are being 

made for recycling different wastes and utilize them in value added applications. About19 billion tonnes of solid 

wastes are expected to be generated annually by the year 2025. Annually, Asia alone generates 4.4 billion tonnes of 

solid wastes and MSW comprise 790 million tons (MT) of which about 48 (6%) MT is generated in India. It is 

expected that by the year 2047,MSW generation in India, would reach up to 300 MT and  land requirement for 

disposal of this waste would be 169.6km2 (Gupta et al., 1998). Anaerobic decomposition of MSW in landfills 

generates about 60% methane (CH4) and 40% carbon dioxide (CO2) together with other trace gases (Hegde et al., 

2003).The management of MSW is going through a critical phase, due to the unavailability of suitable facilities to 

treat and dispose of the larger amount of MSW generated daily in metropolitan cities. Adverse impact on all 

components of the environment and human health are caused by unscientific disposal Rathi, (2006);  Sharholy et al., 

2005;  Jha et al., 200;  Kansal, 2002 and Kansal et al., 1998. Using an energy proxy to estimate MSW generation, 

Bogner and Matthews (2003) estimated that landfilled MSW increased from ~475 Tg in 1980 to 625 Tg in 1996. 

Applying IPCC default methods for estimating CH4 emission from landfills but using a lower value for dissimilated 

Degradable Organic Carbon (DOC) (0.5), and incorporating oxidation within the landfill (0.1 of produced CH4) and 

landfill-gas capture (3.8 Tg or 18% of produced methane in 1996), they report global net emissions of ~17 Tg CH4 

in 1996 implying a CH4 yield of 0.03 kg CH4 /kg dry solid waste. USEPA (2006) estimates that global net CH4 

emission from landfills is ~36 Tg for 2000. They also used IPCC methods to estimate waste generation and methane 

production but included both oxidation and gas capture in their estimate.  Bingemer and Crutzen (1987) observed 

that landfills contribute between 5-10% of global methane emissions and about 10% of the anthropogenic fraction. 

Michiel et al., (1995) observed that methane (CH4) produced by the anaerobic decomposition of waste buried in 

landfills and open dumps is a significant contributor to global CH4 emissions, with estimates ranging from 10 to 70 

teragrams per year (Tg/yr or 1012 g/yr). Estimates of CH4 emissions from global landfills range from 21 to 46 Tg/yr, 

with a 33 Tg/ yr midpoint. The U.S. is the biggest contributor, accounting for 39% of world emissions. 

(Bogner et al., 1995) while working on northern Illinois (USA) landfill, observed there were no net methane 

emissions during the spring and early summer, 1994. The possibility of a landfill as a sink rather than a source for 

atmospheric methane has not been previously considered and was in direct contrast to 1992-1993 data for the same 

site which indicated methane emission rates up to 20 g m-1day-l   During 1987-1988, periodic soil gas studies, 
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including field measurement of methane emissions using a static closed chamber technique, were conducted at the 

Brea-Olinda Landfill, Orange Co., California (Bogner and Spokas, 1993). 
 

Methane and other gas emissions from solid waste and their effect on climate change 

When organic wastes are degraded, carbon dioxide (CO2) and methane (CH4) are produced. Although these 

originate deep in the landfill, they can readily migrate to the surface and enter the atmosphere. The biochemical 

reactions that produce them typically continue long after a landfill is capped, so that even after closure, emissions 

can continue (Tchobanoglous et al., 1993). Since both of these gases contribute to global climate change, gas 

collection systems are recommended and sometimes required at landfills. While some of the gas escapes capture, 

gas collection systems can significantly reduce landfill gas emissions.  

Methane, on the other hand, exists in the atmosphere at only 1.7 ppmv. Yet even at this trace level, human additions 

to existing concentrations are expected to be responsible for 17% of enhanced climate change, second only to CO2 in 

its global warming impacts (IPCC, 1996). The potency of CH4 additions relates to their greenhouse warming 

potential (GWP). GWP is an index used to compare the relative tendency of different gases to cause climate change, 

and over a 100 yr span, the GWP of one gram of CH4 is 21-fold greater than an equal mass of CO2 (IPCC, 1995). 

Based on 1997 measures, landfills are estimated to be the largest source (37%) of anthropogenic CH4 emissions in 

the U.S. (which is the 4th  largest emitter behind China, Russia and India) (USEPA, 1994). 
 

Indian scenario 

Methane makes up around 29% of the total Indian GHG emissions, while the global average is 15%. This is 

primarily due to the large amount of agricultural methane emissions (from rice and ruminant livestock). However, 

emissions from waste (6%) are also proportionally higher than the global average (3%).By virtue of its large 

population, India is one of the world‘s largest emitters of methane from solid waste disposal, currently producing 

around 16 Mt CO2 eq per year, and predicted to increase to almost 20 Mt CO2 eq per year by 2020 (IEA 2008). A 

study using the Integrated Assessment Model for Developing Countries (Garg et al, 2003) projects a much larger 

increase to 48 Mt CO2 eq by 2020 and 76 Mt CO2 eq by 2030. The same study shows that landfills are the second-

fastest growing source for methane emissions in India after coal mining. The growth in methane from landfills is 

largely due to the rapid urbanization of India, with many people moving from rural areas into the cities resulting in 

an increase in the amount of MSW produced per person. Presently, virtually none of the methane emitted from solid 

waste disposal sites in India is captured and utilized. If 25% of the methane produced in landfills could be captured 

and utilized for electricity generations, around 90 MW1 of capacity could be created (assuming 30% efficiency in 

the conversion process). 

The total amount of GHGs emitted in India, according to Sharma et al. (2006) was 1228 million tonnes, which 

accounted for only 3 per cent of the total global emissions, and of which 63% was emitted as CO2, 33 per cent as 

CH4, and the rest 4 per cent as N2O. The GHG emissions in the years 1990, 1994 and 2000 increased from 988 to 

1228 to 1484 million tonnes respectively and the compounded annual growth rate of these emissions between 1990 

and 2000 has been 4.2 per cent.  A comparison of the Indian emissions with some of the largest global emitters 

indicates that the absolute value of Indian emissions is 24% of the US emissions, 31% of China and 80% of the 

USSR in 2000. The Indian per capita emissions are only 7% of the US, 13% of Germany, 14% of UK, 15% of 

Japan, 45% of China and 38% of global average in 2000. When the Indian emissions are compared with some of the 

rapidly developing countries such as China and Brazil, it is seen that their compounded annual emission growth 



 

47 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

rates are 5 and 6 per cent respectively as compared to the 4.2 per cent per annum for India. The Indian GHG 

emissions are projected to increase by almost three times with respect to the 1990 emissions in 2020. 
 

Status of LFGE development in India 

The practicalities of running a LFGE project mean that only those sites that are closed or about to close are being 

considered for LFG capture. In the future, with the development of sanitary landfills, LFG management should be 

considered at the design stage as a way to minimize odours, maximize safety risks and generate revenue through 

LFGE. Currently, several LFGE projects are in the feasibility stage. 

• In Delhi, the World Bank is working with the Municipal Corporation of Delhi to carry out pumping tests at the 

three main dump sites in the areas surrounding the city (Okhla, Gaziapur and Bhalswa). Reports from these tests 

should be finished in September 2008. An initial assessment of the Okhla Landfill indicates that the site will be 

closing in 2008 (the site received around 460000 tonnes of MSW in 2007)( Beede and Bloom, 1995). The LFG 

could initially produce around 2.5 MW of capacity, but this would likely fall to 1 MW by 2016. The report (US EPA 

2007a) shows that a financially viable LFGE project could be developed, especially if a local user for the LFG can 

be identified. 

• The US EPA is working with the local government testing the LFG flow at the Deonar Landfill site in Mumbai. 

The detailed report from the pump test (US EPA 2007b) indicates that the site, which currently receives 3000- 4000 

tonnes of MSW per day, and will stop receiving organic material in 2010, will generate enough LFG to power two 

820 kW generators until 2016, and one 820 kW generator until 2022. Assuming a price of emission reduction credits 

of 8 to 10 USD/tonne CO2 eq, and sales of electricity to the grid at the renewable energy tariff of 0.058 USD/kWh, 

and capital costs of 3 million USD for the extraction equipment and 2.5 million USD for the generators, the project 

is economically feasible. The returns range from 20 to 100% depending on price assumptions and investment 

scenarios. Much of the return comes from the sale of the emission credits. 

• A pre-feasibility and pump test has also been commissioned by the US EPA at the Pirana Landfill in 

Ahmedabad (US EPA 2007c). This site will close soon having received around 4.6 million tonnes of MSWsince 

1980. Gas flow models and pump tests suggest a flow rate of around 1100-1700 m3/ h, enough to support a 1.3 MW 

power plant initially and 700 kW from 2016. Economic modeling supports the alternative of direct use of LFG by 

local industry, as this avoids the cost of installing generators. This assumes that a local plant is available to take 

advantage of the LFG (Cointreau et al 1984). 

• In Mumbai, USAID India is working on a pre-feasibility study on the Gorai landfill site which is anticipated to 

generate 4 MW of electricity capacity. Data collection is being done through the IL&FS (Infrastructure Leasing and 

Financial Services, a private entity). 

• In Hyderabad, an assessment (US EPA 2007d) of a landfill site that closed in 2005 came to the conclusion that the 

site was unlikely to be viable for capture as the flow rates were too small and declining. This landfill site is 

relatively shallow and there was evidence of fires. The report highlighted the fact that a large percentage of the 

biodegradable material in typical Indian landfills is food scraps which decay quickly, especially when the site is not 

capped effectively. It is therefore desirable to install LFG capture projects in currently active landfill sites, and to 

caps cells as they are filled to maximize the methane capture 
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Conclusion 

Climate change is an undesirable phenomenon whose negative impacts outweigh the positive impacts. The 

interaction between climate change and solid waste management is complex one that is difficult to predict with 

precision. The emission of greenhouse gases through solid waste management practices such as waste collection 

(transportation), incineration, landfill, anaerobic digestion and composting contribute to global warming and 

attendant climatic variations. The major greenhouse gases released in the course of solid waste management include 

CO2, CH4 and NO2. Landfills will likely perform better in early raining season and worse at the peak of the dry 

season. This is because there will be high moisture content, less flooding and high temperature in early raining 

season. However, at the peak of the dry season, there will be very high temperatures and very low moisture content: 

a situation that may lead to drying up of some organic matter and inactivation of micro organisms. Drainage systems 

will be hit very hard with the consequence that erosion cases will raise drastically. 

The role of solid waste management in climate change is significant. Hence greenhouse gas emission can be reduced 

through a thoroughly formulated and holistic waste management strategy. Though individual waste management 

options are preferred depending on individual needs of municipalities, emission of greenhouse gases can be 

drastically reduced by a combination of sorting, anaerobic digestion (biogasification), composting, incineration and 

landfilling. Anaerobic digestion offers the added advantage of biogas production, composting offers the advantage 

of carbon sequestration, soil improvement and emission of biogenic CO2, incineration offers the benefit of energy 

recovery while landfilling yields biogas and captures carbon. All these benefits are accrued by combining these 

options. Since solid waste management options generate greenhouse gases which have been implicated in climate 

change, it is necessary to adopt best management practices in order to sustain the gains of development. Solid waste 

management is not the sole responsibility of municipal authorities as many people assume, it is a collective 

responsibility. The role of the individual does not end at waste generation. People are so eager to get the waste out of 

their homes, but they do not care where these waste materials end up so long as it is not in their backyard. However, 

no one is relieved of the burden of waste they generate until the waste is responsibly and safely disposed. In the best 

waste management practice, sorting has been assigned a central role in order to promote resource and energy 

recovery, and to engender ease of waste handling, treatment and disposal. Other key components of the proposed 

strategy are recycling, reuse, animal feeding, composting, anaerobic digestion (biogasification), incineration and 

landfill. This strategy will fare better if individuals are advised to deliver their waste in sorted forms. 

 

List of abbreviations  

Mg: Megagram (106 g = 1 t); Gg: Gigagram (109 g = 1000 t); Tg: Teragram (1012 g = 1 Mt)  

CH4:      methane; GHG: greenhouse gas, LF: landfill; OD: open dump; SWDS: solid waste disposal site 
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Abstract 

Walnut in Jammu and Kashmir is infested by various insect pests causing prominent damage to different parts of 

walnut trees predominantly fruits. The type of damage caused by Capsid bug, Megacoelum stramineum on walnuts 

is reported for the first time from Central Kashmir. Both adults and nymphs were found to feed on the lower surface 

of leaves, emerging buds and fruits. Emergence was reported in month of April with peak population in the month of 

July and plunge in population was observed in the month of October in the year 2014-2015. Feeding pattern was 

gregarious on abaxial surface of leaf leading to small and round sunken spots on them. Results further depicted that 

average mean abundance was maximum at district Budgam (59.00±31.42) followed by district Srinagar 

(42.29±26.32). Thus, present work is the attempt to add further knowledge to prevailing literature for mounting 

integrated pest management. 

Keywords: Capsid bug, Juglans regia, seasonal abundance, damage, new record and Megacoelum stramineum 

 

Introduction 

Miridae belongs to the order Heteroptera having 1400 genera with more than 1000 species (Schuh, 1995). It is the 

large and diverse group of insect family commonly called a capsid bugs or mired bugs. They are notorious 

agricultural pests that pierce plant tissues feeding on the sap (Knight, 1941). They show the presence of coneus and 

1or 2 cells on the base of membrane which makes them discernible from all the close families (Dolling, 1991; 

Wheeler, 2001). Capsid bugs can spoil appearance of plants by giving the foliage a dilapidated and slanted 

appearance which leads to abort of flower buds. They feed on various hosts and some of the species are 

phytophagous and others are predacious (Alford, 1984; Mc Gavin, 1992). Capsid bug like Lygus pabulinus is a 

serious pest of currants, gooseberries, strawberries, potatoes, dahlias and also on apples, pears, plums, cherries and 

peaches (Petherbridge and Theorpe, 1928). Feeding on plant sap leads to damage of host species (Kenneth, 1920). 

Megacoelum stramineum, commonly known as capsid bug feeds on shoots and under surface of leaves of host 

plants. It has wide host range and walnut (J. regia) is one of the host plants causing damage by sucking sap of 

leaves, soft buds and fruits. Walnut is one of the important industries and commercial hub for Jammu and Kashmir. 

Jammu and Kashmir is the major walnut producing state of about 2.66 lakh metric tonnes under 89,000 hectares of 

land. About 2.47 tons/ha is produced overall and due to its high productivity J&K is announced as Agri- Export 

Zone for walnut (Verma and Awasthi, 2012).  Thus, walnut industry of Kashmir is main contributor from India and 

is certified as organic. The constituents present in walnut have unique property and health benefits having high 

nutritional value containing folates, pyridoxine, vitamin (A,C,E,K), minerals (Sza-Toa et al., 2000) and also 

saturated & unsaturated fatty acids (Muradoglu et al., 2010). Having said this, walnut harbours diversity of pests 

which cause detoriation in its quality and productivity and irrespective of its enormous economic value, huge losses 



 

53 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

occur every year. Therefore the aim of the study was to define taxonomy of pest with its damaging pattern and 

seasonal variation as no attention is paid to this pest from our region and is first reported from Central Kashmir.  
 

Materials and Methods 

Different walnut orchards were selected and field surveys were done to record the occurrence of pests in three 

districts of Central Kashmir viz., Srinagar, Ganderbal & Budgam. From each district, three sites were selected S1, S2 

& S3 from district Srinagar; G1, G2 & G3 from district Ganderbal; B1, B2 & B3 from district Budgam to check the 

pest infestation from June 2014 to November 2015 with nature of damage (Figure 1). During the study period, data 

regarding average monthly temperature and rainfall was procured from Weather Department, Srinagar Jammu and 

Kashmir (Figure 2). Assessment of each walnut orchard was done and data was taken fortnightly. To evaluate the 

type of damage caused by capsid bug, different trees were randomly selected and tagging was done on leaves. 

Seasonal variation in accordance with this pest was also carried out in which divergence of insect population size in 

four different seasons has been shown graphically through bar graphs with standard deviation. The insects along 

with immature and mature stages were collected by the net sweeping method. Sampling was based on sweeping with 

insect collecting net which was repeated after a gap of 10 minutes with 10 sweeps per tree from randomly selected 

five trees from each selected site in Central Kashmir (Kumar & Naidu, 2010). The collected specimens were 

preserved in 75% alcohol in vials for later identification in the laboratory. The collected specimens were identified 

by running available keys in standard taxonomic literature and were further confirmed by Zoological Survey of 

India with their report No.01/2016: lot No.60/2015. Data was put to analysis by using SPSS Statistical software 

(Version 20). Photography was carried out by using Canon EOS600 D with 300 mm wide angle lenses. 
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Results and Discussion 

Most of the walnut orchards studied in Central Kashmir except district Ganderbal were affected by the of presence 

Capsid bug, Megacoelum stramineum. The seasonal abundance of the pest is presented in the Table 1. The 

results of the experiment based on survey of different walnut orchards on seasonal abundance, monthly 

population, nature of damage on walnut trees and species diagnosis are discussed as under: 
 

Table 1: Seasonal abundance of capsidbug, M. stramineum on walnut in Central Kashmir 

during the year 2014-2015 

Site Area Sites Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec 

Srinagar 

S1 - - - - + ++ +++ ++ + - - - 

S2 - - - + + ++ +++ + + + - - 

S3 - - - + + ++ +++ ++ + + - - 

Ganderbal 

G1 - - - - - - - - - - - - 

G2 - - - - - - - - - - - - 

G3 - - - - - - - - - - - - 

Budgam 

B1 - - - + + ++ +++ + + + - - 

B2 - - - - - ++ ++ ++ + + - - 

B3 - - - - - - - - - - - - 

+++: Maximum population (50-70%); ++:Moderate population (20-49%); +: Lowest 

population (10-19%);   - : indicates no population 

 

Diagnosis to species 

Body pale yellowish brown in colour with body length of about 7-8 mm; corium with a slight greenish tinge; eyes 

and apex of scutellum black; membrane pale transperant; apical area of posterior femora brownish- yellow; a 

number of oblique striae on each side of vertex infront of eyes, interior margin of clavus, apical margin of corium 

and on membrane, reddish head with a distinctive central sulcation; antennae with first and second segments 
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brownish-yellow remaining dark brown; head, pronotum and scutellum finely pilose; tibiae with long hair (Figure 

3). 
 

Nature of damage 

Megacoelum stramineum, commonly called as capsid bug and is a new report as no data sets are existing to check its 

feeding potential on walnuts although as per available literature, it has a wide host range. Adults usually forage on 

shoots, under surface of leaves and flower buds of many plants. The perceptible symptoms include small and round 

sunken spots on leaves while infestation appears from spring to early autumn with greatest abundance in summer 

(Figure 4A & B). The present results were strengthened by works of Ballard (1917) and Udikeri et al. (2014) who 

studied its damaging potential on crops. Ballard (1917) observed its infestation on grains laying about 150-200 eggs 

resembling to a conspic white collar from which nymphs and adults develop and feed voraciously. Udikeri et 

al.(2010) contended that mirid bugs are one of the serious pests of Bt cotton and suggested chemical control 

measures approximating 69% reduction in pest control however, the pest has potential to suck the sap from base of 

square and tiny balls leading to heavy shedding of the fruit and reduction in yield. The symptoms of infestation and 

impact of mirid bugs observed in India do not deviate from the pestiferous cotton mirids described elsewhere 

(Udikeri, 2008).  

 

 
  

Seasonal variation 

The monthly variations in population of M. stramineum during the study period are presented in Figure 5. The 

average population abundance of M. stramineum in district Srinagar was 42.29±26.32 with maximum of 101 

individuals at site S3 in July 2014 and minimum of 12 individuals at the same site in October 2014. In Budgam, 

average population density was 59.00±31.42 with peak population of 111 individuals at B1 in July 2014 and least of 

9 individuals at site B1 in October 2015, however it was entirely absent in all the three sites of Ganderbal. On 

comparing overall mean abundance of two districts, it can be concluded that district Budgam had maximum 

population followed by district Srinagar. The overall population of M. stramineum in different seasons increased in 

spring while reaching to its peak in summer followed by a continuous decline in rest of the seasons. On comparing 

the seasonal abundance data, the average value at district Budgam was 82.00±18.16 showing maximum value in 

Figure 4 A & B: M. stramineum feeding on the sap of 

walnut leaves (Lower surface) 

 

Figure 3: Showing body dimensions of 

Megacoelum stramineum using 

digital Vernier calipers 
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summer in contrast to minimum average value of 20.00±7.38 at district Srinagar in autumn. No individual was 

observed during winter from any of the selected sites during one and half year study. All the species showed high 

activity in spring attaining peak in summer with no activity in winter. Similar findings were drawn by Joseph (1953) 

and Ishihara (1950) who indicated the infestation levels caused by bugs. Food plays an important role for the 

developmental stages, which was in agreement with the results of Bhat (2007) who concluded that the change in 

food quality especially during the developmental stages adversely affects the population of bugs. Similar infestation 

pattern was observed by Todd (1981) on soya bean which was highly infested by stink bugs in America. 

Temperature played an important role for the development of bugs mostly low temperature decreased their 

abundance. The results were in consonance with the findings of Bhat (2007). Similar results were also found by 

Sridhar et al. (2012) while studying population dynamics of zoophytophagous mirid bugs on the tomato in different 

villages of Bangalore. Temperature as a key abiotic factor exhibited positive correlation with the development of 

bugs. High bug infestation was recorded in the months of June and July. The results were further ascertained by the 

findings of Karner et al. (2000) who also observed heavy bug infestation in months of late June and July on cotton.  
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Conclusion 

Observations reveal that each site had different abundance of pests in different sites of Central Kashmir. Summer 

exhibited highest population followed by spring and plummet in abundance in fall and no population was seen 

during winter. The data further depicted that maximum population was seen in the month of July as temperature had 

positive correlation with growth of pests. The damage caused by M. stamineum to walnut trees can lead moderate to 

severe damage which in turn can reduce the total yield annually. Thus before controlling any walnuts pest in the 

field it is imperative to study its  seasonal abundance, lifecycle, nature of damage caused to host so that walnut 

production is enhanced as enormous  loss occurs every year by the way of pests which has resulted in decrease in 

export business. Also large import of California walnuts in Kashmiri markets is also taking gleam of local nuts 

because of bigger size, light colour and low market price. Thus, it is indispensable to monitor M. stamineum and 

develop appropriate management practices so as to control its further dissemination. 
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Abstract 

Nanotechnology is one of the new area of research and use of engineered nanoparticles (NPs) has increased as a 

result of their positive roles in many fields including agriculture. The aim of present study was to investigate the 

effects of silver nanoparticles (Ag-NPs) and zinc oxide nanoparticles (ZnO-NPs) on germination index, vigor index 

and seed germination rate of tomato (Lycopersicon esculentum). The experiment was performed in petriplates under 

controlled conditions. Different concentrations (10, 50, 100 and 200 ppm) of both Ag-NPs and ZnO-NPs were 

prepared and used for the treatment of tomato seeds to study the aforesaid parameters. The results indicate that out 

of the above four concentration 10 ppm proved best irrespective of NPs used and enhanced the vigor index, 

germination index and seed germination rate over the control. Whereas, ZnO-NPs was more effective as compared 

to Ag-NPs. 

Keywords: Agriculture, germination index; nanotechnology.       

 

Introduction 

Nanotechnology has revolutionized many aspects of modern society through widespread applications in various 

fields (Ying-qing et al., 2014). Nano particles (NPs) are tiny material having nanoscale dimensions in the range of 1-

100 nm and used in the areas of textiles, electronics, medical devices, cosmetics, and environmental treatment 

processes etc. (Stampoulis et al., 2009; Santhoshkumar, 2017). NPs are generally classified into carbon-based, metal 

based, composite materials etc. (Lin and Xing, 2008). Ag-NPs are one of the most important engineered NPs used in 

various fields (Quadros and Marr, 2010). Ag-NPs enhanced seed germination and growth of various crop plants 

(Savithramma et al., 2012; Sharma et al., 2012). Zinc being an essential micronutrient plays an important role in 

many integral metabolic processes (Rout and Das, 2003). Important optoelectrical, physical and antimicrobial 

activities of ZnO-NPs offers great potential to enhance the productivity of crop (Hussain et al., 2016). ZnO-NPs 

enhanced seed germination, protein content and activity of antioxidant system in plants (Singh et al., 2013). Plant 

growth begins with seed germination and is the most critical stage in plant life. Successful germination in seeds 

depends upon the ability of the plant embryo to gain its metabolic processes (Rajjou et al., 2012). In this experiment, 

we examined the effects of Ag-NPs and ZnO-NPs on the germination index, vigor index and seed germination rate 

of tomato seeds. 

 

Material and Methods 
 

Seeds  

The seeds of Lycopersicon esculentum variety PKM-1 were procured from National Seed Corporation Ltd., Indian 

Agricultural Research Institute, Pusa, New Delhi, India. Prior to start of experiment, these seeds were surface 
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sterilized with 1% sodium hypochlorite solution for 10 minutes, followed by rinsing with double distilled water 

(DDW) thrice to remove the traces of sodium hypochlorite, adhered to the seed surface. 

 

Sources of nanoparticles  

Ag-NPs and ZnO-NPs were purchased directly from the Sigma-Aldrich, New Delhi. Required concentrations (10, 

50, 100 and 200 ppm) of both Ag-NPs and ZnO-NPs were dissolved in 10 ml of double distilled water (DDW) in a 

100 ml volumetric flask and final volume was made upto the mark with the help of DDW.  
 

Treatment pattern and experimental design  

This experiment was performed under the controlled conditions (Temperature 28 ± 2oC, dark). The surface sterilized 

seeds of the tomato cv. PKM-1 were transferred on the filter papers placed in the petriplates. The treatments of Ag-

NPs and ZnO-NPs were applied as follows, control, 10 ppm, 50 ppm, 100 ppm or 200 ppm for Ag-NPs, and 10 

ppm, 50 ppm, 100 ppm and 200 ppm for ZnO-NPs. After the treatment, plates were sealed with paraffin tape, and 

placed in the dark in an incubator at 28 ± 2oC. The number of germinated seeds was counted every day. At the end 

of 8thday (d), germination was assessed in terms of % seed germination, germination index and vigor index. 

 

Germination index  

Germination index was calculated with the formula given by Tao and Zheng (1990). 

                  
             

                   
 

Vigor index  

Vigor index was calculated with the help of following formula as used by Zhu and Hong (2008). 

                    Vigor index = % germination × mean of seedling length (root + shoot) 
 

Seed germination rate  

The seed germination rate was recorded every day from 2 to 8 days. The number of germinated seed was noted daily 

for 8 d. Seeds were considered as germinated when their radicle showed at least 2 mm length. 

 

Results 
 

Germination index  

It is observed from figure 1A that germination index increased with the increasing concentration of both the NPs 

upto a 50 ppm. The maximum increased was recorded when the seeds received 10 ppm of ZnO-NPs and it was 

about 31% more over the control whereas increased by 10 ppm of Ag-NPs was about 17%. Germination index was 

decreased as the concentration of both the NPs increased beyond 50 ppm. 
 

Vigor index 

The data presented in figure 1B indicate that seed vigor index was significantly affected by the application of both 

the NPs in a concentration dependent manner. Out of the different concentrations, 10 ppm of ZnO-NPs proved best 

and increased the vigor index by 315% over the control. Whereas, 10 ppm of Ag-NPs enhanced the vigor index by 

209% over the control. The other two concentrations (100 and 200 ppm) of Ag-NPs and ZnO-NPs proved to be 

inhibitory.  
 

 

Seed germination rate 
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Germination rate was increased with the application of both Ag-NPs and ZnO-NPs (Figure 1C). Out of the various 

concentrations of Ag-NPs and ZnO-NPs, 10 ppm of ZnO-NPs proved best and significantly increased the 

germination rate by 23%, whereas 10 ppm of Ag-NPs increased the germination rate by 12% over the control. 

Higher concentrations of both the NPs proved to be inhibitory and decreased the germination rate as compared to 

control. 
 

Discussion 

Nanotechnology has emerged as a new discipline of science and it is considered as one of the most suitable solution 

to overcome the problems of agriculture. Ag-NPs and ZnO-NPs are comparatively less toxic compared with other 

metal oxide NPs, which further supports its application potential (Tripathi et al., 2017). Seed germination provides 

the suitable foundation for plant growth, development and yield. Our results indicate that exposure of Ag-NPs and 

ZnO-NPs had significant effects on seed germination in tomato seeds (Figure 1C), which was supported by the 

results of Hojjat and Hojjat, (2015), Hao et al. (2016). Significant difference among NPs treated and water soaked 

seeds can be attributed to increased mobilization of phyto-metabolites within the seeds or by biochemical changes in 

the seed, required to start the germination process, such as breaking of dormancy, hydrolysis or metabolization of 

inhibitors, imbibition and enzyme activation (Ajouri et al., 2004; Harris et al., 2007; Samad et al., 2014; Figure 2). 

Similar findings were also reported by Prasad et al. (2012) in groundnut after the treatment of ZnO-NPs and 

Savithramma et al. (2012) in Boswellia ovailifoliolata after Ag-NPs treatment. Out of the two NPs used, the 

response towards ZnO-NPs was more pronounced as compared to Ag-NPs (Figure 1). It may be due to the Zn 

which plays an important role in most of the metabolic processes (Rout and Das, 2003). Zn is also reported to 

enhance the vigor index by improving the length of shoot and root (Rengel and Graham, 1995; Figure 2). 
 

Conclusion 

From the present observation it is concluded that out of the two NPs used, ZnO-NPs can be exploited for the better 

growth of the tomato plants. 
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Figure 1: Effect of different concentrations (0, 10, 50, 100 or 200 

ppm) of silver nanoparticles (Ag-NPs) and zinc oxide 

nanoparticles (ZnO-NPs) on germination index (A), vigor 

index (B) and seed germination rate (C) 
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Figure 2.  Effect of different concentrations (0, 10, 50, 100 or 200 ppm) of silver nanoparticles (Ag-NPs) 

and zinc oxide nanoparticles (ZnO-NPs) on seedlings growth. Control (A); 10 ppm Ag-NPs (B); 

10 ppm ZnO-NPs (C); 50 ppm Ag-NPs (D); 50 ppm ZnO-NPs (E); 100 ppm Ag-NPs (F); 

100 ppm ZnO-NPs (G); 200 ppm Ag-NPs (H); 200 ppm ZnO-NPs (I) 

 

 

References 

Ajouri, A., Asgedom, H. and Becker, M. 2004. Seed priming enhances germination and seedling growth of barley 

under conditions of P and Zn deficiency. Journal of Plant Nut Soil Sci. 167: 630-636. 

Hao, Y., Zhang, Z., Rui, Y., Ren, J., Hou, T., Wu, S., Rui, M., Jiang F. and Liu, L. 2016. Effect of Different 

Nanoparticles on Seed Germination and Seedling Growth in Rice. 2nd Annual International Conference on 

Advanced Material Engineering (AME 2016). 

Harris, D., Rashid, A., Miraj, G., Arif, M. and Shah, H. 2007. On-farm seed priming with zinc sulphate solution - A 

cost-effective way to increase the maize yields of resource-poor farmers. Field Crops Res. 10: 119-127. 

Hojjat, S. S. and Hojjat, H. 2015. Effect of Nano Silver on Seed Germination and Seedling Growth in Fenugreek 

Seed. Journal of Food Eng. 1(2): 106-110. 

Hussain, I., Singh, N.B., Singh, A., Singh, H. and Singh, S. C. 2016. Green synthesis of nanoparticles and its 

potential application. Biotechnol Lett. 38(4): 545–560. 

Lin, D. and Xing, B. 2008. Root uptake and phytotoxicity of ZnO nanoparticles. Environ Technol. 42: 5580–5585. 

Prasad, T. N. V. K. V., Sudhakar, P., Sreenivasulu, Y., Latha, P., Munaswamy, V., Raja Reddy, K., Sreeprasad, T. 

S., Sajanlal, P. R. and Pradeep, T. 2012. Effect of nanoscale zinc oxide particles on the germination, growth 

and yield of peanut. Journal Plant Nutri. 35: 905-927. 

Quadros, M. E. and Marr, L. C. 2010. Environmental and human health risks of aerosolized silver nanoparticles. 

Journal Air Waste Manag Assoc. 60(7): 770-81. 

Rajjou, L., Duval, M., Gallardo, K., Catusse, J., Bally, J., Job, C. and Job, D. 2012. Seed germination and 

vigor. Annu Rev Plant Biol. 63: 507–533. 

Rengel, Z. and Graham, R. D. 1995. Importance of seed zinc content for wheat growth on zinc-deficient soil. I. 

Vegetative growth. Plant and Soil. 173: 259–266. 

https://www.ncbi.nlm.nih.gov/pubmed/20681424


 

64 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

Rout, G. R. and Das, P. 2003. Effect of metal toxicity on plant growth and metabolism. Agronomie. 23: 3–11. 

Samad, A., Khan, M. J., Shah, Z. and Jan, M. T. 2014. Determination of optimal duration and concentration of zinc 

and phosphorus for priming wheat seed. Sarhad Journal of Agri. 30(1): 27-34. 

Santhoshkumar, J., Kumar, S. V. and Rajeshkumar, S. 2017. Synthesis of zinc oxide nanoparticles using plant leaf 

extract against urinary tract infection pathogen. Resource-Efficient Technologies. 3(4): 459–465. 

Savithramma, N., Ankanna, S. and Bhumi, G. 2012. Effect of nanoparticles on seed germination and seedling 

growth of Boswellia ovalifoliolata – an endemic and endangered medicinal tree taxon. Nano Vision. 2(1, 2 

&3): 61-68. 

Sharma, P., Bhatt, D., Zaidi, M. G., Saradhi, P. P., Khanna, P. K. and Arora, S. 2012. Silver nanoparticle mediated 

enhancement in growth and antioxidant status of Brassica juncea. Appl. Biochem Biotechnol. 167: 2225-33. 

Singh, N. B., Amist, N., Yadav, K., Singh, D., Pandey, J. K. and Singh, S. C. 2013. Zinc oxide nanoparticles as 

fertilizer for the germination, growth and metabolism of vegetable crops. Journal Nanoeng 

Nanomanufacturing. 3: 1–12. 

Stampoulis, D., Sinha, S. K. and White, J. C. 2009. Assay-dependent phytotoxicity of nanoparticles to plants. 

Environ Sci Technol 43: 9473–9479. 

Tao, K. L. and Zheng, G. H. 1990. Seed Vigour. Science Press, Beijing (268 in Chinese). 

Tripathi, D. K., Singh, S., Singh, S., Srivastava, P. K., Singh, V. P., Singh S., Prasad, S. M., Singh, P. K., Dubey, N. 

K., Pandey, A. C. and Chauhan, D. K. 2017. Nitric oxide alleviates silver nanoparticles (AgNps)-induced 

phytotoxicity in Pisum sativum seedlings. Plant Physiol Biochem. 110: 167–177.  

Ying-qing, D., White, J. C. and Xing, B. 2014. Interactions between engineered nanomaterials and agricultural 

crops: implications for food safety. Deng et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng) 15(8): 552-572. 

Zhu, S. Y. and Hong, D. L. 2008. Comparison between two hybrid cultivars of indica rice (Oryza sativa L.) in seed 

vigor and biochemical traits after aging. Chinese Journal Eco-Agric. 16(2): 396-400. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

65 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

 

 

 

Promoter Methylation of RASSF1A in Non-small Cell Lung Carcinoma in Kashmiri, Indian Population 

 

Naseer Ue Din Shah1, Md Niamat Ali1*, Syed Mudassar2
, Mosin Saleem Khan2, Jasbir Kour1, Bashir A 

Ganai3, Malik Tariq Rasool4 and Aabid Maqbool Lone4 
 

1Cytogenetic and Molecular Biology Research Laboratory, Centre of Research for Development, University 

of Kashmir, Srinagar-190006, Jammu & Kashmir, India 
2Department of Clinical Biochemistry, Sheri-I-Kashmir Institute of Medical Sciences, Soura,  Srinagar, 

190011, Jammu & Kashmir, India 
3Biochemistry Research Laboratory, Centre of Research for Development, University of Kashmir, Srinagar-

190006, Jammu & Kashmir, India 
4Department of Radiation Oncology, Sher-i- Kashmir Institute of Medical Sciences, Srinagar-190011, Jammu 

& Kashmir, India  
*Corresponding author: mdniamat@hotmail.com 

 

Abstract 

This study was aimed at defining the patterns of aberrant gene methylation in non-small cell lung cancer (NSCLC) 

in Kashmiri patients.  To determine whether this gene is inactivated during lung cancer development, we studied 100 

primary non-small cell lung cancers for the promoter methylation status of gene. The methylation-specific PCR 

(MSP) was used to study methylation of RASSF1A gene 100 NSCLCs. We found promoter hypermethylation at 41% 

in RASSF1A. Most of the patients have adenocarcinoma (72 patients) and squamous cell carcinoma is found in 28 

patients who have NSCLCs (p=0.03). Age‑ based subgroup analysis demonstrated that higher RASSF1A promoter 

methylation levels were associated with NSCLC more in older patients (>45 years) than younger patients (≤45). In 

addition, the association of RASSF1A methylation with NSCLC was significantly associated with smokers, but not 

in non-smokers (p=0.01). It was also identified that RASSF1A promoter hypermethylation was significantly 

associated with advanced stage than early stage of NSCLC (p=0.05). 

Keywords: RASSF1A, methylation, adenocarcinoma, squamous cell carcinoma, metastasis  

 

Introduction 

Lung cancer is the most frequent cause of cancer death worldwide and majority of which are non-small cell lung 

cancer (Greenlee at al., 2001: Malik et al., 2018). Lung cancer is the most common cancer amongst men in India 

with approximately 33,000 new cases ever year. Lung cancer constitutes 6.8% deaths in India (Ferlay et al.. 2010). 

Arsheed et al. 2012 recently reported lung cancer is the second most common cancer type in men and third among 

all (14.6%) in Kashmir valley. NSCLC arise by a stepwise acquisition of genetic and epigenetic alterations 

concomitantly with morphological changes as well that gives rise to the transformation of benign bronchial 

epithelium into neoplastic tissue. Molecular changes in proto-oncogenes and tumour suppressor genes have been 

detected in all stages of lung tumourigenesis. Recently, epigenetic silencing of gene expression by promoter CpG 
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island hypermethylation has been shown to be important in cancer formation (Baylin et al., 2000). DNA methylation 

may be an alternative mechanism to mutations or deletions in disrupting tumor suppressor gene function. Aberrant 

gene methylation has also been frequently found in NSCLC.  Activating point mutations in the KRAS gene have 

been implicated in the pathogenesis of human cancers including those of lung (Boss, 1989).  Histologically, about 

80% are non-small cell and 20% are small cell lung cancers (Schiller et al., 2002). Among the NSCLCs, 

adenocarcinoma and SCC are the most common histological subtypes. In particular NSCLC has been shown to 

harbor KRAS mutations mostly in lung adenocarcinoms. However KRAS mutations were rarely detected in lung 

Squamous cell carcinomas (Rodenhius et al., 1988; Reynolds et al., 1991; Suzuki et al., 1990; Li et al., 1994; Mills 

et al., 1995; Shah et al., 2017). RASSF1A, a newly discovered Ras effector, is inactivated in a variety of human 

cancers including lung, colon, breast, prostate, thyroid, and renal cell carcinomas (Pfeifer et al., 2002; Dammann et 

al., 2001; Schagdarsurengin et al., 2002). The purpose of this study was to examine the association between KRAS 

mutation and RASSF1A hypermethylation in non-small cell lung carcinoma, and to determine correlation between 

genetic alterations of RASSF1A and KRAS with clinicopathological characteristics.  

 

Material and Methods 

Study population 

A total of Hundred (n = 100) freshly diagnosed NSCLC patients between December 2016 to August 2018 at Sher-I-

Kashmir Institute of Medical Sciences (SKIMS), Soura, Srinagar were included in the study and equal number of 

control samples were included in the study. The NSCLC blood samples and their normal control blood samples were 

taken and properly stored for further processing. The study was approved by the Ethics Committee of SKIMS, 

Soura, India. Informed consent was obtained from all patients for blood sample collection. We have screened 

prospectively all newly diagnosed patients with NSCLC (n = 100) for the ability to be analysed for RASSF1A 

methylation. Staging of the NSCLC were performed according to the Union for International Cancer Control (UICC, 

Seventh Edition) (Riely et al., 2008) Demographic characteristics of the cases recruited for study are shown in 

Table 1. A total of 68 males and 32 females were included in the study. The patients were presented with average 

age 61.18 years; most of the patients were found within range of 50 to 84 years age group. Two age groups were 

made, patients with age ≤ 45 years included 13 cases, and > 45 years included 87 cases. 
 

DNA extraction 

Total genomic (g) DNA was extracted from tissue specimens using quick gDNA MiniPrep kit (Zymo Research, 

USA) according to the manufacturer‘s protocol. DNA concentrations were calculated using a Nano Drop 2000c 

Spectrophotometer (Thermo Scientific, Asheville, NC, USA).  
 

Bisulphite modification of genomic DNA: Genomic DNA (~1µg) was modified with sodium bisulphite using 

BisulFlash DNA Modification Kit (Epigentek, USA). Starting DNA ranged from 50-200 ng per reaction. Bisulphite 

conversion of DNA was carried out at 95°C for 20 minutes during which Unmethylated cytosine was converted into 

uracil completely. This was followed by the converted DNA clean-up and storage at -80°C 
 

Methylation-specific PCR (MSP): Sodium bisulphite modification of gDNA was performed using 

MethylampTM DNA Modification Kit (Epigentek Group, New York). Methylation status in the CpG islands of 

RASSF1A promoter region was determined by methylation specific PCR. Bisulfite-modified DNA was amplified 

with primers specific for Methylated or Unmethylated sequences. The methylated DNA of RASSF1A was 
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amplified using methylated (M) set of primers, 5′-GGGTTTTGCGAGAGCGCG3′ (sense), 5′-

GCTAACAAACGCGAACCG-3′ (antisense), and the Unmethylated DNA of RASSF1A was amplified using 

Unmethylated (U) set of primers, 5′-GGTTTTGTGAGAGTGTGTTTAG-3′(sense), 5′-

CACTAACAAACACAAACCAAA-3′(anti-sense). The Universal Human methylated and nonmethylated DNA 

(Zymo Research, USA) was used as positive and negative control respectively. Two microliters of bisulfite-

modified DNA was amplified in a total volume of 25 μL containing 10× PCR buffer 2.5 μL (Fermentas, USA), 

10 mmol/L dNTP 0.5 µL, 10 mmol/L of each primer 0.5 µL, and 5 U/mL Taq DNA polymerase 0.1 μL 

(Fermentas, USA). Methylation-specific PCR reaction conditions of RASSF1A were as follows: initial 

denaturation at 95°C for 5 min, 40 cycles of amplification at 95°C for 30s, 60°C for both methylated and 

Unmethylated primers for 50s, and 72°C for 45s, followed by a final extension of 72°C for 10 min. 10 µl of each 

PCR reaction were directly loaded onto a 3% agarose gel, stained with ethidium bromide and visualized under 

UV illumination. A band size of 169 bp was observed in the RASSF1A methylation set (Figure 1). 
 

 
Statistical analysis 

All statistical analyses were carried out using Statistical Package for Social Sciences (SPSS) version 20.0 (Chicago, 

IL, USA). The P value was computed using chi square test, odds ratio (OR) and confidence intervals (95% CI) was 

computed using unconditional Multivariate logistic regression method. The level of significance was set to P < 

0.05. 
 

Results 

Demographic characteristics of study population: The patient‘s demographic characteristics are summarized in 

Table 1. A total of 47 males and 23 females were included in the study. Two age groups were made, patients with 

age ≤ 45 years included 13 cases, and > 45 years included 87 cases.  The patients were presented with average age 

61.18 years; most of the patients were found within range of 50 to 84 years age group. The patients of non-small 

cell lung cancer belonged to different regions of Kashmir valley. Moreover, it was found that, of all the ten districts 

of the Kashmir division, highest number of NSCLC cases turned out from the central district of Srinagar, with total 

number of 25.72% of NSCLC patients followed by Budgam 11.43% recruited for the study. The demographic 

profile revealed that in our study 100 patients who were suspected for lung malignancy due their clinical signs and 

symptoms with positive radiological findings in favour of lung cancer. Among all suspected cases, 100 cases were 
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diagnosed histopathologically as lung malignancy by the concerned Pathologists in the Department of Pathology 

SKIMS, Soura. In diagnosed malignant cases only non-small cell lung carcinoma were taken for the study. In 

NSCLC type of Lung cancer, adenocarcinoma was the most common and was found in 72 (72%) patients and 

squamous cell carcinoma second most common type of non-small cell lungs cancer, found in 28 patients (28%). 

Majority of patients 57(57%) were diagnosed in the advanced stages (III and IV) of diseases. History of smoking 

was found in majority of patients.  
 

 

 

Methylation analysis of RASSF1A  

Promoter hypermethylation in RASSF1A gene was observed in 41% (41/100) cases of non-small cell lung cancer 

(Table 2).  

Association of RASSF1A gene promoter hypermethylation with age at diagnosis and gender: 

Table 2 describes the association of RASSF1A gene promoter hypermethylation with age at diagnosis. In both 

groups ≤ 45 years and > 45 years, the association was found to be non-significant (OR= 0.824, 95% CI 0.261- 2.589, 

p<0.13.) although RASSF1A gene hypermethylation was found to be more evident (43.67%) in the age group >45 

years as compared to the age group ≤ 45 years (23.08%). Aberrant methylation of the RASSF1A gene was more 

frequent in males (44.11%) than in females (34.37%), but the difference did not reach a statistical significance 

(p=0.60) 
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Association of RASSF1A gene promoter hypermethylation with stage of the disease:  

There was a significant correlation established between RASSF1A gene promoter hypermethylation with stage of the 

disease although an increased percentage in the advanced stage disease can be observed (63.82%) and 20.75%) in 

early stage disease (OR=0.359, 95%CI=0.114- 1.129, p=0.05).  
 

Association of RASSF1A gene promoter hypermethylation with different histological types: 

A significant association (OR=0.621, 95% CI=0.157- 2.183, p<0.05) was found between the methylation status of 

RASSF1A gene with different histological types. Adenocarcinoma was found to be the highest (47.22%) as 

compared to squamous cell carcinoma (25%). 
 

Association of RASSF1A gene promoter hypermethylation with smoking status: 

Smoking was significantly associated with hypermethylation of the RASSF1A promoter. (OR =3.099, 95%CI =1.67-

4.443; p<0.05; Table 2). However majority of the patients who have RASSF1A methylation belong to the smokers 

group with more than 10 years of smoking history.  
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Association of RASSF1A gene promoter hypermethylation with metastasis status: 

A significant association was seen between RASSF1A gene promoter methylation and metastasis. The significantly 

higher frequency of this methylation was reported in NSCLC patients (55.55%) with metastasis (OR = 0.821, 95% 

CI: 0.289-2.786, p < 0.05) (Table 2). 
 

Association of RASSF1A Promoter methylation and smoking level: 

Patients with hypermethylation of the RASSF1A were mostly found in the group of patients who have smoked ≤40 

years however no significant association was seen between RASSF1A promoter methylation and smoking 

level(OR=3.099, 95%CI= 1.167-4.443, p=0.01) 
 

Discussion: 

RASSF1A promoter hypermethylation has been observed in a variety of human cancers such as pancreatic endocrine 

tumor (Giorgio et al., 2011), colorectal cancer (Torbjorn et al., 2013), nasopharyngeal carcinoma (Joseph et al., 

2002), prostate cancer (Limin et al., 2002), ovary and renal (Yoon et al., 2001) hepatocellular carcinoma (Pensri et 

al., 2010), breast cancer (Magdalini et al., 2009), NSCLC (Jie et al., 2004), gastric cancer ( Do-Sun et al., 2001) as 

depicted in the Figure 2. 

 

 
 

          Figure 2: Distribution of RASSF1A methylation in various cancers all over the world. 

 

The majority of recent studies have focused on the study of epigenetic changes resulting in many types of cancers. 

DNA methylation was the first epigenetic alteration to be observed in cancer cells. DNA methylation involves 

addition of a methyl group to the carbon 5 position of the cytosine ring. This reaction is catalyzed by DNA 

methyltransferase in the context of the sequence 5‘-CG-3‘, which is also referred to as a CpG dinucleotide (Singal 

and Ginder, 1999; Jones and Laird, 1999). The methylation of gene, particularly the methylation of CpG-rich 

promoters, could block transcriptional activation. The potential contribution of DNA methylation to oncogenesis is 

mediated by one or more of mechanisms that include DNA hypomethylation, hyper-methylation of tumor suppressor 

gene and chromosomal instability in cancers ( Jones and Laird, 1999; O‘Neill  et al., 1998; Chen et al., 1998). 
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In the present study, we used MS-PCR for analysis of the methylation status of RASSF1A gene. This method 

provided significant advantages over previous ones used for assaying methylation. MSP is much more sensitive than 

Southern analysis, facilitating the detection of low numbers of methylated alleles and the study of DNA from small 

samples. MS-PCR allows examination of all CpG sites, not just those within sequences recognized by methylation 

sensitive restriction enzymes. 

The aberrant methylation of the CpG islands at promoter regions of, the RASSF1A gene that may play a role in the 

development of lung cancer. RASSF1A promoter methylation was detected in 41% in NSCLC patients. This 

prevalence of hypermethylation at the promoter region of this gene according to the present study is consistent with 

the findings of other groups ( Kim et al., 2001; Esteller et al., 2000; Zochbauer-Muller et al., 2001; Dammann et al., 

2000; Burbee et al., 2001; Virmani et al., 2000). RASSF1A aberrant promoter methylation was found to be 

significantly associated between adenocarcinoma and squamous cell carcinoma; histological types (p=0.03). The 

study conducted by Kim et al., 2003 and Li et al., 2003, shows the results that consistent with our study.  We also 

found that aberrant methylation of the RASSF1A gene predominantly occurs in patients with advanced stage of 

NSCLC. Our study is consistent with the studies conduct by Sekido et al., 1998; Toyooka et al., 2001; Belinsky et 

al., 1998, showing the same results, consistent with our findings. In the present study, although we analyzed the 

prognostic significance of aberrant methylation of the RASSF1A gene and metastasis. These results suggest that 

aberrant methylation of the RASSF1A gene accompanies progression toward a more aggressive form of NSCLC. Oh 

et al., 2017 reported that RASSF1A is mostly methylated in non- small cell lung cancer patients with metastasis 

which is consistent with our study showing the same results. However there was no correlation found between 

RASSF1A aberrant promoter methylation and other clinicopathological factors like age, gender and smoking level. 

This study demonstrates that smoking is significantly associated with hypermethylation of the RASSF1A promoter in 

NSCLC (OR=3.099, 95%CI=1.167-4.443, p=0.01) and that hypermethylation of the RASSF1A promoter may affect 

a patient‘s survival in NSCLC. The susceptibility to hypermethylation of a specific gene in smokers could be 

attributed to non-random changes in the environment around a gene. Several factors, including the activity of DNA 

methyltransferase and local-specific factors, such as SP1 transcription factor, chromatin structure, proximity to a 

methylation center, and the pre-existing methylation status of CpG islands (Vertino et al., 1996) may affect the 

methylation status of a gene.  

In conclusion, the present study indicated that the association of higher methylation of the RASSF1A promoter with 

NSCLC may be specific to males, smokers, patients at advanced stage of the disease, patients  who have 

adenocarcinoma histological type of NSCLC, metastatic stage of disease  and patients aged >45years .  
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Abstract 

Considering the potential of Corcyra cephaionica as a host for mass rearing of some egg parasitoids, the present 

research was undertaken to study the development of Corcyra cephaionica on different food media with a view to 

find out suitable food(s) for this purpose. Three different food media viz. wheat flour, maize flour and mixture of 

wheat & maize flour (1:1) were used for the development of rice meal moth, Corcyra cephalonica (Stainton). 

Average number of eggs laid was found to be highest (230.67/female) in maize flour but hatching was found highest 

in wheat flour (86.87%). Longest and shortest larval duration were 43.17 and 29.90 hours when reared on maize 

flour and wheat flour, respectively. The highest (71.50%) and lowest (43%) larval survival rates were found on 

wheat flour and maize flour respectively whereas highest survival rate of pupae followed the same trend 76.34% and 

49.58% on wheat flour and maize flour, respectively. The current study and results revealed that wheat flour could 

be used as best food for the development of Corcyra cephalonica. 

Keywords: Development, food media, Corcyra cephalonica, survival rate, parasitoid 

 
 

Introduction 

Corcyra cephalonica commonly called as rice meal moth or rice moth is a pest of stored foods, viz., cereals, cereal 

products, oilseeds, pulses, dried fruits, nuts and spices.  Many of the natural enemies mass-bred in the laboratory for 

use in field against crop pests are dependent on either egg or larval stages of Corcyra as it is easier and cheaper to 

produce natural enemies on different stages of Corcyra than on their original hosts. The rice meal moth, Corcyra 

cephalonica (Stainton) is a destructive insect and infests rice, wheat, maize and some other leguminous crops 

(Malek and Parveen, 1989). The larvae alone damage the stored grains by feeding under silken webs (Alam, 1972). 

During high infestation, the entire stock of grains may be converted into a webbed mass developing a characteristic 

bad smell and renders it unfit for human consumption (Alam, 1965). Moore et al., (1966) reported that a single larva 

consumed an average of 32.9 mg that results to a loss in weight of 10.35 percent. Besides the destructive properties 

of C. cephaionica, it has some good aspects as well, as it acts as an alternate host for some egg parasitoids like 

Trichogramma species, which are used for biological control programmes of different destructive pests like 

sugarcane borers in many countries of the world (Choudhury and Duit, 1989; Meenakanit et al., 1989; Chu-Yaui et 

al., 1994; Mukhukrishnan et al., 1996; Cadapan, 1988). The mass multiplication of the egg parasitoid, 

Trichogramma chiionis (Ishii) on the eggs of C. cephaionica as a factitious host was not only successful but also 

provided remarkable control of sugarcane borers in India (Nagarkati and Nagaraja, 1968). Considering this potential 

of C. Cephaionica, it is necessary to study the impact of different food stuff on the development of this insect. 
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Hence, the present research was undertaken to study the development of C. cephaionica on different food media 

with a view to find out a suitable food for this purpose. 

 

Morphology 

The eggs of Corcyra cephalonica are oval and measure 0.5 x 0.3 mm with white surface sculptured having short 

nipple-like process at one end.  The larvae are generally creamish – white except for the head capsule and brown 

prothoracic tergite. There are well-developed prolegs on abdominal segments 3-6 and 10. A fully matured larva 

measures about 15 mm.  The last-instar larva spins a closely woven, very tough, double-layered cocoon and 

develops into a dark-brown pupa.  The anterior portion of the cocoon has a line of weakness through which the adult 

emerges.  The adults are small with hind-wings pale-buff and the fore-wings mid-brown or greyish-brown with thin 

vague lines of darker brown colour along the wing veins. The males are smaller than females and sexual activity 

usually begins shortly after adult emergence (Figure 1). Pre-oviposition period is of about 2 days and egg-laying 

mainly occurs during the night.  Although oviposition may continue throughout life, but the greatest numbers are 

laid on the second and third days after emergence,.  Eggs take about 2-3 days to hatch.  Optimum conditions for 

larval development of C. cephalonica are 30 – 32oC and 70 per cent RH. The period from egg hatch to adult 

emergence is only 26-27 days.  There is considerable variation in the number of larval instars; however, males 

generally have 7 and females have 8 instars.  The last-instar larvae pupate within the food and adults emerge through 

the anterior end of the cocoon, where there is a line of weakness.  The sex ratio is 1:1.  The adult moth is nocturnal 

and is most active at night. 
 

 

   
Figure. 1 Male and female of Corcyra cephalonica 

 

Materials and Methods 

The research work was carried out in Cytogenetics Lab, Centre of Research for Development, University of 

Kashmir during May to October 2017. The temperature, relative humidity and photoperiod in the laboratory were 

maintained at 28 ±10C, 60 ±5% and 12L: 12D, respectively during the study period. Food preference study: three 

different kinds of food i.e., (1) Wheat flour (2) Maize flour (3) mixture of wheat and maize flour (1: 1) were tested 

for development of C. cephaionica. Clean and healthy grains of wheat and maize were collected from local market. 

After sun drying, the grains were crushed separately in the 18 crushing mill, sieved through 0.50mrn mesh sieve, 

subjected to UV sterilization and finally preserved in separate airtight UV sterilized plastic boxes. 
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Similarly, another box was filled with the mixture of wheat and maize flour in 1:1 ratio each. The food materials 

were properly mixed with blender machine and used for experiment as when necessary.  
 

Stock culture of rice meal moth 

The eggs of rice meal moth were collected from the Biological control laboratory of the Entomology Division, 

SKAUST Kashmir and were kept in separate plastic bowls (29 cm dia. x 11 cm height) with three different test food 

medium/diet (Figure. 2). In each bowl, about 10,000 eggs were spread on 300g of respective food and 4 bowls were 

maintained for each food and tag labelling was maintained properly. The bowls were transferred into the insect 

rearing box having glass covers for better observation of the bowls and each box was divided carefully into three 

chambers by a very thick paper. Each chamber under glass cover was covered with thick and very transparent 

polythene sheet which was occasionally opened for better aeration and humidity purposes for the development of 

larval instars. The food was supplied as and when necessary in all the bowls. After 45 days, emergence took place 

and moths were collected in test tubes (10ml) and were placed into previously marked glass jars (10cm x 8 cmx 

I8cm) (Figure 3). Ten pairs of adults were placed in each jar containing an iron net as an oviposition site for the 

moths.  

 

    
Figure 2. Eggs of Corcyra cephalonica      Figure 3. Adults collected after rearing process 

 

Development 

Eggs of C. cephalonica were collected from different food materials of the stock culture and were placed in separate 

pertidish (9 cm dia.) for hatching. The neonates were carefully collected with the help of a soft camel hair brush and 

were transferred to previously marked petridishes containing test food materials.  

Ten larvae were kept in each petridish and four petridishes were maintained for each kinds of food. Fresh foods 

were given to the larvae at every 24 hours interval and uneaten food along with faeces was removed. After third 

instar, the larvae were transferred to larger petridishes (11cm dia) to avoid crowding. Data was taken on the larval 

mortality, larval duration and final larval weight for all tested food media. When feeding stopped, the larvae were 

kept undisturbed until pupation. The pupae obtained from various food media were transferred to separate 

petridishes (9cm dia.) covered with muslin cloth and pre-pupal and pupal periods were recorded. The adults 

emerged from different test food media were allowed to mate separately (single pair) in glass jars (11.5 cm height x 

6.4 cm dia). The inner walls of glass jar were covered with filter papers and the top with fine mesh cotton cloth. Ten 

pairs of adults were used for each food medium. Eggs laid by each female were collected and the number was 

recorded daily and placed in previously marked petridishes with respective food medium for hatching. The 

oviposition period was recorded for each food medium. Observations were made every day in order to determine the 
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preoviposition period, oviposition period, incubation period, number of eggs laid and hatching percentage and adult 

longevity of both male and female moths.  
 

 

Results and Discussion 

Pre-oviposition period 

A very short 1-2 days (Average 1.2 days) pre-oviposition period was observed under laboratory condition (Table 1). 

The highest preoviposition period was found on the mixture of wheat & maize flour, and the lowest preoviposition 

period was found on the wheat flour. The findings of pre-oviposition period was more or less in agreement with that 

of Alam (1965) who reported that female moth began laying within a day or two after copulation, whereas 

Chakravorty & Das (1985) reported that the pre-oviposition period lasted 8-22 hrs (Average 15.14 hrs) for virgin 

females and 6-26 hrs (average 14.47 hrs) for mated females on wheat and maize.  Pajni et al. (1980) recorded pre-

oviposition period of only 2 hrs on wheat.  
 

Oviposition period 

The duration between first and end of egg laying was found highest (5.28 days) on wheat flour and lowest (3.27 

days) on maize flour and mixture of wheat and maize flour (3.45), which was significantly different among the 

foods (P<0.01).  
 

Table 1. Pre-oviposition, oviposition and incubation period (days) of C. cephatonica 

developed in different food media 
 

Tested food medium Pre-oviposition 

period  (Mean± SD)          

Oviposition period          

(Mean± SD)   

Incubation period 

(Mean± SD)   

Wheat flour   1.29± 0.450                           5.28± 0.84                 3.48± 0.54 

Maize flour 1.52± 0.63                             3.27± 0.76                 4.69± 0.74                      

Mixture of wheat  and 

maize flour 
1.69± 0.62                            3.45± 0.71                 3.77± 0.46 

 

Incubation period 

The incubation period was higher (4.69 days) on maize flour and was lowest (3.48 days) on wheat flour. Incubation 

periods recorded on mixture of wheat & maize flour was some way between the two (3.77 days) (Table 1). Ray 

(1994) observed that the period was 7 'days on maize, whereas Mbata (1989) observed that the period was about 4 

days on maize that gave an agreement with the present findings. 
 

Fecundity 

The number of eggs laid by a female was 192.75 (mean) on wheat flour, 230.67 on maize flour, and 202.89 on the 

mixture of wheat and maize flour, respectively (Table 2) 
 

Table 2. Fecundity and hatching rate of C. Cephalonica moth developed from different food media 
 

Tested food medium No of eggs laid/ Female 

(Mean± SD) 

No of eggs hatched 

(Mean± SD) 

Hatching rate (%) 

(Mean± SD) 

Wheat flour 192.75± 46.54 180.75± 77.79 86.87 

Maize flour 230.67± 36.19 157.75± 28.29 61.5 

Mixture of wheat and 

maize 

202.89± 59.93 191.75± 47.94 82.94 
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Hatching rate 

The mean hatching percentage of eggs were recorded as 86.87, 61.53, and 82.94 on wheat flour, maize flour, and 

mixture of wheat & maize flour, respectively (Table 2). There was no significant difference among the hatching rate 

in different foods.  
 

Larval duration 

Total larval duration varied significantly among different food medium (Table 3). Longest (43.17 days) and shortest 

(29.90 days) larval duration were observed when maize flour and wheat flour were supplied as food respectively. In 

case of Mixture of Wheat and maize flour, larval duration was 34.76 days. 
 

 

 

Larval survival rate 

The highest survival percentage (71.50) was recorded on wheat flour that was identical with mixture of wheat & 

maize flour (56.50%). The lowest survival percentage (43.00) was recorded on maize flour (Table 3). 

 

Table  3. Larval duration and percent survival of C.cephalonica on different food media 

Tested food medium Studied    

 

No. of Larvae Total duration 

(Mean± SD)    

Larval survival 

(%) 

Wheat flour                     10   29.90± 1.50   71.50 

Maize flour                      10 43.17± 1.82 43.00 

Mixture of wheat                                    

and maize flour 

10 34.76± 0.82          56.50 

 

Pupal duration 

Pupal duration of male pupae took comparatively longer period than that of the female ones on all tested foods 

(P<O.OI). The highest duration of male pupa (9.75 days) was observed on the mixture of wheat & maize flour and 

the lowest on wheat flour (9.28 days). Whereas, the highest duration of female pupae (10.23 days) was also 

observed on mixture of wheat & maize flour and the lowest on wheat flour (9.40 days) and those were significantly 

different from each other (P<0.0l). No significant difference observed when the larvae reared on maize flour (9.65 

days) and mixture of wheat & maize flour (9.75 days) (Table 4). 

  

Table 4.  Male and female pupal survival rate of  C. Cephalonica on different food media 

 

Tested food medium       

  

Pupal duration (days) 
 

Pupal survival (%) Male (Mean±SD)    Female (Mean±SD)     

Wheat flour                    9.28± 0.72              9.40± 0.60                    76.34 

Maize flour                     9.65± 0.35              9.82± 0.18                    49.58 

Mixture of wheat            

and maize flour 

9.75± 0.20              10.23± 0.47                   56.58 

 

Pupal survival rate 

The survival percentage of pupae was recorded as 76.34, 49.58, and 56.58 in wheat flour, maize flour and mixture of 

wheat & maize flour respectively, which were significant at 1% level of probability (Table 4).  
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Adult longevity 

The highest longevity of male (7.55 days) was observed on mixture of maize & wheat flour and that was lowest 

(6.79 days) on wheat flour. In case of wheat flour longevity was 6.87 days. The longevity of female moth was 

slightly lower than that of the male moth, that was 7.64 days on mixture of wheat & maize flour and 5.28 days on 

maize flour (P<0.0l) (Table 5). 

 

Table 5.  Longevity (days) of male and female moth of C. Cephalonica 

on different food media 

Tested food medium                     Male   (Mean± SD)                           Female (Mean± SD) 

Wheat flour                           6.79± 0.54                                  6.58± 0.58 

Maize flour                            6.87± 0.57                                  5.28± 0.50 

Mixture of wheat                   

and maize flour 

7.55± 0.53                                  7.64± 0.67 

 

 

Three different media were used to rear the rice grain moth.  The highest number of eggs emerged from maize flour 

(average 230.67) followed by maize and wheat flour (average 202.89). Alam (1965) reported that a single female 

could lay eggs up to 200 on wheat, while Islam (1971) reported that the maximum number was 280 on stored wheat. 

Ray (1994) reported that the net reproductive rate of female was 181.95 on maize. These results seem to be near of 

the present findings. The hatching rate was 86.87 and 82.94% on wheat flour, and mixture of wheat & maize flour, 

respectively. Longest (43.17 hours) and shortest (29.90 days) larval duration were observed when maize flour and 

wheat flour were supplied as food, respectively. Alam (1965) observed that the larval duration was lasted from 23-

25 days and that was extended up to 55 days on wheat, such differences of findings from the present study might be 

due to variation of foods. However, Ray (1994) observed that the period was 41 days on maize. The highest larval 

survival percentage (71.50) was, recorded on wheat flour that was identical with the mixture of wheat & maize flour 

(56.50%). The highest longevity (7.64 days) of female moth was observed when the larvae emerged from the 

mixture of wheat and maize flour and that was lowest (5.28 days) on maize flour. Chen- Suchiung et al., (1998) 

observed that the adult duration were 12.9 and 16.4 days for mated and unmated male respectively and those were 

8.1 and 10.2 days for mated and unmated female respectively. Seshagiri (1954) reported that the longevity for adult 

male was 7.2 days and for adult female moth was 5.3 days and those were very close to the present findings. 

Considering all the parameters, it can be concluded and suggested that for the development of rice meal moth, wheat 

flour is the best suitable food media followed by mixture of wheat and maize flour and last of all maize flour. The 

present study also revealed that wheat flour could be used as best food for the development of C. cephalonica under 

laboratory condition. 
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Abstract 

The study of food chains and their influence on the environment helps in understanding the different processes 

involved in functioning of the ecosystem. As far as carnivores are concerned they are shy, charismatic, dangerous, 

wide ranging, elusive and nocturnal, hence it is almost impossible to precisely evaluate their abundance, distribution, 

diet and behaviour by direct observations in the field. Capture and handling are highly stressful and potentially 

dangerous to both humans and animals, especially with large carnivores. The scientists have solved this problem by 

applying various indirect or noninvasive sampling methods. This idea of collection of samples without actually 

seeing or touching an animal appeal many as carnivores are dangerous and extremely difficult to capture and handle. 

Carnivores are animals of great attention and concern because many of its species are declining at a very fast rate 

and the efforts are being continuously made for their conservation and management. 

Keywords: Noninvasive, carnivores, abundance, distribution 
 

Introduction 

The Order Carnivora is made up of variety of species that differ in various aspects. Noninvasive techniques have 

found many applications in wildlife ecology and conservation biology. Noninvasive method is a set of field, 

laboratory and diagnostic techniques that allow studying the ecological processes without having even to observe 

individuals. It has been recommended as a reliable method for investigating the biology of mysterious, rare or 

endangered species. Noninvasive methods open a new way of sampling that was never imagined before 30 years. 

These techniques are non-destructive and the ease with which the samples are collected, large data can be retrieved. 

Non-invasive techniques are indirect methods to determine ecology of carnivores. These methods also provide 

practical as well as ethical benefits by increasing well-being and safety to animals (Pauli et al., 2010). Moreover, 

handling and capturing of animals particularly carnivores become highly stressful and is unsafe to both animals and 

humans. 

 

Material and Methods 

Non-invasive sampling: Sign investigations 

Ecologists have examined carnivores non-invasively for years. Expert identification of scats, tracks, hairs, hooves, 

kills, bones and scratch marks provide great information regarding the distribution and habitat of carnivores. 

Identification of coyote (Canis latrans) scats shows greater than 90% accuracy despite the presence of other 

carnivores in the Alaska region (Prugh and Ritland 2005). However in many cases morphological identification of 

the scats leads to inaccuracy like the scats of martem (Martes martes) which show only 18% accuracy (Davison et 

al., 2002). Track studies are very effective as well as economical for the studies like distribution and occurrence. 

Tracking surveys during winter has been widely used in Canada and Scandinavia to monitor the distribution of 
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carnivores (Hellstedt et al., 2006). The presence of the carnivores can be determined from hair by applying both 

macroscopic as well as microscopic examination of the hairs (Raphael et al., 1994). This can be aided by signs like 

scrape or scratches and pug marks in the field through sign survey. 
 

Genetic sampling 

Fecal DNA 

Carnivores are identified by the genomic analysis of fecal matter. Fecal matter contains DNA due to shredding of 

intestinal lining and this DNA is extracted from the scat samples (Gorman and Trowbridge 1989; Barja et al., 2005). 

Carnivores walk through definite trails and by identifying those tracks, scats are effectively collected even during 

snow, dust or mud (McKelvey et al., 2006; Ulizio et al., 2006; Marucco et al., 2008). Researchers can increase the 

rate of scat collection by using scent-detecting dogs (Wasser et al., 2004; Long et al., 2007). The scats must be 

stored properly in order to avoid degradation of DNA by enzymes and also the quality of the DNA depends on the 

region and location of the scat collected. 
 

Hairs 

Snags and rub devices are often used to obtain hairs of animals. Hair snag devices are very economical and are easy 

to fix. Researchers have used barbed wire around bait for collection of the left over hairs of the bears (Woods et al., 

1999; Kendall et al., 2009). Glued tips are used to collect hairs from small carnivores (Zielinski et al. 2006). Hair 

snag devices are very economical and are easy to fix. Higher quality DNA is extracted from the hairs with follicles 

and usually multiple hairs are pooled together to extract DNA for the carnivore species detection. However 

researchers must develop a hair snag that allows only one animal to rub it (Beier et al., 2005; Bremner-Harrison et 

al., 2006). 
 

Camera-trap method 

Camera trapping technique in wildlife appeared in 1877 (Guggisberg 1977)  and was used very less until the 

invention of infrared automatic cameras. Later in the mid- 1990s use of lightweight cameras were used with capture 

and recapture method to estimate the abundance and distribution of animals (Karanth 1995). The invention of digital 

camera and its widespread use has resulted in an increase in carnivore inventories as it can facilitate photography of 

multiple species at a time (Barea-Azcon et al., 2007; Datta et al., 2008; Tobler et al., 2008; Pettorelli et al., 2009). 
 

Hormone sampling 

Hormones are a class of signaling molecules that regulate behaviour and physiology of an organism needed and 

helps to survive in the ever-changing environment. Conservation biology helps us to understand the various 

physiological processes and the responses of animals to the changing environment. To monitor wildlife population, 

different indirect endocrine tools are used (Berger et al., 1999; Foley et al., 2001; Garnier et al., 2002; Sands and 

Creel 2004; Cockrem 2005). Scats, hair, urine and saliva samples are immunoassayed and the concentration of the 

particular or selected hormones and their metabolites are measured (Wasser et al., 1998, Creel et al., 1997, Barja et 

al., 2008). Adrenal and gonadal hormones are considered most important hormones for non-invasive studies of wild 

animals. Adrenal hormones includes glucocorticoids which indicates physiology of an organism and gonadal 

hormones like estrogens, androgens reveal information about puberty, ovulation, estrous, pregnancy and sex (Brown 

and Wildt 1997; Morato et al., 2004; Sanson et al., 2005; Graham et al., 2006; Dehnhard et al., 2008; Herrick et al., 
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2010). Immunoassays and spectrometric techniques are used in conservational biology, however, wildlife 

endocrinology is not widely used non-invasive method as it is error prone. 
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Abstract 

The present study aims at determining  the concentration of di-n-butyl phthalate(DnBP) in water samples  from three 

sites; Hazratbal, Saida kadal and Teilbal of Dal Lake using novel extraction procedure Dispersive liquid-liquid 

microextraction (DLLME) coupled with (High performance liquid chromatography- Diode array detector) HPLC-

DAD. The chromatographic separation was carried out with Zorbax C18 column (150× 4.6mm, 5µm) at column 

temperature of 30˚C and run time of 30 min. The mobile phase used was mixture of methanol and water (70:30 v/v) 

with flow rate of 1.0ml/min. The Analyte was detected at the wavelength of 230 nm in all the three water samples at 

the concentration of 25.44µg/L, 40.81µg/L and 22µg/L respectively. 

Keywords: di-n-butyl phthalate (DnBP), DLLME, HPLC-DAD 

 

Introduction  

The word plastic is derived from plasticos (Greek), which means capable of sculping into different shapes. By dint 

of the swift advancement in technology and the geometric progression of the global population growth, plastic 

materials have found resourceful applications in every aspect of modern human life. A number of substances are 

blended in plastics at various proportions to improve their performance and reduce cost (Tokiwa et al., 2009). 

Phthalates are one of such organic compounds used as plasticizers. Phthalate esters (PAEs), one derivative of 

phthalic acid (PA), are aromatic colorless liquids with high-molecular weight, high stability, low-volatility and low-

solubility in water (Chang et al., 2004; Chao et al., 2006). Phthalates are family of xenobiotic hazardous compounds 

amalgamating in plastics to intensify their plasticity, flexibility, longevity, versatility and durability. Besides they 

are also used as lubricants, solvents, additives, softeners etc. They are present in number of day to day used products 

such as PVC products, building materials (paint, adhesive, wall covering), personal-care products (perfume, eye 

shadow, moisturizer, nail polish, deodorizer, liquid soap, and hair spray), medical devices, detergents and 

surfactants, packaging, children‘s toys, printing inks coatings, pharmaceuticals and food products, textiles, 

household applications such as shower curtains, floor tiles, food containers and wrappers, cleaning materials. 

Exposure of humans to phthalates can occur via number of routes including ingestion of polluted water and food, 

inhalation of adulterate air, consumption of certain medications and skin contact with lotions or cosmetics 

containing phthalates as additives (Wittassek et al., 2011). 

DnBP is one of the most important phthalate essentially used as plasticizer to ameliorate the flexibility and 

workability of the products, such as polyvinyl chloride, plastic packaging films, adhesives, lubricants, cellulose 

materials, cosmetics and insecticides (Gao and Wen, 2016). DnBP leaches out from all these products to the 

environment and thus become a common contaminant; it has been recognized in environmental strata, inclusive of 
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air, water, and soil (ATSDR, 2001 [drinking water: 0.1-5.0 ppb]). DnBP is not chemically attached to the polymer 

matrix like other phthalates, directing to its ubiquitous existence in the diverse environmental matrices (Net et al., 

2015). DnBP is one of the most usual phthalate in the atmosphere and particles we inhale in the indoor environments 

(Rakkestad et al., 2007; Bolling et al., 2013). As calculated the exposure from the adulterate indoor air may 

contribute to more than 20% of the daily internal dose of DnBP (Wormuth et al., 2006). In Europe and USA, DnBP 

has been detected in surface waters (Wypych, 2004). DnBP and its metabolite MBzP were reported to be genotoxic. 

Both, under Invitro condition, inhibit the action of enzyme superoxide dismutase in a concentration dependent 

manner by binding to the active site of the enzyme responsible for the binding and deactivation of reactive oxygen 

species (Prasanth et al., 2009). To lessen the adverse impact of phthalate exposure to humans, some regulations have 

been proposed related to their limited use and maximum concentration levels (Fontelles and Clarke, 2005; NSC, 

2008). Owing to health concern, the European Union has issued ban on sale of PVC infant biting toys having 

phthalates on November 20, 1999 (Biedermann-brem et al., 2008). 

A number of oldest techniques of sample preparation and extraction are known but they are time consuming, 

requiring large amount of organic solvent, relatively expensive and sometimes shows poor batch to batch 

reproducibility etc. Hence, a lot of research attempts in separation science and related fields have been concentrated 

on the evolution of new sample preparation techniques, that are more effective, less time consuming and need 

smaller amount of organic solvent (Raynie, 2006). Among number of latest techniques of sample preparation, 

Dispersive liquid-liquid micro extraction (DLLME) is innovative environmentally agreeable sample preparation 

technique, holding evident advantage of simple operation with high enrichment factor, lower requirement of organic 

solvent, cost effectiveness etc. Contrasting with other sample preparation techniques like Single drop 

microextraction (SDME) and hollow fiber-based liquid phase microextraction (HF-LPME), DLLME requires very 

short extraction time. DLLME is based on ternary component solvent system; extraction and disperser solvent are 

swiftly injected into aqueous sample by syringe. The mixture is benignly shaken and cloudy solution 

(water/disperser solvent/extraction solvent) is formed in test tube. Finally following centrifugation, fine particles of 

extraction solvent settle at the bottom of conical test tube. The resultant settled phase is taken off with microsyringe 

and then subjected to analysis. DLLME paired with Gas chromatography (GS), High performance liquid 

chromatography (HPLC) and atomic absorption spectrometry (AAS) have been broadly used in the survey of 

environmental and food sample. The advantages of DLLME methods are swiftness cost effectiveness, simplicity of 

operation, the great recovery, high enrichment factor and environment benignity. 

High performance liquid chromatography (HPLC) is highly advanced liquid chromatographic technique. In this 

technique instead of a solvent being permitted to flow through a column under gravity, it is forced through under 

high pressure of up to 400 atmospheres that results in much faster rates. A very much small particle size for the 

column packaging is used which provides much greater surface area for interactions between stationary phase and 

the molecules flowing past it. This permits much better separation of the components of the mixture. The detection 

methods are highly automated and extremely sensitive, quite efficient, swift and accurate.  

 

Material and Methods 

Chemicals and reagants  

Di n butyl phthalate (99.5%), Acetonitrile and Methanol were of HPLC grade and were purchased from Sigma 

Aldrich (Bangaluru, India). Ultra pure water was prepared in the mili-Q Advantage A10 water system product unit 
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(Millipore, Belford, MA, USA). Carbon tetrachloride, acetone, n-hexane, dichloromethane were of analytical grade 

and were purchased from Himedia (Delhi, India). 

All the solvents were filtered through 0.45-µm membrane to eliminate particulate matter before analysis. All the 

glasswares used in the work were previously washed with the acetone, dichloromethane and n-hexane and were 

finally dried in an oven at 250˚C. 
 

Preparation of standard solution 

The stock solution of di n butyl phthalate (DnBP) was prepared in methanol at the concentration of 1000mg/L and 

was stored at 4˚C. The standard working solution (20µg/L) was prepared by dilution of stock solution.  
 

Sample collection and preservation 

Water samples were collected from three different sites of Dal Lake namely Hazratbal, Saida kadal and Teilbal. 

Samples were collected randomly into a pre-cleaned, light-preserved glass bottles. Thousand mililitre of each 

sample was immediately filtered through 0.22µm nylon membrane so as to remove suspended solids. The filters 

were cleaned with acetone prior to filtration as it was realized that filters may contain considerable amount of 

phthalates. The filtered samples were stored at dark conditions at 4˚C until further analysis. 
 

Extraction  

 A novel method, DLLME has been used for the extraction of Analyte from water samples. 

An aliquot of 5.00 mL of an aqueous sample was placed in 10mL of glass test tube with conical flask. 0.75mL of 

Acetonitrile (as dispersive solvent) containing 41µL CCl4 (as extraction solvent) was injected swiftly into the sample 

solution by the help of 1.00 mL and after that the mixture was shaken gently. A cloudy solution containing fine 

droplets of CCl4   dispersed into aqueous sample got formed and Analyte was extracted into the fine droplets. 

Centrifugation was done for 5 min at 3000 rpm. The extraction solvent got sedimented at the bottom of the conical 

test tube (About 25µL). Using 50µL HPLC micro syringe, 20 µL of sedimented phase was removed and then 

injected into HPLC system for analysis. 

 

HPLC Analysis 

The analysis of DnBP in lake water samples was performed by HPLC technique. HPLC analysis was done on Perkin 

Elmer series 200 HPLC system equipped with quaternary pump, a vacuum degasser, an auto sampler, and a column 

compartment, coupled to DAD. Separation was done on Zorbax C18   reverse phase   column   (150× 4.6mm, 5µm), at 

a column temperature of 30˚C and run time of 30 min. The mobile phase was a mixture of methanol water (70:30 

v/v) with a flow rate of 1.0ml/min; The Analyte was detected by DAD at 230nm. 

 

Result and Discussion 

The suitability of this method for DnBP monitoring was detected by analyzing the water samples collected from 

three sites of Dal Lake namely Hazratbal, Saida kadal and Teilbal. The result showed that all three water samples 

were contaminated with DnBP at the concentration of 25.44µg/L, 40.81µg/L and 22µg/L respectively. 

Chromatogram of standard is shown in figure 1 while as chromatograms obtained for water samples (lake water) 

after DLLME coupled with HPLC under optimum conditions were shown in figure 2, 3, and 4. 
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Figure 1 :  HPLC  chromatogram of standard (DnBP)  analyzed under optimum conditions 

 

 

Figure 2:  HPLC chromatogram of water sample (Hazratbal) of Dal Lake analyzed  under optimum 

conditions by proposed extraction procedure DLLME coupled with HPLC-DAD. 
 

 

 

Figure 3: HPLC chromatogram of water sample (Saida kadal ) of Dal Lake analyzed under 

optimum conditions by proposed extraction procedure DLLME coupled with HPLC-DAD. 
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Figure 4: HPLC chromatogram of water sample (Teilbal ) of Dal Lake  analyzed under optimum 

conditions  by proposed extraction procedure DLLME coupled with HPLC-DAD 

 

As phthalate (DnBP) is ubiquitous contaminant and potentially toxic, its existence in environmental matrices should 

be observed to provide data for evaluation of human exposure. In the current study, to get accurate qualitative and 

quantitative data in a rational time, the analytical conditions were optimized. DLLME was selected for extraction of 

target phthalate (DnBP) with high recovery and purity. A low flow rate and splitless injection was used to obtain 

desired sensitivity. Additionally reverse phase column and column temperature programme were used to provide 

baseline resolution of DnBP which was eluted almost within 12 min. The use of reversed-phase mode of gradient 

elution in HPLC provided clear chromatograms. Diode array detector was used to detect the phthalate and to provide 

sufficient sensitivity for its identification and /or confirmation. DnBP was detected in water samples by comparing 

its retention time with that of standard and wavelength which is 230nm. 

A number of studies were conducted to detect the presence of phthalates in various environmental matrices using 

HPLC and other related techniques. Jing et al. (2006) described an effectual HPLC method using UV detection for 

the determination of phthalates in drinking water samples. All 19 phthalates listed in key environmental regulatory 

documents—EU Directive 2005/84/EC; USEPA Methods 606 and 8061A; the Chinese HJ/T 72-2001; and the 

Standardization Administration of China (SAC) GB/T 20388-2006 and GB/T 21911-2008—are well separated on 

the Acclaim C30 column (3 μm, 3.0 × 150 mm), and the separation time is <25 min. The study concluded that 

HPLC with UV detection is an excellent method of determining phthalates in drinking water. Fatoki and Noma 

(2002) applied solid phase extraction procedure coupled with capillary gas liquid chromatography (GLC) for the 

determination of phthalate ester plasticizers in water samples of river and seas that receive effluents from industries 

using phthalates. The outcome of the study showed that water samples were grossly contaminated as  many 

phthalate esters (DMP, DEP,  DBP, DEHP ) were present at the level that raise concern. Ma et al. (2010) 

demonstrated the use of Dispersive SPE procedure coupled with HPLC-MS for determination of PAEs in fruit 

jellies. Five types of PAEs [(dimethyl phthalate (DMP), diethyl phthalate (DEP), dipropyl phthalate (DPP), benzyl 

butyl phthalate (BBP), and dicyclohexyl phthalate (DCHP)] were analyzed. Zaater et al. (2013) used HPLC coupled 

with UV detection for analysis of phthalates in commercial branded bottled mineral water of Jordon. The result 

showed that bottled water was polluted with DnBP, DEHP, DnOP, with total phthalate concentration ranging 

between 8.1 and 19.8µg/L. The detected amount is much lower than the globally tolerable daily intakes (0.5-1mg/L). 

Nevertheless even these small quantities of phthalates may get accumulated in vulnerable individuals like babies 

and/or pregnant ladies, which may be a health risk. Liang et al. (2008) outlined the use of DLLME coupled with 

HPLC-VWD for the analysis of three PAEs in water samples. Under optimum conditions the limits of detection 
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were 1.8, 0.88 and 0.64 ng/mL for mineral water, tap water and lake water samples respectively. All these studies 

showed that HPLC is an excellent method of detecting the phthalates with higher sensitivity in different 

environmental matrices. 

 

Conclusion 

An easy, sensitive and precise procedure was developed and applied for the analysis of DnBP in water samples of 

Dal Lake. DnBP was detected in all the three water samples but the detected amounts were below the globally 

tolerable daily intakes 0.5-1 mg/ L for any individual phthalate. (Leitz et al., 2009; Serodio and Nogueira , 2006; 

Holadova et al., 2007; Agilent Technologies, 2012). Nevertheless these small amounts of phthalates may 

accumulate in vulnerable persons such as babies /or pregnant ladies, that may be a health risk. The advantages of 

DLLME coupled with HPLC-DAD in detection of DnBP in water samples of lake compared with other methods 

includes its ease, accuracy, high recovery and cost effectiveness. The method is appropriate and provides precise and 

definitive results.  
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Abstract 

The human pressure and forest resource depletion was assessed in and around Dachigam National Park (DNP) for a 

period of 2 years. Semi-structured interviews with locals, villagers, head of Villages, gujjars and bakarwals residing 

in and around the buffer zone of the National Park were conducted. In addition to this, the Minor Forest Produce 

(MFP) extracted from the forest was assessed by using semi-structured Questionnaire. It was observed that people 

rely on DNP largely for fire wood, grazing their livestock etc. Fire wood has been identified as one of the most 

significant causes of forest decline directly affecting the living of birds and animals there. Human pressure is found 

mainly to affect Parrotiopsis jacquemontiana, Prunus, Rubus, Lonicera, Cotoneaster and Koeleria cristata. Given 

the magnitude of damage caused by unabated anthropogenic pressures, it might be too late to protect the threatened 

taxa on the verge of extinction. 

Keywords: Dachigam National Park, anthropogenic, extinction. 

 
 

Introduction 

Biodiversity lifts ecosystem throughput where each species, no matter how small, all have an important role to play. 

A vigorous biodiversity provides a number of natural amenities for everyone. India has one of the highest levels of 

biological diversity in the world, ranging from landscapes, ecosystems, species and genes that should all be 

considered in a state of biodiversity assessment. Unfortunately, we have very little knowledge of our amazing vast 

biodiversity and the ecological implications of this for sustaining our natural systems and heritage. The halting 

current rates of biodiversity loss will be defining challenge of the 21st century. For the purpose of containing threats 

to natural habitat areas, some environmental policy instruments, such as environmental certification and licensing, 

payment for ecosystem services (Angelsen et al., 2009), fiscal and commercial policies (UNEP, 2004), and 

especially, the establishment of protected areas (Naughton-Treves et al., 2005; Chape et al., 2008; Schmitt et al., 

2009), have been employed for biodiversity conservation.  

Most commonly, the purpose of these protected areas are to protect ecosystems and all their constituent species, 

protect ecosystem services, protect populations of specific threatened species, and even protect traditional cultures 

(Beltran and Phillips, 2000; Nagendra, 2008; Angelsen et al., 2009). Although protected areas constitute a 

cornerstone of local and international conservation approaches (Jenkins and Joppa, 2009), they continue to 

experience anthropogenic pressure (Nagendra, 2008; Vicente et al., 2013).  

Dachigam landscape is of significance because of its propinquity to populated tracts, wonderful continuity, and 

endemic fauna and flora. The natural resources in this region are in a process of severe degradation due to increased 

anthropogenic activities. To enable applicable conservation action, it is perilous to map and monitor changes in the 

type and magnitude of land cover/use and habitat classes, which can be correlated to human pressures over time. 

Effective conservation of biodiversity requires the development and implementation of a portfolio of responses that 

address the issues in strategic, cost effective and proactive ways across a range of scales. The conceptual frame work 

for present study was to assess the effects of human pressure and forest product depletion in Dachigam landscape. 
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Study Area 

Dachigam National Park is present in Srinagar city of Jammu and Kashmir. It is approximately 22.5 km long and 8 

km wide located (34°05ʹ to 34°32ʹN; 74°50ʹ to 75°16ʹE) in the Zanskar mountain range of the Western Himalayas 

covers a total area of 141 km2 with high mountains ranging from 1700 to 4250 m in elevation (Rodgers and Panwar, 

1988; Rodgers et al., 2000 and Ahmad et al., 2016).  
 

Methodology 

Study range, was divided into ten transects in order to get a fair understanding of anthropogenic pressures. Almost 

alike, exhaustive efforts were applied across all transects, to get the proper account of anthropogenic activities. Each 

transect were visited along fixed trails with a uniform stride, and area of all sides of transect were first scanned 

visually, then followed by semi-structured interviews and group conversation with locals, head of the village and 

also with the officials of the national park. The field survey was carried regularly from for 2 years from September 

2014 to September 2016, covering each transect to assess the anthropogenic pressures on the study range. Transects 

were selected based on altitude, location (core/edge/adjoining) and floristic composition (Table 1). Each transect 

were surveyed on a rotational basis 4 times a month in different time periods – (winter/autumn) and (spring/summer) 

– regularly for the two years of the study. 
 

Table  1. Transects surveyed in Dachigam landscape 
 

Transect  Transect site Altitude Location Coordinates 

Transect I Mahadev 1769 m to 

1910 m 

 

Core 34°09.104' 

74°55.336' 

34°09.231' 

74°55.650' 

Transect II Shah Mohalla Harwan 1690 m Adjoining 34°09.466' 

74°54.188' 

Transect III Darah/Darwani 1648 m Adjoining 34°11.104' 

74°55.801' 

Transect IV Aastan Mohalla Brein 1970 m Peripheral 34°05.633' 

74°54.538' 

Transect V Sangri Khonmoh 2005 m Adjoining 34°05.309' 

74°69.192' 

Transect VI Narastan 1662 m Peripheral 33.93° 

75.10° 

Transect VII Zuastan 1582 m Peripheral 33.25° 

74.10° 

Transect VIII Surfraw Kangan 1810 m Peripheral 34.16° 

74.55° 

Transect IX Buzliwas to Dagwan 2730 m Core 34009.104'  

74055.336 

Transect X Main Gate to Draphama 1697 m to 

1814 m 

Peripheral 34°08.915' 

74°55.201' 
34°09.013' 

74°55.178' 
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Socio-economic structure 

To evaluate the socio-economic structure of local inhabitants in Dachigam landscape, a detailed questionnaire 

survey was conducted. Data on various parameters including: demography, land-use pattern, occupation, and major 

economic activities were generated. Data was collected from 137 different informants (including 57 males and 80 

females). The informants were classified into eight age groups, i.e.: 21-30, 31-40, 41-50, 51-60, 61-70 and above 70 

years of age (Tables 2 & 3). 

Seventy one percent of the informants were illiterate due to the lack of education facilities, while the remaining 

thirty percent were educated (mostly secondary school level or below). The inhabitants of the Dachigam landscape 

hold small portion of the land (Table 4). The economy of people is poor and is mostly reliant on agricultural crop 

land, livestock grazing, and collection of other forest products; however, people have already started growing 

orchards in place of traditional crop to boost their economy (Naqash and Sharma, 2011-2016).  
 

 

Table 2. Characteristics of the study 

participants 
 

Categories Number Percentage 

Gender 

          Male 57 41.60 

         Female 80 58.39 

Age group  

        Below 50 

years 

25 18.24 

        Above 50 

years 

112 81.75 

ducation level 

        Illiterate 98 71.53 

     Primary 5 3.64 

        Middle 2 1.45 

        High School 20 14.59 

        Graduates 3 2.18 

        Masters 9 6.56 

Socioeconomics 

        Farmers 41 29.92 

        Shepherds 16 11.67 

        Woodcutters 4 2.91 

        Teachers 8 5.83 

        Housewives 68 49.63 
 

 
 

 

 

 

Table 4.  Land-use pattern in Dachigam Landscape 

                     ( Naqash and Sharma, 2011-2016) 

Category Area (ha) 

Built-up land 3804.13 

Forest Area 24556.72 

Cultivated 15004.22 

Plantation/Orchard 3679.71 

Marshy Area 745.22 

Barren/Grassland 22993.92 

Query site 207.41 

Water body 1926.72 

Snow covered 18149.76 

Total 91067.84 

 

Table 3. Total number and percentage of interviewees 

per age group 

21-30 12 4 8 8.75 

31-40 32 20 12 23.3 

41-50 24 8 16 17.5 

51-60 34 16 18 24.81 

61-70 13 4 9 9.48 

Above 70 22 5 17 16.05 
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Collection of minor forest produces and fuel wood 

Information on collection of minor forest produce (MFP) by local people from various parts of national park was 

gathered using semi-structured questionnaire. Moreover, the extraction of medicinal plants was also recorded. 

Interviews and ranking exercises were the main methods employed to collect the ethno-medicinal data. The main 

method employed to collect the data was fidelity labelled door to door information collection.  
 

Results and Discussion 

Humans consistently modify their environments—both directly and indirectly. Humans transform the environment 

in both intended and unintended ways, as documented from at least as early as the first use of tools. Thus, although 

anthropogenic landscapes were established early in human history, the scale of anthropogenic transformation of 

landscapes increased in conjunction with growth in size, population density, and longevity of full-time settlement. 

Humans have already modified a major portion of the planet (Ellis and Ramankutty, 2008; Ellis, 2011), resulting in 

unprecedented rates of species extinction (Säterberg et al., 2013). Habitat loss is a major human driver triggering 

species loss. Today a large part of biodiversity is located in human-altered landscapes, with 70 percent of forests 

worldwide located within 1 km or less from anthropogenic edge (Haddad et al., 2015).  

Human activities not only decrease forest cover but also lead to concomitant biosphere changes (Ellis et al., 2013; 

Ellis and Ramankutty, 2008). The Himalayan forests have shown a great degree of variation over the last few 

centuries and currently form a highly impacted natural mountainous landscape. However, the changes in the recent 

years have been extremely drastic leading to severe ecological deterioration (Nandy et al., 2011) which mostly 

includes trans-humane grazing, conversion of forests to cultivated and urban areas, and anthropocentric activities in 

the name of development. Along with impacts on forests, human activities are likely to significantly affect the 

people dependent on forests and forest-based resources (Briner et al., 2013). Adverse effects are likely to happen in 

the Himalayan region, where many communities have subsistence living and are mostly dependent on forests and 

agricultural production for their livelihoods (Banerji and Basu, 2010). 

Anthropogenic alteration of natural habitats is the greatest menace to biodiversity and one of the primary reasons for 

forming protected areas. Among these protected areas, Dachigam is one of the important national parks famous for 

harbouring diverse fauna and flora, including a large number of rare and threatened plants, animals and birds. 

In the backdrop of limited knowledge about human impacts on Dachigam landscape the present study has been 

undertaken to document the human pressure and forest product extraction in Dachigam landscape. 

 

Inhabitants in Dachigam landscape 

A large proportion of the resident population in Dachigam landscape is very poor and dependent upon agriculture, 

livestock rearing, and the production of fuel wood, thatched goods (baskets and grass holders), as well as other 

forest resources. 

A total of 2,417 families and govt. staff are present in Dachigam landscape with an overall average of 9 members 

per family/staff (Table 5). Adjoining areas (6, 306) have high populace in agreement with the expectancy followed 

by peripheral areas (4, 288) and core areas (521) (Figure 1). The high population of peripheral areas of Dachigam 

National Park is mostly contributed by CRPF personnel and other staff. Core areas of Dachigam National Park are 

chiefly inhabited by migrant grazers and other staff. The number of daily domestic and foreign visitors coming to 

Dachigam landscape in tourism season is almost 500 annually in the core areas. An intense influx of visitors is 
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experienced in the landscape through the arrival of excursion buses from various schools, colleges and other 

academic institutions, however, entry to core areas is restricted to educational and research purposes only.  
 
 

Table 5.  Number of inhabitants in Dachigam Landscape 

Transect No. of Families 

or staff present 

Average No. of 

Family/Staff 

members 

Average 

No. of 

tourists 

Total 

population 

Percentage 

population 

Transect I  66 6 100 496 3.92 

Transect II 100 6 1000 1600 12.65 

Transect III 1365 4 0 5460 43.17 

Transect IV 72 5 20 380 3.00 

Transect V 41 6 0 246 1.94 

Transect VI 52 4 0 208 1.64 

Transect VII 48 5 0 240 1.89 

Transect VIII 642 5 0 3210 25.38 

Transect IX 25 5 10 135 1.06 

Transect X 6 45 400 670 5.29 

Total 2,417     
 

  

 

 

 
Figure 1. Inhabitants in Dachigam landscape 

 

Natural resources and concomitant biological variety provide the basis of living for human populations. Local 

communities have high reliance on plant resources for their survival requirements. Consequently, humans have a 

great influence on local undergrowth and vice versa. For local communities reliant on forest resources, participatory 

approach should be investigated in deciding future livelihood possibilities, along with conservation of endangered 

flora and fauna. In order to make them socially resilient, forest management practices for communities should be 

updated, and awareness and education programmes within the communities dependent on forests and forest-based 

resources should be implemented. The local communities enter the park through different tress passes and extract 
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fuel wood, grass and timber. Inhabitants of Dachigam landscape also engage in charcoal making during autumn 

months, the activity which may lead to forest fires in the park.  
 

Forest products harvested in Dachigam landscape 

A forest ecosystem provides a wide range of goods and services to human society and plays a vital role in sustaining 

livelihood of the local community. Local communities of Dachigam landscape are mainly reliant on forest products 

for their survival. Main reliance is for the use of firewood, fodder collection, grazing and tree-felling for commercial 

purposes, as well as non-timber forest products (NTFP) such as fruits, foliage, bark and roots which serve, among 

other, as medicine, food and source of income for local. Approximately, 75,000 kg of forest products are harvested 

annually from Dachigam landscape (Table 6). Of these, the major harvested product is firewood 30,966 kg (41%) 

followed by grass 22,193 kg (30%) and medicinal plants 8,154 (11%) while, mushroom and morel contribute (6,781 

kg) and (6,746 kg) 9% each respectively. Adjoining areas contribute most of the total harvested produce 44,796 kg 

(60%) followed by peripheral areas 27,169 kg (36%) and core areas 2,875 kg (4%) (Figure 2). 
 
 

Table 6. Forest products harvested per year in Dachigam Landscape 

Transect Natural resources harvested per year (kg) Total 

Firewood Grass Medicinal 

plants 

Mushroom Morel 

Transect I 700 385 145 405 310 1945 

Transect II 2000 3200 500 300 250 6250 

Transect III 16380 10920 2730 2730 4095 36855 

Transect IV 648 864 216 280 150 2158 

Transect V 615 648 205 123 100 1691 

Transect VI 780 728 104 156 90 1858 

Transect VII 480 624 240 144 100 1588 

Transect VIII 8988 4494 3852 2500 1560 21394 

Transect IX 275 300 150 125 80 930 

Transect X 100 30 12 18 11 171 

Total 30,966 22,193 8,154 6,781 6,746 74,840 
 

 

 
Figure 2. Forest products harvested per year in Dachigam 

Landscape 
We reported 16 plant species mainly used as a source of income by the local people of Dachigam landscape (Table 

7). Three species Parrotiopsis, Morus and Aesculus are marketed as firewood with an average price of 2,167/quintal. 
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Nine species of herbaceous and medicinal plants are marketed at decent rates with Aconitum heterophyllum and 

Macrotonia benthamii sold at average rates of 3500/kg. Morels and mushroom have very high market value with 

Morchella esculenta and Morchella elata selling at the rates of 20,000/kg and 5,000/kg respectively. 
 

Table 7. Market price of forest products harvested per year in Dachigam landscape 

Name of the species Local name Price 

Trees and Shrubs  

Parrotiopsis spp. Firewood/Hatab 2000/quintal 

Morus spp. Mulberry/Shahatoot 1500/quintal 

Aesculus spp. Horse chestnut/Haanthdoon 3000/quintal 

Herbaceous and Medicinal Plants 

Aconitum heterophyllum Atees 4000/kg 

Arnebia benthamii Arneb 3000/kg 

Dioscorea deltoidea Yam 60/kg 

Mentha lonifolia Mint 600/kg 

Saussurealappa Kuth 350/kg 

Artemisia absinthium Tethwan 720/kg 

Rheum webbianum Pumbchalan 600/kg 

Berberis lyceum Barberry/Kaawdash 250/kg 

Themedaanathera Wal-Gascii 200/kg 

Morels and Mushroom 

Morchella  esculenta Guchhi 20,000/kg 

Morchella elata Guchhi 5,000/kg 

Verpa spp. Morel 600/kg 

Agaricus campestris Mushroom 700/kg 
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Abstract 

Cadmium (Cd) toxicity is one of the major abiotic stresses that adversely affect the growth, development, 

productivity of crop plants. It is highly soluble in water and therefore is an extremely powerful pollutant. Cadmium 

disturbs the function of chloroplasts by accumulating to higher levels in aerial parts. It inhibits the enzymes needed 

for chlorophyll biosynthesis as well as enzymes for carbon dioxide fixation i.e Ribulose-1, 5-biphosphate 

carboxylase (RUBPCase) and phosphoenol pyruvate carboxylase (PEPCase). Proline acts as an osmolyte for 

osmotic adjustment. It reduces the reactive oxygen species levels generated by Cd stress and protects the plasma 

membrane integrity of crop plants. Moreover nitrate assimilation is inhibited by Cadmium which is a potential 

inhibitor of photosynthetic process. By replacing molybdenum, cadmium inhibits nitrate reductase activity and 

thereby decreases the nitrate assimilation by plants. 

Keywords: Cadmium, plant growth, photosynthesis and nitrogen metabolism 

 

Introduction 

Growth, development, productivity of crop plants is adversely affected by Cd toxicity which is one of the major 

abiotic stresses. Cd is highly toxic and has greater solubility in soil and water and thus acts as powerful pollutant 

affecting plant growth adversely (Nazar et al., 2012). Photosynthesis electron chain PS II is inhibited, enzyme 

structure altered by Cd toxicity by interacting with sulfhydryl groups, lipid peroxidation inhibition of ATPase 

activity, disruption of channels and transporters (Van Assche and Clijsters, 1990). Cd can affect the plants from very 

beginning of their life cycle i.e., seed germination to production of grains. The activity of enzymes needed for the 

chlorophyll biosynthesis and CO2 fixation is inhibited by the Cd by disturbing the function of chloroplast (Boddi et 

al.,  1995; Krupa and Baszynski 1997) as the higher levels of Cd accumulates in the aerial organs (Pence et al., 

2000). Superoxide anion (O2
-), hydroxyl (OH) free radicles and H2O2 are the ROS formed due to high concentration 

of Cd (Dixit et al., 2001). Plants metabolic reactions is damaged due to the production of reactive oxygen species 

(ROS), such as superoxide anion (O2
-) hydroxyl (OH-) radicles and hydrogen peroxide (H2O2) as a result of excess 

concentration of Cd (Takeda et al., 1995; Nazar et al., 2012). Oxidative DNA damage, DNA strand breaks, DNA-

protein cross links, chromosomal aberrations, disregulation of gene expression resulting in the increase in 

proliferation, depressed apoptosis, and changed DNA repair are caused due to Cd toxicity (Nazar et al., 2012). 

Photosynthesis is inhibited due to increased levels of Cd as it causes the inhibition of seed germination, cell growth, 

plant growth as well as nutrient uptake which ultimately leads to retarded growth and productivity. The Calvin cycle 

enzymes, photosynthesis and carbohydrate metabolism are disturbed due to accumulation of Cd and also causes 
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changes in the antioxidant metabolism, affects the stomatal opening by interacting with the water balance and lowers 

the crop productivity. Chlorophyll biosynthesis, photosynthesis, stomatal behavior, enzymes of Calvin cycle and 

electron transport are very sensitive to Cd. and thiobarbituric acid reactive substances(TBARS) and electrolyte 

leakage causing oxidative stress (Mobin and Khan et al., 2007) that causes decrease in growth and productivity by 

imposing oxidative damage to the membrane, proteins, photosynthetic pigments, biomolecules such as, nucleic acids 

and lipids and eventually causing death of plants. 

Since the toxic effects of Cd on plant development, particularly on photosynthetic functions are known therefore  

efforts have been made to counteract the toxicity of Cd. Among various strategies mineral nutritional input may 

impart dual effects on plant functions as they benefit the plant or may reduce toxicity generated by Cd. 

Worldwide problem and great threat to environment is metal contamination, as these metals accumulate in soils in 

excess, and enters the food chain. Through anthropogenic activities Cd is a phytotoxic metal often added to 

agricultural soils. Cd is highly toxic metal released into the environment by mining industrial activities, use of 

fertilizers, sewage sludge, and atmospheric deposition  affects plants due to its increased concentration in the 

agricultural soil (di Toppi and Gabbrielli 1999). Cd has long biological half-life thus for the agricultural system it is 

considered as the major environment problem. It is highly toxic even at at low concentration (Wagner 1993). At the 

molecular level, Cd has been attributed to (1) displacement of essential metal ions from biomolecules (Rivetta et al., 

1997), (2) production of ROS by autoxidation and Fenton reaction (Van Assche and Clijsters 1990; Gallego et al., 

1996; Chaoui A et al., 1997) and (3) blocking of essential functional groups in biomolecules (Schutendubel and 

Polle 2002). 

 

Effect of cadmium toxicity on growth 

Inhibition and abnormalities of growth in plants is caused due to Cd toxicity. The effect of various stressors is 

monitored by measuring the growth of whole plant or plant parts. Plant growth is inhibited by high concentrations of 

Cd (Anita et al., 1990) and alters plant metabolism even at low concentration (Van Assche and Clijsters 1990).   It 

has also been reported in many cereals and leguminous crops growth and processes of growth are inhibited due to 

Cd (Dubey and Dwivedi, 1987; Singh et al., 1988). Cd inhibited root and shoot growth considerably but has 

negligible effect on seed germination (Mishra et al., 1994). Due to Cd toxicity the main root becomes rigid, twisted 

and brown while inhibition in the lateral root formation occurs (Krantev et al. 2008; Yadav 2010; Rascio and 

Navari-Izzo 2011). Epidermal and cortical cell layers present in the apical region dividing in disordered manner and 

their abnormal enlargement are the main reasons indicated. Because of altered physiological phenomena reduction 

in the growth and biomass yield occurs which is mainly due to the increased levels of Cd in the growth media 

(Demirevska-kepava et al., 2006). In many other cases also drop in root/shoot elongation has also been reported 

(Gruenhage, 1985; Pahlsson, 1989). Decreased root hydraulic water conductance, root growth retardation, 

suberization and damage to external and internal structures of root are the symptoms due to increased levels of Cd, 

translocation of nutrients and normal absorption are also affected (Moral et al., 1994). Strong effect on 

photosynthetic enzymatic activities occurs due to the high concentration of metal (Baszynski et al., 1980; Van 

Assche and Clijsters, 1990).                                                                                                                                                                        

In Ultisol at 100 and 200 µg Cd/g soil the yields of maize shoots grown showed reduction. The level of 100 Cd/g 

soil and 200 Cd/g soil turned out to be highly toxic in the Ultisol and at these concentration visual toxicities started 
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to appear. Scorching of leaf tips, necrosis, interveinal whitening of leaves followed by withering and stunting of 

plants were the toxicity symptoms showed by plants (Ramachandran and D‘Souza, 1998).         

 

Effect of cadmium toxicity on photosynthesis 

Photosynthesis, respiration, water and nutrient uptake are affected by exposure of Cd which results in plant growth 

inhibition and even plant death (Baszynski et al. 1980; di Toppi and Gabbrielli 1999). Plant species like Brassica 

juncea (Mobin and Khan 2007). Brassica napus (Baryla et al. 2001) andv Helainthus annus   (Di Cagno et al., 

2001) signified that long term exposure of Cd inhibits the photosynthesis. Photosynthetic pigments, mainly the 

biosynthesis of chlorophyll (Basznyksi et al. 1980) and are the primary site of action of Cd. The activities of 

enzymes of chlorophyll biosynthesis and CO2 fixation is inhibited thus disturbing the function of chloroplast (Boddi 

et al. 1995; Krupa and Baszynski 1995) as the Cd is accumulated in the aerial organs at high levels (Pence et al. 

2000), especially in the chloroplasts and also interferes in the pigment protein complexes aggregation of the 

photosystems (Horvath et al., 1996). Internal chloroplast membranes has been observed to breakdown in Cd treated 

rape seedlings (Filek et al., 2010).The Calvin cycle enzymes are restricted due to the presence of H2O2 in the 

chloroplast thus decreasing the carbon assimilation which results in the Cd-induced-ROS damaged chloroplast 

(Takeda et al., 1995). Ribulose-1, 5-biphosphate carboxylase (RUBPCase) and phosphoenol pyruvate carboxylase 

(PEPCase) which are the key enzymes of CO2 fixation are the main targets of Cd toxicity. PSII electron transport 

and especially oxygen evolving complex are also altered due to the influence of Cd (Clijters and Assche 1985). 

Decrease in maximum photochemical efficiency of PSII and weakening of net CO2 assimilation rate was observed 

by increasing Cd concentrations from metal to 10 and 50 µM, which was supposedly due to Rubisco activity 

decrease (Dias et al., 2013). It has been observed that there is reduction in the amount of chlorophyll in leaf of Zea 

mays (Root et al., 1975). Decrease in the Chlorophyll a and b was also observed (Kalita et al., 1993). (Naguib et al., 

1986) reported in wheat and rice seedlings presence of Cd resulted in the symptoms of iron deficiency. Thus 

decrease in iron uptake caused the inhibition of protein synthesis in turn resulting in chloroplast inhibition which 

might have resulted in the reduction in chlorophyll content. With increasing concentrations of salt solution applied 

Chlorophyll a and b contents decreased progressively. At higher Cd levels the pigment suffered extreme reduction 

but the reduction in the chlorophyll content was observed at the lowest concentration. Heavy metals may interfere 

with the structural components of chloroplasts, the synthesis of proteins thus resulting in the impairment of 

chlorophyll development (Keshan and Mukherji, 1992). 

 

 

 

Effect of cadmium toxicity on proline 

Free proline in plants forms a non-toxic Cd-protein complex (Sharma et al., 1998). Proline acts as an osmolyte for 

osmotic adjustment and plays principal role in stabilizing subcellular structures. It reduces cytoplasmic acidosis and 

maintaines appropriate NADP+/NADPH ratios compatible with metabolism (Hare et al., 1999) and may also act as 

protein compatible hydrotrope (Srinivas and Balasubramanian 1999). Proline accumulation in plants in response to 

heavy metals is to maintain the osmotic balance in the cells. Cell membrane is protected by the accumulation of 

proline and thus protects against the oxidative damage (Singh et al., 2003). 
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Effect of cadmium toxicity on nitrogen metabolism  

80% of the nutrients absorbed by plants is contributed by N which is an essential macronutrient and acts as 

important component in structural, metabolic and genetic components. One of key enzyme of nitrogen assimilation 

is nitrate reductase (NR) whose activity is regulated by nutritional and environmental factors (Srivastava, 1995). 

Nitrate assimilation is inhibited by Cd which is a potential inhibitor of photosynthetic process. Inhibition of nitrate 

uptake and the activity of enzymes which are required in nitrate assimilation pathway by Cd toxicity have been 

studied in many plants (Hernandez et al., 1997; Boussama et al., 2006). Cd inhibits the activities of NRand thus 

decreasing the nitrate assimilation by plants (Chaffei et al., 2004; Wang et al., 2008). Gouia et al. (2000) treated 

Phaseolus vulgaris (bean plant) with 100µm concentration of Cd and reported decrease in NR acitivity by 80% after 

7 days of exposure. Brassica juncea was treated with 100 mg kg−1 Cd and exposed for 30 days which resulted the 

decrease in NR acivity by 53% (Irfan et al., 2014). Furthermore, decrease in NR activity under different 

concentrations of Cd has been reported in many crops which are mentioned in table 1. By inhibiting NR activity in 

shoots Cd reduces the uptake of nitrate from roots to shoots (Hernandez et al., 1997; Chaffei et al., 2003). Reducing 

the activity of existing enzyme molecules or by repressing the synthesis of enzyme, Cd reduces the NR activity. 

(Campbell, 1988). Thus by replacing molybdenum Cd inhibits NRactivity and thereby affecting nitrate binding. The 

conversion of nitrate to nitrite is done by NR which is the key enzyme. Decline in enzymatic activity because of Cd 

has been reported in some plant systems (Chug et al., 1992). As the Cd concentration enhances, total protein in the 

leaves is also enhanced (Mishra et al., 1994). 
 

Table 1.  Nitrate Reductase activity decreased in various crops exposed to variable 

concentrations of cadmium 

Cd concentration Exposure 

time 

Plant species Decrease in NR 

activity %age 

References  

100 µM 7 days Phaseolus 

vulgaris  
(bean plant) 

80 Gouia et al., 2000 

0, 50, 25  

and 100 mg  kg‾1 
30 and 60 

days 

Cicer arietinum 

L. 

    _ Faizan et al., 2011 

100 mg kg−1 30 days Brassica juncea 

 

53 Irfan et al.,  2014 

100 μM 4, 8 or 12 h Lycopersicon 

esculentum Mill. 

27.7 Hayat et al., 2011 

100 µM 10- 25 day Arachis 

hypogaea L. 

20.87 – 79.41 Dinakar et al., 2009 

50 mg kg‾1 30 day Vigna mungo 98.3 Mohammad Mobin  

(2013) 

50 μM 24 h Cucurbita pepo 

L. 

 60 El-Shora and Ali 

(2011) 

 

Effect of cadmium toxicity on sugar  

In growing seedlings of rice (Oryza sativa L.) cultivars Ratna and Jaya the changes in activities of sugar metabolism 

and the content of sugar were studied in response to Cd. An increase in the content of total soluble sugars and 

reducing sugars, and decrease in the content of non-reducing sugars was observed when treated with 100 μM or 500 

μM Cd (NO3)2  in the growth medium for 5 to 20 days exposure. In shoots sugar content was greater than in roots 
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when treated with Cd. In maize total sugar content also decreased with increasing levels of Cd. At high Cd levels 

there is decrease in net photosynthetic rate which might be the reason of decreased sugar content in maize as also 

reported by (Wichman et al., 1983) and (Keul et al., 1979).with increased Cd levels protein content in maize 

increased significantly which might be due to concentration effect because addition of Cd reduced the dry matter 

yield. 
 

 

Discussion 

It has long been recognized that the environmental pollutants have direct impact on the quality and productivity of 

various plants. Cd is one of the environmental pollutant which directly or indirectly affects the mineral uptake 

because of which almost every morpho-physiological and chemical processes in the plant were affected and thus 

leads to an influence on growth, development and yield of the plants however the degree of impact is greatly 

governed by the nutritional status of the plant and thus if the plants are provided with the appropriate amount of 

nutrient elements, the damage caused by the Cd may be reduced. 
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Abstract 
Eighty-five species of birds belonging to 66 genera spread over 37 families of 13 orders with one vulnerable species 

Kashmir Flycatcher (Ficedula subrubra) and one near threatened species Himalayan Griffon (Gyps himalayensis) 

were recorded in the Gulmarg Wildlife Sanctuary, J & K, India. The study was conducted for a period of one year 

from July 2016 to July 2017 and surveys were made at nine sites in the study area. We assume that focusing the 

conservation practices upon these species will promote the preservation of a wide range of birds inhabiting Gulmarg 

Wildlife Sanctuary. 
 

Introduction 

The discipline of ornithology has an extensive history and avian studies have helped to build up numerous essential 

concepts in evolution, behavior and ecology like the species definition, speciation, instinct, learning, island 

biogeography and conservation of ecological niches and guilds. Class Aves consists of numerous species distributed 

over nearly the entire earth than other class of vertebrates. Studies on population have traditionally been used to 

monitor long term changes in bird population and to assess both the quality of habitat and the birds‘ response to 

environmental alterations, both natural and man-made (Wiens, 1989). For delineating the importance of regional 

landscapes for conservation of birds, it is necessary to study the structure of avian communities (Kattan and Franco, 

2004). About 10,612 extant species and 153 extinct species with 20,757 subspecies of birds are found worldwide. Of 

these, 141 species are endemic to the Indian subcontinent (Grimmett et al., 1998), and 50 species are endemic to 

India (Dasgupta et al., 2002. India has about 13% (1300 species) of the world‘s avifaunal richness (Javed and Kaul, 

2000). This abundance is due to varied habitats and climatic conditions. Kashmir valley harbors high avifaunal 

diversity with about 187 species of breeding birds belonging to 46 families and 16 orders (Shah and Qadri, 1988; 

Shah et al., 2013). 

Birds are regarded as the best indicators of the quality of an ecosystem (Bibby, 1999; Morelli et al. 2014) since 

composition of avian community  shows variation across flora types and is dependent on stratification, covering 

density, elevation, time of year and disturbance (Das 2009; Jayson and Mathew 2003).  Comparison of the 

sequential information on avian communities aids in keeping path of any alteration in species composition habitats 

at local level. The current study gives information on structure of avian community of Gulmarg Wildlife Sanctuary. 

Avifauna of Gulmarg sanctuary has not been worked out properly. Of late there is an augmented consciousness to 

arrange checklists of birds on a greater scale, even though such efforts are habitually restricted to sanctuaries and 

forest ranges (Kannan, 1998 and Mahabal, 2000). Both the primary and secondary data was collected to frame an 

updated checklist of the birds found in Gulmarg Wildlife Sanctuary. 
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Study area 

Gulmarg wildlife sanctuary falls 26Kms to the south-west of district Baramulla of Jammu and Kashmir. The area ranges 

between 2400-4300 mean sea level with longitude 74°17ʹ to 74°79ʹ N, Latitude 34°.55ʹ to 34°.60ʹ E, spreading over an 

area of 180 Km
2
. The area is surrounded in North by Jhelum Valley Forest Division-Baramulla and South by Forest 

division of Poonch and Pir-Panchal. East is flanked by villages of Drung and Badrakoot and forests of special forest 

division Tangmarg and on the west by special forest division Tangmarg and Baba Reshi Village. The topography is 

mountainous with slopes to steep gradient and broken cliffs. The sanctuary abodes rich floral and faunal diversity with 

diverse species like Musk deer, Common leapord, Indian wolf, Snow cock, Chakor etc. Certain species who usually 

migrate from the lower planes like the Barking deer are also seen in the sanctuary. Large number of Musk deer is seen in 

the gushing nalla of Ferozpora, in areas of Affarwat, Botapathri, and Babareshi etc.  To ensure survival of highly 

endangered Musk deer (Moschus crysogaster), the sanctuary was upgraded from Man and Biosphere reserve in the year 

1987. The area is one of the best renowned tourist destinations for its famous meadows, rocky cliffs, dense birch forests 

and a home for bird watchers.  Flora includes Fir (Abies pindrow), Kail (Pinus griffithii), Spruce (Picea smithiana), Yew 

(Taxus wallichiana), Birch (Betula utilis) etc. and alpine pastures support herbaceous ground layer of Showy inula (Inula 

grandiflora), Elliptic-leaf primrose (Primula elliptica) and Cinquefoil  (Potentilla gelida).                 

 

Methodology 

For the purpose of bird study, Gulmarg Wildlife Sanctuary was divided into nine sites four in Gulmarg forest, two in  

Gulmarg meadow, one in Khilanmarg  and two in Drang forest and one riverine site in Drang forest so that majority of the 

study area was covered. Transects were laid in each site which varied in length from 0.5 km to 4.5 km depending on 

vegetation type and accessibility, width of the transects varied between 50 m to 100 m. Transects were walked in a straight 

manner at a fixed speed to record the birds on or near the line. Investigations were conducted for a period of one year from 

July 2016 to July 2017 covering all the seasons i.e. spring (March-May), summer (June-August), autumn (September-

November), and winter (December-February. Birds were observed using Nikon Binoculars (10 × 50X), identified and 

named following   Grimmett et al. (2004) and Kazmierczak, (2007) and in many cases photographs were taken in order to 

confirm the identification. Photographs were taken by Canon still camera (with a zoom lens of 70mm to 300mm). Various 

research advisors, locals and the field staff of Wildlife Department Tangmarg were consulted during the study period for 

data collection (Table 1).  
 

 

 
 
 

 

 

Results and Discussions 

The present studies on the bird community structure of Gulmarg Wildlife Sanctuary, Kashmir, revealed the presence 

of 85 species of birds belonging to 66 genera spread over 37 families of 13 orders (Table 2). The prominent bird 



 

109 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

species include thrushes, woodpeckers, flycatchers, tits, sparrows, buntings, wagtails, kingfishers, bulbul, doves, 

crows, warblers and chats etc. Thakur (2010) also found Muscicapidae as the biggest family of birds with 58 species 

from Himachal Pradesh, so pertinently it appears that Muscicapidae is the most diverse in its overall contribution. 

Himalayan monal and koklas pheasant were encountered from higher areas of Gulmarg Wildlife Sanctuary. Reports 

of pheasants like monal and koklas have been made by Rodgers and Panwar (1988) from Kashmir (Dachigam 

National Park). 
 

Table 2: Checklist of birds of Gulmarg Wildlife Sanctuary 

Order Family Common Name  

 

Scientificc Name IUCN 

Status 

Local  

 

Status 
Ciconiformes Ardeidae Indian Pond Heron Ardeola grayii L.C R 

Little Egret Egretta garzetta L.C R 

Cattle Egret Bubulcus ibis L.C R 

Grey Heron Ardea cinerea L.C R 

Night Heron Nycticorax nycticorax L.C R 

Accipitriformes Accipitridae Himalayan Griffon  Gyps himalayensis N.T R 

Eurasian Sparrow hawk Accipiter nisus L.C R 

Shikra Accipiter badius L.C R 

Common Buzzard Buteo buteo L.C R 

Black Kite 

 

Milvus migrans L.C R 

Marsh Harrier Circus aeruginous L.C R 

Falconiformes Falconidae Hobby Falco subbuteo L.C R 

Kestrel Falco sparverius L.C R 

Galliformes Phasianidae 

 
 

Himalayan Monal Lophophorus impejanus L.C R 

Common Quil Coturnix coturnix L.C R 

Koklas Pheasant Pucrasia macrolopha L.C R 

Himalayan snow cock 

 

Tetrogallus himalayensis L.C R 

Chukar Pheasant Alectoris chukar L.C R 

Columbiformes Columbidae 

 

Blue Rock Pigeon Columba livia L.C R 

Eurasian Collared Dove Streptopelia decaocto L.C R 
 Oriental Turtle Dove Streptopelia orientalis L.C SM 

Cuculiformes  

Cuculidae 

Indian cuckoo Cuculus canorus L.C SM 

Lesser Cuckoo Cuculus poliocephalus L.C SM 

Coraciformes Alcedinidae Common Kingfisher Alcedo athnis L.C R 

Halcyonidae White Throated Kingfisher Halcyon gularis L.C R 

Cerylidae Pied Kingfisher Ceryle rudis L.C R 

Meropidae European Bee Eater Merops  apiaster L.C SM 

Coracidae European  Roller Coracias garrulous L.C SM 

Strigiformes Strigidae Indian Eagle owl Tyto alba L.C R 

Bucerotiformes Upupidae Common Hoopoe Upupa epops L.C SM 

Passeriformes 

  

Motacilidae 

  

  
  

White Wagtail Motacilla alba L.C R 

Yellow Wagtail Motacilla flava LC R 

Grey Wagtail Motacilla cinerea L.C R 

Citrene Wagtail Motacilla citreola L.C R 

Rosy pipit Anthus roseatus L.C R 

Hirundinidae Barn Swallow Hirundo rustica L.C SM 

Dicruridae Ashy Drongo Dicrurus leucophaeus L.C SM 

 Pycnontidae Himalayan Bulbul Pycnonotus leucogenys L.C R 
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Black Bulbul Hypsipetes leucocephalus L.C LAM 

Laniidae Long tailed Shrike Lanius Schach L.C LAM 

Turdidae 
  

  

Mistle Thrush Turdus  viscivorus L.C R 

Eurasian Blackbird Turdus merula L.C R 

Tickell‘s Trhush Turdus unicolor L.C R 

Muscicapidae Blue Whistling Thrush Myophonus caeruleus L.C R 

Common Stonechat Saxicola torquatus L.C R 

Spotted Forktail Enicurus maculates L.C LAM 

White Capped Redstart Chaimarrornis 

leucocephalus 

L.C R 

Plumbous Water Redstart Rhyacornis caryocatactes L.C R 

Great Reed Warbler  Acrocephalus arundinaceus L.C R 

Kashmir Flycatcher Ficedula subrubra V SM 

Little Forktail Enicurus scouleri L.C LAM 

Leiothrichidae Variegated Laughing Thrush Garrulax variegates L.C LAM 

Streaked Laughing Thrush Garrulax lineatus L.C LAM 

Paridae Great Tit 

 

Parus major L.C R 

Campephagide Long Tailed minivet Pericocotus ethologus L.C SM 

Asian Koel Eudynamys scolopacea L.C SV 

Zosteropodae Oriental White Eye Zosterops palpebrosus L.C R 

Emberizidae Rock Bunting 

 

Emberiza cia L.C R 

Certhidae Eurasian Tree creeper Certhia himalayana L.C LAM 

Fringillidae 

  

  

Common Rosefinch Carpodacus erythrinus L.C SM 

Plain Mountainfinch Leucosticte nemoricola L.C R 

Gold Finch Carduelis carduelis L.C R 

Passeridae Russet  Sparrow Passer rutilans L.C R 

Common Sparrow Passer domesticus L.C R 

Sturnidae Common Myna Acridotheres tristris L.C R 

Jungle Myna Acridotheres fuscus L.C R 

Common Starling Sturnus vulgaris L.C SV 

Prunellidae Black Throated accentor Prunella atrogularis L.C WV 

Oriolidae Golden Oriole  

  

Oriolus orioluss L.C SV 

Corvidae Indian Paradise Flycatcher Terspiphone paradise L.C SM 

Large Billed Crow Corvus macrorhynchos L. C R 

Eurasian Jackdaw Corvus monedula L.C R 

House Crow Corvus Splendense L.C R 

Yellow billed Blue Magpie Urocissa flavirostris L.C R 

Yellow billed  Chough Pyrrhocorax graculus L.C R 

Spotted Nutcracker Nucifraga caryocatactes L.C R 

Red billed Chough Pyrrhocorax pyrrhocorax L.C R 

Cincilidae Brown Dipper 

 

Cinculus pallasii L.C R 

 White throated Dipper  Cinculus cinculus L.C R 

Aegithinidae  Common iora 

 

Aegithina tiphia L.C LAM 

Charadriiformes Jacanidae Pheasant Tailed Jacana Hydrophasianus chirurgus L.C SM 

 Piciformes Picidae Himalayan Woodpecker Dendrocopos himalayensis L.C R 

 Scaly Bellied Woodpecker Picus  squamatus L.C R 

Psittaciformes 

  

Psittaculidae 

  

Rose ringed Parakeet Psittacula krameri L.C LAM 

Slaty headed Parakeet Psittacula himalayana L.C LAM 
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Abstract 

Early blight (EB) caused by several species of  Alterneria and is the most drastic and devastating disease of tomato. 

Annual economic yield losses due to EB have been estimated about 79%.  Alternaria are known only to reproduce 

asexually, but a highly-virulent isolate has the potential to overcome existing resistance genes. Currently, cultural 

practices and fungicide applications are employed for the management of EB due to the lack of strong resistant 

cultivars. This present review will deal with the current understanding of causal agents of EB of tomato, disease 

development and disease cycle. 
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Introduction 

About (35±78%) decrease in yield have been observed in the countries like USA, Australia, Israel, the UK and 

India, (Datar and Mayee, 1982). The isolation of this necrotrophic pathogen from tomato plants were first reported 

in Greece (Saregiannis, 1936). However the severity of early blight disease increases during 1995-1998, that leads to 

complete defoliation of tomato plants, leads to heavy yield losses (Solanum lycopersicum L. (Peralta et al., 2005). 

As Tomato forms an important and richest source of vitamin A and C and an adequate amount of the antioxidant i.e. 

lycopene is produced that protects the body against cancer and heart disease (Bohm, Edge and Truscott, 2012). 

Tomato plants growing in regions with heavy rainfall, high moisture content and fairly high temperatures are more 

prone to Alternaria infection. Apart from the early blight symptoms on leaves, Alternaria solani causes collar rot, 

lesions on stem and fruit rot symptoms in tomato plants. Various effective control measures were taken to prevent 

this necrotrophic fungal infection (Early blight) in tomato plants by successful crop rotation and effective use of 

fungicides and use of resistant / disease free varieties (Madden et al., 1978; Sherf and MacNab, 1986).  
 

Pathogen 

The necrotrophic fungi (Alternaria solani) were first described by Ellis & Martin belongs to the fungi Imperfecti 

(Deuteromycotina), genus Alternaria, class Hyphomycetes and order Hyphales (Agrios, 2005). A. solani, A. 

alternata and A. brassicicola are the economically important plant pathogens that belong to genus Alternaria. It is 

the large spored fungal group bearing simple conidiophores on to which are born separate conidia singly (Neergaard, 

1945). Alterneria possesses transverse and longitudinally septate conidia, the cells are multinucleated. Dark colored 

melanized cells are present in Alterneria solani (Rotem, 1994) that protect the fungus against harsh environmental 

conditions, providing resistance to microbes and hydrolytic enzymes. Many species of Alternaria are significant 

causes of necrotrophic diseases of crops. No sexual stages have been documented for most of the species including 

A. solani. Club-shaped conidia may be produced either individually or in a chain, depending on the species. 
 

Disease development and disease cycle 

The fungus makes its survival in contaminated seeds and in infected crop debris. For disease development in crops, 

infected debris and contaminated seeds serve as primary source for inoculum production. Numerous spores are 
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produced on the host tissue that is infected with fungus under wet and humid conditions. Spore diffusion from plant 

to plant takes place by wind and rain splashing. Warm temperatures and extended periods of leaf wetness favor the 

disease development in infected crops. Under stress conditions involving the lack of nitrogen to tomato crops, there 

are successful chances of early blight (Soltanpour and Harrison, 1974). 

Disease cycle of A. solani on its host plant successfully begins under free moisture/humid conditions at a wide range 

of temperatures. After successful germination of conidia resulting in the formation of one or more germ tubes, that 

penetrate the host by means of aspersoria or enter through wounds, stomata by means of growing hyphae (Perez and 

Martinez, 1999; Agrios, 2005). Successful penetration of fungal hyphae into the host plant, the optimum temperature 

between 10° and 25°C is required (Sherf and MacNab, 1986).Various enzymes are released by the pathogen that 

degrade the host cell wall and number of toxins are produced that kill the host cells and makes nutrients available to 

the pathogen released from the host cells (Rotem, 1994). Infection lesions become visible after 2–3 days of infection 

and after 3–5 days spore production occurs, this relatively short disease cycle supports the polycyclic infection of 

Alternaria solani (Sherf and MacNab 1986), and three different stages are included in the life cycle of A. solani 

including soil, seed and air borne stages (Figure 1). Fungus is adapted to adverse environmental conditions by the 

thick wall of conidia (Foolad and Merk, 2008). Main hosts of A. solani are the crops belonging to Solanaceae family 

viz. tomato, potato, eggplant, and pepper (Neergaard 1945; Ellis and Gibson 1975).  
 

 
Figure 1.  Infection process and disease development in tomato caused by caused by 

Alternaria solani (Agrios, 2005) 
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Disease symptoms 

A. solani, cause severe infection to all above ground parts of plants and various names have been given for the 

different symptoms, which often leads to confusion (Sherf and MacNab 1986). Symptoms of  A. solani infection on 

foliage is termed as early blight (EB), on fruits as fruit rot, on stems of seedlings as collar rot, and those on stems of 

adult plants as stem lesions (Walker, 1952). Older leaves are first infected and infection spread upward as the plants 

become older (Sherf and MacNab 1986). Initially, small dark and necrotic lesions appear on the older leaves and the 

lesions enlarge, form concentric rings that are often surrounded by a yellowish zone. Premature defoliation is caused 

by A. solani that weakens the plants and set the fruit to injury from sunscald (Sherf and MacNab 1986). Partial 

girdling of the stems of seedlings occurs and when the stem is completely girdled by the lesion can cause death of 

the plant. Susceptibility to A. solani of semi ripe fruits is more than ripened fruits (Mehta et al., 1975). The infected 

fruits fall drop before attaining maturity and the fruits became unmarketable that reaches to maturity (Chaerani and 

Voorrips, 2006). 
 

Effect of leaf wetness duration 

4. Effect of leaf wetness duration 

Leaf wetness is having profound effect on the infection process in tomato plants. Susceptible tomato plants with 

fully expanded leaves were used for inoculation and sprayed with a conidial suspension (eight or nine fully 

expanded leaves). Wetness is maintained immediately and inoculated plants are placed in the controlled-

environment chamber. After two weeks of inoculation, Necrotic lesions on the leaves seem to be visible. A. solani 

causes defoliation in inoculated plants. Inoculum concentration, leaf wetness duration and susceptible plant variety 

effects the early blight development in tomato plants.  

It is important to reduce the chances of A.  solani in tomato by using some fungicides that must be applied when 

environmental conditions favor their successful treatments (Table 1).            
      

 

Table 1.  List of some common fungicides used for the treatment of early blight in tomato (FRAC, 2018). 
Active ingredient Common name Comments 

Penthiopyrad Fontelis Very good 

Boscalid Endura, Lance WDG Very good 

Pyraclostrobin Cabrio Very good, but common insensitivity 

Fenamidone Reason Very good, but common insensitivity 

Azoxystrobin Quadris Very good, but common insensitivity 

Cymoxanil and Famoxadone Tanos Good, but common insensitivity 

Pyrimethanil Scala Good 

Difenoconazole and Cyprodinil Inspire Super Good 

Mancozeb and Zoxamide Gavel Good 

Difenoconazole and Mandipropamid Revus Top Good 

Cyprodinil and Fludioxonil Switch Good 

Chlorothalonil Bravo, Echo, Equus Fair 

Copper (copper hydroxide, copper 

oxychloride) 

Kocide 2000, Champ Formula 2, 

Nu-Cop 50DF, C-O-C-S WDG 

Fair 

             

 

 

 

 

 



 

115 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

Concluding remarks 

A wealth of information on the tomato and A. solani interaction is available. However, some important aspects need 

further attention. No conclusive evidence is available so far concerning the existence of physiological races. This 

should be studied using homozygous tester lines and isolates. 
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Abstract  

The present study documents the bird community structure of Dachigam National Park. Since the diversity and 

richness of birds are good indicators of ecosystem quality, this study focused on providing some baseline 

information regarding diversity, abundance, seasonal monitoring and management of populations. Field surveys 

were conducted for a period of 18 months from September 2014 to March 2016, covering all the seasons. Bird study 

was carried out by Visual sighting method, Line transect method and Point count method. The avifauna of the 

Dachigam National Park includes a large number of both resident and migratory species. A total of 1,960 individual 

birds representing 134 species, belonging to 93 genera spread over 38 families and 15 orders were observed during 

the study. Further, it was interesting to note that the passerine birds dominated the diversity with 79 species as 

compared to non- passerine (55 species). The bird species diversity (Shannon Weiner‘s Index and Simpson‘s index 

of diversity) was highest during summer (0.854) followed by spring, autumn and winter. 

Keywords: Birds, diversity, richness, Dachigam National Park. 

 

Introduction 

Birds are conspicuous, ubiquitous, and arguably the best studied group of vertebrates on the planet (Whelan et al., 

2008). They are highly mobile, occur globally in nearly all habitats and fill many ecological roles (Wenny et al., 

2011). The activities of birds provide links within and between ecosystems and can have large effects on other 

species. The birds offer all ecosystem services such as provisioning services refer to natural products that are 

directly used by humans for food, clothing, medicines, tools, or other uses (Carver, 2009). Cultural services provide 

recreational opportunities, inspiration for art and music, and spiritual value (Mynott, 2009). Regulating services 

include pest control and carcass removal (Otvos, 1979; Snow, 1981; Howe and Smallwood, 1982; Herrera, 1984; 

Stiles, 1985; Clout and Hay, 1989; Whelan et al., 2010). Supporting services, such as pollination, seed dispersal, 

water purification, and nutrient cycling, provide processes essential for ecological communities and agricultural 

ecosystems (Otvos, 1979; Snow, 1981; Howe and Smallwood, 1982; Clout and Hay, 1989; Nason, 1992; Brenner et 

al., 2010). Dachigam National Park harbors a large number of bird species and is considered an important spot of 

biodiversity. Hence, the conceptual framework for present study was to document diversity, richness and abundance 

of the bird species in Dachigam National Park.  
 

Study area 

This study was carried out in Dachigam National Park which is one of the most important protected area in Jammu 

and Kashmir State because it holds the last viable population of Hangul in world (Kurt, 1978, Iqbal et al., 2005, 

Ahmad et al., 2005, Ahmad et al., 2009 and Ahmad et al., 2015). The Dachigam National Park is located in Kashmir 

Valley, 21 km northeast to Srinagar, capital of Jammu and Kashmir state of India (Figure 1).  It covers an area of 

141 km2  which extends between 34º 05ˈ- 34º 12ˈN  and 74º 54ˈE and 75º 09ˈE in Zanskar mountain range of 
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Northwest Himalayan biogeographic zone (2A) of India (Rodgers et al., 2000). It is approximately 24 km in length 

and 6 km in breadth ranging in altitude from 1700 m to 4250 m (Rodgers and Panwar, 1988; Rodgers et al., 2000; 

Shah et al., 2009; Ahmad et al., 2016). The dominant tree species included Juglans regia. Pinus wallichiana, Salix 

alba, Quercus robur, Prunus armeniaca, cedrus deodara etc. The key shrub species include Indigofera heterantha, 

Parrotiopsis jacquemontiana, Berberis, Vibernum and Rosa. The major ground vegetation cover was dominated by 

Rumex patientia, Hedera nepalensis, Primula sp. 
 

 
 Figure 1: Transects surveyed in Dachigam landscape 

 
Methodology 

For conducting the bird study, Dachigam National Park was divided into 14 transects, eight in lower Dachigam and 

six in upper Dachigam, so that majority of the study area was covered. The transects varied in length from 2 km to 8 

km depending on vegetation type and accessibility, and were distributed among two habitat types viz, Riverine and 

Riparian. Width of the transects varied between 50 m to 100 m. Transects were walked in a straight manner at a 

fixed speed to record the birds on or near the line. Floral composition and broad vegetation types were noted along 

all the transects. A Global Positioning System (GPS) receiver was used to record the start and end point of each 

transects and to record the location of the area where the particular bird was spotted. A pedometer was used to 

measure the distance walked on trails. Preliminary surveys were conducted prior to data collection to ensure 

accurate bird identification. Investigations were conducted for a period of one year from September 2014 to August 

2015 covering all the seasons. Bird study was carried out by visual sighting method used by Shah (1984), line 

transect method (Bhat and Joshi, 2011) and point count method (Reynolds et al., 1980; Bibby et al., 2000; 

Rosenstock et al., 2002). 
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Another important aspect kept in consideration was the activity of birds. Since the peak activity in most of the birds 

lasts 1 or 2 hours after sunrise or before sunset, so monitoring of transects was done either in early morning or late 

evening hours as used by Thakur et al. (2010). The exact timings however varied based on seasonal changes in light 

conditions and intensity of bird activity. Transects were walked in all four seasons. Each call was treated as a 

separate sighting and was considered for data analysis at par with actual sightings. Intermittent stops were chosen to 

listen to the sounds of birds. Unless the number of calling birds was clearly discernible, each call was treated as one 

bird in terms of numbers. Birds were observed with the aid of 10 x 50 super Zenith field binoculars. Photographs 

were taken by Nikon still camera (with a zoom lens of 70 mm to 300 mm). The nomenclature (both common and 

binomial names) and systematic order of bird species and families follows Ali (1979), Grimmett et al., (2004) and 

Kazmierczak (2007). 
 

Diversity index 

Species diversity was calculated using 
 

Shannon diversity index (Hꞌ) 

The Shannon diversity index (Hꞌ) is commonly used to characterize species diversity in a community (Shannon and 

Weiner, 1949).  

Hꞌ =  – ∑ (Pi ln Pi ) 

Where, 

Hꞌ= Shannon‘s diversity index.  

pi = S / N 

S = number of individuals of one species.  

N = total number of all individuals in the sample.  

ln =  natural logarithm to base e.   
 

Measurement of evenness   

For calculating the evenness of species, the Pielou‘s Evenness Index (e) was used (Pielou, 1966). 

                                    e = H / ln S  

H = Shannon-Weiner diversity index.  

S = total number of species in the sample. 

Seasonal distribution and residential status of the birds has been worked out and different categories like, resident, 

local altitudinal migrant, summer visitor and winter visitor have been assigned strictly with reference to the study 

area on the basis of presence or absence method (Pfister, 2004). 
 

Results and Discussion 

Dachigam National Park supports a rich, varied bird life and has proved to be a favorable place for birds to be 

around. The present study on the bird community structure of national park, revealed the presence of 134 species of 

birds classified in 93 genera and 38 families belonging to 15 orders. Passerine birds are the most speciose group 

with 79 species in comparison to non-passerine‘s with 55 species.  

Percentage occurrence of species of various orders of birds revealed that 79% of the species in the study area belong 

to order Passeriformes whereas order Accipitriformes had 9% of species, Coraciiformes and Piciformes had 5% and 

4% of species respectively. Columbiformes, Galliformes, Pelecaniformes and Strigiformes represent 3% each, 

Charadriiformes and Cuculiformes 2% and Anseriformes, Apodiformes, Psittaciformes, Bucerotiformes and 

Gruiformes had 1% species each (Figure 2). In accordance with our finding Grimmet et al. (1998) have also found 
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Passeriformes contributing most to the Indian bird species richness. Other earlier studies have also advocated that 

Passeriformes is the dominant order in the Himalayan landscape (Bhat and Bhat, 2012; Singh et al., 2013). 

 

 

 
Figure 2: Comparison of number and percentage of bird species belonging to 

different avian orders. 

  

Family wise analysis showed that family Muscicapidae is the most species rich (22 species) followed by 

Accipitridae (12) and Corvidae (8); Fringillidae (7) and Picidae and Turdidae (6 each); Motacillidae and Paridae (5 

each); Ardeidae, Columbidae, Phasianidae, Emberizidae, Alcedinidae and Passeridae (4 each); Cuculidae, Strigidae 

and Sturnidae (3 each); Psittacidae, Apodidae, Pycnonotidae, Leiothrichidae, Campephagidae, Cincilidae, 

Certhiidae, Meropidae and Anatidae (2 each) whereas Tytonidae, Upupidae, Coraciidae, Hirundinidae, Laniidae, 

Zosteropidae, Dicruridae, Oriolidae, Rostratulidae, Rallidae, Ibidorhynchidae and Scolopacidae were poorly 

represented in the area (Figure 3). Muscicapidae is also reported as most species rich family in Himachal Pradesh 

with 58 species (Thakur et al., 2010), which is in conformity to our results. 
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Figure  3: Comparison of number and percentage of bird species belonging to different 

avian families 

 

Analysis of the data on the residential status revealed that out of 134 species, 61% were resident (82 species), 19% 

were summer visitors (25 species), 11% were winter visitors (11 species), 11% were altitudinal migrants (15 

species) and 1% were passage (spring or autumn) visitors (1 species). (Figure 4 & 5). Overall 61% bird were found 

to be resident while 39% were found to be migratory in the study area. (Figure 6) 
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Figure 4:  Comparison of number and percentage of resident and visitor 

bird species in the study area. 
  

 
Figure 5:  Bar diagram representing migratory bird species in the 

study area 
 

 
 

Figure 6: Comparison of number and percentage of migratory and 

resident bird species in the study area.    

The studies on relative abundance status of avifauna of Dachigam National Park reveal that the  avifauna of the 

study area can be placed into four abundance categories viz., very common (VC) represented by 51 species, 

common (C) by 49 species, uncommon (UC) by 28 species and occasional (OC) by 6 species (Figure 7). The 
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diversity of birds in different regions varies with numerous factors like climate of the area, altitude, abundance of 

food material etc. and is maximum in places with favorable living conditions for birds. Present study area enriched 

with dense forests and water resources supports a large number of food items for the resident as well as migratory 

birds. 
 

 
 

Figure 7: Bar diagram representing abundance category of bird species. 
 

The result of this study shows that bird species diversity (Shannon Weiner‘s Index and Simpson‘s index of diversity) 

was highest during summer followed by spring, autumn and winter (Table 1 and Figure 8). The high diversity 

during summer can be compared with earlier works of Gaston (1995) and Mahabal (2005) who elucidated that 

Himalayas receive a flood of breeding birds during summer months from adjacent areas.  Among the avifauna, 61% 

bird were found to be   resident while 39% were found to be migratory in the study area (Figure 6). Species 

evenness followed the same pattern for summer season showing more evenly distributed avifauna followed by 

spring, autumn and least evenly distribution in winter season. 

 

Table 1: Avian species diversity and Evenness at Dachigam National Park during 

four   seasons by Shannon Weiner index and Simpson’s index of diversity 
 

 

Season No. of species No. of individuals H E SID 

 Winter 48 2256 4.216 0.442 0.776 

 Spring 76 1841 5.113 0.543 0.823 

 Summer 66 2187 5.397 0.672 0.854 

 Autumn 21 573 4.724 0.482 0.793 
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Figure 8: Species diversity indices during four seasons at Dachigam 

National Park 
 

Four species of birds struggling for their existence throughout their distributional range were also sighted once or 

twice in the study area. These birds are placed under different threat categories by IUCN (Red data book, 

http://www.iucnredlist.org). Of these, Kashmir flycatcher, Ficedula subrubra has been placed under Vulnerable 

Category (VU), Steppe eagle, Aquila nipalensis under Threatened category (T), European roller, Coracias garrulous 

and Lesser fish eagle, Ichthyophaga humilis under near threatened category (NT) (Figure 9). The Kashmir 

flycatcher, Ficedula subrubra which is one of the globally threatened species was found to inhabit areas between an 

altitude of 1,800 m to 2,700 m in the Temperate Mixed Broadleaf Forest, Sub Alpine Forest and Montane 

Grasslands, especially with dense growth of Parrotiopsis. 

 

 
 

Figure 9: Threatened categories (%) of the bird of the 

Dachigam National Park. 
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Abstract 

The study dealt with the measurement of morphometric and meristic characters of Schizothorax niger. The samples 

of fish were collected from Dal lake, Srinagar Kashmir. Specimen of Schizothorax niger were collected with the 

help of local fisherman by using the gill net gears and all the morphometric and meristic characters were measured 

and counted. The maximum total length was 30cm and the smallest length of the sample of Schizothorax niger was 

17cm. Eye diameter ranges between 0.6-1cm. The number of scales varied between 93 to105. The condition factors 

obtained in this study varied slightly with them which show that the Schizothorax niger was in good and healthy 

condition. 

Keywords: Morphometric, meristic, Schizothorax niger, Dal Lake, gill net gears and scale 

 

Introduction 

Fishes are considered to be the inexpensive sources of protein throughout the world containing important and 

essential nutrition for body. With the increase in the population of all the countries, fish play an important role in the 

nutrition and economic development of countries in both aquaculture and production of ornamental fish (Davies, 

2009). Fish play an essential part in aquatic ecosystems that have been providing beneficial reserves to mankind. 

Fishes are very important economically and are considered one of the most important sources of animal protein for 

humans, thus many fishes are used as food. Other products which include nitrogenous fertilizers, fish scraps and also 

the oil that is extracted from liver of the fish is an important source of vitamin D. Fish scales are sometimes used in 

making artificial pearls. Isinglass which is a form of gelatin is a fish product prepared from the swim bladders of 

various species and also glue that is produced from fish offal. 

Morphometric and meristic studies are the vigorous tools for measuring discreteness of the same species. 

Morphometric refers to the measurable study of form, an approach that encompasses size and shape. Morphometric 

analysis is commonly performed on organisms, and is beneficial in analyzing their fossil record, the effect of 

mutations on shape, changes in development, co-variances between ecological factors and shape, as well for 

estimating quantitative-genetic parameters of shape. Morphometrics can be used to determine features of 

progressive significance and finding difference in the shape, activity and also in their evolutionary relationships. A 

major objective of morphometrics is to statistically test assumptions about the factors that affect shape. 

Similarly, meristics is that element of fish science which relates to counting calculable characters of fish, viz the 

number of fins or scales. A meristic (countable trait) can be used to illustrate a specific species of fish or used to 

identify an unknown species.  Meristic characters are the countable trait that occur in particular pattern (e.g. 



 

127 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

myomeres, vertebrae, fin rays) in fish. These traits are among the characters which are most commonly useful in 

differentiation of species and populations. In case of salmonids, scale counts have been most widely used for the 

differentiation of populations within species. In rainbow and steelhead trout the major differences among their 

populations occur in number of their scales. Indeed, a mathematical data of length-weight relationship gained from 

investigation of different sizes from a specific area is very beneficial tool for research of biology, physiology, 

ecology, stock assessment, health management and population dynamics (Avsar, 1994).The species of genus 

Schizothorax are one of the largest and most discrete group of the Asian sphere and its pattern of evolutionary 

mechanism and biogeography are very complicated. They are specialized for high elevation rivers and show 

wonderful adaptation. They dominate the torrential mountain streams and plateau lakes of central Asia, the 

Himalayas and Tibetan Plateaus. The members of the genus Schizothorax are greatly distributed in Kashmir, Punjab, 

Afghanistan, Tibet and also in Indian subcontinent. They mostly prefer fast hill streams and mostly feed on the 

chironomid larvae. There has been a difference of opinion regarding the number of species included in the genera 

viz, Schizothorax Heckel, Orenius McClelland and Schizothoraichthys Misra, due to overlapping of many 

morphological and meristic characters. This species belong to the subfamily Schizothoracinae.The genus 

Schizothorax is included in the basic Schizothoracinae group. According to some systematics specialists, 39 species 

and sub species can be included in the group that is the largest genus of the subfamily (Gharaei, 2012). Heckel 

(1838) established genus Schizothorax and included ten species from Kashmir Waters. 

Identification of a species is a primary step towards any research work and plays a key role for the behavioural 

study. Morphometric measurements and meristic counts are considered as easiest methods for identification of 

species. Heckel (1838) described 10 species of Schizothorax from Kashmir. Some of them were indicated to come 

from Jhelum river. 

Considering the importance of the morphometric and meristic studies in the field of research the present study was 

undertaken to have the knowledge of morphometric and meristic characteristics of native fish Schizothorax niger. 

 

Material and Methods 

Collection of samples 

Samples of fish collected from Dal Lake (Figure 1), Srinagar Kashmir. A total no. of 10 specimens of Schizothorax 

niger were collected with the help of local fisherman by using the gill net gears and cast nets. Fresh fish specimen 

were collected and then transferred to the laboratory, where all the morphometric and meristic characters were 

measured and counted with the help of measuring scales, thread, bow compass and magnifying lens (Figure 2 & 3). 

Specimen was weighed with the help of a sensitive electronic balance up to the nearest 0.01g. The temperature while 

collecting the samples varied between 4°C - 18°C. All the specimens of Schizothorax niger were collected within a 

period of one and a half month at different intervals of days. 
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Figure 1: Showing the collection site 
 

 

 
 

Morphometric measurements: Morphometric measurements (Figure 4) were carried out as per following 

description: 

 Total length: The total length means the maximum elongation of the body from end to end. It is measured 

from the tip of snout to the tip of caudal fin. 

 Standard length: This is the measured from the tip of snout to the base of caudal fin. 

 Fork length: It is measured from the tip of snout to the start of fork. 

 Caudal fin length: It is measured from the base of caudal fin to the tip of caudal fin. 

 Dorsal fin height: It is measured from the base of dorsal fin to the maximum height of dorsal fin. 

 Dorsal fin base length: It is measured from one end of dorsal fin to the other end. 

Dal Lake 

Srinagar, J & K 
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 Anal fin base length: It is measured from one end of anal fin to the other. 

 Depth of the body: The distance between the dorsal surface where its height is greatest, to a straight line to 

the ventral surface. 

 Caudal peduncle length: It is the measurement of the area extending between the base of anal fin upto the 

end of the vertebral column i.e. base of caudal fin. 

 Caudal peduncle least depth: It is the straight measurement of the least vertical distance from the dorsal to 

ventral profile at the narrowest part of caudal peduncle. 

 Length of head: It is measured from the tip of snout up to the edge of the opercular bone. 

 Pre-dorsal length: It is measured from tip of snout to the base of first dorsal fin ray. 

 Pre-pectoral length: It is measured from tip of snout to the base of pectoral fin. 

 Pre-pelvic length: It is measured from the tip of  snout to the base of first pelvic fin ray. 

 Pre-orbital length: It is measured from the tip of snout to the anterior end of eye orbit. 

 Post-orbital length: It is measured from posterior end of eye orbit to the end of operculum. 

 Snout length: It is measured from the tip of snout to the anterior end of eye orbit. 
 

Meristics measurements: 

 Dorsal fin rays: This is the total number of fin rays in dorsal fin. 

 Pectoral fin rays: This is the total number of fin rays in each pectoral fin. 

 Pelvic fin rays: This is the total number of fin rays in each pelvic fin. 

 Caudal fin rays: This is the total number of branched fin rays in caudal fin. 

 Gill racers: This is the number of gill racers in each specimen. 

 Lateral line scales: It is the total number of scales found on lateral line.  

 

 

Figure 4: Morphometric measurements of a fish (Scheme).  
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Result and Discussion 

Study of morphometric and meristic characteristics were measured in total of 10 samples of Schizothorax niger, total 

length ranging from 17 cm – 30 cm and body weight ranging from 160g–290g body weight. All the data of 

morphometric and meristic factors are listed in the Table 1 & 2. 
 

Table 1: Morphometric characters of Schizothorax niger 
 

 

Parameters I II III IV V VI VII VII
I 

IX X Mean±S.D. 

Total length   (cm) 30 26 27 26 27 21 21 18 17 17 23.00±4.76 

Standard length (cm) 22 22 23 23 23 17 17 15 14 14 19.00±3.94 

Fork length (cm) 26 24 25 24 25 19 19 17 16 14.
5 

20.95±4.29 

Caudal fin length (cm) 4 4 4 3 4 4 4 3 3 3 3.60±0.51 

Dorsal fin height (cm) 3 3.5 3 4 3 3 3 3 2.8 2.8 3.11±0.36 

Dorsal fin base length (cm) 3 3 3 3 2.5 2 2 1.5 1.5 1.5 2.30±0.67 

Anal fin base length (cm) 2 2 2 2 2 1.5 1.3 1 0.8 1 1.56±0.49 

Depth of the body (cm) 9 9 10 8 8.5 7 6.5 6 6 4 7.40 ±1.82 

Caudal peduncle length  (cm) 4 3.5 3.5 3.2 3 3 2 2 2 2 2.82±0.76 

Caudal peduncle least depth (cm) 3 2.5 3 3 3 2 2 1.5 1.3 1.3 2.26±0.73 
 
 

Length of head (cm) 7 6 6.5 5 5 4.5 4.5 4 4 3.8 5.03±1.11 

Pre dorsal length (cm) 14 12 12 11.
5 

12 9 8 8 8 7 10.15±2.40 

Pre pectoral length (cm) 7 6 6 5.5 5 4.5 4 4 3.5 4 4.95±1.14 

Pre pelvic length (cm) 14.
5 

12 12 12.
5 

12 9 10 9 8 8 10.70±2.20 

Pre orbital length (cm) 2 1.5 2 2 2 1.5 1 1 1 1 1.50±.47 

Post orbital  length (cm) 4.5 3.3 4 3 3.5 2.5 2 2 2 2 2.88±.92 

Snout length (cm) 2 1.5 2 2 2 1.5 1 1 1 1 .85±.16 

Eye diameter (cm) 0.7 0.6 1 1 1 1 1 0.8 0.7 0.7 1.50±.47 

Inter orbital distance (cm) 3 2.5 2.5 2 2 2 2 1.7 1.5 1.5 2.07±.47 

Inter nostril distance (cm) 2 1 1 1 1 1 0.5 0.5 0.5 0.5 0.90±.45 

Length of upper jaw (cm) 2 1 1.5 1.5 1.5 1 1 1 0.7 0.7 1.19±.41 

Length of lower jaw (cm) 1 0.5 1 1 1 0.5 0.5 0.5 0.5 0.5 0.70±.25 

Mouth width (cm) 0.5 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.49±.03 

Mouth gap (cm) 1.1 1 1.2 1 1 0.5 0.7 0.5 0.6 0.7 0.83±.25 

Weight of specimen (gms) 290 280 260 220 210 195 200 180 170 160 216.50±45.70 

 
 

Table 2: Meristic characters of Schizothorax niger 

Parameters I II III IV V VI VII VIII IX X Mean ± SD 

Dorsal fin rays 8 9 8 8 8 7 8 8 8 8 8.00±.47 

Pectoral fin rays (each) 16 15 14 14 14 14 14 14 14 14 14.30±.67 

Pelvic fin rays (each) 10 10 9 9 9 9 10 10 10 10 9.60±.51 

Anal fin rays 6 7 6 6 6 6 6 6 6 6 6.10±.31 

Caudal fin rays 19 20 19 19 19 19 19 19 19 19 19.10±.31 

Lateral line scales 105 102 102 101 101 97 96 100 93 95 99.20±3.76 
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The various morphometric characters have been categorized on the basis of range difference into genetically 

(<10%), intermediate (10-15%) and environmentally (>15%) controlled characters (Johal et al., 1994). Vladykov 

(1934) considered that morphometric and meristic characters can be divided into three categories viz.: 

 Characters which do not appear to be modified by the environment such as number of fin rays of caudal and 

ventral fins. These characters are genetically controlled 

 Characters which appear to be slightly modified by environment such as pectoral fin rays and gill rackers on the 

first brachial arch 

 Characters which appear to be strongly modified by the environment.  

It includes morphological characters, metamerism, number of vertebrate, rays in the dorsal and anal fin and size of 

the fish 

In general, characters belonging to the first category show minimum range of variation, second category moderate 

and the third category maximum range of variation of characters. On the basis of present investigations more 

characters could be included in each Vladykov‘s (1934) category. During the present investigation, the following 

characters such as head length, Pre dorsal length, Post dorsal length, dorsal fin base length, Pre pelvic length, Length 

of dorsal fin, depth of the body, minimum caudal peduncle lengthhave been found to be genetically controlled. The 

characters like standard length and pre-anal distance in the percentage of total length are included in the 

environmentally and intermediate category respectively. Whereas the other characters like head depth, eye diameter, 

pre-orbital and post orbital distance are included in the genetically controlled category of characters. In a similar 

study, Johal et al. (1994) reported 13 characters in relation to total length to be genetically controlled in Tor 

putitora from Gobindsagar reservoir in Himachal Pradesh. Vladykov(1934) maintains that in the fish species 

showing restricted distribution, the majority of morphometric characters show narrow range and are genetically 

controlled. On the contrary, in species which have a wide range of zoogeographical distribution, most of the 

characters are strongly influenced by the environment. S. niger has a restricted zoogeographical distribution, because 

the majority (90%) of their morphometric characters show narrow range differences and are genetically controlled 

while the environmentally controlled characters are few (10%). In a similar study, Negi and Nautiyal (2002) have 

revealed that in the Barilius bendelisis and Barilius vagra, the majority of their morphometric characters showed 

narrow range and were genetically controlled. 

 

Conclusion 

Thus, S. niger is characterized or differentiated from other species of Schizothorax from mouth which is having 

prognathous upper jaw, a lower jaw with wide lip folds. Body scales are very small and breast is naked or sparsely 

scaled in some specimen. The colour of the Schizothorax nigeris bit faded light yellow and bit shinny on the upper 

side and under belly is having very white colour. The condition factors obtained in this study varied slightly with 

them which show that the Schizothorax niger was in good and healthy condition.This species is mostly found in the 

upper areas of river Jhelum and also in the Dal lake but is not found everywhere in the Kashmir valley. As per the 

local fisherman at Dargah, Gulshana, a local resident quoted that this species of Schizothor axniger which is 

commonly called as ‗Aalegaad‘ in Kashmiri is getting lesser in number because of so many factors viz; over fishing, 

environmental degradation, its habitat occupied by carps, its eggs eaten by carps, spread of diseases, pollution within 

Dal lake and more importantly lack of management.Thus, the aim of studying morphological characters helps in 

defining or characterizing fish stocks units and has therefore been a strong interest in ichthyology. 

http://scialert.net/fulltext/?doi=jbs.2010.536.540&org=11#17476_bc
http://scialert.net/fulltext/?doi=jbs.2010.536.540&org=11#324048_ja
http://scialert.net/fulltext/?doi=jbs.2010.536.540&org=11#324048_ja
http://scialert.net/fulltext/?doi=jbs.2010.536.540&org=11#324048_ja
http://scialert.net/fulltext/?doi=jbs.2010.536.540&org=11#17476_bc
http://scialert.net/fulltext/?doi=jbs.2010.536.540&org=11#324048_ja
http://scialert.net/fulltext/?doi=jbs.2010.536.540&org=11#525368_ja
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