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ABSTRACT

Bacterial blight caused by Xanthomonas oryzae pv. oryzae (Xoo) is one of the destructive diseases of 
rice that causes a significant yield loss. The development and use of resistant genotypes against this 
disease are the most effective, eco-friendly, and economic ways to control production loss. The xa5 is 
an important recessive bacterial blight resistant gene which is effective and important in rice breeding 
programs. In present study, BC1F1 populations of the cross between CRMAS-2232-85 (the donor parent 
of xa5 gene) and Jalamagna (the recurrent parent) were screened for the bacterial blight resistant gene 
xa5 by using molecular markers. Based on the amplification of resistance-specific bands, twenty-
seven lines out of forty-six BC1F1 lines showed the presence of the xa5 resistance gene. These gene 
introgression lines can be further utilized in the breeding programme for the development of bacterial 
blight resistant cultivars with higher yield potential which can be helpful to meet the rice production 
and productivity targets. 

Key words:  Bacterial blight resistance, marker-assisted selection, rice, xa5, Xoo

INTRODUCTION

Rice is the world’s most important food crop 
and is a dietary staple food for more than 60% of the 
world population. In India, rice plays a major role 
in diet, economy, employment, culture, and history. 
It is the staple food for more than 65% of the Indian 
population contributing approximately 40% to the 
total food grain production, thereby, occupying a 
pivotal role in the food and livelihood security of 
people (Pathak et al., 2018). Thus, to maintain self-
sufficiency, India needs additional rice production 
of around two million tons annually to fulfill the 
target of around 140 million tons by 2030. One 
of the main causes of low productivity in India is 
the lack of suitable genotypes having resistance 
to different biotic and abiotic stresses with high 
yielding capacity. Among different biotic stresses, 
Bacterial blight (BB) is a seed-borne disease 

caused by gram-negative bacterium Xanthomonas 
oryzae pv oryzae (Xoo) and a severe threat to rice 
production in most of the rice growing countries 
(Srivastava and Rao, 1962; Hopkins et al., 1992; 
Verdier et al., 2012). Generally, it causes yield loss 
ranging from 20-30%. In case of severe infection, 
this disease reduces crop yield up to 50-100% 
(Harikesh and Kausik, 2020). To prevent yield loss, 
the development of resistant varieties is suggested 
as the most effective method to control the disease 
without requiring collateral input from the farmer 
and having no environmental impact (Khush et al., 
1989; Gnanamanickam and Mew, 1992; Huang et al.,  
1997; McDowell and Wofenden, 2003; Suh et al., 
2009; Kim et al., 2015). To date, approximately 
44 genes conferring resistance to BB have been 
identified from diverse sources (Kim, 2018). 
Among the different genes available few genes i.e. 
xa5, xa8, xa13, xa21, xa33, and xa38 are known 
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to be effective under Indian conditions (Sundaram 
et al., 2018). The xa5 is an important race-specific 
recessive resistant gene in rice breeding due to 
its broad resistance spectrum to most Xoo strains 
(Petpisit et al., 1977; Blair and Mc Couch, 1997; 
Sanchez et al., 2000; Singh et al., 2001; Huang et al., 
2016). In the breeding method for disease and pest 
resistance at present, the segregating populations 
derived from crosses between the resistant sources 
and otherwise desirable and productive genotypes 
are selected either under natural disease or pest 
hotspots or under artificially created disease and 
pest nurseries or by infecting individual plants under 
controlled environments. These procedures are 
time-consuming and expensive and are prone to be 
ambiguous. With the use of molecular techniques, 
it would now be possible to hasten the transfer of 
desirable genes among varieties. The availability 
of comprehensive molecular linkage maps, tight 
linkage of target genes with molecular markers, and 
rapid development of polymerase chain reaction 
(PCR)-based DNA markers have facilitated the 
employment of marker-assisted selection (MAS) 
in rice breeding. In a backcrossing breeding 
programme these are very useful to increase 

the efficiency of selection. There are five main 
considerations for the use of DNA markers in MAS: 
reliability; quantity and quality of DNA required; 
technical procedure for marker assay; the level of 
polymorphism; and cost (Mackill and Ni, 2000; 
Mohler and Singrun, 2004; Collard and Mackill, 
2008). Techniques that are particularly promising in 
marker assisting selection for desirable characters 
involve the use of molecular markers such as RAPD, 
RFLP, microsatellites, AFLP, and PCR-based DNA 
markers such as SCAR, Sequence Tagged Sites 
(STS), Cleaved Amplicon Polymorphisms (Jarvis 
et al., 1994). However, Sequence tagged site (STS) 
and simple sequence repeat (SSR) markers were 
commonly used to detect the genes for Bacterial 
blight in rice (Begum et al., 2007). Many varieties 
and improved lines have been developed through 
marker-assisted selection in rice (Sundaram et al., 
2008; Ramalingam et al., 2017). Therefore, this 
study was taken at ICAR-National Rice Research 
Institute (NRRI), Cuttack to introgress bacterial 
blight resistance genes (xa5) into Jalamagna and 
screens the backcrossing materials (BC1F1) for this 
disease resistance gene using gene-specific markers 
and techniques. 

Table 1. Details of markers used for bacterial blight resistance genes in marker assisted breeding

Marker Resistance 
gene

Primer sequences used for gene detection Reference
Forward (5’-3’) Reverse(5’-3’)

Sundaram  
et al. (2011)xa5S xa5 GTCTGGAATTTGCTCGCGTTCG GAGCTCCAGCTCTCCAAATG

xa5R xa5 AGCTCGCCATTCAAGTTCTTGAG TGACTTGGTTCTCCAAGGCTT

MATERIALS AND METHODS

Plant materials and molecular markers

Forty-six selected progeny (BC1F1) of the 
cross between resistant parent, CRMAS-2232-85, 
and susceptible parent, Jalamagna were taken as 
test materials for detecting the BLB resistance gene, 
xa5 using molecular markers i.e. Xa5S and Xa5R 
(Table 1). The donor parent CRMAS-2232-85 
contained the resistance gene xa5 in the background 
of mega variety Swarna and the recurrent parent 
Jalamagna, a highly popular variety of deepwater 
ecosystem of India, but highly susceptible to 
bacterial blight disease. 

Isolation of plant genomic DNA 

For isolation of DNA, fresh leaves were 
collected during morning hours as there will 
be no photosynthesis and no accumulation of 
photosynthatase. The leaves were immediately 
kept in ice after plucking and then immediately 
stored at -70°C till further use. The genomic DNA 
was isolated using the IRRI protocol (Zheng et al., 
1995). The 0.5 g leaf tissue was grinded in 200 μl 
extraction buffer [Tris-HCl 50 mM (pH 8), EDTA 
25 mM, NaCl 300 mM, SDS 1%]. After grinding, 
another 400 µl of DNA extraction buffer was 
added and transferred to a 1.5 ml tube containing 
another 400 μl. In order to remove proteins, 500 
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μl chloroform/isoamyl alcohol (24:1) was added 
to the tube. It was mixed well by inversion and 
centrifuged at 25°C and 10000 rpm for 3 minutes. 
The top aqueous phase was transferred to another 
1.5 ml centrifuge tube and labeled. 800 µl of 100% 
ethanol was added to precipitate the DNA after 
mixing by gentle inversion. It was then centrifuged 
at 13000 rpm for 3 minutes at 4°C. Then the 
supernatant was decanted. The pellets were washed 
with 70% ethanol and the DNA was air dried at 
room temperature for at least 20 minutes (for the 
evaporation of residual ethanol). The DNA was 
re-suspended in 100 µl of TE Buffer (10 mM Tris-
HCl, 1 mM EDTA pH 8.0) and stored at -20°C.

PCR amplification and profiling

The PCR reaction mixture contained 50 ng 
templates DNA, 5 picomole of each of the primers, 
200 μM dNTPs, 1 X PCR buffer (10 mM Tris–HCl, 
pH 8.3, 50 mM KCl, 1.5 mM MgCl2, and 0.01 mg 
ml-1 gelatin) and 0.6 unit of Taq DNA polymerase 
in a volume of 20 μl. PCR amplification of the 
isolated DNA samples was performed in an AB 
system thermal cycler with xa5 for identification 
or presence of different BLB resistant genes. The 
cycling condition was an initial denaturation of 
94°C for 4 min, then for 35 cycles 94°C for 30 
sec, 55°C for 1 min and 72°C for 1min concluding 
with a final extension of 72°C for 7 min. PCR 
products were analyzed with 6X gel loading dye 
by electrophoresis in ethidium bromide stained 
(0.5 µg ml-1) 2.5% agarose gels. A 50 bp ladder 
molecular weight standard was used to estimate 
PCR fragment size. Gel images were analysed on a 
gel documentation system (SynGene). 

RESULTS AND DISCUSSION

DNA isolation was made from 48 genotypes 
(46 progeny lines and their both parents) using 
leaves from plant seedling (plant of 8-12 days 
old) and molecular analysis was done using gene-
specific primers. The amplification products seen 
as bands in gel electrophoresis are presented in 
Fig. 1. Out of these 46 BC1F1 lines, 27 genotypes 
(1, 2, 3, 4, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 21, 
25, 28, 30, 33, 34, 35, 36, 37, 38, 40, 41 and 46) 
with a banding pattern identical for bacterial blight 
resistance gene specific bands at 170 bp to that in 
CRMAS-2232-85 were determined to be containing 
xa-5. The remaining 19 lines indicate that they were 
lack of xa5 gene. This novel disease resistance xa5
gene provides adult plant resistance and encodes 
the gamma subunit of transcription factor IIA 
(TFIIAγ), one of several general transcription 
factors responsible for accurate transcription by 
RNA polymerase II (Orphanides et al., 1996). Many 
earlier results on marker assisted backcrossing in 
rice for transfer of BB resistance gene such as xa5
were reported for the development of bacterial blight 
resistance in rice (Shanti et al., 2001; Bharatkumar 
et al.,2008; Sundaram et al., 2008; Dokku et al., 2013;
Nayak et al., 2015). 

Bacterial blight in rice caused by 
Xanthomonas oryzae pv oryzae (Xoo) is one of the 
most devastating diseases of rice. In extreme cases, 
BB disease severity becomes epidemic and causes 
significant yield losses. The most effective approach 
to combat BB is the use of resistant varieties. Thus,
the transfer of a suitable resistance gene into a high 
yielding agronomically desired genotype through 

Fig. 1. Amplification of BC1F1 lines with xa5 gene specific markers
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marker assisted backcrossing method is necessary 
to develop the suitable resistance varieties as this 
method has three main advantages over conventional 
backcrossing. Firstly, DNA markers can be used for 
the efficient selection of the target locus. Secondly, 
the size of the donor chromosome segment 
containing the target locus can be minimized. 
Thirdly, the recovery of the recurrent parent can 
be accelerated by selecting backcross lines with a 
higher proportion of recurrent parent genome (Kabir 
et al., 2017). The effectiveness of xa5 in preventing 
disease by strains of Xanthomonas oryzae pv oryzae 
(Xoo) is dependent on major transcription activation-
like (TAL) effector gene and correlates with reduced 
expression of the Cognate S genes (Huang et al.,  
2016). Marker-assisted backcrossing using 
functional markers reduce the risk of false selection 
in recombination between the molecular marker and 
the gene of interest (Nayak et al., 2015). In present 
investigation out of 46 selected BC1F1 progeny, 
27 lines showed the presence of bacterial blight 
resistance xa5 gene. These BB resistant lines could 
be helpful to utilize in the breeding programme for 
the development of bacterial blight resistant varieties 
that can be more popular in lowland and flood-prone 
ecosystems of the country where there are outbreaks 
of bacterial blight disease. Multiple stress resistant 
genes could be incorporated into a high yielding 
rice variety by gene pyramiding using the molecular 
markers and MAS techniques can increase the rice 
production.
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ABSTRACT

Field experiment was conducted to examine the consequence of intra-row spacing and time of earthing-
up on vegetative and yield attributes of potato var. (Kufri Chandramukhi). Four intra-row spacing: 10, 
20, 30 and 40 cm and four times of earthing-up: At 15, 30, 45 days after plant rise and no earthing were 
combined in a 4×4 factorial randomized complete block design. Intra row spacing significantly affected 
all the vegetative parameters, days to 50% flowering and maturity, plant-height and spread, stem 
diameter and leaf area, yield parameters tuber number, and tuber yield. Highest marketable tuber yield 
of 23.54 t ha-1 was produced at 40 cm intra-row spacing. The effect of time of earthing-up was found 
significant on all vegetative parameters like days to 50% flowering and maturity, plant height, spread, 
stem diameter, leaf area, stem number yield parameters, tuber number, total and marketable tuber yield. 
Earthing up at 15 days after plant emergence showed superior performance in most vegetative and yield 
parameters. Therefore, 40 cm intra-row spacing and earthing-up at 15 days after plant emergence is 
recommended for higher marketable yield of potato.

Key words: Intra-row spacing, Kufri Chandramukhi, time of earthing-up, yield

INTRODUCTION

The Agriculture system in Afghanistan has 
been completely destroyed by civil conflict for 
nearly 20 years. The productivity and quality of both 
Agricultural and Horticultural crops have reduced 
due to non-availability of good quality planting 
material. Potato is one of the important crops of 
Afghanistan. The agro-climatic conditions of 
Afghanistan are ideal and is suitable for good quality 
potato production. Potato is cultivated in nearly 
14,000 hectares with an average yield of 16.8 t ha-1.

Potato is grown during spring season in 
irrigated lands. Kufri Chandramukhi and Kufri 
Lauvkar are popular varieties in Afghanistan. Both 
varieties are short duration; white skinned, and has 
high dry matter and good keeping quality. Beside 
these, red skinned varieties Desiree and Cardinal 

are also grown in selected pockets. There are no 
formal seed production and supply systems existing 
in the country. 

MATERIALS AND METHODS

The experiment was conducted at Qarabagh 
District, Ghazni Afghanistan during 2020 located 
Arbab village 60 m. near to Ghazni city, The 
temperature of experimental site varies between 
is 15oC to 22oC, rainfall variation of 100-300 mm. 
The soil of the experimental site was sandy loam 
soil texture.

Potato variety Kufri Chandramukhi was 
grown in the experiment. Four different rows 
spacing such as 10, 20, 30, and 40 cm and four 
different time of earthing-up such as earthing-up 
after 15 days, 30 days, and 45 days after emergence 
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of potato plant and no earthing-up to as a control 
treatment were laid out factorial RCBD with tree 
replications. 

For this experiment a plot size of 10 m2 (2.5 m 
length x 4 m width) was used. Well sprouted tubers 
of uniform size of Kufri Chandramukhi variety 
was grown. Phosphorus was applied in the form of 
DAP during planting time at the rate of 200 kg ha-1 

and nitrogen was applied in a split, first banded at 
planting and then side dressed after full emergence 
with a total dose of 165 kg ha-1. Earthing up was 
done uniformly by heaping the soil around the plant 
up to 20 cm height.

To evaluate the effect of  row spacing and 
earthing-up on potato growth  and yield, data were 
collected for vegetative parameters such as days to 
flowering (Shiri-e-Janagrad et al., 2009), days to 
maturity, plant height (Zelalem et al., 2009), plant 
spread, number of main stems (Zelalem et al., 2009), 
stem diameter, leaf area (Sintayehu, 2011) and yield 
parameters such as number of tubers per plant, 
marketable tuber and unmarketable tuber yield and 
total tuber yield (Zelalem et al., 2009) Data were 
collected from five randomly selected plants of the 
two middle rows except the yield data which was 
taken on plot basis.

Data were subjected to analysis with FRBD 
(SAS Institute Inc., 2002), by calculating ANOVA 
table treatment mean was compared by using LSD 
at 5% significance level (Montgomery, 2005).

RESULTS AND DISCUSSION

Effect of row spacing and earthing-up on growth 
parameters 

The effect of both row spacing and time of 
earthing-up were found highly significant (p<0.001) 
on all growth parameters studied including days to 
50% flowering and maturity.

Competition of plants for resources in the 
closer intra-row spacing that led the plants to stress 
and ultimately resulting early flowering instead of 
prolonged vegetative growth. This is in agreement 
with the work of Law-Ogbomo and Egharevba 
(2009) who reported that, days to 50% flowering 
was prolonged for plants grown with wider intra-

row spacing (lower planting density). For earthing-
up, the earliest days to 50% flowering (59.16 days) 
was observed at no earthing-up (control) treatment 
and this was not significantly different from potato 
plant earthed up at 45 days after complete plant 
emergence. However, flowering was prolonged 
when potatoes were earthed up at 15 days after 
complete plant emergence (Table 1). Days to 50% 
flowering was delayed by about 3 days at 15 days 
earthing-up after the complete plant emergence as 
compared to the control. This could be due to the 
fact that absence of earthing-up created stress in 
the plant due to lack of aeration and mechanical 
barrier of soil colloids during its active vegetative 
stage that affected the plant vegetative growth 
and brought early flowering. This result is in 
conformity with Qadir (1997) and Qadir et al. 
(1999), who confirmed that earthing-up at 15 days 
after complete plant emergence resulted in better 
potato plant performance in terms of the parameters 
considered.

Days to 50% maturity 

The earliest days to 50% maturity (106.91 
clays) was observed at the closer intra-row spacing 
of 10 cm but it was extended (113.33 days) at the 
wider intra-row spacing of 40 cm (Table 1). Days 
to maturity was delayed by 6 days in the wider 
intra-row spacing as compared to the closest intra-
row spacing of 10 cm. This could be due to the 
presence of intense inter plant competition at the 
closer intra-row spacing that leads to depletion of 
the available nutrient and as a result plants stressed 
and tend to mature earlier. The current finding 
is in agreement with the work of Mengistu and 
Yamoah (2010) who concluded that closer intra-row 
spacing (increasing planting density) had reduced 
days to maturity. For earthing-up, the earliest days 
to 50% maturity (108.75 days) was occurred at 
the control (no earthing-up) treatment but it was 
extended (112.33 days) at earthing-up of 15 days 
after complete plant emergence (Table 1). Days to 
50% maturity was delayed by 3 days at 15 days 
earthing-up after the complete plant emergence 
as compared to the no earthing-up treatment. This 
might be due the reason that earthing-up at 15 days 
after complete plant emergence, matching with 
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the active vegetative stage of the plant, created 
favorable soil environment and enhanced further 
vegetative growth that extended days to maturity. 
This result is in agreement with the finding of Qadir 
(1997) who confirmed that earthing-up at 15 days 
after complete plant emergence resulted in better 
plant performance.

Plant height

The highest plant height (66.1 cm) was 
obtained at the closer intra-row spacing of 10 cm 
and this is not significantly different from the plant 
height obtained at 20 cm intra-row spacing. On 
the other hand, the shortest plant height (62 cm) 
was observed at 30 and 40 cm intra-row spacing 
(Table 1), This might be due to the presence of 
higher competition for sunlight among plants 
grown at the closer intra-row spacing. This is in 
agreement with the finding of Zaag et al. (1989) 
who indicated that plant height was initially similar 
in all treatments but after 72 days the closely 
spaced plants became taller. Dennis et al. (1994) 
also reported that as intra-row spacing increased 
plant height decreased linearly. Similarly, Ifenkwe 
and Allen (1978), Law-Ogbomo and Egharevba 
(2009), Rajaclurai (1994) and Zebarth et al. (2006) 
concluded that closer intra-row spacing (higher 

plant density) resulted in the highest plant height. 
In case of earthing-up the highest plant height 
(67 cm) was obtained at 15 days earthing-up after 
complete plant emergence, whereas the shortest 
plant height (62 cm) was observed at the control 
(no earthing-up) treatment which is at par with 45 
days earthing-up after complete plant emergence 
(Table 1), This might be due to the reason that 
early soil cultivation (earthing-up) facilitated the 
nutrient absorption through enhanced microbial 
processes and increased soil aeration. This result is 
in conformity with the finding of Qadir et al. (1999) 
and Qadir (1997) who confirmed that plant height 
was significantly higher in plants earthed up at two 
weeks after the complete plant emergence.

Plant spread 

The widest plant spread (49.68 cm) was 
obtained at the wider intra-row spacing of 40 cm 
but the narrowest plant spread (39.28 cm) was 
recorded at the closer intra-row spacing of 10 
cm (Table 1). This could be due to the positive 
effect of wider intra-row spacing, where there is 
minimum competition for resources between plants 
compared to the closer intra-row spacing, in that 
the photosynthetic efficiency of plants increased 
and the plants utilize the sufficiently available 

Table 1. Growth parameters, days to flowering and maturity as affected by row spacing and time of earthing-up

Treatments Days to 50% 
flowering

Days to 
flowering

Plant height 
(cm)

Plant spread 
(cm)

Mean stem 
No.

Check the 
readings

Leaf area 
(cm2)

10 38.66 106.91d 66.19a 39.28   4.2 17.6

20 39.42 108.58 65.47a 42.59b   4.22a 21.86

30 60.83 112.16b 62.35b 47.37a   4.21a 6.18 27.10

40 61.66 113.3+ 62.16b 49.68a   4.25 28.79

Time of earthing-up (Days)

No earthing-up 39.16 108.73 62.03c 42.63b 4.08b 21.87

15 62.08 112.3 67.48 49.01a 4.67a

30 60.08 110.30b 64.41b 44.19b 4.12b 3.14 23.90
45 39.25 109.58b 62.23 43.10b 4.04b 4.83 22.83b

L.S.D. % 
(0.05) 0.86 0.81 1.14 2.42 0.26 1. 132

C.V% 1.72 0.88 2.15 6.49 7.30 4.81 3.16
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resources. This result is in conformity with the 
finding of Ahmed et al. (2000) who reported that 
closer intra-row spacing resulted in poor vegetative 
growth such as plant spread compared to the wider 
intra-row spacing. Entz and LaCroix (1984) also 
stated that branching increased in the wider intra-
row spacing. In similar manner, Zaag et al. (1989) 
reported that branching was similar in all treatments 
up to 30 clays but later the wider intra-row spacing 
gave the highest plant spread and is similar to the 
experimental finding of Zebarth et al. (2006) which 
indicated that closer intra-row spicing resulted 
in reduced number of branches resulting in the 
narrowest plant spread. Significantly the widest 
plant spread (49.01 cm) was observed at 15 days 
earthing-up after complete plant emergence but the 
narrowest plant spread (42.63 cm) was obtained 
at the control (no earthing-up) treatment which is 
similar to the effect of earthing-up at 30 and 45 
days after complete plant emergence (Table 1). This 
could be due to the reason that earthing-up at 15 
days after complete plant emergence, early in the 
growing season of the potato plant coincided with 
the proper time of soil workability and optimum 
soil moister level. This made the soil porous and 
aerated and the plants received the advantage of 
proper growth and development than the plants 
on the control and lately managed plots. Similar 
opinion was reported by Qadir (1997) and Qadir et 
al. (1999) in which plant spread was significantly 
higher when plants were earthed up 15 days after 
the complete plant emergence.

Main stem number

Significantly the highest main stem number 
14.67) was recorded at 15 days earthing-up after 
complete plant emergence but the lowest main stem 
number (4.04) was obtained at 45 days earthing-up 
after complete plant emergence which was at par with 
no earthing-up (control treatment) and earthing-up 
at 30 days after complete plant emergence (Table 1).  
This might be due to the fact that earthing-up, 
a cultural practice, given to the plant during its 
active vegetative stage, enhanced the vegetative 
development of a greater number of stems. The 
result of this current investigation is in agreement 
with the work of Qadir (1997) who found that 

number of stems per plant (4.44) was significantly 
higher when plants were earthed up two weeks after 
complete plant emergence. Similarly, Qadir et al. 
(1999) also concluded that the number of stems per 
plant was significantly higher for plants earthed up 
at two weeks after complete plant emergence.

Stem diameter

The largest stem diameter (6.44 cm) was 
observed at the wider intra-row spacing of 40 cm 
whereas the smallest stem diameter (3.17 cm) was 
found at the narrowest intra-row spacing of 10 cm 
(Table 1). Wider intra-row spacing resulted in less 
competition among plants, availability of resources 
and light interception were increased resulted in 
large quantity of photo assimilate production as well 
as assimilation and thus increased plant vegetative 
growth ultimately increasing stem diameter. In 
line with the current finding, Dennis et al. (1994) 
also confirmed that increased intra-row spacing 
resulted in increased stem diameter. The largest 
stem diameter (5.48 cm) was obtained at 15 days 
earthing-up whereas the smallest stem diameter 
(4.64 cm) was obtained at no earthing-up (Table 1). 
In no earthing-up, there could be lower soil aeration 
and soil colloids also restricted plant roots vegetative 
but earthing-up controlled the weeds and enabled 
the plants to absorb more nutrients and increased 
their stem diameter. Gebremedhin et al. (2008) also 
indicated that one time earthing-up compared to no 
earthing-up increased yield components of potato. 
Qadir et al. (1999) and Qadir (1997) also stated that 
higher stem diameter was recorded at earthing-up 
of two weeks after plant emergence.

Leaf area

The largest leaf area (28.79 cm2) was 
obtained at the wider intra-row spacing of 40 
cm while the smallest leaf area (17.67 cm2) was 
recorded at the closer intra-row spacing of 10 cm 
(Table 1). At the wider intra-row spacing due the 
presence of minimum competition, plants absorbed 
the sufficiently available resources, enough light 
and increased their photosynthetic efficiency 
that further increased the vegetative growth and 
ultimately resulted in increased leaf area. Oliveira 
(2000) also confirmed that leaf area decreased in 
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the closer intra-row spacing compared to the wider 
intra-row spacing that resulted in lager leaf area. 
In similar manner (Thambule and Ossom, 2010) 
stated that the largest mean leaf area was obtained 
in the wider intra-row spacing.  Largest leaf area 
(26.81 cm2) was observed at 15 days earthing-up 
after complete plant emergence while the smallest 
leaf area (21.87 cm2) was recorded at no earthing-
up, the control treatment (Table 1). Earthing up at 

15 days after plant emergence coincided with the 
active vegetative stage of the plant improved the 
soil porosity and aeration, better root vegetative 
and penetration for nutrient absorption increased 
plant vegetative and development that ultimately 
increased leaf area. Qadir (1997) also concluded 
that better yield and yield components of potato 
including leaf area was recorded at earthing-up two 
weeks after complete plant emergence.

Table 2. Tuber number, total, marketable and unmarketable yield as affected by intra raw spacing and earthing-up

Treatments Tuber no per hill Total tuber yield
 (t ha-1)

Marketable tuber yield  
(t ha-1)

10 6.70d 34.43a 18.27
20 8.43 31.49b 21.00 ab

30 10.55b 30.00b 10.55b

40 10.9 26.09 21.19b

Time of earthing-up (Days)

No earthing-up 8.33 26.49 17. CBC

15 10.30a 36.44a 27.48
30 9.46b 31.61b 22.38
45 8.51C 27.48 17.82
LSD (0.05) 0.36 2.76 2.27
CV 4.82 10.85 12.86

Parameters studied included tuber number, 
total tuber yield and marketable tuber yield except 
unmarketable tuber yield which is only significantly 
affected by intra-row spacing (Table 2)

Tuber number

Significantly the highest number of tubers 
per plant (10) was recorded at the wider intra-row 
spacing of 40 cm whereas the lowest number of 
tubers per plant (7) was obtained at the closer intra-
row spacing of 10 cm (Table 2). In the wider Intra 
row spacing there could be minimum competition 
among plants for space and resources and also 
better plant exposure for high radiation interception 
that increased the photosynthetic efficiency of the 
plant and finally resulting in increased number of 
tubers per plant. Similar to the result of the current 
investigation Mahmood (2005) also reported that 
maximum numbers of tubers per plant was obtained 
in the wider intra-row spacing. Zamil et al., (2010) 

also indicated that the wider intra-row spacing gave 
the highest number of tubers per hill. In similar 
experiment, Zaag et al. (1989), Thornton et al. 
(2007), and Gulluoglu and Axioglu (2009) also 
reported that number of tubers per plant increased 
at the wider intra-row spacing. In case of earthing-
up, the highest tuber number (10.30) was recorded at 
15 days earthing-up after complete plant emergence 
whereas the lowest tuber number (8.33) was 
obtained at no earthing-up, control treatment which 
is at par with earthing-up at 45 days after complete 
plant emergence (Table 2). Earthing up at 15 days 
after complete plant emergence, during the active 
vegetative period of the plant created favorable soil 
conditions for a greater number of tubers initiation and 
development that increased tuber number. Similarly, 
Qadir (1997) and Qadir et al. (1999) also reported 
that number of tubers per plant was significantly 
higher at 15 days up after complete plant emergence. 
Tafi et al. (2010) also concluded that earthing-up of 
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potatoes at 10 cm plant height increased the length 
of underground stems that ultimately increased tuber 
number per plant.

Total tuber yield

The highest tuber yield per hectare (34.43 
t ha-1) was obtained at the closer intra-row spacing 
of 10 cm whereas the lowest (26.09 t ha l) was 
obtained at the wider intra-row spacing of 40 cm 
(Table 2). This is due to the compensation effect 
of closer intra-row spacing plants per hectare than 
the wider intra-row spacing which resulted in 
higher yield of tubers per plant. In a similar studies 
Burton (1989) also investigated the effect of intra-
row spacing on the yield of potato and finally 
concluded that in a wider intra-row spacing, yield 
per hectare was reduced due to insufficient number 
of plants grown per hectare compared to plants 
grown at closer intra-row spacing per hectare.  
Mahmood (2005) also confirmed that closer intra-
row spacing gave the highest yield per hectare than 
the wider intra-row spacing. Different scientists, 
Nelson (1976), Rajadurai (1994), Ahmed et al. 
(2000), Midmore (2003), Rahemi et al. (2005), 
Gulluoglu and Arioglu (2009), Zamil et al. (2010), 
Mahmoodabad et al. (2011), at different times 
investigated the effect of intra-row spacing on 
potato yield and ultimately confirmed that potato 
tuber yield per hectare was decreased in the wider 
intra-row spacing but increased in the closer intra-
row spacing due to more tubers being harvested in 
the closer intra-row spacing. The highest tuber yield 
(36.44 t ha-1) was recorded at 15 days earthing-
up after complete plant emergence whereas the 
lowest tuber yield (26.49 t ha-l) was recorded at the 
control (no earthing-up) treatment which is at par 
with tuber yield recorded at 45 days earthing-up 
after complete plant emergence (27.48) (Table 2).  
Earthing up at 15 days after plant emergence 
conceded with the active growth stage of the plant 
improved the soil conditions for efficient nutrient 
absorption resulted in increased plant vegetative 
growth and development that ultimately resulted 
in the highest tuber yield per hectare. Qadir (1997) 
and Qadir et al. (1999) also reported the highest 
potato tuber yield per hectare at 15 days earthing-
up after complete plant emergence.

Marketable tuber yield

The highest (23.54 t ha-1) marketable tuber 
yield was obtained at the wider intra-row spacing of 
30 cm whereas the lowest (18.27 t ha -1) was obtained 
at the closer intra-row spacing of 10 cm (Table 2). 
At the wider intra-row spacing due the presence of 
minimum competition, plants absorbed available 
resources sufficiently and intercepted more light. 
This increased their photosynthetic efficiency for 
higher photo assimilate production and ultimately 
resulted in increased more marketable tuber yield. 
The result of the current investigation is in line 
with the finding of Dwelle and Love (1993) who 
concluded that in closer intra-row spacing, bulking 
rate of individual tubers decrease and this resulted 
in smaller tubers and lower marketable tuber 
yield. Similarly, Zaag et al. (1989) also reported 
that marketable tuber yield increased in the wider 
intra-row spacing. The highest marketable tuber 
yield (27.48 t ha1) was obtained at the 15 days 
earthing-up whereas the lowest (17.03 t ha l) was 
obtained at the closer intra-row spacing of 10 cm 
which is at par with 45 days earthing-up (17.82) 
(Table 2). This could be due to earthing-up at 15 
days after complete plant emergence, during the 
active vegetative period of the plant improved the 
soil conditions for proper root growth and nutrient 
absorption that facilitate the above ground part for 
better vegetative development ultimately resulted 
in better marketable tuber yield. The current 
result is in line with the work of Qadir (1997) and  
Qadir et al. (1999) who confirmed that earthing-up at  
15 days after complete plant emergence resulted in 
better potato plant performance and yield.

Unmarketable tuber yield

The highest unmarketable tuber yield 
(16.16 t ha1) was obtained at the closer intra-row 
spacing of 10 cm. However, the lowest unmarketable 
tuber yield (4.89 t ha1) was obtained at the wider 
intra-row spacing of 40 cm (Table 2). This could be 
due to the existence of higher computation between 
plants in closer intra-row spaced plants that results 
in a larger number of under sized tubers that 
leads to the less quality product. Similarly, Zaag 
et al. (1989) reported that marketable tuber yield 
increased in the wider intra-row spacing. In this 
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experiment unmarketable tuber yield was assessed 
by identifying under sized, cussed, deformed and 
green potato tubers and the most important reason 
for unmarked ability is under sized potato tuber.

CONCLUSION
The study showed that both intra-row 

spacing and time of earthing-up significantly 
affected days to 50% flowering, maturity, plant 
height, plant spread, stem diameter, leaf area, 
tuber number, total tuber yield and marketable 
tuber yield. It can be concluded from this study 
that for the majority of the vegetative parameters, 
40 cm intra-row spacing and earthing-up after 15 
clays of complete plant emergence are preferable. 
Similarly, the highest total tuber yield (34.43 t ha-l)  
and unmarketable tuber yield (16.16 t ha-1) was 
produced at the closest intra-row spacing of 
10 cm. But from the total tuber yield produced 
in closest intra-row spacing of 10 cm 46.93% 
was unmarketable and hence, significantly the 
highest marketable tuber yield (23.54 t ha-1)  
was obtained at the wider intra-row spacing of 30 cm. 
Similarly, the highest total tuber yield (36.44 t ha-l) 
and marketable tuber yield (27. 48 t ha-1)  
was produced at the time of earthing-up of 15 
days after complete plant emergence. This study 
verified that vegetative and yield of potato is 
influenced by intra-row spacing and time earthing-
up and accordingly 30 cm intra-row spacing in 
combination with earthing-up at 15 days after 
complete plant emergence can be used for optimum 
vegetative and the highest marketable tuber yield 
of Kufri Chandramukhi potato variety in the sandy 
loam soil of the study area.
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ABSTRACT

In Meghalaya, potato is grown twice a year. The climate of the state is congenial for the potato production 
throughout the year. The present paper demonstrated the potato production, disposal and its price spread 
of major channels in the selected markets. Economic benefit point of view the channel-III which is 
direct channel has been observed beneficial but practically it is not advisable; hence, the channel-II 
has been found next to the direct channel through which net price received by potato grower has been 
observed higher than that of others whereas channel-I has been preferred because the maximum produce 
has been disposed. Therefore, channel-I needs to be strengthened through technological intervention 
like value addition in the crop. Further, the price spread analysis is an insight for improvement in the 
market for unscrupulous practices adopted by different intermediaries in the potato market.

Key words: Meghalaya, potato, supply, value addition 

INTRODUCTION 

Potato is a “cool climate crop”, with the 
temperature being the primary constraining variable. 
Potato was consumed by more than one billion people 
in the world. It is a high-quality vegetable as well as 
food crop. Potato (Solanum tuberosum L.) is one of 
the prominent food crops in the world after rice and 
wheat in terms of human consumption (Gastelo et 
al., 2014), while the direct consumption as human 
food is 31.3 kg per capita (per year) (FAOSTAT, 
2014). Hence, Potato is supplementing meat and 
milk products by decreasing energy intake and 
also by decreasing food cost. Potato plays multiple 
and prominent roles in neighborhood food systems 
and for food security (FAO, 2008). By providing 
income generation opportunities as a cash crop 
and generating employment, potato contributes to 
alleviating poverty (Scott et al., 2000). Further, it 
speaks to a significant source of vitality, with a high 
conveyance of vitality per unit land, water and time, 
and are a prominent wellspring of mineral deposits 

and nutrients for the eating regimen (Anderson et al.,  
2010). In tropical regions, potato ought to be 
developed where the atmosphere is tempered by 
elevation (1500 – 4200 m) or at lower heights gave 
the harvest is developed during the cool season. 
The perfect condition for tuberization is a night 
temperature of around 16°C, while ideal yields are 
gotten where mean everyday temperatures are in 
the 18-20°C territory. The climate of the state of 
Meghalaya is highly congenial for cultivation of 
potato throughout the year.

Meghalaya has diverse agro-climatic zones, 
ranging from temperate to tropical, which offer 
countless scope for cultivation of temperate as well 
as tropical fruits and vegetables. Potato occupies a 
key position in the cropping patterns in Meghalaya 
and significantly shares to rural agrarian economy. 
There are two potato crop seasons (Summer crop 
and Winter crop). “The average productivity of 
potato in the Meghalaya state produced 9.2 tons 
per hectare almost half that of the national average” 
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(CPRI, 2006). Factors like rain fed cultivation, non-
availability of quality seed, high disease incidence, 
etc. contribute to low potato yields. The state has 
however high per capita potato utilization (93 
kg) which is higher than even the national level 
potato consumption (17 kg) in the nation. The state 
likewise has the scope of having proportionately 
more region under potato altogether cropped region, 
than significant potato delivering conditions of the 
nation. “The local varieties Lah Saw, Lah syntiew 
and Lah Taretetc. have been recognized for their 
good taste mainly for home consumption. High 
yielding varieties like Kufri Jyoti which occupies 
the largest area among others like, Kufri Megha 
and others cultivar of potato. The newly introduced 
variety Kufi Giriraj is gaining popularity because of 
its high yield and resistance to late blight.” (CPRI, 
2006).

In spite of having favorable climatic 
conditions including technological back-up for 
potato in the state; the state could not come-up 
in significant contribution of potato production 
in the country. The potato growers are mostly 
illiterate with marginal and small landholding 
without good technologies, unorganized and 
difficulty in marketing in hilly terrains especially in 
remote villages due to lack of roads and transport 
facilities. Hence, the research and development 
expenditures in North Eastern Hill Region should 
be enforced to develop small size of machinery 
with the intent to reduce cost of human labour 
(Singh et al., 2019). Non-availability of finance 
led them to distress sell to their attractive surpluses 
just after harvest at a low price (Singh et al.,  
2020). Meghalaya has favourable condition to 
grow vegetables (Sri et al., 2020). To some extent, 
contract farming model of main lands in India 
has protected the potato growers from its price 
uncertainty (Tripathi et al., 2005). Marketing 
through Self-Help Group (SHG) may prove fruitful 
as a distribution strategy as women are willing to 
undertake entrepreneurial activities (Kumari et al., 
2019). Hence, temporal analysis of supply chain 
of potato in Meghalaya is immense. Therefore, 
keeping in view the facts about potato in the state 
of Meghalaya the present paper is designed in  
same line.

MATERIALS AND METHODS 

Selection of district, market and respondents

The study was conducted in East Khasi Hills 
(here after; EKH) district of Meghalaya which 
contributes about 63.63 % of the total area and 68.90 
% of total production of potato in the state. Three 
markets namely regulated market (Mawiong), 
weekly market (Smit market) and daily market 
(Bara Bazar, Shillong) were selected as marketed 
surplus were more in these markets of EKH district. 
A sample of 36 numbers of respondents, including 
trader, wholesaler, retailer and potato growers 
were interviewed for collecting primary data. Smit 
village has been selected purposively because it 
was one of the highest potatoes producing villages 
in EKH district in both the seasons from where a 
sample of 10 potato growers were drawn.

Data collection and analysis

The potato in the state of Meghalaya practiced 
in two seasons viz; summer and winter season. 
Therefore, primary data were collected for both the 
seasons from the same respondents of potato growers 
as well as the marketing agencies. The respondents 
were interviewed twice for summer and winter 
season as potato is grown in two seasons. Data were 
collected using pre-tested well-structured schedule 
through personal interview of the respondents for the 
crop year 2019-20. The primary data includes season 
wise production of potato at household level as well 
as disposal of the same to different channels. Further, 
the primary data on per unit marketing cost incurred 
by producers as well as different intermediaries 
involved in business of potato and also the price 
offered by intermediaries and consumers for potato 
were collected. 

Analytical techniques

Marketing cost
The total cost incurred on marketing either 

in cash or in kind by the producer seller and by 
the various intermediaries involved in the sale and 
purchase of potato till the commodities reaches the 
ultimate consumer, may be computed as:
 C = CF+Cm1+Cm2+Cm3+…+Cmi 
 C = CF + ΣCmi Where, 
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C = Total cost of marketing of the potato 
CF = Cost paid by the producer at the time the 
produce leaves the farm till he sells it
Cmi = Cost incurred by the ith middleman in the 
process of buying and selling potato
Marketing margin of middlemen 

It is the difference between the total payments 
(cost + purchase price) and receipts (sale price) of 
the middlemen (ith agency). It is expressed as:

Ami = Pri – (Ppi + Cmi) Where,
Ami = Absolute marketing margin of ith middlemen
Pri= Total value of receipts per unit (sale price)
Ppi = Purchased value per unit (purchased price)
Cmi = Cost incurred on marketing per unit
Percentage margin of middleman

To work out the percentage share of margin 
of middleman following formula has been used: 

Percentage margin of middleman 
(Pmi) =PRi-(Ppi+ Cmi )/Ppi × 100 Where, 

PRi = Total value of receipts per unit of produce   
(sale price)
Ppi = Purchase value of goods per unit of produce 
(purchase price)
Cmi = Cost incurred in marketing per unit. 

Thus, it includes the profit of the middleman 
and the returns.
Producer’s share in consumer’s price 

The price received by the producer expressed 
in terms of percentage of the retail price (i.e., the 
price paid by the consumer) is the producer’s share.

Ps=(Pf÷Pr) × 100 Where,
Ps  = Producer’s share in the consumer rupee. 
Pf = Price received by the farmer per unit of output 
Pr = Retail price per unit of output
Price spread 

It is the difference between the price paid by 
consumer and the price received by the producer 
for an equivalent quantity of farm produce. It was 
calculated by using the following formula.

Ps= {(Ps – Pf)÷Ps}100 Where,
Ps= Producer’s share in the consumer rupee.
CF = Price received by the farmer per unit of outputs 

PA = Retail price per unit of output, and
Pf = PA – CF Where, 

Pf = Net price receive by producer
PA = Wholesale price
CF = Marketing cost incurred by producer
Hence, 

Price spread = Pc – Pf Where, 
Pc = Price paid by consumer
Pf = Price received by the producer
Marketing efficiency

It is defined as the effectiveness or competence 
with which a market structure performs its designated 
function. This will be computed using the Acharya’s 
modified marketing efficiency (MME) approach 
(Acharya and Agarwal, 2011) given as:

MME=FP÷ (MC+MM) Where,
MME = Modified measure of marketing efficiency
FP = Price received by farmers
MC = Marketing cost
MM = Marketing margins.

RESULTS AND DISCUSSION

Disposal pattern of potato 
For the disposal of potato from the grower to 

the ultimate consumer three major marketing channels 
viz, i) Channel-I: Producer →Traders→ Wholesaler 
→ Retailer → Consumer, ii) Channel-II: Producer→ 
Wholesaler → Retailer → Consumer and iii) Channel-
III: Producer → Consumer are used 

The highest quantity (69.01%) of the potato 
produced in summer season was observed to 
be disposed through traders which was highest 
followed by wholesalers, retailers and small 
portion straightway sold to the consumer (Table 1).  
Whereas, in winter season it was estimated that 55.25 
% of the total household produce of potato through 
same channel. Around 25.94 % and 38.25 % of the 
produce was disposed through wholesaler in summer 
and winter season, respectively which was higher 
in winter season compared to the summer season. 
Remaining 5.05 % and 6.23 % of potato disposal has 
been estimated as direct marketing.

The overall, disposal of potato from farm to 
consumer has been estimated of 62.13 %, 45.20 % and 
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8.16 % through channel-I, channel-II and channel-III, 
respectively. Hence, analysis of disposal pattern has 

Price spread analysis

Price spread of summer potato 
Price spread analysis is the mirror of any of 

market. It includes the marketing cost and margins 
through which efficiency of a market and the 
channel may easily be known for further technical 
and administrative interventions in the market for a 
particular commodity. The results (Table 2) showed 
that price spread of potato in selected market during 
summer season has been observed higher in the 
channel-I (37.64%) which was followed by channel-

II (34.21%) and channel-III (5.57%). This has been 
witnessed by the marketing cost and margin, whereas 
marketing cost was higher in channel-I (12.89%) 
and followed by channel-II (11.42%) and channel-III 
(5.57%). Similarly, the marketing margin was also 
has been observed at higher side in the channel-I 
(24.75%) and channel-II (22.79%). Hence, analysis 
revealed that marketing cost and margin impacted the 
price spread and further its impact has been reflected 
on net price received by potato growers. The higher 
is the price spread, the lower the net price received 
by the potato grower and vice-versa.

Table 2. Price spread of summer potato

Channel -I Channel -II Channel -III
Marketing cost 268.79 (12.89) 228.41 (11.42) 105.83 (5.57)
Marketing margin 516.21(24.75) 455.81 (22.79) -
Price spread 785.00 (37.64) 684.22 (34.21) 105.83 (5.57)
Net price received by producer 1300.00 (62.35) 1316.78 (65.84) 1794.17 (94.43)
Consumer price 2085.00 2000.00 1900.00

Source: Field Survey, Note: Figures in the parentheses indicate percentage to the total production 
Price spread of winter potato

Similarly, in the winter season of winter the 
price spread has been observed high in the channel-I 
(35.18%) followed by channel-II (29.44%) and 
channel-III (4.50%). The marketing cost as well 

as marketing margin under channel-I has been 
estimated 10.09 % and 25.09 %, respectively which 
were higher than the channel-II as estimated of 
9.15 % and 20.02 %, respectively and followed 
by channel-III. The net price received by potato 

revealed that after harvest, the large chunk of potato 
has been taken directly by either traders or wholesaler. 

Table 1. Disposal pattern of potato through different channels (kg)

Marketing channel Summer potato Winter potato Overall
Channel-I 3081.30(69.01) 1803.91(55.25) 4885.21(62.13)
Channel-II 1158.22(25.94) 1257.68(38.52) 2415.9(45.2)
Channel-III 225.48(5.05) 203.41(6.23) 428.89(8.16)
Total 4465.00 (100.00) 3265.00 (100.00) 7730.00 (100.00)

Source: Field Survey, Note: Figures in the parentheses indicate percentage to the total production

Table 3. Price spread of winter potato

Channel- I Channel -II Channel- III
Marketing cost 272.52 (10.09) 236.07 (9.15) 107.89 (4.50)
Marketing margin 677.48 (25.09) 523.45 (20.2) -
Price spread 950.00 (35.18) 759.52 (29.44) 107.89 (4.50)
Net price received by producer 1750.00 (64.81) 1814.40 (70.32) 2292.11(95.50)
Consumer price 2700.00 2580.00 2300.00

Source: Field survey; Note: Figures in the parentheses indicate percentage to the total production
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Hence, season wise price spread analysis 
revealed that winter potato production more price 
fetching crop compared to the summer season 
potato production.  consequently, the net price 
of potato received by grower was observed to be 
higher during winter season. Therefore, winter 
season potato production was more remunerative to 
the farmers of the state.

CONCLUSION

Therefore, it can be concluded that the 
channel-I was found to be preferred in both the 
season of potato production through which highest 
produce has been disposed to the market. The net 
price received by the potato grower was estimated 
to be higher in channel-III, but practically it is not 
advisable as all the time potato growers cannot sit 
in the market for selling their produce. Hence, the 
channel-II was observed to be comparative better 
for realizing high net price by the potato growers.  
The channel-I is found to be most preferred channel 
from quantity disposal point of view. Hence, the 
channel-I need to intervene not only through 
technology but also administrative point of view. 
The study recommends the winter potato production 
than summer season.
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producer has been observed higher in the channel-
III (95.50%) followed by channel-II (70.32%) and 
channel-I (64.81%). The higher the price spread 
of the channel, lower the net price received by the 
producer under the particular channel in the market 
and vice-versa (Table 3).
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ABSTRACT

The purpose of this study was to investigate the knowledge, attitude and practice (KAP) regarding 
health and food safety among female students, Ghazni University, Ghazni, Afghanistan and to explore 
the association between their socio-demographic and academic characteristics. This analytical study 
was performed on 150 female undergraduate students of Ghazni University by using a self-administered 
questionnaire consisting of demographic information, awareness and attitude towards health and food 
safety. The collected data was analyzed using SPSS-23. The results showed that the students had medium 
level of knowledge, attitude and practices toward food hygiene, sanitation and food contamination related 
to food safety. Also result showed over 37% of students lack the knowledge about refrigerator storage and 
uses. On the other hand, over the 69% of students had good knowledge on food safety. And more than 
18% had lack of food safety attitude in raw food keeping, food reheating and food poisoning. The overall 
KAP percentage score were 1.88±0.65 respectively. In general, this paper indicates the significance of 
female student’s knowledge and attitude about food safety. Continuous education and training should be 
organized to strengthen female student’s knowledge in areas which seem to be deficient.

Key words: Attitudes, female students, Ghazni University, knowledge, practices

INTRODUCTION

Food safety is the assurance that food will not 
hazard to the consumer when it is prepared or eaten 
(WHO, 2004). It requires correct handling from 
farm to the consumption table (Bruhn and Schutz, 
1999). Poor food-handling and hygiene practices 
in the domestic kitchen are thought to cause a 
significant number of food-borne illnesses (Jay et 
al., 1999). Food safety continues to be a concern 
for consumers, food industry and regulatory 
agencies. Every year, millions of people worldwide 
die and many are hospitalized from foodborne 
diseases and illnesses as a result of consumption 
of contaminated food (Osaili et al., 2011). Usual 
sources of food safety knowledge suggested in food 
safety research are: university studies, the private 

home, family and friends, personal doctor, media, 
magazine articles, the internet, educational settings, 
government agencies, cooking classes at school 
or television shows (Marklinder et al., 2020). In 
Afghanistan, there is no specific subject on food 
safety. There are few departments of food related 
subjects in some universityies. On the other hand, 
more than 85% of the population of Afghanistan is 
dependent on agriculture and related activities for 
livelihood (Zahiryan and Hamayoun, 2020). Due to 
high risk in the agriculture and the huge losses to 
the farmers, the Ministry of Agriculture, Irrigation 
and Livestock (MAIL) of Afghanistan, in parallel 
with global strategy for poverty alleviation and 
food security has implemented and designed some 
projects. In Afghanistan, a meager of researches 
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attempted to study gender issues (Nicnam and 
Ghafari, 2020).

The cooking and storage of food at incorrect 
temperatures and the cross-contamination of food 
due to unhygienic handling practices are regarded 
as the main causes of many foodborne disease 
outbreaks. Factors such as poor personal hygiene 
and the procurement of food from unreliable 
sources have been found to contribute to foodborne 
disease outbreaks in food preparation and service 
facilities (Teffo and Tabit, 2020). Since it is 
currently impossible for food producers to ensure a 
pathogen free food supply, the home food preparer 
is a critical link in the chain to prevent food borne 
illnesses. Thus, home food preparers need to know 
how to minimize the presence of pathogens or their 
toxins in food (Medeiros et al., 2001).

Previous records show that over the 30% of 
the industrial countries' people may be influenced 
every year by food borne illnesses (FAO/WHO, 
2008), According to the World Health Organization, 
the global incidence of food-borne diseases is 
difficult to estimate, but it has been reported 
that in 2005 alone 1.8 million people died from 
diarrheal diseases. According to U.S Agency for 
International Development report, the National 
Risk and Vulnerability Assessment conducted in 
2005 found that approximately 61% of Afghans 
from the rural, urban, and Kuchi (unsettled 
pastoralists) populations experienced low dietary 
diversity and poor to very poor food consumption. 
In addition, a total of approximately 8.5 million 
Afghans throughout the country, roughly 30% of 
the population, do not meet their minimum food 
requirements and are food insecure to some degree. 
20% of the population, approximately 6 million 
people suffer from chronic food insecurity, with the 
largest numbers of chronically food insecure people 
concentrated in the central highlands. The provinces 
manifesting very poor food diversity are: Day Kundi, 
with more than 80% of the population affected, 
Bamyan and Nuristan, 61-80% affected, and Ghor, 
Uruzgan, Zabul, and Nimroz, 41-60% affected. A 
great proportion of these cases can be attributed to 
contamination of food and drinking water. In 2005 
estimated that an additional 1.9 million Afghans 

are food-insecure, raising the current total of food 
insecure to approximately 10.4 million people.  
In industrialized countries, the percentage of the 
population suffering from food-borne diseases each 
year has been reported to be up to 30%. Food-borne 
diseases seem to have been increasing globally 
in recent years. This is due to dramatic changes 
in animal production, industrialization of animal 
production especially in poultry, mass production 
in food processing and distribution, globalization 
of food trade, and increase number of tourists 
around the world. All these factors have increased 
the significance of food-borne diseases (Sharif and 
Al-Malki, 2010). The WHO estimates of the global 
load of food-borne diseases as of 2015 show that 1 in 
10 people fall sick every year with 420,000 deaths. 
Children under five are at high risk with 125,000 of 
them dying yearly due to foodborne diseases, with 
Africa and Southeast Asia having the highest bar. 
Diarrheal diseases are responsible for more than half 
of the global foodborne diseases load, causing 550 
million people to fall ill and 230,000 deaths annually. 
Children are at particular risk of food-borne diarrheal 
diseases, with 220 million falling sickness and 
96,000 dying yearly (FAO/WHO, 2019).

Fundamental good food hygiene practice, as 
described in the WHO, five keys to safer food (keep 
clean, separate raw and cooked, cook thoroughly, 
keep food at safe temperatures, use safe water and 
materials) can prevent the transmission of pathogens 
responsible for many food-borne diseases (WHO, 
2005). Three important factors are playing major 
role in the incidence of food poisoning especially 
with regard to food handler. Knowledge, attitude 
and practice (KAP), these three factors were 
studied among Ghazni university female students 
as a model for studying these factors among other 
community. Information about Ghazni university 
female students on food safety KAP has not been 
studied previously. Exploring these three factors 
were used as indicator for the KAP score. 

The female students in general are responsible 
to prepare food for families. The information gained 
would be utilized for health promotion, adoption of 
legislation and use of appropriate tools to increase 
knowledge, and changing wrong beliefs concerning 
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food habits and people’s practices that increase the 
risk of food-borne diseases. 

MATERIALS AND METHODS 

The research was conducted in the Ghazni 
University, at central Ghazni province, Afghanistan. 
The Ghazni province is located in the southeast 
region of Afghanistan. It acquires a transitional 
climate between semi-arid with cold winter and 
warm dry summer (Ghafari et al., 2021). Ghazni 
province have 18 administrative districts. There 
are 5 faculties (Agriculture, Education, Sharia, 
Economics and Literature) in the University of 
Ghazni. The female student was included in the 
scope of the research.

Study design

A cross-sectional study was conducted 
from March to April 2021 to assess food safety 
knowledge, attitude and practice level of University 
female students who are living at hostel (private 
hostel) and their private houses in Ghazni city. 
The researchers visited them to inform them about 
the study, explain the objectives, significance, 
and protocol of the study and obtained a list of 
student’s names and contact information. Then they 
distributed the questionnaires to the students and 
requested them to participate in the study. 

Questionnaire and data collection          
The questionnaire was firstly designed in 

English, then converted to the national language 
(Pashto) of Afghanistan. The questionnaires were 
distributed randomly to the participants and the 
forms were returned later from 150 female students. 

Determination of knowledge, attitude, and 
hygiene practices of food safety

After signing the consent form, students 
were asked to complete a self- administered 
questionnaire that composed of four parts.

Part 1: Socio-demographic characteristics 

Part 2: Food safety knowledge 

Part 3: Food safety attitude

Part 4: Food hygiene practices

Socio-demographic characteristics

The student’s socio-demographic characteristics 
(Part 1) such as gender and age were collected during 
the study. The age group were classified according to 
their age (16-20), (21-24), (25-28) and (above 28). 
On the other hand, educational level was classified 
according to their university classes (first class), 
(second class), (third class) and (fourth class).

Food safety knowledge

The questions regarding knowledge section 
(Part 2) included 10 close-ended questions with two 
likely responses; “true” and “false”. The questions 
precisely covered the respondent’s knowledge 
of individual cleanliness, food-borne illnesses, 
refrigerator storage, and raw food consumption. 
Each correct knowledge item reported was awarded 
a score of 2 point. Incorrect knowledge was awarded 
a 1 score. In this study, if “true is the correct answer, 
then “true” score 2 point while “false” score 1 point.

Food safety attitude

The question regarding food handling 
attitude queries were designed in the (Part 3) of the 
questionnaire. This part assessed female student’s 
attitude in food safety. It contains 10 structured 
queries with 3 likely answers: “agree”, “disagree” 
and “uncertain”. In this study, if “agree” is the correct 
answers, then “agree” score 2 points while “uncertain” 
1 point and “disagree” score 0 point.

Food hygiene practice
The (Part 4) of the questionnaire the good 

hygiene practices of food handling procedures. 
There were 10 questions with four levels of 
answers: “Never”, “Rarely”, “often” and “Always”. 
The score ranged between 0 to 4, if the answer is 
negative the score point reverse.

Data analysis
The findings were analyzed with respect 

to educational level and age variables using the 
Statistical Package for Social Science  programs, 
Inc. software version 23 was used for data entry 
and analysis. Frequencies, averages, and standard 
deviations were calculated. The response was 
analyzed as categorical variable (right or wrong 
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answer). For knowledge questionnaire, right answer 
is considered as “having knowledge” and wrong 
answer as “no knowledge”. For attitude questionnaire 
right answer to wrong answer is considered as “agree, 
uncertain and disagree). For practice questionnaire is 
considered from never to always. 

Ethical considerations

The study was approved by the research 
ethics committee of the Agriculture Faculty, Ghazni 
University, Ghazni, Afghanistan. Verbal consent 
obtained from all respondents were duly informed. 
The questionnaires used in information gathering 
were anonymous and confidentiality of data was 
guaranteed.

RESULTS AND DISCUSSION

The respondents of Ghazni university 
students to the knowledge questionnaire of food 
safety has been presented in the characteristics 
of female students showed in Fig. 1, food safety 
knowledge and percentage showed in Table 1, 
also their attitude in Table 3 and hygienic practice 
showed in Table 5. 

Demographic data

Fig. 1 shows the characteristics of the 150 
female students by age, educational background. 
As can also be seen in Fig. 1, the majority of the 
female students within the scope of the research 
were in the 16-20 years aged a total of 43.3% (65), 

and followed by 21-24 years aged a total of 40.0% 
(60), 25-28 years aged were around 10.7% (16) and 
above 28 years aged were around 6.0% (9). On the 
other hand, the most of female students were in the 
second class 28.0% (42) the third semester of the 
university followed by first class, first semester 
were around 25.3% (38), fourth class 24% (36) and 
the third class were about 22.7% (24) (Fig. 1).  

Demographic study is done to evaluate and 
determine the relationship of female student’s 
food safety KAP with their theoretical food safety 
knowledge. The collected data from student’s were 
summarized in Fig. 1. Participants recorded the 
demographic characteristics of the total number of 
respondents. The academic levels for most of the 
respondents fall into second class category. 

Food safety knowledge

The response of Ghazni university students 
to the knowledge questionnaire on food safety is 
represented in Table 1. Over 88% of the students 
have excellent knowledge (answering right) on each 
of three statements out of 15. These are question 
number 1, 89.3%; question number 9, 84.7% and 
question number 10, 92.0%. On the other hand, 
more than 48% of the students lack the knowledge 
(answering wrong) on three important statements 
related to food safety. These are: question number 3, 
42.0%; question number 5, 55.3%; question number 
6, 48.0% respectively (Table 1). 

Frequency

16-20 years old
21-24 years old

25-28 years old
< 28 years old

Age

Percentage(%)

0

20

40

60

80

Frequency

First class
Second class

Third class
Fourth class

University Class

Percentage(%)

0

10

20

30

40

50

Fig. 1. Participants demographic characteristics



December 2021 121FOOD HYGIENE AMONG FEMALE STUDENTS IN GHAZNI, AFGHANISTAN

for food storage, and the lowest level of knowledge 
about refrigeration. Giritlioglu et al. (2011) assessed 
cooking students’ knowledge and practice regarding 
personal hygiene and food safety at two universities 
in Turkey, who concluded that although hygiene 
and food safety are viewed as an important factor 
among students, they did not reveal and sufficient 
knowledge in this field.

Table 2. Descriptive statistics for the food safety knowledge of 150 Ghazni University students

No Questionnaire statement Minimum Maximum Mean SD

1 Do you consider production and expiration date when you buy 
some foods? 1 2 1.89 0.31

2 Are fever and vomiting the symptoms of food poisoning? 1 2 1.75 0.44

3 Should the refrigerator temperature be below 5°C? 1 2 1.58 0.50

4 Is refrigerator more suitable than storage cans? 1 2 1.65 0.48

5 Is there any need to use the refrigerator for storage of sterilized milk? 1 2 1.45 0.50

6 Can milk and meat be corrupted quickly? 1 2 1.52 0.50

7 Is minced meat corrupted faster? 1 2 1.67 0.47

8 Are plastic containers suitable for food storage in terms of health? 1 2 1.35 0.48

9 Is washing eggs before putting them in the refrigerator correct? 1 2 1.85 0.36

10 Is eating moldy bread correct? 1 2 1.92 0.27

Measure scale from 1 to 2

Table 1. Food safety knowledge of the female students (n=150)

No Food safety knowledge questions
Response number (%)

True False 

1 Do you consider production and expiration date when you buy some foods? 134 (89.3) 16 (10.7)

2 Are fever and vomiting the symptoms of food poisoning? 112 (74.7) 38 (25.3)

3 Should the refrigerator temperature be below 5°C? 87 (58.0) 63 (42.0)

4 Is refrigerator more suitable than storage cans? 97 (64.7) 53 (35.3)

5 Is there any need to use the refrigerator for storage of sterilized milk? 67 (44.7) 83 (55.3)

6 Can milk and meat be corrupted quickly? 78 (52.0) 72 (48.0)

7 Is minced meat corrupted faster? 101 (67.3) 49 (32.7)

8 Are plastic containers suitable for food storage in terms of health? 98 (65.3) 52 (34.7)

9 Is washing eggs before putting them in the refrigerator correct? 127 (84.7) 23 (15.3)

10 Is eating moldy bread correct? 138 (92.0) 12 (8.0)

In the present study over the 89% of the 
students see leaflet of food in the time of food selling. 
In the study carried out in university of Missouri 
over the 90% of students looking the leaflet of food 
in time of selling (Anne and Kathleen, 1999). 

Table 2 shows that the high level of 
knowledge among students. Most of the students 
represented the middle knowledge level concerning 
food borne disease as well as the proper procedures 
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Food safety attitude 

Table 3 shows the attitudes of students 
towards food safety. A positive attitude was 
reported by a great majority of women who agreed 
that “The Raw foods should be kept separately 
from cooked foods” (96.7%), Students believe 
that “Raw food should be kept on lower shelf 
and ready food should be stored on upper shelf of 
refrigerator” (68.0%) and the students were agreed 
with “Bacteria is the main cause of food poisoning” 
(55.3%), findings showed the majority of students 

was disagree with “Government is responsible to 
control food poisoning” (42.0%), and believe that 
“Raw chicken, fish and meat should not contact 
each other” (66.0%), and the most of the students 
were disagree with “It is acceptable to use cracked 
or broken eggs” (50.0%), and also the majority of 
the students were disagree with “Dirty eggs can be 
used without washing if carefully broken” (60.7) 
and students believe that “The taste, appearance 
and odor of the food that causes food poisoning are 
bad” (77.3%) according to (Table 3.).

Table 3. Female students’ food handling attitudes about food safety (n=150)

Statements
Agree Uncertain Disagree

Frequency % Frequency % Frequency %

Raw foods should be kept separately from cooked foods. 145 96.7 5 3.3 0 0.00
Raw food should be kept on lower shelf and ready 
food should be stored on upper shelf of refrigerator.

102 68.0 28 18.7 20 13.3

Bacteria is the main cause of food poisoning. 83 55.3 13 8.7 54 36.0

Food can be reheated once. 104 69.3 27 18.0 19 12.7

Government is responsible to control food poisoning. 51 34.0 36 24.0 63 42.0
Raw chicken, fish and meat should not contact each other. 99 66.0 29 19.3 22 14.7

Raw meat can be kept on lower shelf than raw vegetable. 60 40.0 53 35.3 37 24.7
It is acceptable to use cracked or broken eggs. 50 33.3 25 16.7 75 50.0
Dirty eggs can be used without washing if carefully broken. 91 60.7 17 11.3 42 28.0
The taste, appearance and odor of the food that 
causes food poisoning are bad.

116 77.3 19 12.7 15 10.0

The response of Ghazni university students 
to the attitude questionnaire on food safety is 
represented in Table 3. Over 81% of the students 
have positive attitude (answering right) on each 
of three statements out of 10. These are question 
number 1 “Raw foods should be kept separately 
from cooked foods”, 96.7%; question number 4 
“Food can be reheated once”, 69.3%; question 
number 10 “The taste, appearance and odor of the 
food that causes food poisoning are bad”, 77.3%. 
On the other side, more than 18% of the students 
have negative attitude (answering wrong) in these 
three numbers 1, 4 and 10 questions. 

The majority of the students 77.3% agreed 
with the statement “The taste, appearance and 
odor of the food that causes food poisoning are 
bad”. Many natural toxicants in vegetables are 

bitter, examples include solanine in potato and 
oxalic acid in spinach. Since these compounds are 
usually present at small levels, they do not usually 
cause harm to people who eat those vegetables; 
instead, the benefit of eating fruit and vegetables 
far outweigh those risks. Ammonia and similar 
aromas is a sign of protein degradation, usually a 
sign of spoilage in seafood and meats, but they are 
desired, characteristics aroma in some aged cheese. 
It is clear that a flavor is not a true measure of food 
safety, but it can be an indicator of food spoilage (in 
the mouth and mind of the taster) and food safety 
(Cody, 2003). In their study conducted in Arizona, 
Meer and Minser (2000) determined that 61.0% of 
the participants did not agree with statement “food 
causing disease always smells bad and has a bad 
taste”, 30.0% agree with it and 9.0% were not sure 
and these results contrast with our findings.
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In this research it was determined that the 
majority of the students disagree with the statement 
“Dirty eggs can be used without washing if carefully 
broken”, “It is acceptable to use cracked or broken 
eggs” In the study that Unusan (2001) conducted 
among housewives, the rate of those who washed 
the eggs with dirty shells was 79.7%, the rate of 
those who immediately consumed cracked eggs 
was 78.4%, and the rate of those disposed them was 
14.9%. In the study carried out by Sargin (2005), it 
was found that the majority of the staff working in 
four and five star hotels (79.2% and 98.5%) stated 
that the cracked or broken eggs could be purchased 
and used. Cracked eggs should not be used as they 
can easily get spoiled due to their cracked shells 
(Unusan, 2001).

It was determined that most of the respondents 
in the research agreed with the statement “Raw 
foods should be kept separately from cooked foods” 

and “Raw chicken, fish and meat should not contact 
each other” In Angelillo et al. (2000) study, 97.3% 
of the respondents agreed that washing hands before 
handling unwrapped raw or cooked foods reduces the 
risk of food poisoning. As described in the WHO five 
keys to safer food, raw and cooked should be kept 
separately (WHO, 2005). In the study conducted by 
Mitakakis et al. (2004), it was determined that 41.7% 
of the participants performed wrong applications in 
using raw food and 70.1% did so in using cooked 
food. The statement “Raw foods should be kept 
separately from cooked foods” is agreed by 99.1% of 
the respondents in the study conducted by Askarian et 
al. (2004) in Iran, these results are similar to those or 
our study. by 81.5% of the participants in Badrie et al.  
(2006) study and 59.3% of the participants in Bas et al. 
(2006) study.  Table 4 shows the high level of food 
safety attitude among Ghazni university students in 
cooked and raw food keeping and the poor attitude in 
food poisoning and refrigeration. 

Table 4. Descriptive statistics for the food safety attitude of students of Ghazni University

No Questionnaire statement Minimum Maximum Mean SD

1 Raw foods should be kept separately from cooked foods. 1 2 1.97 0.18

2 Raw food should be kept on lower shelf and ready food should 
be stored on upper shelf of refrigerator.

0 2 1.55 0.72

3 Bacteria is the main cause of food poisoning. 0 2 1.47 0.65

4 Food can be reheated once. 0 2 1.57 0.71

5 Government is responsible to control food poisoning. 0 2 0.92 0.87

6 Raw chicken, fish and meat should not contact each other. 1 2 1.65 0.48

7 Raw meat can be kept on lower shelf than raw vegetable. 0 2 1.15 0.79

8 It is acceptable to use cracked or broken eggs. 0 2 0.67 0.89

9 Dirty eggs can be used without washing if carefully broken. 0 2 0.82 0.90

10 The taste, appearance and odor of the food that causes food 
poisoning are bad.

0 2 1.67 0.65

Measure scale from 0 to 2

Food safety hygiene practice

Table 5 shows the female students toward 
food safety hygiene practice. The majority of female 
students always (73.3%) checking the condition 
of food selling place. On the other hand, (75.3%) 
always checking food ingredients expiration date. 
Otherwise, the majority of female students (84.7%) 
washing their hand before eating and preparing 

foods. And also, only a few numbers (40.7%) 
checking the taste of food for their goodness 
or badness. On the other hand, the majority of 
participant never (70.0%) using raw eggs and 
(78.7%) never use raw meat. The majority of 
female students rarely (34.7%) washing vegetables 
with potassium permanganate.  The self-reported 
hygienic practices showed that only 18.7% of those 
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who involved in touching or distributing unwrapped 
foods routinely (always) use gloves during their 
working activity (Table 5). Of those female students 
who used gloves, before using washing their hands 
(32.7%) and after removing them always washing 
(68.7%). 

The majority of the students involved in the 
research agreed and always gave attention to “the 
condition of the place where food stuff is sold are 
very important (cleanliness, hygiene, humidity)”. 
It was determined that most effective factor for 
consumer in selecting the place to buy food was the 
proximity of the place to their home by 55.1% while 
cleanliness and healthiness was the least effective 
factor 1.6%.

Earlier studies in adults have shown that 
knowledge about food safety tends to increase with 
age, the level of education, and experience in food 
preparation (Bruhn and Schutz, 1999; Unusan, 
2007). In this study, too, it was determined that 

the behavior of women with respect to food safety 
change by age and education. In the study carried 
out by Williamson et al. (1992), it was determined 
that as the educational level and age increased, the 
food safety knowledge also increased. Rimal et al. 
(2001) study indicated that educating consumers 
about preventive methods to reduce food safety 
threats will lead to reduced concerns and changes 
in food consumption habits. As-a-result of Goktolga 
et al. (2006) study, households who have high-
education level are more interested in food safety 
than households who have low education level. In 
addition, old respondents are more interested in food 
safety than young respondents. In Roseman and 
Kurzynske’s (2006) study, significant differences 
were found in food safety perceptions by age 
and education. In Sudershan et al., (2008) study, 
significant associations were found between literacy 
and certain food safety practices. These findings are 
similar to ours research findings.

Table 5. Female students practice toward food safety hygiene practice (n=150)

Statements
Never Rarely Often Always

Count (%) Count (%) Count (%) Count (%)

Do you checking the condition of the places where 
foodstuff is sold are very important (Cleanliness, 
hygiene, humidity)? 

7 4.7 13 8.7 20 13.3 110 73.3

Do you check the expiration date of ingredients 
before using them in food preparation? 5 3.3 15 10 17 11.3 113 75.3

Do you wash your hand before preparing and eating 
food at home? 0 0.0 4 2.7 19 12.7 127 84.7

Do you check the taste of food for their goodness and 
badness? 9 6.0 44 29.3 36 24.0 61 40.7

Do you eat raw eggs or foods made from raw eggs? 105 70.0 38 25.3 7 4.7 0 0.0

Do you consume raw meat before cooking? 118 78.7 28 18.7 4 2.7 0 0.0

Do you use potassium permanganate for vegetable 
washing? 38 25.3 52 34.7 27 18.0 33 22.0

Do you wash your hands before using gloves? 59 39.3 19 12.7 23 15.3 49 32.7

Do you wash your hands after using gloves? 11 7.3 14 9.3 22 14.7 103 68.7

Do you use gloves when you touch or distribute 
unwrapped foods? 63 42.0 41 27.3 18 12.0 28 18.7
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The hands of food service staff can be 
vectors in the spread of foodborne disease because 
of poor personal hygiene or cross-contamination. 
For example, a staff might contaminate his hands 
during using the toilet, or bacteria might be spread 
from raw meat to salad greens by food handler’s 
hands (Fuerst, 1983). In our study students wash 
their hands, always need to wash their hand, before 
preparing and eating food at home (84.7%) (Table 5).  
Attitude is also an important factor that may effect 
on food safety behavior and practice, thus decrease 
the occurrence of food-borne diseases and other 
medical problems for consumers. Almost all the 
respondents agreed that washing hands before 
and during food preparation is mandatory. Codex 
Alimentarius Commission (2003) stated that sick 
food handlers who are known or suspected of 
having any disease that might be transmitted by 
food are not allowed to work or deal with foods 
(CAC, 2003). 

The finding of the present study determined 
that students’ knowledge and attitude levels 
increased due to increase in age that was consist with 
findings of Sanlier, Osaili et al. (2011) and Sharif 
et al. (2010). Moreover, several studies indicate 
that the importance of personal health and health 
issues were increasing along with increasing age, 
gaining experience and education level (Redmond 
and Griffith, 2003; Osaili et al., 2011).  

The results of the present study showed 
acceptable knowledge, excellent attitude and 
relatively poor hygienic practice in Ghazni 
University, Ghazni, Afghanistan. Although the 
students have high level of knowledge concerning 
the general hygiene measure such as washing hands, 
using gloves and others, while majority of them 
have high knowledge level in the identification 
of specific disease or pathogenic which could be 
transmitted vis foods.

Table 6. Descriptive statistics for the food practice of students of Ghazni University 

No Questionnaire statement Minimum Maximum Mean SD

1 Do you checking the condition of the places where foodstuff is sold 
are very important (Cleanliness, hygiene, humidity)? 1 4 3.55 0.84

2 Do you check the expiration date of ingredients before using them in 
food preparation? 1 4 3.59 0.80

3 Do you wash your hand before preparing and eating food at home? 2 4 3.82 0.45

4 Do you check the taste of food for their goodness and badness? 1 4 2.99 0.97

5 Do you eat raw eggs or foods made from raw eggs? 1 3 1.35 0.57

6 Do you consume raw meat before cooking? 1 3 1.24 0.49

7 Do you use potassium permanganate for vegetable washing? 1 4 2.37 1.09

8 Do you wash your hands before using gloves? 1 4 2.41 1.30

9 Do you wash your hands after using gloves? 1 4 3.45 0.94

10 Do you use gloves when you touch or distribute unwrapped foods? 1 4 2.15 1.16

Measure scale from 1 to 4 
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Table 6 shows that the high level of hygiene 
practice among students in washing hands, condition 
of foodstuff place, checking date of expiration. 
Otherwise the students represented the middle hygiene 
practice level washing vegetables and use of gloves 
because the people of Afghanistan especially in rural 
societies don’t know potassium permanganate and also 
the don’t use slat for washing of vegetables they only 
use cool running water for vegetable washing, On the 

other hand, most of the people don’t use gloves while 
processing foods because of these there is a lot of food 
borne-disease outbreak in Afghanistan, as well as the 
poor hygiene practice in eating of eggs and meat, in 
Afghanistan most of the people don’t have awareness 
about raw food eating problems especially in some 
cases of parasitic disease on the other hand most of the 
people drying meat and then use because they don’t 
have access to the electricity and refrigerator.

Table 7. Knowledge, attitude and practice (KAP) percentage score of students of Ghazni University

Knowledge % score 
Mean ± SD

Attitude % score  
Mean ± SD

Practice % score 
Mean ± SD

Over all KAP% score 
Mean ± SD

1.66±0.43 1.34±0.68 2.69±0.86 1.88±0.65

The percentage score of knowledge, attitude, 
practice and overall (KAP) of Ghazni university 
students towards food safety is presented in Table 7.  
The study proves that educational level always 
could not lead to excellent attitude, otherwise 
food safety training also plays a significant role. 
However, this relationship showed that having 
good knowledge could lead to good attitude in food 
hygiene and sanitation among the respective food 
handlers. Studies by Acikel et al. (2008), Ansari-
Lari et al. (2010) and Kunadu et al. (2016) found 
that there was a significant positive correlation 
between knowledge and attitude.

CONCLUSION

On the basis of these results, it can be 
concluded that participated students are not familiar 
in the food safety and the contamination of food by 
microorganisms and others. Medium knowledge 
of hygiene and food safety among female students 
at Ghazni University can increase the risks of 
associated with the consumed foods of students and 
the occurrence of different type of food poisoning. 
Therefore, training programs in the form of 
workshops and courses related to hygiene and food 
safety for students specifically lower grade students 
can be effective in increasing students’ knowledge, 
because in Ghazni University we don’t have food 
science related faculty to train the students. The 
most important issues are the lack of knowledge 
regarding refrigeration temperature, storage of food 
because of problems of electricity in Afghanistan. 

LIMITATION OF THE STUDY

This study focused on the university female 
students live in Ghazni city, therefore the results 
should not be generalized to all females or university 
female students in the other place of Afghanistan. 
The study measured self – reported knowledge, 
which may be subjected to bias by the participants. 
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ABSTRACT

Extraction conditions are the major concern to enhance the efficiency in order to obtain the highest yields 
of phenolic compounds from natural resources which imparts antioxidative and free radical scavenging 
activities. The present investigation was carried out to study the effects of four extracting solvents (80% 
methanol, 80% acetone, 50% acetone and their mixture) and two extraction techniques (cold percolation 
and microwave assisted extraction) on the antioxidant activity and free radical scavenging activities of 
extracts of Paederia foetida. The tested plant materials contained appreciable amounts of total phenolic 
(2.22-3.98 mg GAE per gram of sample), total flavonoid (0.26-1.05 mg of rutin equnivalent per gram 
of sample), total antioxidant (1394.23-3143.44 µM ascorbic acid equnivalent per gram of sample), 
FRAP (4.60-9.53 × 103 μM of ascorbic acid equnivalent per gram of sample), reducing power (180.23-
1776.80 μM ascorbic acid equnivalent per gram of sample). On the other hand, extracts of the plant 
under different extraction regimen was having superoxide radical scavenging activity (5.74-70.55%), 
scavenging of nitric oxide (34.25-73.16%), hydroxyl radical scavenging activity (30.46-41.36%) and 
inhibition of lipid per oxidation (23.58-41.45%). From our study it was revealed that higher content 
of total phenolics, total flavonoid, antioxidative and free radical scavenging activities were obtained 
in the extracts prepared by microwave assisted extraction (MAE) as compared to the respective cold 
percolation (CP) method of extraction by using four different extracting solvents. 

Key words: Antioxidant, cold percolation, free radical scavenging activity, microwave assisted 
extraction, total flavonoids, total phenolics 

INTRODUCTION

Traditional knowledge of medicinal plants, 
guided for searching of new cures, are often cheaper, 
locally available, easily consumable (raw) and has 
simple medicinal preparations to act a form of 
alternative medicine (Surveswaran et al., 2007). For 
the prevention and treatment of human and animal 
diseases, natural medicines were the only option 
for thousands of years due to their active chemical 
constituents, though their efficacy and mechanisms 
of action have not been tested scientifically in 

most cases (Alasalvar et al., 2006). The ingestion 
of natural antioxidants has been associated with 
reduced risks of cancer, cardiovascular disease, 
diabetes, inflammation, bacterial disease, diseases 
associated with ageing (Kumar and Surh, 2008, 
Thatoi et al., 2008) owing to their antioxidants and 
free radical scavenging activities (Veerapur et al., 
2009) by blocking the initiation or propagation of 
oxidizing chain reactions or by scavenging various 
types of reactive species or chelating transition 
metal ions (Halliwell, 2007).
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Paederia foetida L. belonging to family 
Rubiaceae (The Ayurvedic Pharmacopeia of 
India, 1999) is usually found in Himalayas from 
Dehradun eastwards upto an altitude of 1800m and 
also in Assam, Bihar, Odisha, and West Bengal. It is 
a climbing vine with varied medicinal importance 
including the food value (Mishra and Bisht, 2011). 
Macroscopically, the fresh leaf is 10 to 15 cm long, 
5 to 6 mm width and petiole 1.2 to 6 cm, surface is 
glabrous and mostly ovate, green in colour having a 
characteristic odour and indistinct bitter taste. It was 
reported to be used in gout, vesical calculi, piles, 
inflammation of the liver and emetic diarrhoea, 
dysentery (Atta and Mouneir, 2004) and to inhibit 
intestinal motility (Afroz et al., 2006). It also 
enters in to the preparation of Dasmularishta and 
used to treat enteromegaly, enterosis, flatulence, 
gastromegaly, rheumatism, rhinosis, sapraemia, 
sore, stomachache and toothache (Johnson, 1999). 
Ethanolic and Methanolic extract of this plant 
were focused on the antitussive (Nosalova et al., 
2007) and antioxidant activity (Osman et al., 2009) 
respectively. Preliminary qualitative chemical tests 
showed that plant is credited with carbohydrates, 
proteins, amino acids, tannins, phenolics, 
flavonoids, steroids, mucilage and saponins (Yadav 
et al., 2009).

For drug discovery and development, plants 
are an important source of bioactive molecules. In 
contrast, the amounts of these bioactive molecules 
are always fairly low in natural medicines originated 
directly from plant itself. So, isolated bioactive 
molecules serve as starting materials for laboratory 
synthesis of drugs. But, today, it is very crucial to 
develop effective and selective methods for the 
extraction of those natural bioactive molecules. 
Several studies have revealed about the variations in 
the biological activities of extracts obtained by using 
different extraction techniques (Zhang et al., 2018; 
Dhanani et al., 2017). Also, incessantly growing 
demand for plant derived therapeutic molecules is 
alarming for development of innovative extraction 
techniques to obtain phyto-constituents in a 
sustainable and eco-friendly manner (Fierascu et al., 
2020). Hence, the extraction conditions are the major 
concern to enhance the efficiency in order to obtain 

highest yields of antioxidative compounds from 
natural resources. Recovery of antioxidant compounds 
from plant materials is typically accomplished 
through different extraction techniques and the 
nature of extracting solvent, taking into account 
their varied chemical characteristics, polarities and 
uneven distribution in the plant matrix (Sultana et al.,  
2009).    

Therefore, keeping in view of the above 
context, the present study aims to evaluate the 
effect of extraction conditions (types of techniques 
and solvents) on concentration of phenolics and 
their antioxidant activities. 

MATERIALS AND METHODS

Plant material

Paederia foetida (Gandhali- Hindi, 
Shunkvine- English, Pasharuni- Odia) was 
identified and classified in the Department of 
Botany, Odisha University of Agriculture and 
Technology (O.U.A.T.) following the description 
of Saxena and Brahmam (1995). The whole shoot 
of the plant was collected at pre-flowering stage, 
cleaned, dried under shade and ground into fine 
structure for preparation of extracts.

Grouping

The study was classified into four groups 
based on the solvents such as Gr-A (80% Methanol), 
Gr-B (80% Acetone), Gr-C (50% Acetone), Gr-D 
(Solvent mixture i.e., acetone: ethanol: water: 
acetic acid in 40:40:19.9:0.1 v/v). 

Extraction process

In trial-I, extraction of phyto-constituents 
was done in Microwave Assisted Extraction (MAE) 
system by Multiwave 3000-801V (Anton Par) 
digestion system following the method of Eskilsson 
and Bjorklund (2000) where 2 g of ground mass in 
20 ml of solvent was heated at 80° C for 25 minutes 
followed by 15 minutes cooling. In trial-II, extraction 
was done by cold percolation (CP) following the 
method of Senapati et al., (2013), where 2 g of 
sample in 40 ml of solvent was kept on magnetic 
stirrer at 10°C temperature for 24 hrs followed by 
filtration through Whatman No-1 filter paper. 
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Phenolic estimation and antioxidant activity

Total polyphenol in the extract was 
determined by the method of Singh et al. (2002) and 
that of flavonoid was measured by the method of 
Mimica-Dukic (1992). The total antioxidant activity 
of extracts was evaluated by phosphomolybdenom 
and reducing power method of Prieto et al. (1999) 
and Oyaizu (1986) respectively. Individual 
antioxidant capacity of plant extract was estimated 
by FRAP method of Benzie and Strain (1996) 
where as Superoxide (SO), Nitric oxide (NO) and 
Hydroxyl radical (OH-) scavenging activities were 

determined by method of Hyland et al. (1983), 
Sreejayan Rao (1997) and Halliwell et al. (1997) 
respectively. Besides, lipid per-oxidation inhibition 
assay (LPOIA) was conducted by the method of 
Ohkawa et al. (1979) and percentage of scavenging 
activities were calculated using the respective 
formula.

Statistical analysis

The data was subjected to analysis of variance 
to test the significance of difference of mean values 
between different groups according to Snedecor 
and Cochran (1994).

Table 1. Effect of extraction technique and solvents on concentration of polyphenols and flavonoids and their 
antioxidant activities (Mean±SE)

Groups Gr-A Gr-B Gr-C Gr-D

Methods MAE CP MAE CP MAE CP MAE CP

TP (mg of 
GAE/g)

3.72 a
± 0.60

2.22 b
± 0.20

3.58 a

± 0.50
2.76 a

± 0.06
3.42 a

± 0.45
2.47 a

± 0.13
3.98 a

± 0.54
3.10 a

± 0.21
TF (mg of 
RE/g)

0.78 a

± 0.06
0.46 b

± 0.03
0.93 a

± 0.06
0.52 b

± 0.06
0.69 a

± 0.06
0.26 b

± 0.02
1.05 a

± 0.04
0.71 b

± 0.06
TA (µM 
AAE/g)

2070.55a

± 11.34
1394.23b

± 13.17
2844.06a

± 11.83
1839.77b

± 4.65
1897.53a

± 12.60
1439.69b

± 10.61
3143.44a

± 11.80
1900.14b

± 14.99
FRAP (103x 
µM AAE/g)

8.32 a

± 1.35
4.60 b

± 0.29
9.17 a

± 1.28
5.73 b

± 0.09
7.70 a

± 1.01
4.56 b

± 0.05
9.53 a

± 1.28
6.00 b

± 0.38
RP (µM 
AAE/g)

1333.97a

± 9.50
467.11 b

± 13.17
1735.00a

± 8.62
180.23 b

± 3.01
1381.07a

± 13.29
194.00 b

± 3.00
1776.80a

± 15.71
269.57 b

± 18.64
Scavenging 
of SO (%)

21.84 a

± 1.02
16.57 b

± 0.55
10.95
± 0.21

Nil 70.55 a

± 0.57
22.46 b

± 0.61
5.74 

± 0.80
Nil

Scavenging 
of NO (%)

61.22 a

± 1.81
44.21 b

± 2.74
58.37 a

± 1.37
45.90 b

± 3.17
73.16 a

± 2.30
69.30 b

± 1.20
53.57 a

± 2.79
34.25 b

± 0.87
Scavenging 
of OH- (%)

41.09 a

± 0.99
40.25 a

± 0.64
41.35 a

± 0.88
30.46 b

± 1.30
40.83 a

± 0.94
35.92 b

± 0.87
41.36 a

± 0.60
39.79 b

± 0.72
LPOIA 31.16 a

± 1.17
28.33 a

± 0.81
31.47 a

± 1.43
23.58 b

± 0.97
41.23 a

± 1.15
34.66 b

± 1.49
41.45 a

± 1.36
34.94 b

± 1.73

Different superscripts between columns shows significant difference (p<0.05) within a group. MAE-Microwave 
Assisted Extraction, CP- Cold Percolation, TP- Total Phenolics, GAE-Gallic Acid Equivalent, TF- Total Flavonoid, 
RE- Rutin Equivalent, TA- Total Antioxidant, AAE- Ascorbic Acid Equivalent, FRAP- Ferric Reducing Antioxidant 
Power assay, RP- Reducing Power, SO-Super Oxide, NO- Nitric Oxide, OH- Hydroxyl Radical, LPOIA- Lipid Per-
Oxidation Inhibition Assay.
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RESULTS AND DISCUSSION

Total phenolics in the shoot extract of 
Paederia foetida in solvent of Gr-A was significantly 
higher (p<0.05) under MAE method in comparison 
to that in CP. MAE also extracted significantly higher 
(p<0.05) flavonoids in all solvents. Higher amount 
of polyphenols in Gr-D solvents followed by Gr-A 
and flavonoids in Gr-D solvents followed by Gr-B 
were extracted in MAE method than in CP method. 
The result infers better efficacy of MAE method 
in extraction of phyto-phenols and flavonoids. The 
result is in good agreement with those of Kuti and  
Konuru (2004).

Microwave Assisted Extraction is an advanced 
technique where extraction of bio-active compounds 
is associated with solvent type and concentration 
(Turkmen et al., 2007). The polarity of solvents and 
physical and chemical properties of components 
play a crucial role to effect the concentration of 
compounds to be extracted, but non-polar solvents 
are not affected by microwave energy. Polyphenols 
and flavonoids are more soluble in organic solvent 
than in aqueous ones and all the solvents contain 
only 20% water except Gr-C which has 50% water. 
Less amount of water in polar solvents protects and 
prevents phenolic compounds from being oxidized 
by phenol-oxidase (Harborne and Williams, 2000). 
Significantly higher contents of phenolics and 
flavonoids in G-A, B and D and lower concentrations 
in Gr-C may be due to variations in the solubility and 
difference in properties of components. 

The extracted polyphenols and flavonoids 
from the shoot of experimental plant under MAE 
method exhibited significantly higher (p<0.05) total 
anti-oxidant, FRAP, Reducing power, NO and SO 
scavenging activities in all groups of solvents than 
those extracted under CP method. On the other 
hand, the OH scavenging activity and LPOIA were 
significantly higher (p<0.05) in MAE method in all 
the groups except Gr-A than in CP method. It states 
that, extracted components at GR-B, C and D have 
better potency to exhibit anti-oxidant activities. The 
anti-oxidant activities of phenolics and flavonoids in 
different methods vary between the solvents where 
Gr-D solvents exhibit higher total ant-oxidant activity 
followed by Gr-B. Similarly, Gr-D solvents also 

depicts higher FRAP and reducing power activities 
followed by Gr-B solvents. SO and NO radical 
scavenging activity were estimated higher in Gr-C 
solvents followed by Gr-A where as OH scavenging 
property was higher in Gr-D solvents followed by 
Gr-B. Similarly, the LPOIA was higher in Gr-D 
followed by Gr-C. The result is in concordance with 
the findings of Halliwell et al. (2000). 

The scavenging of superoxide, nitric oxide, 
hydroxyl radical and inhibition of MDA production 
are chemical methods to measure the antioxidative 
activities of bio-active compounds. Polyphenols 
have more than 8000 structural variants and not a 
single component is responsible for possessing all 
the anti-oxidant activities. As the components and 
the concentration of phenolics and flavonoids vary 
between the solvents and extraction methods, it 
contributes to their variable total and individual anti-
oxidant activity which is in good agreement with 
Spigno et al. (2007). The literatures have reported 
that microwave assisted extraction is the superior 
technique than other conventional methods, now 
a day, by adopting its standard protocols within 
very less time, with best extraction (Dhanani et al.,  
2017; Zhang et al., 2018; Fierascu et al., 2020) 
which is equally correlates with our result. The great 
diversity phyto-constituents assayed by qualitative 
and quantitative methods is responsible to exhibit 
difference in antioxidant activity assayed in different 
chemical methods.  

CONCLUSION

Microwave assisted extraction method 
of extraction from Paederia foetida recovered 
significantly higher (p<0.05) polyphenols and 
flavonoids than conventional method of cold 
percolation. Organic solvents like 80% acetone, 80% 
methanol and their mixture extracted significantly 
higher (p<0.05) amount and more components of 
polyphenols and flavonoids than 50% acetone due to 
increase in polarity solvents and solubility of phyto-
constituents. Higher concentration of phenolics and 
flavonoids in these solvents exhibited significantly 
higher (p<0.05) total and individual anti-oxidant 
activities in different chemical methods due to variation 
in quality and quantity of phenolic components.   
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ABSTRACT

This survey was conducted to analyse the diversity of aquatic fauna at Suleipat reservoir. The distribution 
and diversity of aquatic fauna, and physical, parameters of Suleipat reservoir were studied in the latitude 
and longitude of 22.122541° N and 86.237750° E. In the study area 4 sites were sampled. Fauna and water 
variables were randomly collected 8-10 times. This study focused the diverse assemblage of both vertebrate 
and invertebrate indices. Overall, 87 species were recorded from the study site. Among the aquatic fauna 
collected from the reservoir, the order Odonata and Agnatha were the most dominant orders varies impressive 
numbers. The highest Shimpson and Shannon index of diversity was 0.64325 and 1.382375, and the evenness 
index was 0.671875. The high species diversity and evenness in all the sites indicated a good quality of water. 
There was no back record found about the aquatic diversity of Suleipat reservoir near Bareservoirpahar, 
Rairangpur forest division in Mayurbhanj district, hence this study was undertaken.

Key words: Aquatic fauna, diversity, invertebrate, Suleipat reservoir

INTRODUCTION

We can classify earth’s aquatic ecosystem 
into fresh water, saline water and brackish water 
ecosystems. Among them fresh water ecosystem 
includes lakes and ponds, rivers, streams, springs, 
and wetlands, which can be broadly classified 
into lentic and lotic systems, i.e., still and flowing 
waters, respectively. The estuaries are transitional 
brackish-water zones between rivers and the sea. 
A much of focus from the ‘Inland waters’ is given 
to fresh waters because of the global requirements. 
The hydrological cycle plays a vital role in the 
regulation of fresh waters. Freshwater ecosystems 
are important for many reasons: they help in 
regulating hydrological regimes, attenuating 
floods, recycling of nutrients, purification of water 
and recharging of aquifers. They support sustaining 
and maintaining wildlife as well as biodiversity 
in the form of aquatic life, besides providing 
congenial riparian habitats for dependent terrestrial 

wildlife. To fulfil the human needs, fishes form 
highest species diversity among all the vertebrate 
groups besides its economic benefit (Siddiqui and 
Chouhan, 2014). Sustainable management of fish is 
important for ecosystem stabilization, maintenance 
of environmental quality, for understanding 
inherent value of all species on the earth (Ehrlich 
and Wilson, 1991). According to Bohnsack (1996), 
these sites are facing habitat destruction due to 
some anthropogenic causes by industrial activities, 
untreated sewage of nearby cities and factories, 
oil and gas contaminations from refineries, water 
transport and oil rigs. The significance and the global 
patterns of freshwater biodiversity is provided by the 
estimation of diversity and distribution of various 
taxonomic groups like fishes and amphibians. (Abell 
and Theime, 2008). The main causes are habitat 
destruction and defragmentation, water abstraction, 
industries and private use (Szollosi, 2004; Ricciardi 
and Rasmussen, 1999; Gibbs, 2000; Dawson and 
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Berry, 2003) exotic species introduction (Copp 
and Bianci, 2005), pollution (Lima-Junior and 
Cardone, 2006) and global climate change impacts 
(Leveque et al., 2005). According to Darwall and 
Vie (2005), freshwater fishes are termed as one 
of the most threatened taxonomic groups for their 
high sensitivity to the alteration of quantitative and 
qualitative aquatic habits (Laffaille and Acou, 2005; 
Sarkar and Pathak, 2008; Kang et al., 2009). Fishes 
are used as bioindicator for water quality assessment, 
maintenance of river network connectivity or flow 
regime. Now-a-days, the management of fish 
diversity and associated habitats is a great challenge 
(Dudgeon and Arthington, 2006). Detailed studies 
are essential for the conservation and management 
of the large Indian reservoirs (Sarkar and Pathak, 
2008, Sarkar and Gupta, 2010) as these are the 
major fish habitats.

MATERIALS AND METHODS

Study Area

Suleipat reservoir is a major source of fresh 
water ecosystem in and around Bareservoirpahar 
area of latitude and longitude: 22.122541° N and 
86.237750° E. It is a reserve water resource in 
“Khadakhai” river. It is an eco- tourism place, 
situated in Rairangpur forest division, Mayurbhanj, 
Odisha. It is also known as the Khadakhai Reservoir. 
It covers 5 Km area and 350 feet in length. Suleipat 
reservoir is created for the purpose of water supply 
and agriculture development in that area. The main 
purpose is developing the agricultural process. The 
local people use the water resources for other personal 
purposes also. It has been constructed on two ends 
of hills i.e., Bhitarmda Hill and Karanjharan Hill 
end points. It is situated in the middle of the forest 
with green vegetations surrounding it. Suleipat 
reservoir falls under Kusumi block and under 
Babonghati subdivision, Mayurbhanj. It falls under 
Bareservoirpahar Forest Range. It is situated in 
Mayurbhanj District, Odisha between 22.122541°N 
and 86.237750° E. It is 27 km away from the Forest 
Range Office, Bareservoirpahar and 36 km from 
Simlipal Khairi Resort. Brahmanpasi, Kaduani, 
Pokharia, Raliabindha are the surrounding villages 

of Suleipat water reservoir. This reservoir is at an 
altitude of 1305.77 fts (398 m). The maximum 
and minimum temperature is 40.05°C and 10°C 
in summer season and winter season respectively. 
Suleipat iron ore mines are close up in this reservoir. 

The survey was conducted from April 15, 
2021 to June 30, 2021. The survey was conducted 
6 hours a day, (06 AM – 08 AM, 08 AM – 10 AM, 
04 PM – 06PM) with a regular visit and random 
collection of samples. Water samples were collected 
from the four sampling stations of the Reservoir. 
The water samples were collected in bottles and 
sent to laboratories without disturbances. These 
were collected by weekly intervals from the 
sampling stations for a period of three months. 
The samples were collected during morning hours. 
Water temperature and conductivity were measured 
by Cyber Scan water proof PC 300 multi parameter. 
Water velocity was measured by flow meter (JDC 
electronics SA; Switzerland). Experimental fishing 
was carried out both by student of the project work 
as well as by using the expertise of local fisher folk.  

Sample collection 

Daytime (08:00–17:30) and night (19:30–
05:00) sampling was carried out at all the four 
sites on weekly basis during the study period. 
Different types of gear including cast nets (90, 100; 
90, 1/200), gill nets (7591.3 m, 200; 5091 m, 300; 
3091 m, 2.500), drag nets (all with varying mesh 
sizes) and other local contrivances were used for 
collecting the aquatic fauna. Fisherman play a very 
important role in collection and identification of 
aquatic fauna. All the aquatic fauna was collected 
in the pictorial form also. 

Identification of samples 

The data were identified with the help of various 
literature review and field guide (Bhattacharya, 1998; 
Abell, 2002; Bauer and Jackman, 2008; Abebe and 
Decraemer, 2008; Dehorter and Guillemain, 2008).
Classifications were carried out by consulting relevant 
standard literature. Hand book of the fresh water fish of 
India (Jayaram, 1981), both the books helped a lot to 
identify the species. 
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Water sample collection 

Water samples were collected from four 
sample sites of the Suleipat reservoir. Water 
temperature was measured by a sensitive mercury 
thermometer, pH was measured by pH meter, 
dissolve oxygen and salinity were measured in ppm. 

Diversity Indices 

Species diversity was measured separately 
by species richness or evenness or diversity as 
a whole. Species evenness was measured with 
evenness index (denoted by E). Diversity of the 
species was calculated directly with a variety of 
indices, of which two commonly used statistical 
parameters were Shannon-Weiner Index or simply 
the Index of diversity or Shannon’s index (denoted 
by H’ and Index of dominance or Simpson’s index).
The diversity index for the surveyed and collected 
samples was determined by using Shannon and 
Wiener formula, which is as follows: 

 H=

Evenness of the diversity index was 
calculated by using the formula: E= H/H max 
Where: Shannon-Wiener index of diversity, S- 
total number of species, H max-In (S), Pi=(Ni/N) 
proportion of Total sample represented by species 
I, N= total number of individuals of all species, Ni- 
total number of specimens of each species. Species 
diversity was calculated by Simpson’s Index of 
Diversity.

D= Σn(n – 1) /N(N – 1) 

 Simpson’s Index of diversity (1-D) 

A total of 87 aquatic fauna were recorded 
during the field survey. In which 29 were odonates 
species, 24 were fishes, 16 were snails and 18 were 
other species. In consideration with dominant fauna, 
fish has the maximum species found in the whole 
study area i.e., a total of 24 species belonging to 20 
genera and 10 families were recorded from Sulipata 
reservoir. Cyprinidae was the most dominant 
family with 50% occurrence, followed by Bagridae 
8.33%, Channidae 8.33%, and other families like 
Ictalurdae, Mastacembelidae shared the same 
occurrence 4.16%. Among them, two fishes were 

found data deficient, and one species was Near 
threatened, and other were Least concern as per the 
IUCN Red data of threatened list (2019).    

Species Diversity

Fish was the most dominant fauna with 
Important Value Index (IVI value = 50.01923), 
followed by odonates (IVI value = 31.80159), 
Snails (IVI value = 22.46231), Millipeds (IVI value 
= 21.11303), Mosquito (IVI value = 16.59464), 
Frog (IVI value = 15.93201), Coleoptera (IVI value 
= 13.68482), Earthworm (IVI value = 11.06309), 
Crab (IVI value = 9.377701), and snake (IVI value 
= 7.879574). The shimpson and shannon diversity 
index was as followed; 0.64325 and 1.382375 and 
the evenness index was 0.671875.   

Water parameters

The Suleipat reservoir, housed for variety of 
fresh water species and holds a great diversity of 
aquatic fauna. The followings are the parameters of 
water.  

Physical parameters 

Colouration 

The water colour was found light blue in colour.  

Taste

The local inhabitants used Suliepat 
reservoir’s water for drinking and other purpose 
since long. After tasting the water was found sweet 
in taste. And it was as drinking water.  

Turbidity

The water was found clear and a few no. of 
sediments were only found. The testing was done 
with the help of a glass measuring tube. And water 
was found with minimal turbidity.  

Fresh water aquatic faunal diversity is an 
essential study. It represents the richness of species 
in that area. Basically, the fish and crabs are catching 
by the fisheries so the richness become extinction 
day by day. To conduct such type of study in fresh 
waterbodies is very important because the efforts 
on the diversity of such reservoirs will be improve 
as per the need. Suliepat reservoir supports a variety 
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of aquatic fauna and specially fishes. This study 
highlights all the possible fauna housed in Suliepat 
reservoir. The beetles are most species-rich animal 
group existing on the earth. The water-beetle fauna 
of India consists of 776 species belonging to 137 
genera, and 17 families in 3 suborders. Out of these 
only 5 species of 3 family were found in Suleipat 

reservoir. Globally, 6233 species in 685 genera of 
odonates are known, of which 482 species with about 
50 subspecies in 150 genera and 18 families exist in 
India. In this whole study, 29 species of Odonata 
belonging to 7 families were collected. Odanates 
like Gynacantha bayadera, Lathrecista asiatica, 
Copera ciliate, Crocothemis servilia, Indothemis 
carnatica, Trithemis aurora, Pantala flavescens,  
Neurothemis fulvia, Rhyothemis variegate, Aciagrion 
approximans, Aciagrion approximans etc. shows 
good water quality. The freshwater molluscs have an 
estimated global diversity of 5000 species, of which 
217 species comprising 150 species of gastropods and 
67 species of bivalves are reported from freshwater 
ecosystems of India. Here in Table 2; 16 species 
belonging to 14 family were found like Pomacea 
bridgesii, Pomacea maculate, Biomphalaria 
straminea, Viviparus Georgianus, Tarebia granifera 
etc. In suleipat the diversity of fishes also found in 
good quantity. A total of 24 species belonging to 7 
families of fishes were found in the entire study area. 
Some of them are Catla catla, Cyprinus sophore, 
Channa striata, Labeo rohita, Amblypharyngodon 
mola, Salmo phasiabacalia etc. The overall diversity 
index indicated that there was a good correlation 
among all species of this reservoir and the rich ness 

Table 2. Density, abundance and IVI of various fauna at Suleipat reservoir

Aquatic Fauna  Density Abundance IVI 

Fish 139 139 50.09123 

Snails 43.75 58.33333 22.46231 

Snake 0.75 1.5 7.879574 

Crab 6.75 13.5 9.377701 

Odonates 65.75 65.75 31.80159 

Millipeds 53.75 107.5 21.11303 

Mosquito 20.25 27 16.59464 

Coleoptera 24 48 13.68482 

Earthworm 13.5 27 11.06309 

Frog 33 66 15.93201 

of species was also good and the water quality was 
also too good. 

Table 1. Percentage occurrence of various families at 
Suleipat reservoir

Family Percentage occurrence  
Anabantidae 4.16 
Ambassidae 4.16 
Bagridae 8.33 
Cyprinidae 50 
Channidae 8.33 
Ictalurdis 4.16 
Mastacembelidae 4.16 
Notopteridae 4.16 
Schibeidae 4.16 
Siluridae 4.16 
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Table 3. Checklist of fishes

Sl. Local Name Family Sceintifc name IUCN STATUS
1 Bhakura Cyprinidae Catla catla LC 
2 Rohi Cyprinidae Labeo rohita LC 
3 Pita karandi Cyprinidae Puntius LC 
4 Mohurali Cyprinidae Amblypharyngodon mola LC 
5 Magura Ictalurdae Clarias batrachus LC 
6 Chingudi Palemonidae M. rosenbergii LC 
7 Bata Schibeidae Labeo bata LC 
8 Flai Notopteridae Notepterus notepterus LC 
9 Baunspatri Cyprinidea Salmophasia bacalia LC 
10 Mira Cyprinidea Cirrhinus mrigala LC 
11 Kalibanisi Cyprinidea Labeo calbasu LC 
12 Kau  Anabantidae Anabus cobojius DD 
13 Karandi Cyprinidae Puntius amphibious DD 
14 Kantia Bagridae Mystus vittatus LC 
15 Gomitudi Mastacembelidae Mastacembalus pencalus LC 
16 Seula Channidae Channa striata LC 
17 Jahala Cyprinidea Chela bacaila LC 
18 Pita karanda Cyprinidea Puntius conchonius LC 
19 Singhi Bagridae Sperata seenghala LC 
20 Balia Siluridae Wallago attu NT 
21 Gadisa Channidae Channa pantatua LC 
22 Chanda Ambassidae Channa nama LC 
23 Chainapunti Cyprinidae Cyprinus sophore LC 
24 Dandikiri Cyprinidae Rabora daniconius LC 

Table 4. Check list of snails

Sl. Family Scientific Name Common Name IUCN Status
1 Ampullariidae Pomacea bridgesii Spile-topped apple snail LC 
2 Planorbidae Panobarious correnus The great ramshorn LC 
3 Thiaridae Melanoides tuberculata Red rimmed Melania LC 
4 Ampullariidae Pomacea canaliculata Channeled apple snail LC 
5 Littorinidae Littorina littorea Common periwinkle 
7 Ampullariidae Pomacea maculate The apple snail 
8 Lymnaeidae Galba truncatula The pond snail LC 
10 Planorbidae Biomphalaria straminea The Ram’s horn snail 
11 Thiaridae Tarebia granifera The quilted melania LC 
12 Lymnaeidae Radix peregra The pond snail 
13 Planorbidae Planorbis planorbis The Ram’s horn snail LC 
14 Viviparidae Viviparus viviparus The River snail LC 
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15 Viviparidae Viviparus georgianus The River snail 
16 Ampullariidae Pila conica The freshwater snail G5 

Table 5. Check list of odonates 

Sl. Family Scientific Name Common Name Status 

1 Aeshnidae Gynacantha bayadera Parakeet darner Least Concern 

2 Calopterygidae Vestalis gtracilis Forest glory Least Concern 

3 Coenagrionidae Aciagrion approximans Violet striped slender dartlet Least Concern 

4 Aciagrion occidentale Green striped slender dartlet Least Concern 

5 Enallagma cyathigerum Enallagma cyathigerum

6 Ischnura aurora Golden dartlet Least Concern 

7 Cordulegastridae Ceriagrion coromandelianum Yellow waxtail reservoirselfly Least Concern 

8 Cordulegaster boltonii Golden ringed dragonfly 

9 Gomphidae Gomphus vulgatissimus Common clubtail

10 Acisoma panorpoides Trumpet tail Least Concern 

11 Brachydiplax chalybea Rufous marsh hawk Least Concern 

12 Crocothemis servilia Scarlet skimmer 

13 Diplacodes trivialis Chalky percher Least Concern 

14 Erythodiplex umbrata Band-winged dragonlet Least Concern 

15 Indothemis carnatica Black Marsh skimmer Least Concern 

16 Libellulidae Lathrecista asiatica Asiatic blood tail Least Concern 

17 Neurothemis fulvia Fulvous forest skimmer Least Concern 

18 Orthetrum glaucum Blue marsh hawk Least Concern 

19 Orthetrum pruinosum Crimson tailed marsh hawk Least Concern 

20 Orthetrum sabina Slender skimmer Least Concern 

21 Pachydiplax longipennis Blue dasher 

22 Pantala flavescens Wandering glider Least Concern 

23 Plathemis lydia Brown skimmer dragonfly 

24 Rhyothemis variegata Common picture wing Least Concern 

25 Trithemis aurora Crimson marsh glider Least Concern 

26 Trithemis festiva Black stream glider Least Concern 

27 Trithemis pallidinervis Long-legged marsh glider Least Concern 

28 Urothemis signata Greater crimson glider Least Concern 

29 Platycnemididae Copera ciliata Pied bush dart Least Concern 
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Table 6. Other aquatic fauna 

Sl. Order Family Scientific name Common name  
Beetles 
1 Coleoptera Carabidae Anthia sexguttata Six spotted ground-beetle 
2 Coccinellidae Coccinella septempunctata Seven spotted lady-bug 

3 Harmonia axyridis Asian multicorored lady beetle 

4 Scarabaeidae Oryctes rhinoceros Coconut rhinoceros bettle
5 Onthophagus cervus Dung beetle 
Mosquito 
6 Diptera Culicidae Anopheles culifacies Mosquito 

7 Anopheles jamesii Mosquito 
8 Anopheles karwari Mosquito 

9 Culex bitaeniorhynchus Mosquito 

Earthworm 
11 Haplotaxida Glossoscolecidae Pontoscolex corethrurs Earthworm 
12 Megascolecidae Amynthas corticis Earthworm 
Millipedes 
13 Polydesmida Paradoxosomatidae Chondromorpha xanthotricha Millipede 
14 Spirobolida Trigoniulidae Trigoniulus corallines Common Asian millipede 
Snake 
15 Squamata Colubridae Xenochrophis piscator Water snake 
16 Squamata  Colubridae Ptyas mucosa Dhaman
Frog 
17 Anura Bufonidae Duttaphrynus parietalis Indian toad 
18 Anura Bufonidae Duttaphrynus melanostictus Asian common toad 

Fig. 1. Percentage occurrence of families Fig. 2. Number of species of various fauna
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CONCLUSION

The Suleipat reservoir is a diverse area having 
a good qualitative and quantitative species index. 
Its water quality is good with low turbidity. Fishes, 
odonates, snails, crabs, beetles, birds etc. are found 
to be abundant there. The locals use the reservoir 
mainly for agriculture and fishing which happens to 
be their main economy and are well concerned about 
the pollution. So, they keep the reservoir very clean 
and restrict the use of plastics. The present work 
gives a substantial data on both quality and quantity 
to support further research in future. 
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ABSTRACT

Afghanistan has around 5,000 plant species out of which 25-30% are endemic. Some of the shrubs in 
Afghanistan are unique with medicinal and industrial properties and unfortunately every year we loss 
shrubs in a huge amount by people (uprooting and cutting), over grazing and soil erosion. In Ghazni 
University campus different species of shrubs are existed but any ecological studies have not been done 
yet about these shrubs. Unfortunately, less information exists about shrubs in Ghazni province and I 
kindly recommend for working in this area for enrichment our flora and biodiversity. These seven shrub 
species are selected in case of popularization and usefulness in the site. The objectives of this ecological 
research are; population density, frequency and abundance of seven most popular shrubs in Ghazni 
University campus by quadrat method for the first time. This research can be very useful in future as a 
start point. In this shrub land some of the shrubs are dense and abundant and some are vice versa in case of 
more traditional uses (i.e., Peganum harmala). Unlike past, the reasons for high density, abundance, and 
frequency of some shrubs in the campus are artificial wall of the Ghazni University which built in 2011 
and prohibition from uprooting by local people, grazing by herd of nomads and awareness of people. 
Soil erosion caused to loss shrubs species but there are not data about past situation of populations to 
compare with present time. This study can be useful for lecturers, students and pharmaceutical concerns 
in Ghazni University. 

Key words: Abundance, density, frequency, Ghazni University, quadrat method and shrubs

INTRODUCTION 

Afghanistan lies between 29°30’-38°30’ N 
latitude and 60°30’-74°50’ E longitude. Around 
45% of Afghanistan is classified as rangelands 
(FAO, 2016). The north parts of the country consist 
of fertile plains, while the south-west parts consist 
of deserts, where temperatures can get very hot in 
summers (Podlech, 2012). The south-central parts 
which include Ghazni province also have deserts 
with warm summer and cold winter. Afghanistan 
has been subjected to impacts by people and their 
livestock for thousands of years. There are no parts 
of the Afghanistan, apart from high alpine areas 

that have not been affected (Pa, 2008). There is 
always a struggle between environment and biota. 
Afghanistan offers a big variety of ecological 
conditions; vegetation types are exhibiting a high 
biodiversity, since the floristic influence from 
various neighbor regions is a considerable factor 
in floristic and vegetation pattern (Breckle et al., 
2013). Different physical features and climate 
situations resulted in a diversity which harbor and 
sustain the immense biodiversity of ecological 
habitats like shrub lands, forests, wetlands, 
grasslands, ecosystems and desert ecosystems. 
Actually Afghanistan lies at the ‘crossroad’ of 
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several biogeographically regions (Breckle, 2007). 
It has a unique plants flora comprising around 5000 
species out of which 25-30% are endemic to this 
country (Breckle and Rafiqpoor, 2010). In nature, 
there is a close relationship between shrubs and 
their environment (Alam, 2011). People use many 
of these shrubs as medicines in Afghanistan. Now 
80% of the people in the developing countries 
depend upon traditional medicines (Pullaiah et al., 
2015).

Ecologists describe a plant community in 
terms of the number of species it contains and 
the relative abundance of these species in the 
community. World’s biodiversity are mostly near 
the equator (Athappan, 2014). Ecologists usually 
can use such information to underpin the health 
of an ecosystem or to determine if communities 
are prone to invasion. Composition of the plant 
community can inform us further about the quality 

of the habitat: to know is it wet, does it have high or 
low nutrient load and is it heavily grazed or used? 
Presently, 31 per cent of all gymnosperm species 
in all over the world face the threat of extinction 
(Gross, 2016). The objectives of this article are 
to find the population density, frequency, and 
abundance of seven most popular shrubs species in 
Ghazni University campus (Fig. 1). 

MATERIALS AND METHODS

Field of study was in Ghazni University 
campus in 2020. Ghazni University is located 
in the east of Ghazni province city on the foot of 
a mountain with native shrubs species as well as 
endemic species (Fig. 2). Ghazni University altitude 
and water table are between 2,100 m-2,200 m and 
more than 50 m respectively. It has 100 hectares 
area and 5 faculties with around 4000 students from 
different parts of Afghanistan. Ghazni province 

Fig. 1. Seven most popular and useful shrubs species in Ghazni University campus

Artemisia scoparia
Waldst. and Kit. 

Lactuca orientalis
(Boissier) Boissier 

Astragalus lasiosemius
Boissier 

Cirsium vulgare
(Savi) Tenore 

Acanthophyllum laxiflorum
Boissier 

Silybum marianum
(Linnaeus) Gaertner 

Peganum harmala L. 
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is one of the 34 provinces in Afghanistan and is 
located in the south-central part of Afghanistan at 
33°31’ N latitude, 68°25’ E longitude. Ghazni is 
situated in or near the cool temperate desert scrub 
biome according to the Holdridge life zones system 
of bioclimatic classification. It has a mid-latitude 
steppe/ semi-arid cool climate (Köppen-Geiger 
classification: BSk). The wetter seasons are from 3rd 

of February to 25th of August and the drier 

seasons from 25th of August to 3rd of February. The 
annual mean temperature is 9.70C. Total annual 
Precipitation average is 297 mm which is equivalent 
to 297 l m-2. In addition to medical treatment, shrubs 
are useful for soil conservation, water storage, 
climate regulation, habitat for wildlife especially 
birds, runoff controlling and other environmental 
services in Ghazni University campus.

Fig. 2. Population of 7 shrub species in Ghazni University campus 

Materials required in this research were one 
measuring tape, four nails, sixteen meters of rope, 
data sheets, pen and collection file. Quadrat method 
was adopted in this study. Under the method, a shrub 
land was selected for the determination of ecological 
density, frequency, and abundance of shrubs. 10 
quadrats of appropriate size randomly placed in the 
shrub land. The best quadrat size to use depends 

on the items to be measured. The recommended 
quadrat size for shrub vegetation is 4 m × 4 m or 16 
m2 (Mueller-Dombois and Ellenberg, 1974; Krebs, 
2000). Quadrats made 4 m × 4 m by measuring 
tape and rope. The numbers of every seven species 
counted in every quadrat and recorded every 
individual number in data sheets (Table 1). The data 
sheets collected in a collection file for office works.

Table 1. Number of every 7 species in ten quadrats

Shrub species Quadrats
1 2 3 4 5 6 7 8 9 10

Lactuca orientalis 16 14 11 6 7 12 5 0 3 2

Artemisia scoparia 12 7 12 6 7 3 0 20 3 7
Astragalus lasiosemius 3 2 0 1 2 1 0 0 1 0
Silybium marianum 5 1 0 1 1 1 2 0 1 1
Cirsium vulgare 6 4 2 1 1 2 16 8 1 18
Acanthophyllum laxiflorum 3 3 2 1 5 6 4 0 2 3
Peganum harmala 0 0 0 1 0 1 2 1 3 0
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RESULTS AND DISCUSSION
Every seven species shrubs in the Ghazni 

University campus represented different ecological 
density, frequency and abundance by quadrat method 
(Fig. 3, 4). This research accomplished for the first 
time in aforementioned area. Easily and quickly, by 
artificial and natural sexual propagation these shrubs 
can be more dense, frequent, and abundant after 4-5 
years. The things we should consider to have a rich 
biodiversity in the campus are to avoid shrubs from 
uprooting by people and sheep’s herds. 
Density

Density is the number of individuals per unit 
area. Density is expressed as the number of individuals 
per unit area (e.g., shrubs per hectare).

Density = Total number of individuals / Total 
number of quadrats studied

The density of every shrub species found in each 
quadrat (16 m2) as (Table 2). The density can change in 
per hectare as: density / 16 × 10000 (shrubs per hectare).

Now, the density in hectare found as: Lactuca 
orientalis 4750 shrubs per hectare, Artemisia scoparia 
4812.5 shrubs per hectare, Astagalus lasiosemius 625 
shrubs per hectare, Silybium marianum found 812.5 
shrubs per hectare, Cirsium vulgare found 3687.5 
shrubs per hectare, Acanthophyllum laxiflorum found 
1812.5 shrubs per hectare, and Peganum harmala 
found 500 shrubs per hectare.

Fig. 3. Density and abundance of 7 species Fig. 4. Frequency of 7 species

Table 2. Individuals in ten quadrats with their density

Shrub species Quadrats and number of individuals in each quadrat Density
(shrubs 16 m-2)

1 2 3 4 5 6 7 8 9 10

Lactuca orientalis 16 14 11 6 7 12 5 0 3 2 7.6

Artemisia scoparia 12 7 12 6 7 3 0 20 3 7 7.7

Astragalus lasiosemius 3 2 0 1 2 1 0 0 1 0 1.0

Silybium marianum 5 1 0 1 1 1 2 0 1 1 1.3

Cirsium vulgare 6 4 2 1 1 2 16 8 1 18 5.9

Acanthophyllum laxiflorum 3 3 2 1 5 6 4 0 2 3 2.9

Peganum harmala 0 0 0 1 0 1 2 1 3 0 0.8
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Frequency

The degree of dispersion of a species in a 
forest is called frequency. Frequency is expressed as 
(%) value (Table 3). Individuals of some species are 
sparsely distributed while others are found in clumps.

Frequency = Number of quadrats in which the 
species occurs / Total number of quadrats studied × 100

Abundance

Abundance is simply the number of individuals 
of a species. It refers actually to the density of 
population in those quadrats in which a given species 
occurs. Abundance expresses as number of individuals 
per unit area, i.e., shrubs per hectare. 

Abundance = Total number of individuals 
in all quadrats / Number of quadrats in which 
individuals occurred 

The abundance of every shrub species found 
in each quadrat (16 m2) as (Table 4). The abundance 
can change in per hectare as: abundance / 16 × 10000 
(shrubs per hectare).

Now, the abundance in hectare found as follows 
Lactuca orientalis 5277.5 shrubs per hectare, Artemisia 
scoparia 5346.9 shrubs per hectare, Astagalus lasiosemius 
1041.25 shrubs per hectare, Silybium marianum 781.25 
shrubs per hectare, Cirsium vulgare 3687.5 shrubs per 
hectare, Acanthophyllum laxiflorum 2013.75 shrubs per 
hectare, and Peganum harmala 1000 shrubs per hectare.

Table 3. Occurrence of species in ten quadrats with their frequency

Shrub species
Quadrats Frequency

(%)1 2 3 4 5 6 7 8 9 10

Lactuca orientalis 16 14 11 6 7 12 5 0 3 2 90

Artemisia scoparia 12 7 12 6 7 3 0 20 3 7 90 

Astragalus lasiosemius 3 2 0 1 2 1 0 0 1 0 60 

Silybium marianum 5 1 0 1 1 1 2 0 1 1 80 

Cirsium vulgare 6 4 2 1 1 2 16 8 1 18 100 

Acanthophyllum laxiflorum 3 3 2 1 5 6 4 0 2 3 90

Peganum harmala 0 0 0 1 0 1 2 1 3 0 50 

Table 4. Individuals in ten quadrats with their abundance

Shrub species
Quadrats Abundance 

(shrubs 16 m-2)1 2 3 4 5 6 7 8 9 10

Lactuca orientalis 16 14 11 6 7 12 5 0 3 2 8.444

Artemisia scoparia 12 7 12 6 7 3 0 20 3 7 8.555

Astragalus lasiosemius 3 2 0 1 2 1 0 0 1 0 1.666

Silybium marianum 5 1 0 1 1 1 2 0 1 1 1.25

Cirsium vulgare 6 4 2 1 1 2 16 8 1 18 5.9

Acanthophyllum laxiflorum 3 3 2 1 5 6 4 0 2 3 3.222

Peganum harmala 0 0 0 1 0 1 2 1 3 0 1.6
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CONCLUSION

Every seven shrubs species presented 
different density, frequency, and abundance. The 
total density of the shrub land was 17000 shrubs 
per ha. The highest density showed by Artemisia 
scoparia and lowest by Peganum harmala species 
in the shrub land. The maximum frequency showed 
by Cirsium vulgare species and minimum by 
Peganum harmala species. The higher frequency 
indicates even dispersion of individuals and the 
lower frequency indicates the poor dispersion of the 
species. The highest abundance showed by Artemisia 
scoparia and lowest by Silybium marianum. The 
reason which Peganum harmala showed the lowest 
density and frequency is over cutting of this shrub 
for its seeds and branches because people use the 
seeds and branches for traditional treatments as a 
medicinal plant. People also cut and use Artemisia 
scoparia as brooms in Afghanistan but the reason 
which this shrub showed the highest density and 
abundance in Ghazni University campus is the 
officials’ prevention of cutting. Cirsium vulgare 
showed maximum frequency because does not cut 
by people for any purposes and also it produces 
many achenes that can disperse widely. 
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ABSTRACT

The present study reveals the traditional knowledge of people in utilizing plants for their ethno-botanical 
potential. Hakims, Vaidyas, and locally available unrecorded information from tribal peoples of three 
panchayats under Baripada forest division, Mayurbhanj district of Odisha., were recorded. An extensive 
field survey of the entire area of Saragchhida, Chandua, and Nandana was made and information from 
tribal peoples and local Vaidyas was collected. The ethno-botanical study was carried out during February - 
March 2021 to document the medicinal utility of plants by the practitioner. A list of 69 species of medicinal 
plants belonging to 66 genera and 41 families was made. A total of 58 species of dicotyledons and 11 
species of monocotyledons were recorded from the whole study. The study explained the administration 
and indication with respect to different diseases, and injuries along with their vernacular names, botanical 
names, and parts used. The documented medicinal plants and the knowledge they acquired to cure the 
diseases like information on diarrhoea, jaundice, and headache, night fever, piles, etc. were provided.

Key words: Ethno-botanical study, medicinal plants, traditional knowledge

INTRODUCTION
‘Ethno-botany’ is a multifaceted knowledge 

that deals with the study of interactions between 
indigenous peoples and plants (Panigrahy and 
Behera, 2016). Ethno botanical studies are totally 
based on practices, observations and experiences 
and are transferred from generation to generation 
(Manjunath, 1990). The study shows how people 
of a particular culture and region make use of 
indigenous plants for various purposes. Plants 
having medicinal value are traditional, affordable, 
and accessible. The term ‘Ethno botany’ is 
extensively related to indigenous flora which is 
responsible for not only medicines but also for many 
aspects of life such as foods, clothing, intoxicants, 
etc. The present study reveals the ethno botanical 
importance of three villages of Baripada Forest 
Division. The study focuses on the medicinal value 
of the local flora found in the entire study area.

India is one of the twelve mega-diversity 
countries in the world with about 47000 floral 
species (Sahu and Pattanaik, 2011), on an average 
70% of India’s population is dependent on 
traditional medicine (Sahu and Pattanaik, 2011)

The inhabitants mainly depend on the forest 
as well as their gardens to fulfil the above needs. 
Simlipal is known as the treasure house to various 
valuable medicated flora (herbs, shrubs, trees, 
climbers) in a broad sense are responsible for the 
existence of the word ‘Ayurveda’ in Odisha since 
time immemorial. As nearer to the Biosphere 
Reserve, the locals have rich knowledge on the 
curative and preventive properties of plants that are 
used as medicines for them and their pets. But the 
preservation and documentation of this knowledge 
about the medicinal uses are on the borderline. 
The tribal people are not willing to share this type 
of knowledge with a stranger with a belief that 
the medicine will lose its healing property if too 
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many heads know about the use. Therefore, here 
is an attempt to document the knowledge of the 
aboriginals concerning the indigenous plants.

MATERIALS AND METHODS
Baripada is a town situated in the Mayurbhanj 

district of Odisha (Fig. 1). It is characterized by an 
equitable temperature throughout the year. We have 
selected places like Chandua, Saragchhida, and 
Nadana for our study. The detailed methodology 
was implemented for the fieldwork, data collection, 
and analysis of the information gathered as per 
the requirement of the study, various interview-
based surveys were implemented with the local 
inhabitants of study area to know the administration 
and precaution of doses of medicinal plants. 

Fig. 1. Study area map

The study was conducted during February 
-March 2021. The field surveys of Saragchhida, 
Chandua, and Nandana panchayat were done by 
the door-to-door investigation of various tribal 
peoples living in the village to know how they 
are utilizing the medicinal plants to get cured 
from any type of diseases and injuries. Plant 
specimens were collected and labelled with their 
local name, parts used, and ethno medicinal uses. 
In consideration of the medicinal utility of plants, 
the samples were collected and identified with the 
help of regional floras and previous literature. The 
plant parts used to treat different diseases and the 
whole information of utilization was united by the 
method of ethno botanical investigation. Pictorial 
data of each specimen were collected by using 
Nikon D3300 with a kit lens. During the study, 

weekly observations were carried out to identify 
the plant species. The authenticity of the ethno 
botanical importance of species was examined in 
detail by the standard pieces of literature (Gamble 
and Fischer, 1915-36; Haines, 1921-25; Saxena 
and Dutta, 1975; Chopra et al., 1956; Chopra and 
Chopra, 1982; Sahoo, 1986; Saxena and Brahmam, 
1994-96; Warrier et al., 1994-96; Girach et al., 
1996; Pattanaik et al., 2008; Mohapatra, 2019).

RESULTS AND DISCUSSION

After calibrating the identity, the medicinal 
plant species were referred to their associated 
families and arranged alphabetically. The 
arrangement of data is presented in the form of 
families followed by botanical name, common 
name habit of the plant species, medicinal uses, 
and the administration for the diseases. A total of 
69 species belonging to 41 families were recorded 
from the whole survey. Out of this 35-tree species 
followed by 15 species of shrubs, 12 species of 
Herbs, 4 species of climbers, 2 species of grasses, 
and 1 species of aquatic plant were recorded 
(Fig. 6). 85 % species of dicotyledons and 15% 
monocotyledons plants species were recorded. 

The present study revealed that the tribal 
people are greatly depending on forest and forest 
resources (mainly flora and floral parts) for their 
medicines. They prefer homemade Ayurvedic 
medicines by the local Vaidyas (Table 1) as they 
have a great belief in Ayurveda. They use plant 
parts like stem, roots, fruits, flowers, bulbs, seeds, 
bark, rhizomes, etc. in different forms like powder, 
pulp, juice, paste, oil, decoction, exudates from 
plant parts. Some of the information about the uses 
provided in this study is new, as they have not been 
reported earlier. 

The current study showed that the Poaceae 
family being dominated in this area in the case 
of medicinal plants followed by Euphorbiaceous, 
Rutaceae, Fabaceae, etc. The Poaceae family bears 
the responsibility of curing diseases like gastric 
problems, blood purification, skin diseases, blood 
pressure, dysentery, nasal problems, scorpion 
bites, etc., that of Euphorbiaceous used in case of 
diarrhoea, skin infection, vision improvement, to 
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check rheumatism, etc. All the plant families with 
their respective curative properties are listed in 
(Table 2).

The plants found in the study area are used 
mostly for leaves (Fig. 4) in case of their medicinal 
properties followed by fruits, roots, and seeds, etc. 
The locals use different forms of plant parts to 
cure from different diseases e.g., in juice form (33 
plants), in paste form (19 plants), as oil (2 plants), as 
ashes (1 plant), as a decoction (3 plants), as powdery 
form (5 plants), as plant extracts (5 plants), gum 
(1 plant) and as an infusion (1 plant) (Fig. 5), etc. 
All the plant parts are used orally (62 plants), Ext. 
(26 plants), or by inhalation (4 plants). From the 
study area of 8 plant species were recorded having 
curative properties to dysentery followed by 7 plant 
species were responsible to cure skin infection, 6 
plant species were responsible to cure diarrhoea, 
3 plant species used to cure blood pressure, 2 
plant species for heart disease, cancer, and night-
blindness, 1 plant species each for malaria, snake-
bite and scorpion bite, etc. 

CONCLUSION
The entire study area is a grand repository of 

indigenous as well as exotic medicinal plant varieties 
and the main cause of the diminution of highly 
potential medicinal plants are human encroachments 
such as unplanned developmental works, habitat 
loss, overexploitation, etc. Hence, appropriate 
conservation and protection are needed. For this vital 
work to be done, we should have to know the status 
and aspects of medicinal plants. For the conservation 
of these charismatic and aromatic plants, medicinal 
gardens should be developed in educational and 
research institutions. The conservation can be 
performed both by ex-situ and in-situ preservation 
practices. The indigenous, as well as the exotic 
plant species, need to be conserved at National and 
International levels by Government sponsorships. In 
order to propagate the cultivation and preservation 
of medicinal plants, the locals need to be educated 
and trained with various modern techniques. This 
vital knowledge on plants should be kept safe in their 
tradition as this knowledge comes from generation 
to generation by practices, and we cannot afford the 
loss of this type of knowledge in near future.  

Table 1. List of Vaidyas, and traditional health care (human and livestock) practitioners residing within the study area

Name Age Sex Tribe Panchayat Area of specialization

Udaya Hembrum 60 Male Santhal Kathagandia Diabetes, Night-fever and Gastric

Biren Hembrum 45 Male Santhal Kathagandia Jaundice

Purna Hembrum 36 Male Santhal Chandua Jaundice, Fever, Diabetes

Ramananda Mahanta 90 Male Kudmi Nodana Diabetes, Night-fever and Gastric.

Table 2.  List of medicinal plants with administration and parts used 

Family Scientific name Local name Habit Medicinal use Part used Methods of use

Acanthaceae Justicia
adhatoda Basanga Shrub Cholera, piles Leaf, Stem Paste (Ext., 

Ora.)

Anacardiaceae

Buchanania 
lanzan Chara Tree  Diarrhoea Bark, seed

Seed oil and 
bark extract 

(Ora.)

Mangifera 
indica Amba Tree Dysentery Stem Bark Fruit and leaf 

(Ora., Ext.)
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Family Scientific name Local name Habit Medicinal use Part used Methods of use

Anacardiaceae Anacardium 
occidentale Kaju Tree Stomach, intestinal 

uses 
Leaf, bark, 

Seed Juice (Ora.)

Amaryllidaceae Allium sativum Rasuna Herb
High blood pressure, 
common cold, heart 
disease, ear problem

Clove Juice, Clove 
(Ora.)

Apiaceae Centella asiatica Thalkudi Herb Gastrointestinal Leaf Leaf juice (Ora.)

Apocynaceae

Catharanthus 
roseus Sadabihari Shrub Dysentery  Leaf, root Leaf Juice (Ora.)

Holarrhena 
pubescens Korei Shrub Malaria Bark Decoction of 

bark (Ora.)
Alstonia 
scholaris Chatiani Tree Jaundice Leaf Juice and 

Powder (Ora.)

Arecaceae Borassus 
flabellifer Tala Tree Contraceptive Male 

inflorescence
Fruit, leaf juice 

(Ora.)

Asclepiadaceae Calotropis 
gigantea Arakha Shrub Stomach problem Root, bark Juice (Ora.)

Asparagaceae Asparagus 
racemosus Satabari Climber Stomach problems Root Powder, juice 

(Ora.)

Asphodelaceae Aloe vera Ghikuanri Herb Digestion, treat 
burns, clean acne Stem Stem juice (Ext., 

Ora.)

Asteraceae

Ageratum 
conyzoides Pokasunga Herb Skin infection Leaf Juice (Ora.)

Helianthus 
annuus

Surya 
mukhi Herb Common cold Seed Seed paste, juice 

(Ext., Ora.)
Cactaceae Opuntia dillenii Nagafeni Herb Swelling of joints Phylloclade Juice (Ora.)

Caesalpiniaceae

Bauhinia 
variegata Kanchana Tree Mouth problem, 

stomach Root, bark Leaf, stem juice 
(Ora.)

Cassia fistula Sunari Tree
Diabetes, dysentery, 

blood poisoning, 
antiseptic

Whole plant
Seed powder, 
leaves extract, 

(Ora., Ext.)

Saraca asoca Ashoka Tree Bleeding piles, 
Dysmenorrhea Bark Powder (Ora., 

Ext.)
Bauhinia 
racemosa Anmata Tree Diarrhoea Leaf Leaf juice (Ora.)

Combretace Angeissus 
latifolia Dharua Tree Diarrhoea Bark, gum, 

leaf

Gum with a 
cup of water for 

lactation

Corneaeceae Alangium 
salvifolium Ankula Tree Wound, infection due 

to snake bite Leaf, Bark Powder (Oral)

Cucurbitaceae Coccinia grandis Jungle 
kunduri Climber Pain, wound Leaf, fruit, 

root Juice (Ora.)

Convolvulaceae Cuscuta reflexa Nirmuli Climber Scrotum treatment Whole plant Stem extract 
(Ora.)
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Family Scientific name Local name Habit Medicinal use Part used Methods of use

Dilleniaceae Dillenia pentagyna Rai Herb Child birth problem Seed Seed (Ora.) 

Ebenaceae

Diospyros 
melanoxylon Kendu Tree Night blindness Stem, fruit, 

bark

Fruit (Ora.), 
Stem and Bark 

(Ext.)
Diospyros 
malabarica Kalikendu Tree Dysentery Leaf, bark Bark extract 

(Ora.)

Euphorbiaceae

Antidesma 
bunius Mutta Tree Skin infection, 

diarrhoea Bark, fruit Juice, Bark paste 
(Ext., Ora.)

Aporosa 
octandra Makania Tree Bone fracture Leaf Paste (Ext.)

Croton 
roxburghii Putuli Shrub Diarrhoea Leaf, seed Seed oil (Ora.)

Macaranga 
peltata Manda Tree Skin infection Leaf Juice (Ext., 

Ora.)
Phyllanthus 
emblica Amla Tree Improving eye Leaf, fruit, 

seed
Juice, fruit 

(Ora.)
Euphorbia 
neriifolia Siju Shrub Rheumatism Latex Latex (Ext.)

Fabaceae Trigonella 
foenum-graecum Methi Herb Constipation, hair fall Leaf Paste, seed 

(Ext., Ora.)

Lamiaceae
Colebrookea 
oppositifolia Maranga Shrub

wounds, cuts, bruises, 
treatment of fracture, 
and traumatic injuries

Root, Leaf Root paste 
(Ora.)

Gmelina arborea Gambhari Tree Wound treatment Root, bark Root paste (Ext.)

Lauraceae Cinnamomum 
tamala Tejpatra Tree Digestion, Cough, 

Dental Leaf Inhale, Ext. and 
Ora.

Lecythidaceae

Barringtonia 
acutangula Hinjal Tree Skin infection Leaf, Bark, 

seed
Aqueous extract 

(Ora.)

Careya arborea Kumbhi Tree Skin infection Leaf Ora. and Ext. as 
an embrocation

Malvaceae
Bombax ceiba Simili Tree Menstruation Fleshy root Juice (Ora.)
Hibiscus rosa-
sinensis Mandara Shrub Blood pressure, 

weight loss Leaf, flower Leaf and flower 
paste (Ext., Ora. 

Melastomataceae Melastoma 
malabathrium Korali Shrub Skin infection Leaf Decoction of 

leaf (Ora.)

Meliaceae Azadirachita 
indica Neem Tree Cold, chickenpox Leaf, fruit Juice, paste 

(Ora. and Ext.)

Mymosaceae
Acacia catechu Khairo Tree Night blindness Stem, bark Juice (Ora.)

Mimosa  pudica Lajakuli Herb Stomach problem Root Root paste 
(Ora.)

Moraceae Artocarpus 
heterophyllus Panasa Tree Heart problem Leaf, Fruit Ashes of leaf, 

fruit (Ora.)
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Family Scientific name Local name Habit Medicinal use Part used Methods of use

Moraceae
Ficus religiosa Aswasta Tree Skin infection Stem, bark Stem, Bark 

Paste (Ext.)

Ficus racemosa Dembru Tree Tonic disease Areal part Juice, Paste 
(Ora., Ext.)

Moringaceae Moringa oleifera Sujana saga Tree Diabetes  Leaf, fruit Leaf paste, Fruit 
(External, Ora.)

Myrtaceae

Syzygium cumini Jammun Tree Common cold, 
diabetes Fruit, seed Fruit and seed 

powder (Ora.)

Psidium guajava Pijuli Tree Headache Flower
Flower smoke 
(Inhale), fruit 

(Ora.) 

Nelumbonaceae Nelumbo 
nucuifera Padma Herb Blood dysentery Flower Flower, Leaf 

(Ext., Ora.)

Oleaceae Nyctanthes 
arbortristis Gangasiuli Shrub Dysentery Flower, Leaf

Leaf juice and 
Dried fruit, 

flower (Ora.) 

Poaceae

Oryza sativa Dhana Grass Blood pressure, 
dysentery Seed Seed paste (Ext., 

Ora.)
Cynodon 
dactylon Duba Grass Nasal problem Leaf Leaf paste, juice 

(Ext., Ora.)

Vetiveria 
zizanioides Bena ghasa Grass Scorpion bite Leaf, Root

Leaf smoke 
(Inhale), paste 

(Ext.) 

Bambusa tulda Bans Tree Blood purification Internodes 
white crystal

Decoction of 
leaves and nodes 

(Ora.)

Puniceae Punica 
granatum Bedna Tree Cough, expel 

tapeworm Seed, Fruit
Seed paste 
(Ext.), Fruit 

(Ora.)

Rubiaceae Anthocephalus 
chinensis Kadamba Tree Stomach pain, Cancer Stem, bark Bark juice (Ora.)

Rutaceae

Citrus 
aurantifolia Lembu Shrub Common cold, 

tinnitus Seed, Fruit Fruit juice 
(External, Ora.)

Citrus grandis Tava Shrub Digestion Fruit Peel Paste (Ext., 
Ora.)

Aegle marmelos Bela Tree Digestion, chronic, 
diarrhoea Fruit, leaf Ora. 

Limonia 
acidissima Kaintha Tree Common cold, 

dysentery, diabetes Leaf, Fruit
Fruit (Ora.), leaf 
juice and paste 

(Ext.)

Sapotaceae Madhuca 
longifolia

Mohula Tree Common cold Leaf, bark Infusion of bark 
(Ora.)

Smilacaceae Smilax perfoliata Ramdatun Climber Teeth cleaning Root, leaf Leaf juice and 
root (Ora.)



154 e-planet 19 (2): 148-156KHAN et al.

Family Scientific name Local name Habit Medicinal use Part used Methods of use

Solanaceae

Datura 
stramonium Dudhura Shrub Ear problem Seed Seed juice (Ext.)

Solanum 
lycopersicum Tomato Herb Heart disease, breast 

cancer Friut Juice (Ora.)

Zingiberaceae
Curcuma longa Haldi Herb Wound, pain Root

Juice, powder, 
leaf (Inhale, 
Ext., Ora.)

Zingiber 
officinale Ada Herb Cough, Rhizome Juice (Ora.)

Ext.- Externally, Ora.- Orally

Table 3. Percentage occurrence

Family Percentage occurrence

Acanthaceae 1.44

Anacardiaceae 4.34

Amaryllidaceae 1.44

Apiaceae 1.44

Apocynaceae 4.34

Arecaceae 1.44

Asclepiadaceae 1.44

Asparagaceae 1.44

Asphodelaceae 1.44

Asteraceae 2.89

Cactaceae 1.44

Caesalpiniaceae 1.44

Combretaceae 1.44

Cornaecea 1.44

Cucurbitaceae 1.44

Convolvulaceae 1.44

Dilleniaceae 1.44

Ebenaceae 2.89

Euphorbiaceae 5.79

Fabaceae 7.24

Family Percentage occurrence

Lamiaceae 2.89

Lauraceae 1.44

Lecythidaceae 2.89

Lythraceae 1.44

Malvaceae 2.89

Melastomataceae 1.44

Meliaceae 1.44

Mimosaceae 1.44

Moraceae 4.34

Moringaceae 1.44

Myrtaceae 2.89

Nelumbonaceae 1.44

Oleaceae 1.44

Poaceae 5.79

Rubiaceae 1.44

Rutaceae 5.79

Sapotaceae 1.44

Smilacaceae 1.44

Solanaceae 2.89

Zingiberaceae 2.89
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Fig. 2. Percentage of species in each family

Fig. 4. Different plant parts used
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ABSTRACT

Joint forest management (JFM) in India is an initiative where people’s participation in forest management 
and resource utilization has been undertaken for last 3 decades. The policy frameworks laid in the late 
1980s and the follow ups in policy matters were aimed at paving way for a mutual partnership between 
the government or the forest department and the local communities for a mutually beneficial forest 
management. Today despite its popularity and larger advantages, JFM in India is at disadvantage from 
a varied number of factors ranging from governance and policy challenges to socio economic problems 
in local communities. If these challenges are properly understood and addressed, people participation 
is still a sharp tool for efficient forest management and sustainable resource utilization. A systematic 
understanding and evaluation of these problems and evolution of adequate solutions can make JFM an 
effective tool in climate change mitigation and biodiversity conservation by acting as a linchpin for 
REDD+ initiatives. 

Key words: Forest policy, forestry, joint forest management, participatory forest management, rural 
participation

INTRODUCTION

India has been one of the pioneers in 
taking up local participation in management of 
forest resources. This was brought by a paradigm 
shift in the forest management policies which were 
brought up in the late 1980s. The Indian National 
Forest Policies (NFP, 1988) strategy was, both the 
recognition of failure in the exclusionary tendencies 
of past policies and the need to reverse its effects 
through an advanced people centric approach 
(Shylendra, 2015). The NFP of 1988 stated that 
the holders of customary rights and concessions in 
forest should be motivated to identify themselves 
with the protection and development of forest from 
which they derive benefits. Post the National Forest 
Policy, the Ministry of Environment and Forests 
(now the Ministry of Environment, Forest and 
Climate Change), Government of India (GoI), gave 

guidelines in 1990 advising the states to initiate 
JFM activities by involving the local community 
and forming committees for management of 
degraded forest lands (Dhanapal, 2019). With a 
decade long review of the program, in February of 
the year 2000 and in 2002, GoI issued new JFM 
guidelines to include good forest area under JFM 
management and provide legal back up to the 
Forest Management Committees. 2015 data shows 
that there are 1,18,213 JFM committees in India, 
covering 2,29,38,814 ha of land area and supporting 
1,45,18,219 families (FRI, 2015). Almost all major 
states in India have passed enabling resolutions to 
implement what is now popularly called the Joint 
Forest Management (JFM) programmes. These 
programs are likely to be the focus of future forest 
development projects funded by governments and 
donor agencies (Saxena, 1997). Participatory or 

e-planet 19 (2) : 157-168 (December 2021) 



158 e-planet 19 (2): 157-163THAMPURAN

Joint Forest Management programs are so designed 
to accommodate representation from the poor and 
marginalised as well as the rural women. Women’s 
memberships are fixed at 50% in the general body 
and 33% in the executive committee of FPCs 
(Nair, 2017). Benefit sharing in JFM activities are 
designed in a way that community is entitled to 
get 100% from NTFP and the revenue share from 
timber sale going to the local community vary from 
25 to 75% between states (Sarker, 2009). With the 
implementation of JFM, GoI has made its attempt 
to create a sense of ownership among the local 
communities which encourages them to conserve 
the resources. India has some 200,000 forest fringe 
villages inhabiting a human population of over 275 
million people (Nair, 2017). The lives and day to 
day activities of these people are dependant on and  
interlinked with their surrounding forests. Through 
JFM, attempts have been and are being made for 
providing better income and social upliftment of 
rural poor. Currently, JFM takes over 29.8% of 
forest area of the country (MMoE and CC, 2018). 

As we have reached in time, three decades 
with the application of JFM, it is imperative that we 
look at the challenges that this celebrated program 
faces today, its shortcomings including institutional 
gaps, the heterogeneity in policy between states, lack 
of landscape level planning, problems in providing 
equal representation to the socially marginalised 
etc and the future prospects for its development 
in the eve of climate action through REDD+ 
strategies which involves a participatory approach 
of landscape level planning and management . 

CHALLENGES FACED BY JFM 

The three decade old JFM program is 
designed so as to have an amicable and mutually 
beneficial relationship between the forest 
departments and local people, but often times 
the relationship fails to be a positive one which 
results in poor or reduced local participation in 
such programmes (Paul and Chakrabarti, 2011). 
Relationship between the two key partners is often 

weak due to the partnership being heavily loaded 
in favour of Forest Department (Nair, 2017). This 
is evident especially in the case of benefit sharing 
in JFM programs. In the case of revenue from 
non-timber forest produce (NTFP), though the 
communities are entitled to the whole 100% share, 
it is seldom profitable or satisfactory for them as 
they are limited to mere collectors of NTFP and 
the department is the seller (Sarker, 2009). In many 
states, in the case of revenue from sale of timber 
resources, the share of the fixed per cent of income 
is calculated on the net revenue which is calculated 
after deducting all the expenses incurred by the 
department, and not on the gross income actually 
received (Sarker and Das, 2008; Government 
of Madhya Pradesh, 2015; Government of West 
Bengal, 2016). 

HETEROGENEITY IN JFM

Another issue with the management of 
JFM groups arise when the community group is 
heterogeneous, when people of different ethnic 
and socio economic groups fall into the forest 
management committees, management becomes 
difficult as equitable benefit sharing tends to be 
non-equitable (Nair, 2017). Internal issues within 
department on management arises when there 
are different opinions within the officials about 
the program, the best example for this would be 
the case wherein certain officials view the JFM 
as a way to mobilize labor force. Institutional 
rigidities especially from the side of department 
in official procedures is another cause of concern 
on the effectiveness of joint forest management 
(Dhanapal, 2019). 

Yet another issue relating to the governance 
challenges of JFM is the legal status of JFM bodies. 
Though there are provisions for registration of JFM 
committees, complexities arise in the functional 
and legal roles of the committees and the Gram 
Sabha (Murali et al., 2003). Problems also arise 
in different states where there are complexities in 
classification of land despite the Indian Forest Act 
1927 (Nair, 2017). 
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INSTITUTIONAL GAPS IN JFM PROGRAMS

One of the most prominent and early 
criticisms of JFM is that it is similar to any top 
down approach where there is an asymmetric power 
relationships between the state functionaries and 
the people (Pathan et al., 2001; Sundar, 2000). This 
top-down approach often hinders the true sense 
of decentralization of forest management aimed 
through JFM approach. The participation in JFM is 
often criticized as rather a ‘puppettish’ act without 
the true sense of ‘participation’ (Ghate, 2008). 
The lack of legal status of FPCs makes JFM an 
institution of poor legal footwork, failing to provide 
guaranty to the rights (Upadhyay, 2003). Despite 
these criticisms, there are studies which have found 
JFM to be a model approach for increasing rural 
income (Shylendra, 2002; Tiwary, 2005). 

There exist several institutional gaps in the 
implementation of JFM programs. The National 
Afforestation and Eco- development Board (NAEB) 
established in 1992, is mandated to perform the 
role of monitoring and evaluation at the national 
level of all afforestation programs. Currently over 
the years, NAEB has been functioning mainly on 
recommending the release of funds under NAP 
(National Afforestation Program) scheme after 
assessing proposed afforestation plans submitted by 
state Forest Development Agencies. A total of 79. 43 
crores were released under National Afforestation 
Program (NAP) and Green India Mission (GIM) 
from 2016-17 to 2018-19 (MOEF, 2019). Despite 
of this being done, there is no consolidated report 
available on monitoring and evaluation of the 
NAP projects for their performance. The lack 
of technical capacity, monitoring or supervision 
and reporting, and institutional weaknesses could 
hurt India’s preparedness for REDD+ and could 
also hamper achieving the Indented Nationally 
Determined Contribution (INDC) targets under the 
Paris Agreement (Dhanapal, 2019). 

PARTICIPATION OF WOMEN AND ETHNIC 
GROUPS 

The implementation of JFM has been done 
in a way that it ensures the participation of women 
and ethnic minority groups in it. The reservations 

of seats for women in FMCs have played its role in 
getting women’s participation into social activities. 
But often in many states the participation of women 
rarely goes beyond these reserved seats and their 
participation in meetings is lower compared to men 
which is due to their lower confidence to participate 
in the public fora (Elias, 2010). In Gujarat and West 
Bengal (WB), only one-third of the membership 
positions (one out of every three seats) are reserved 
for women and tribespeople (Nandigama, 2020) or 
participatory forest management. In Gujarat, Sarin 
(1995) reported that women were often unaware 
of their positions and memberships due to the 
strongly prevalent patriarchy. Though the one third 
reservation is aimed to uplift women and ethnic 
communities, in everyday practices, upper caste men 
and community elders called the shots both inside 
and outside the FPC (Nandigama, 2020). Whereas 
in Andhra Pradesh (AP), this ratio of reservation is 
50%. Also, in AP, the additional clause dictating that 
either the president or vice president of the Forest 
Protection Committee (FPC) should be a woman 
has given space for the participation of women in 
high level decision making (GO Ms. No. 13, 12. 
02. 2002, Govt. of Andhra Pradesh). This has paved 
way for an increased participation of women in all 
levels of JFM. AP can thus be regarded as the state 
with most gender inclusive JFM Policy. Ethnic 
exclusions are a major challenge JFM activity in 
many states are experiencing. Even though JFM is 
aimed at their upliftment, due to factors like social 
stigmas and physical isolation, the participation of 
ethnic minorities in JFM is hindered in states like 
Karnataka and Maharashtra (Elias, 2010). Those 
men who are daily laborers tend to prefer a day’s 
work than JFM activities, also lack of awareness 
and social insecurities force them away from JFM. 

In the present scenario, globally the concerns 
over infringement of forest dweller rights and land 
ownerships is a major point of concern in REDD+ 
debates (Larson et al., 2013). Inconsistency in 
carbon tenure and land rights (Vergara-Asenjo et al., 
2017) and exclusion of community rights of tribals 
(Hiraldo and Tanner, 2011; Luttrell et al., 2013) 
have caused problems in REDD+ implementation 
and success.
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If stakeholders do not perceive the benefit 
sharing as fair, the legitimacy of REDD+, and 
support for the mechanism, it will be weakened. In 
this paper Luttrell et al. (2013), drawing on data from 
CIFOR’s Global Comparative Study on REDD+, 
analyzing national policy processes in 6 countries 
and the expected benefit-sharing arrangements in 
21 REDD+ project sites, the major rationales that 
could be put forward the processes associated with 
benefit sharing were identified. these included ideas 
ranging from actual carbon emission reduction to 
the reduction in cost for emission reduction. There 
were rationales which dealt with providing a legal 
right to the benefit received or making steps for 
poverty reduction or rewarding systems of PES 
(payment for ecosystem services) model.

It can be deduced that with such a wide 
distribution of ideologies associated with REDD+ 
programs, there should be a clear detention on 
what the term "benefit" represents in each of the 
community associated programs that are taken up. If 
given the right push with proper policy frameworks, 
JFM will be the best tool at our disposal for REDD+ 
programs and achieving our NDC targets.

JFM should act as a strong framework upon 
which REDD+ can be implemented successfully in 
India, for this there should be a strong coalition of 
all the stakeholders involved in sustainable local 
forest management. 

LANDSCAPE APPROACH IN JFM

A landscape approach was proposed by the 
Green India Mission for developing additional 
forests that could also provide other co benefits 
to the local communities. The Mission targets 
at improved ecosystem services, including 
biodiversity, hydrological services and carbon 
sequestration from an estimated 10 m ha of 
forest/non-forest lands and increased forest-based 
livelihood income for about 3 million households 
living in and around the forests (GOI, 2014). 
However, many states are yet to identify landscape-
level plans for afforestation and JFM plans, and at 
the national level both the Green India Mission and 
NAP have not identified priority landscapes and 

areas for JFM. Though implemented as a linchpin 
for India’s REDD+ initiatives, the GIM lacked 
an institutionalized decentralized investment and 
benefit sharing mechanism restricting its move 
toward synergistic and locally centred governance 
(Vijge and Gupta, 2014). The Forest Rights Act and 
the Biological Diversity Act have not supported 
well the idea of JFM despite their huge potential 
for reshaping the forest and forestry activities. The 
provisions of these acts if implemented in right 
methods can make immense additions to improving 
biodiversity, socio economic status of the forest 
depended communities and the forest wealth 
(Dhanapal, 2019). 

DISCUSSION

When JFM is reaching three decades of its 
implementation we should address the issues on 
challenges in JFM on stakeholder engagement, 
micro planning, sustainable harvest and marketing 
of timber and NTFP and benefit sharing with local 
communities. Institutional weaknesses and gaps 
in legal provisions are major challenges in JFM. 
To address these, landscape level planning and 
cooperation should be taken up in designing JFM 
activities, this will help in better conservation of 
biodiversity and forest health. Measures should 
be taken to foster better cooperation between 
the forest department and local stakeholders by 
reducing the rigidity of laws which are currently in 
favour of the former. To ensure a wider reach and 
better implementation, JFM activities should be 
encouraged through Green India Mission and NAP 
and the sanctioned projects should be subjected to 
evaluation and monitoring their success. Different 
sources of investments should be ensured from 
public and private funding, Payment for Ecosystem 
Services model can be explored as a JFM programme 
in areas facing threat of high human pressure. 
Better technical capacity, monitoring and reporting, 
could also help in achieving the INDC targets under 
the Paris Agreement. JFM still holds the potential 
to uplift India’s forest dependent communities, the 
policies and planning should change with the need 
of time for utilizing this potential. 
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JFM : A WAY FORWARD

Good forest governance should aim to 
promote the judicious and sustainable management 
of resources, to guarantee continued existence 
of ongoing ecological processes, simultaneously 
creating economic and social benefits (Lammerts 
van Bueren, 2015; Maraseni et al., 2019). There 
are studies which show better biomass accrual 
in JFM managed forests compared to non JFM 
management (Murali et al., 2002). Proving the 
potential of JFM in acting as an important tool 
in meeting climate change mitigation attempts 
through carbon sequestration in tree biomass. Aptly 
the REDD+ strategy of India stresses on JFM as 
an important instrument that will have play in 
reducing desertification and forest degradation 
(MoEF and CC, 2018). Community management 
of forests creates a sustainable relationship between 
the forest and people and thereby plays a role in 
conserving the endemic biodiversity and ecosystem 
health (Banerjee, 2019). 

Presently there are around 1,73,000 forest 
fringe villages in the country (MoEF, 2006), 
depending on forests for various resources, energy, 
nutrition, fodder, grazing, construction material, 
NTFP, traditional medicines, etc. furthermore 
more than 25% of the population depend on forest 
for direct and indirect benefits (Singh and Kewat, 
2021). With such high rate of forest dependency, 
India needs proper planning and implementation 
for achieving REDD+ target of reduced forest 
degradation. This can be made possible only through 
value-addition of the forest produce, increasing 
awareness and creation of alternate sources. This 
can be made possible through landscape approaches 
in participatory forest management. 

The primary change to be incorporated 
into future JFM activities is that of landscape 
level planning. IUCN has recognised landscape 
level planning and cooperation between different 
stakeholders as the key to achieve sustainable 
forest management through the model forests 
approach (IUCN, 2020). An example of landscape 
level planning in community managed forest 
is that of Balkhila Model Forest in the state of 
Uttarakhand managed under National Mission on 

Himalayan Studies (NMHS) of the Government 
of India (IUCN, 2020). Landscapes that are facing 
high degradation, forest fragmentation and higher 
forest dependency could be prioritized for PFM 
when brought under landscape level management, 
our forests can be made more adaptable and 
climate resilient (Dhanapal, 2019). Along with 
this, the objective of JFM should be to maintain 
healthy forests and improve degraded forests with 
restoration practices and to improve biodiversity 
and other ecosystem services to support livelihood 
of forest dependent communities. This is very 
essential given India’s biodiversity challenges and 
to achieve mitigation targets like that of INDC. 
JFM models should explore potential revenue 
generating options like taking up plantation in 
wastelands, especially energy plantation options, 
promoting sustainable production and marketing of 
NTFP that can be shared with the communities and 
developing appropriate value chains and market for 
timber, bamboo and other NTFPs. JFM will have to 
evolve as a system where local communities take a 
higher or complete responsibility for management 
of the local forests as in FRA (2006). 

Pilot projects should aim at attracting 
investments from private sector particularly for the 
management of forests in and around industrial and 
urban areas in India. For financing JFM, available 
monetary resources like REDD + CAMPA 
(Compensatory Afforestation Fund Management 
and Planning Authority) can be utilized (Nair, 2017) 
also the chances of availing private investments 
should be explored in addition to GIM/NAP. 
Payment of Ecosystem Services (PES) models can 
be adopted to finance JFM in areas with human 
pressure on forests. 

Measures like providing better awareness 
and education to lower income groups and creating 
a sense of ownership in the community will help 
in attaining a better participation in JFM activities 
(Elias, 2010). The forest right act if implemented in 
the right sense can cater to these needs. Other than 
monetary benefits, other incentives that JFM can 
provide like a larger and better market for NTFPs 
available as a group can attract local participation 
in JFM. With scientific forest management having 
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immense potential to be a major player in our 
efforts to tackle climate change and biodiversity 
loss, JFM has a greater role to play than ever in 
the past. If properly implemented with a landscape 
level approach, a combination of scientific 
approach and rural participation together will pave 
the achievement of India’s pledged contributions to 
the global efforts in climate change mitigation. 
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ABSTRACT

To determine if habitat influenced the physiological plasma mineral profiles in sloth bears, a study 
was conducted to establish the normal physiological plasma mineral profiles of free-ranging and 
semi-captive Indian sloth bears. Plasma samples from 28 sloth bears were analysed for their mineral 
concentrations. The concentration of microminerals (mg L-1) namely Zn, Co, Fe, Mn, Cr, Cu respectively 
were 1.56±0.90; 0.85±0.42; 3.85±1.11; 0.29±0.27; 0.45±0.01; 1.00±0.85; and macro minerals (mg dL-1)  
like Mg, Ca, Na, K, P were 2.06±0.72; 8.89±2.28; 42.3±5.96; 10.7±2.04; 23.2±3.55, respectively. It 
was found that plasma of free ranging sloth bears showed higher concentrations of Zn, Fe, Mn, Cu, 
Mg, Na, K, whereas, samples of bears in semi captivity showed higher Co, Ca, P, and Cr levels, which 
signifies that free ranging animal have a choice over their feeding but in semi-captivity, it is controlled 
and man-made.

Key words: Free ranging, habitat, mineral profiles, semi-captivity, sloth bear 

INTRODUCTION

The Sloth bear is endemic to the Indian sub-
continent and found in India, Sri Lanka, Nepal, 
Bhutan and Bangladesh. In India, sloth bears are 
distributed from the southern tip of the Western 
Ghats to the foothills of the Himalayas. Sloth bears 
(Melursus ursinus) have been listed as vulnerable 
by the IUCN red list with the estimates of about 
20,000 or fewer individuals and less than 10,000 
adults existing in the wild. The wild population of 
sloth bears has declined by 30 – 49% in the last 30 
years (Graesli et al., 1999). Sloth bears in India have 
been exploited for generations as “dancing bears”. 
Wildlife SOS, a non-profit organization working 
to protect and conserve the natural resources of 
India, secured the end of the dancing bear trade. 

Relinquished and confiscated sloth bears now 
reside in four rescue/rehabilitation centers in India, 
overseen by Wildlife SOS.

Sloth bears inhabit the tropical and 
subtropical regions of the Indian subcontinent 
and are distributed from the foothills of the 
Himalayas to the southern end of the Western 
Ghats mountain range, as well as in the island of 
Sri Lanka (Prater, 1965). Despite long periods of 
evolutionary separation, sloth bears have retained 
their carnivorous morphology but have developed 
unique physiologic adaptations to live in tropical/
subtropical climates, with substantial reliance on 
frugivory (feeding on fruits) and myrmecophagy 
(feeding on insects like termites or ants) (Laurie and 
Seidensticker, 1977; Gokula et al., 1995; Bargali 
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et al., 2004). Both the micro and macro mineral 
content in the blood varies according to the feeding 
habit and available feed resources. Sloth bears have 
metabolic differences compared to other species of 
bears. They have been observed to have an overall 
lower metabolic rate compared to brown and polar 
bears, and torpor (winter sleep) is unheard of in 
case of sloth bears (McNab, 1992). Minerals are 
inorganic components which are required in very 
minute quantities, yet very important for the normal 
physiology of animals. Assessment of the plasma 
mineral profile is an indication of the physiological as 
well as nutritional status of an animal. Blood mineral 
profile is important in understanding the impact of 
disease both at an individual and population level 
of animals. Macro-minerals namely calcium (Ca), 
phosphorus (P) and magnesium (Mg) and micro-
minerals namely, copper (Cu), zinc (Zn) and cobalt 
(Co) are essential for fundamental physiological 
functions like cell morphology, integrity, motility, 
hormone secretion and metabolism (Kong et al., 
2015; Diskin, 2016). In this study, we have tried 
to establish the reference plasma mineral profile 
of sloth bears residing in Free ranging wild as well 
as in semi-captivity. We also have tried to observe 
the change in the plasma mineral profile associated 
with change in the habitats. 

MATERIAL AND METHODS

Study site and animals

Free-ranging wild sloth bears rescued from 
human animal conflict situations in the state of 
Karnataka and captive sloth bears rehabilitated at 
lifetime care centre of Wildlife SOS at Bannerghatta 
Bear Rescue Centre were utilized for this study. 
The samples were collected from 28 numbers of 
sloth bears from both free ranging wild sloth bears 
and semi-captive sloth bears rehabilitated at the 
Bannerghatta Bear Rescue Centre, Bannerghatta 
Biological Park, Bangalore, Karnataka, India. Both 
these locations are within the documented habitat 
range for sloth bear species. The sloth bears in 
the wild were free ranging ones and the ones in 
captivity were individually rehabilitated under 
different situations and kept under captivity for 
more than 7 - 10 years. 

All the sloth bears were apparently healthy. 
The adults were having normal behavioural 
responses, and found to be clinically healthy during 
examination at the time of sampling (as determined 
by body temperature, hydration, heart/respiration 
rate, and a detailed external physical examination).

Sampling procedure

Each bear was sampled only once for 
this study. Sloth bears were immobilized using 
a ketamine-xylazine combination; ketamine 
hydrochloride (5 mg kg-1 body weight; Ketamil, 
Troy Laboratories Pty Ltd., Smithfield, NSW, 
Australia) and xylazine hydrochloride (Xylazil, 2 
mg kg-1 body weight; Troy Laboratories Pty Ltd., 
Smithfield, New South Wales 2164, Australia). 
These drugs were administered using a distance 
projectile drug delivery system. Blood was 
collected from the jugular vein within 10 min after 
immobilization using a 20-gauge sterile hypodermic 
needle in vacutainers (Becton Dickinson, Franklin 
Lakes, New Jersey, USA), with heparin for mineral 
studies. Samples were immediately stored on cool 
packs at 4–8 °C and transported to the testing 
laboratory.

Laboratory analysis

1 ml of the plasma sample was taken and 1 ml 
of 5N HCl was added to it. The volume was made 
to 10 ml by adding double distilled water (1:10 
dilution). Mineral contents in plasma samples were 
estimated using Optima 8000 Inductively Coupled 
Plasma Optical Emission Spectroscopy (ICP-OES; 
Perkin Elmer, Shelton CT#064840, USA).

Statistical analysis

After quantifying the mineral concentration, 
the collected data was tabulated. Descriptive 
statistical analysis like mean ± SD (Standard 
deviation), SEM (Standard error mean), range 
and 95% CL (Confidence level) of mean were 
calculated for captive, wild and entire population 
respectively. The significance of difference in the 
mean value based on habitat was performed by 
independent t-test for normally distributed data and 
non-parametric Mann Whitney U-test for variables 
that violated the normality. The normality test was 
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conducted by Kolmogorov-Smirnov and Shapiro-
Wilk test. The homogeneity of variance of normally 
distributed variable was conducted by Levene’s 
test and for non-parametric data by Kruskal-Willis 
one-way ANOVA test. All processing of data was 
conducted with the software packages Microsoft 
Excel 2010 for data storage and SPSS version 21 
for statistical analysis. The P-values P<0.05 and 
P<0.01 with an alpha level of 95% were assumed 
as statistically significant (*) and highly significant 
(**) respectively.

RESULTS AND DISCUSSION

Basic descriptive statistical analysis on 
different mineral concentrations of entire (semi-
captive and free range) populations (Table 1) were 
established as a standardised value. Mean value of 
each micro-mineral and macro-mineral parameters 
based on habitat (Table 3) were compared to 
evaluate the significance difference between 
each other. Comparing the mean of these mineral 
concentrations, it was found that Zn, Fe, Mn, Cu, 
Mg, Na and K were higher in wild population, 
whereas Co, Cr, Ca and P were higher in captive 
populations (Fig. 1 and 2). By normality test it was 

determined that Zn, Co, Fe, Mn, Cu, Mg, Na, K, Cr 
and Ca were deviating from the normal distribution 
curve by the Normality test as shown in Table 2. 
Mean (± S.D.) of Cu was found to be significantly 
higher in wild (1.74±0.92) as compared to captive 
populations (0.594±0.46) (Table 3). Mean (± 
S.D.) of Mg was found to be significantly higher 
in the wild conditions (2.57±0.79) as compared to 
captive. (1.78±0.51) (Table 3). Mean (± S.D.) of Na 
was found to be significantly higher in wild habitat 
(45.5±6.30) as compared to captivity (40.4±5.06) 
(Table 3). Mean (± S.D.) of Zn, Fe, Mn and K 
were found to be higher in the wild (1.68±1.35), 
(4.21±1.55), (0.40±0.43) and (11.6±2.53) as 
compared to captivity (1.49±0.56), (3.65±0.76), 
(0.22±.06) and (10.2±1.60), respectively but not 
significantly related (Table 3). Mean (± S.D.) of Co 
(0.93±0.40) and Cr (0.45±0.01)  were found to be 
significantly higher in semi-captivity as compared 
to wild habitat (0.71± 0.42) and (0.44±.01) 
respectively (Table 3). Mean (± S.D.) of Ca and K 
were observed to be higher in captivity (9.20±2.49) 
and (23.8±4.22) as compared to wild habitat 
(8.33± 1.83) and (22.1± 1.45), respectively but not 
significantly related with each other (Table 3). 

Table 1. Statistical analysis of mineral concentrations of entire (semi-captive and free range) Sloth bear population 

Parameters Sample 
size Mean ± SD SEM

Range 95% CL of Mean

Minimum Maximum LCL UCL

Zn (mg L-1) 28 1.56±0.90 0.17 0.32 4.14 1.26 1.90

Co (mg L-1) 28 0.85± 0.42 0.08 0.37 1.23 0.70 1.00

Fe (mg L-1) 28 3.85±1.11 0.21 2.40 7.80 3.49 4.25

Mn (mg L-1) 28 0.29± 0.27 0.05 0.14 1.62 0.22 0.40

Cr (mg L-1) 28 0.45± 0.01 0.00 0.43 0.48 0.44 0.46

Cu (mg L-1) 28 1.00±0.85 0.16 0.01 2.76 0.70 1.31

Mg (mg dL-1) 28 2.06±0.72 0.14 1.11 3.81 1.83 2.32

Ca (mg dL-1) 28 8.89±2.28 0.43 5.97 15.4 8.09 9.72

Na (mg dL-1) 28 42.3±5.96 1.12 26.5 51.0 39.9 44.4

K (mg dL-1) 28 10.7±2.04 0.38 8.08 16.5 10.0 11.4
P (mg dL-1) 28 23.2±3.55 0.67 16.2 28.7 21.8 24.5

*SD- Standard deviation, *CL- Confidence level, *LCL- Lower confidence level, *UCL- Upper confidence level
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Table 2. Normality test of mineral concentrations of 
Sloth bear population based on habitat

Parameters Kolmogorov-Smirnova Shapiro-Wilk
Zn (mg L-1 ) 0.001 0.001**
Co (mg L-1 ) 0.000 0.000**
Fe (mg L-1 ) 0.180 0.002**
Mn (mg L-1 ) 0.000 0.000**
Cr (mg L-1 ) 0.000 0.002**
Cu (mg L-1 ) 0.200# 0.012*
Mg (mg dL-1 ) 0.004 0.002**
Ca (mg dL-1 ) 0.000 0.001**
Na (mg dL-1) 0.200# 0.040*
K (mg dL-1) 0.200# 0.041*
P (mg dL-1) 0.200# 0.359

#. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Fig. 1. Comparative study of micro-minerals with respect to habitat

Fig. 2. A comparative study of macro-minerals with respect to habitat
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On analysing the homogeneity of variance 
it was found that concentrations of Co, Cr, Cu, 
Mg and Na were found to be significant (p<0.01) 
with respect to habitat while other parameters were 
found to have no significant effect.

Literature pertaining to the wild Sloth bear 
plasma mineral profile is very limited. Perhaps, this 
is the first study of its kind where we have tried 
to establish the normal physiological range of sloth 
bears and its variation when they are free ranging 
or when kept in semi captivity. Mineral content in 
the plasma varies according to the feeding habit and 
available feed resources. Both the micro and macro 
minerals differ in blood samples of the sloth bears 
under different habitats, which can be attributed to 
the availability of the feed sources. Plasma of free 
ranging bears showed a higher Zn, Fe, Mn, Cu, Mg, 
Na, K, whereas, that in semi captivity showed higher 
Co, Ca, P and similar Cr level, which signifies that 
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the animals in free ranging have a choice over 
their feeding, but in semi captivity it is somewhat 
controlled.  However, in semi captivity, they had 
free access to the forest apart from being fed. 

Graesli et al. (2014, 2015) studied the change 
in the macro-mineral profile in brown bears. The 
plasma calcium content in this study was lower 
than the reported values of Graesli et al. (2015) in 
brown bears inhabiting in Sweden which might be 
due to the change in the geographical location or 
the type of bear studied. This can be correlated to 
the availability of feed and the animal’s feeding 
habits as well. Regarding Mg, the result obtained 
in the present study corroborates with the reported 
values of Graesli et al. (2014, 2015).

CONCLUSION

Considering the plasma mineral status in 
free ranging and semi-captive habitat, a significant 
change in Co (P<0.05), Cr (P<0.01), Mg (P<0.01), 
Na (P<0.01) was observed, which may be attributed 
to the availability of feed resources and the selective 
feeding behaviour of the animal. There was no 
change (P>0.05) in other mineral status. 

For assessing the animal health, plasma mineral 
status is an important indicator. An attempt was made 
to establish the reference values of plasma mineral 
profile for apparently healthy Indian sloth bears. 
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 ABSTRACT

This is the first kind study on diversity of butterfly assemblages found in Berhampur city of Ganjam 
district, Odisha, Eastern India. The present study was conducted from April, 2014 to July, 2017 by 
using standardized methods which was aimed to record butterfly species diversity, composition and 
distribution in different sites of Berhampur city. The species richness and abundance of butterfly fauna 
found in Berhampur were analysed to explain the ecological integrity of butterfly fauna of Berhampur. 
From this study, 31 butterfly species were added newly to the previously reported butterfly fauna of 
Ganjam district. Present study also revealed a total of 12202 individual butterflies of 55 species under 
five families. Out of which, 20 species (36.36%) belong to the Nymphalidae family, 10 species each 
(18.18%) to the Pieridae and Lycaenidae, nine species (16.36%) to the Papilionidae and six species 
(10.90%) to the Hesperiidae. Seven species viz. Common pierrot (Castalius rosimon), Crimson rose 
(Pachliopta hector), Gram blue (Euchrysops cnejus), Pea blue (Lampides boeticus), Common albatross 
(Appias albina), King crow (Euploea klugii) and Danaid eggfly (Hypolimnas misippus) falls under the 
Indian Wildlife (Protection Act), 1972. The study also emphasized the anthropogenic activities which 
are affecting the species composition. The present study will aid to the existing knowledge and will help 
in the conservation of butterfly diversity found in this region.

Key words: Abundance, butterfly, lepidoptera, occurrence, species diversity, urbanization

INTRODUCTION
Butterflies falls under order Lepidoptera 

(Lepidoptera: lepís “scale” + pterón “wing” in 
Latin), generally known for their coloured scales 
and beautiful patterns on their wings. They have 
good aesthetics, but also considered as one of the 
main ecological indicators, potential pollinators 
and the proxy taxa to detect the conservation 
status of any region, which was proved by several 
educational and environmental investigations 
(Larsen, 1987/1988; Gunathilagaraj et al., 1997; 
Kocher and Williams, 2000; Kunte, 2000; Sawchik 
et al., 2005; Hayes et al., 2009). They are also quite 
advanced for their adaptability to various habitats 
and are reported to be the flagship species for 
conservation (Thomas, 2005). While in the other 
hand the butterfly fauna received more attention 
in Odisha since the late nineteenth century. Odisha 
is well known for its diverse terrain, climate and 

vegetation which facilitate its rich biodiversity 
(Rodgers and Panwar, 1988). The butterfly fauna 
of Khurda district was published by Taylor and 
De Niceville (1888), which was the first study on 
butterfly fauna from Odisha. Prior to beginning of 
twentieth century, studies on butterflies carried out 
by more researchers (Annandale and Drover, 1921; 
Crawford, 1921; Mandal and Nandi, 1984; Mandal, 
1991; Sahu et al., 2006; Nair, 2007, 2011;  Sethy and 
Jena, 2009; Das and Sahu, 2011; Mohapatra et al., 
2012; Palei and Rath, 2014; Panda et al., 2016; Payra 
et al., 2016; Boruah et al., 2018; Paria et al., 2018; 
Singh et al., 2019) etc. covering various regions of 
this state. Mohapatra et al. (2012) published a book 
covering more than 200 species of butterflies from 
this state with field photographs. The butterfly fauna 
from the coastal area of Ganjam district was well 
studied by Mohanta and Behera (2018). They have 
given first ever information regarding the presence 
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of 36 butterfly species under 31 genera belonging to 
five families from the costal sand dunes of Ganjam 
district, Odisha. However, information on the 
butterfly fauna of Berhampur city is scanty. Hence, 
the present study emphasises to (a) investigate 
the taxonomic composition, species diversity and 
richness as well as species abundance of the butterfly 
fauna, (b) gather baseline information on community 
composition and assemblage patterns of butterflies 
found in several sampling sites of Berhampur.
MATERIALS AND METHODS
Study Area

Berhampur city is situated on 19°20’02” 
North Latitude and 84°50’31” East Longitude in 
Ganjam district of Odisha. It is one of the major 
cities in the southern part of Odisha in terms of 
culture, art, education, medical, etc. It has a definite 
area of 79.6 km2 and the average elevation is 26 m.  
Topographically, Berhampur comprises of several 
habitats such as human habitation along with 
road networks, inland water bodies, fresh water 
marshes, agricultural lands, plantation area, open 
field and moderate forest patches with certain 
level of human interference or disturbances in 
each habitat type. Flora of Berhampur is mainly 
comprised of dominating plant species like Teak 

(Tectona grandis), Eucalyptus sp., Krishnachura 
(Delonix regia), Golden shower (Cassia fistula), 
Mango (Mangifera indica), Banyan (Ficus 
benghalensis), Ashwattha (Ficus religiosa), 
Tamarind (Tamarindus indica), Custard apple 
(Annona reticulata), Sapota (Manilkara zapota), 
Guava ( Psidium guajava), Indian jujube (Ziziphus 
mauritiana), Arjun (Terminalia arjuna), Mexican 
oleander (Thevetia peruviana), China rose 
(Hibiscus sp.), Champak (Magnolia champaka), 
Peacock flower (Caesalpinia pulcherrima), 
Banana (Musa sp.), Prickly poppy (Argemone 
mexicana), False Ashoka (Polyalthia longifolia), 
Jungle geranium (Ixora coccinea), Shame plant 
(Mimosa pudica) etc. Three definite seasons have 
been experienced in Berhampur throughout the 
year i.e. winter (November to February), summer 
(March to June) and rainy or monsoon (July to 
September). The temperature varies from average 
36.7° C in summer to average 18.3 °C in the winter. 
The relative humidity of the study area is 12-20% 
during winter, 70-76% during summer and 95-98% 
during the monsoon in July. 1190 mm rainfall is 
also received by Berhampur each year. A total of 
ten sampling sites were selected to cover the major 
habitat types found in this city. The details of those 
sampling sites are given as follows,

Table 1 Details of the sampling sites (Nat: Natural grown trees, herbs, shrubs; Ol: Open land; Ag: Agricultural land; 
Fp: Moderate forest patch; Hh: Human habitation; G: Garden; Dis: Disturbance).

No. Localities Habitat types Latitude Longitude Method 
applied

1 Circle Jail Colony Nat, Hh 19.300847° 84.810771° Point count

2 Ankuli Village outskirts Hh, Ag, Fp 19.300084° 84.825569° Point count

3 MKCG Medical Campus Ol, Nat 19.310163° 84.809394° Line transect

4 Beda Bandha, Gandhi Nagar Ag, Nat, Fp 19.3004907° 84.783333° Point count

5 Sidhharth Nagar Hh 19.316853° 84.811087° Line transect

6 Bhabinipur Village outskirts Nat, Fp, Ag 19.320908° 84.814056° Point count

7 Sastry Nagar and vicinity Fp, Nat 19.303209° 84.790517° Line transect

8 Vijay Vihar Fp, Nat, G, Ag 19.317377° 84.814988° Point count

9 Electricity Substation, Medical Bank Colony Fp, Hh, Dis 19.316169° 84.808928° Point count

10 Berhampur Industrial Estate area Hh, Dis 19.302813° 84.818590° Point count
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Fig. 1. Location of Berhampur city and ten sampling sites

Data collection and identification

The survey was carried out from April 2014 
to July 2017 for documenting the butterfly diversity 
and distribution in and around the city. Pre-
determined line transects were plotted and sampled 
in three sites viz. site 3 (400 m line transect), site 
5 (400 m line transect) and site 7 (a total of four 
parallel lines transects of 50 m each). The data were 
collected from all the identified sites systematically 
during the most active time of the day i.e. 08:00 
AM to 11:00 AM and from 14:00 PM to 18:00 PM 
on weekends by using standardised Pollard walk 
sampling technique (Pollard, 1979; Pollard and 
Yates, 1993). Few sites were visited regularly to get 
the maximum encounter of butterflies. Specimens 
were not collected and this was strictly prohibited 
during this entire study to prevent biodiversity loss. 
Hence, species were only photographed by using 
Nikon D5600 camera with 70-300 mm NIKON ED 
VR Telephoto lens. Later, all the photographs were 

compared and identified with the help of field guide 
books and available taxonomic literature (Kehimkar, 
2008, 2016; Kunte, 2000) and classification was 
followed upon (Heikkilä et al., 2012). To know 
the abundance of the butterflies of the study area, 
sighting frequency for each species was recorded 
and categorised into common (C)-if the species 
sighting frequency is more than 70 percent and 
encountered in almost every field survey; fairly 
common (FC)-found in lesser frequency, it means 
less than 70 percent and more than 10 percent; rare 
(R)-if the species sighting frequency is less than 10 
percent. The species with confirmed identification 
only were included in the final list (Table 3). 
Species which were recorded in random sightings 
are not included in the analysis.

Data Analysis

We considered species richness and species 
abundance data of each butterfly species found in 
ten sampling sites for data analysis. The collected 
data was analysed using ‘vegan’ package of R 
Studio software version 1.4.1106 for measuring 
species richness (S), species abundance (N) and 
various diversity indices viz. Shannon-Wiener 
index (H’), Simpson’s index (λ), Menhinick’s 
index (D) and Margalef’s index (R) etc. The script 
for the calculation of above-mentioned diversity 
indices and other measures are available in Github 
repository, https://github.com/rlenka85/butterfly_
bam.

i. Shannon-Wiener index (H’): This index 
was used to calculate the species diversity. It is the 
sum of total number of species within a site with 
the relative abundance of each species (Magurran, 
1988a; Shannon, 1948). The H’ was calculated 
using the equation 

H’ = - Σ pi ln pi. 

Here pi is the proportion of ith species in the total 
sample. H’ is defined by species richness (S) in the 
community and their evenness in abundance.

ii. Simpson’s index (λ): This index was also 
used to calculate to measure of species diversity, 
higher values represent higher diversity. In general, 
this index is the probability that two individuals 
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will be different species, if the two individuals 
are drawn randomly from an infinitely large 
community. This index is less sensitive to rare 
species than the Shannon-Wiener Index (H’). This 
is a probability, hence the value of Simpson’s index 
always ranges from 0 to 1 (Simpson, 1949).The 
index was calculated using the equation λ = Σ pi 
(pi−1)/N (N−1). Here pi is the proportion of ith 
species in the total sample and N is the total number 
of individuals for the site.

iii. Menhinick’s index (D): This is calculated 
with the number of species (S) divided by the 
square-root of the total number of individuals (N) 
(Menhinick, 1964). The equation is

D = S/√N.

iv. Margalef’s index (R): This index was used 
to compare the species richness with the changes of 
seasons (Margalef, 1957). This index was calculated 
using equation R =(S-1)/ln N. Here S is the species 
richness and N is the total number of individuals 
(Magurran, 1988b).

RESULTS

Species richness (S) and species abundance (N)

A total number of 12202 individuals belonging 
to 55 species of butterflies under five families were 
recorded during the study period (Table 2 & 3). 
There are 20 butterfly species (36.36% of total 
species) were found under Nymphalidae family, 
which was found to be the most dominant family 
followed by 10 species (18.18% of total species) 
each from Pieridae and Lycaenidae, nine species 
(16.36% of total species) from Papillionidae and 
the least (6 species; 10.90% of total species) was 
from Hesperiidae. Among all the sampling sites, 
Site 4 was found to have the highest number of 
species (S=51; 92.72% of total species) followed 
by Site 8 (S=50; 90.90% of total species), Site 2 
(S=48; 82.27% of total species). The least specious 
site was Site 10 (S=14; 25.45% of total species). 
Site 1 and Site 3 have same species richness i.e. 
28 (50.90% of total species). Based upon sighting 
frequency, Site 8 found to be the most favourable 
place for butterfly fauna of Berhampur as the species 
abundance (N=1982; 16.24% of total individuals) 

of this site is the highest among all followed by 
Site 4 (1641; 13.44%), Site 2 (1538; 12.60%), 
Site 6 (1301; 10.66%), Site 7 (1259; 10.31%) etc. 
The least species abundance was found in Site 10 
(359; 2.94%). Including this, 20 butterfly species 
(36.36% of total species) were found to be common 
(C), 32 species (58.18%) were fairly common (FC) 
and three species (5.4%) were found to be rare (R) 
(Table 3). The most abundant species were Common 
Psyche Leptosia nina, Striped tiger Danaus 
genutia, Plain tiger Danaus chrysippus, Tawny 
coster Acraea terpsicore etc. The least abundant 
butterfly species or rare butterfly species were 
Five-bar swordtail Graphium antiphates, Yamfly 
Loxura atymnus and Common lascar Pantoporia 
hordonia as these butterflies were found with less 
than 10 times in whole study period. Moreover, 
seven species viz. Crimson rose Pachliopta hecto), 
Gram blue Euchrysops cnejus, Pea blue Lampides 
boeticus, Common albatross Appias albina, King 
crow Euploea klugii and Danaid eggfly Hypolimnas 
misippus falls under the Indian Wildlife Protection 
Act and are legally protected. Among these, 
Gram blue Euchrysops cnejus, Pea blue Lampides 
boeticus and Common albatross Appias albina 
falls under Schedule II; Common pierrot Castalius 
rosimon, Crimson rose Pachliopta and Danaid 
eggfly Hypolimnas misippus hector is listed under 
Schedule I; King crow Euploea klugii is listed 
under Schedule IV. The species richness and species 
abundance data were plotted in bar plots (Figs. 2, 
3); all the calculated diversity indices of each site 
were plotted in a bar plot (Fig. 4). Similarity among 
the sites were analysed and plotted (Fig. 5) with the 
help of quantifying Bray-Curtis similarity index by 
using PAST (PAleontological STatistics) software 
version 3.22. The related dataset for calculation of 
diversity indices performed in this study is provided 
in Zenodo repository, https://doi.org/10.5281/
zenodo.4722962.

Species diversity indices [Shannon-Wiener 
Index (H’), Simpson’s index (λ), Menhinick’s index 
(D), Margalef’s index (R)]

The value of these diversity indices vary 
across the different sampling sites (Table 2). In 
general, study sites exhibited high values for 
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diversity indices except few. Among them, Site 
4 showed the highest value of (Shannon-Wiener 
Index=H’) i.e. 3.7, followed by Site 2 (H’=3.6), Site 
8 (H’=3.6) and Site 6 (H’=3.5) etc.  Site 10 showed 
the least value of H’, which is 2.5. Simpson’s 
Index (λ) was found maximum for Site 4 and 8 i.e. 
0.97 followed by 0.96 each for Sites 2, 5, 6, and 
7. The least (λ) was shown by Site 10 (λ=0.91). 
Menhinick’s index (D) was found to be the highest 
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Fig. 2. Bar plot of species richness (S) of butterflies 
sampled in Berhampur

Fig. 3. Bar plot of species abundance (N) of butterflies 
sampled in Berhampur

for Site 4 (D=1.27) and the least was found to be 
for Site 10 (D=0.73). Margalef’s index (R) value 
varies from 2.2 to 6.7 across all sampling sites of 
BU. Site 4 has shown again the highest value of R 
among all sites, which is 6.7 and the least R value 
was observed in Site 10 (R=2.2). Hence, it can be 
clearly seen that Site 4 has the highest values of 
all the diversity indices and Site 10 has shown the 
lowest values of diversity indices among all. 

Table 2. Species richness (S), species abundance (N) and four types of diversity indices of ten sampling sites taken 
inside Berhampur.

Sampling
sites

Species 
richness (S)

Species
Abundance (N)

Shannon-Wiener 
Index (H’)

Simpson’s 
Index (λ)

Menhinick’s 
Index (D)

Margalef’s Index 
(R)

Site 1 28 1068 3.24485 0.958247 0.856786086 3.87178

Site 2 48 1538 3.640865 0.968455 1.241840841 6.43024

Site 3 28 995 3.216015 0.956186 0.887659675 3.91149

Site 4 51 1641 3.755269 0.97408 1.272220056 6.77312

Site 5 34 1136 3.359417 0.961108 1.026071788 4.71345

Site 6 45 1301 3.580909 0.968461 1.267228613 6.16276

Site 7 37 1259 3.452729 0.96531 1.064555375 5.07277

Site 8 50 1982 3.69163 0.971162 1.143174476 6.48455

Site 9 31 923 3.291862 0.958868 1.05832255 4.44142

Site 10 14 359 2.565059 0.918894 0.73889174 2.20964



December 2021 175BUTTERFLY DIVERSITY OF BERHAMPUR CITY, ODISHA

Fig. 4. Bar plots of the values of four diversity indices of ten sampling sites in Berhampur
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The present study describes 12202 
individuals of 55 species from five families. The 
relative abundance of each species is calculated 

during the current study are available in the Zenodo 
repository, https://doi.org/10.5281/zenodo.4722962. 
The dendrogram of the similarity index shows the 
dissimilarity among Site 10 and rest nine sampling 
sites in one cluster (Fig. 5).

Fig. 5. Bray Curtis similarity index based dendrogram for comparing similarity among sampling sites
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Table 3. Checklist of butterflies found in Berhampur. Ab.: Abundance, IW: IWPA (Indian Wildlife Protection Act) 
Status

Sl.. Common name Scientific name, Author and Year Ab. IW

Subfamily: Hesperiinae

Family: Hesperiidae

1 Common dartlet Oriens gola (Moore, 1877) C _

2 Indian Pale Palm dart Teliocota colon (Fabricius, 1775) FC _

3 Rice swift Borbo cinnara (Wallace, 1866) FC _

4 Oriental palm bob Suatus gremius (Fabricius, 1798) FC _

5 Common branded red eye Matapa aria (Moore [1866]) FC _

6 Chestnut bob Lambrix salsala (Moore, [1866]) FC _

Subfamily: Parnassiinae

Family: Papilionidae

7 Common jay Graphium doson (C. & R. Felder, 1864) FC _

8 Tailed jay Graphium agamemnon (Linnaeus, 1758) FC _

9 Five-bar swordtail Graphium antiphates (Cramer, [1775]) R _

10 Common mormon Papilio polytes Linnaeus, 1758 C

11 Blue mormon Papilio polymnestor Cramer, 1775 FC _

12 Lime butterfly Papilio demoleus Linnaeus, 1758 FC _

13 Common banded peacock Papilio crino Fabricius, 1793 FC _

14 Common rose Pachliopta aristolochiae (Fabricius,1775) C _

15 Crimson rose Pachliopta hector (Linnaeus, 1758) C I

Subfamily: Theclinae

Family: Lycaenidae

16 Indian oakblue Arhopala atrax (Hewitson, 1862) FC _

17 Yamfly Loxura atymnus (Stoll, 1780) R _

18 Common silverline Spindasis vulcanus (Fabricius, 1775) FC _

19 Common pierrot Castalius rosimon (Fabricius, 1775) C I

20 Forget me not Catochrysops strabo (Fabricius,1793) FC _

21 Lesser grass blue Zizina otis (Fabricius, 1787) C _

22 Tiny grass blue Zizula hylax (Fabricius, 1775) C _

23 Red pierrot Talicada nyseus (Guérin-Méneville, 1843) FC _

24 Gram blue Euchrysops cnejus (Fabricius, 1798) C II

25 Pea blue Lampides boeticus (Linnaeus, 1767) FC II
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Subfamily: Coliadinae

Family: Pieridae

26 One spot grass yellow Eurema andersonii (Moore, 1886) FC _

27 Three spot grass yellow Eurema blanda (Boisduval, 1836) C _

28 Small grass yellow Eurema brigitta (Stoll, [1780]) FC _

29 Common grass yellow Eurema hecabe (Linnaeus, 1758) FC _

30 Lemon emigrant Catopsilia pomona (Fabricius, 1775) C _

31 Mottled emigrant Catopsilia pyranthe (Linnaeus, 1758) C _

32 Common wanderer Pareronia hippia (Fabricius, 1787) C _

33 Common jezebel Delias eucharis (Drury, 1773) FC _

34 Common albatross Appias albina (Boisduval, 1836) FC II

35 Common psyche Leptosia nina (Fabricius, 1793) C _

Subfamily: Danainae

Family: Nymphalidae

36 Striped tiger Danaus genutia (Cramer, [1779]) C _

37 Plain tiger Danaus chrysippus (Linnaeus, 1758) C _

38 Glassy tiger Parantica aglea (Stoll, [1782]) FC _

39 King crow Euploea klugii Moore, [1858] FC IV

40 Common crow Euploea core (Cramer, [1780]) FC _

41 Common evening brown Melanitis leda (Linnaeus, 1758) C _

42 Common bushbrown Mycalesis perseus (Fabricius, 1775) C _

43 Tawny coster Acraea terpsicore (Linnaeus, 1758) C _

44 Common leopard Phalanta phalantha (Drury, [1773]) FC _

45 Commander Moduza procris (Cramer, [1777]) C _

46 Common sergeant Athyma perius (Linnaeus, 1758) FC _

47 Common lascar Pantoporia hordonia (Stoll, [1790]) R _

48 Common sailer Neptis hylas (Linnaeus, 1758) C _

49 Common baron Euthalia aconthea (Cramer, [1777]) FC _

50 Blue pansy Junonia orithya (Linnaeus, 1758) FC _

51 Grey pansy Junonia atlites (Linnaeus, 1763) FC _

52 Peacock pansy Junonia almana (Linnaeus, 1758) FC _

53 Lemon pansy Junonia lemonias (Linnaeus, 1758) FC _

54 Great eggfly Hypolimnas bolina (Linnaeus, 1758) FC _

55 Danaid eggfly Hypolimnas misippus (Linnaeus, 1764) FC I
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Fig. 6. Field photographs of the butterflies (a-t) found in Berhampur city, Ganjam, Odisha. 
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Fig. 7. Field photographs of the butterflies (a-h) found in Berhampur city, Ganjam, Odisha. 

DISCUSSION

The present study describes about 12202 
individuals of 55 species under 38 genera and 
five families. Nymphalidae and Pieridae family 
butterfly species were found in more number than 
other families, which is reflecting the availability 
of larval food plants of butterflies in this city and 
similar pattern was observed from the coastal 
region of Ganjam in earlier works (Mohanta and 
Behera, 2018). They have reported 36 species 
in their study, whereas this study revealed the 
presence of 55 species, adding another 19 species 
in the earlier reported butterfly fauna of Ganjam 

district Fig 6,7,8. Thus matching the importance of 
documenting and inventorying the butterfly fauna 
as surrogate taxa for depicting the recent ecosystem 
issues and implementing conservation measures 
(Arya et al., 2020). Members of few plant families 
like Rutaceae, and Annonaceae act as the larval host 
plant for butterflies species of family Papilionidae, 
whereas, members of the plant families of Moraceae, 
Rubiaceae, Arecaceae, Malvaceae, Acanthaceae, 
Fabaceae, Poaceae, Myrataceae, Euphorbiaceae, 
Lauraceae act as the host plants of butterfly species 
belonging to Pieridae, Nymphalidae, Lycaenidae 
and Hesperiidae (Khyade and Jagtap, 2017). The 
study area comprised of many of the plant species 

Fig. 8. Site-wise pie-chart of family-wise butterfly species composition in ten sampling sites of Berhampur
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from the above-mentioned plant families with 
rich occurrence, hence confirming the amusing 
butterfly abundance of this area. Occurrence of 
most abundant butterflies along with the rare and 
scheduled butterflies indicates the potential of this 
area, thus can aid to the biodiversity of this city and 
Ganjam district.

Among all the sampling sites Site 8 (Vijay 
Vihar) has the highest species abundance due 
to the type of habitat. Topographically, this area 
consists of several major habitat types that are 
found in Berhampur, i.e. moderate forest patches, 
agricultural lands, beautiful terrace flower gardens 
with large number of ornamental as well as larval 
host plants on the top of the residential complexes. 
Site 4 (Beda Bandha) has shown the highest 
Shannon’s diversity index (H’=3.7), Simpson’s 
index (λ=0.97), Menhinick’s index (D=1.27) and 
Margalef’s index (R=6.7) among all the sampling 
sites because this area comprises of suitable 
conditions for butterflies viz. (a) presence of a big 
water body with slightly exposed wet bed around its 
perimeter providing place for the mud-puddling of 
butterflies (licking of mud for fulfilling the mineral 
and salt deficiency), which in turn help larger 
number of butterflies to aggregate in this place, (b) 
presence of topographically suitable heterogenous 
habitats viz. agricultural fields, scrub lands, natural 
grown tree plants, shrubs, herbs, moderate forest 
patches  confirming the rich floral diversity. As we 
know the preference of butterflies for a particular 
habitat is directly linked with the larval or adult 
food source. This area provides all the basic needs 
of butterflies in a richer way than other sites. But 
in the other hand, Site 10 (Berhampur Industrial 
Estate) is lacking the characteristic features of 
suitable butterfly habitat. There has been ongoing 
construction work, which leads to heavy human 
intervention and habitat destruction for the 
survival of the butterflies. Hence this site has 
shown the least species richness (S=14), Species 
abundance (N=354), Shannon’s diversity index 
(H’=2.5), Simpson’s index (λ=0.91), Menhinick’s 
index (D=0.73) and Margalef’s index (R=2.2). 
Dendrogram based upon Bray- Curtis similarity 
index (Fig. 5) is also supporting this because it has 
shown the clear difference between Site 10 and 
rest of the nine sampling sites. But only above-
mentioned factors are not responsible for forming 
the variation in diversity pattern, species richness, 

abundance of butterfly fauna in any region. Habitat 
types, abundance of larval and nectar host plants 
along with anthropogenic disturbances are the 
main factor for the variation in the butterfly species 
assemblage in any region (Arya et al., 2020; Blair 
and Launer, 1997; Hogsden and Hutchinson, 2004; 
Kocher and Williams, 2000). Human disturbances 
are may be good for bringing the novel resources 
at intermediate scale of disturbances, yet it cannot 
increase the butterfly number at a larger spatial scale 
(Blair, 1999; Blair and Launer, 1997; Bonebrake et 
al., 2010). Hence, long term ecological monitoring, 
detailed study on the seasonal variation of butterfly 
species diversity pattern is advisable in diversity 
related studies (Kunte, 1997; Arya et al., 2020).

At present, Berhampur Municipal Corporation 
(BeMC) is promoting various developmental 
expansion of its old spatial scale for fulfilling the 
increasing demand of its citizens for a better lifestyle. 
Ultimately this is leading to the modification 
and destruction of naturally available habitats of 
butterflies. Planting, propagation of a large number 
of larval and nectar host plants will definitely aid in 
restoration of habitat for butterflies inside Berhampur. 
Establishing of a butterfly park is highly desired. The 
current inventory on butterfly fauna reported in this 
study will act as a baseline information for future 
research. It can also be expanded into larger spatial 
and temporal resolution, which will help in the better 
management and conservation of butterfly fauna.
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ABSTRACT

The Indian subcontinent is the home to three species of pythons, the Reticulated python (Malayopython 
reticulatus), the Indian python (Python molurus) and the Burmese python (Python bivittatus). The Indian 
python is widely distributed in peninsular India; however, the Burmese python occurs in the Indo-Chinese 
sub region. In between the years 2010 and 2017, a total of 18 individuals of python were sighted and 
rescued in different parts of Uttarakhand State, which were all Burmese pythons. Recently, an individual of 
Burmese python was also recorded from the Meerut Forest Division in Uttar Pradesh State, which perhaps 
constitute first ever record of the distribution of Burmese python in parts of North-west India. 

Key words: Burmese python, Meerut, North-west India, Uttarakhand

INTRODUCTION 

Snakes in the families Boidae and 
Pythonidae constitute some of the most spectacular 
reptiles and comprise an enormous diversity of 
morphology, behaviour and ecology (Reynolds et 
al., 2014). Since the year 2009, Python molurus 
Linnaeus, 1758 (Indian python) and Python 
bivittatus Kuhl, 1820 (Burmese python) have 
been identified as separate species and the Python 
reticulatus (Reticulated python) has been assigned 
to the genus Malayopython, with new nomenclature 
Malayopython reticulatus Schneider, 1801  (Jacobs 
et al., 2009; Reynolds et al., 2014; Barker et al., 
2015). Prior to these revisions, Indian python and 
Reticulated python were considered as congenerics, 
while the Burmese python was considered a 
subspecies of the Indian python (Smith, 1943; 
O’Shea, 1998; Daniel, 2002; Whitaker and Captain, 
2004). These revisions have made the Indian 
Subcontinent home to three species of pythons, the 

Reticulated Python (Malayopython reticulatus), the 
Indian python (Python molurus) and the Burmese 
python (Python bivittatus). The Indian python is 
widely distributed in Indo-Gangetic plains from 
Sind in the northwest to Bengal in the northeast; 
however, the Burmese python occurs in the Indo-
Chinese Sub region, southern China, Hong Kong 
and Hainan (Smith, 1943). Precise information 
on the distribution of the Burmese python in India 
is not available except for the Indo-Chinese Sub 
region, i.e., parts of northeastern India (Bhupathy, 
1995; Daniel, 2002). A study carried out on the 
geographic distribution of pythons in India indicated 
that the Burmese python, which is a Malayan faunal 
element, has a wide distribution in northeastern India 
(Bhupathy, 1995). 

This study revealed that the species is 
distributed along the Himalayan foothills, which 
include part of the Rajaji National Park, Terai and 
mangroves of the eastern coast at least as far as 
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Bhitarkanika Wildlife Sanctuary in India. After the 
first indication of the occurrence of Burmese pythons 
in Rajaji National Park (Bhupathy, 1995), few other 
expeditions have reported the occurrence of the 
species from the region (Nawab and Srivastava, 
2008; Sondhi, 2010; Das et al., 2012; Joshi and 
Singh, 2015). Inventories made by the Zoological 
Survey of India on the fauna of Uttar Pradesh State 
corroborated the presence of Burmese python in 
Bahraich and Lakhimpur-Khiri districts (Bahuguna 
et al., 2015). However, any description and locality 
record has not been stated. A study carried out on the 
occurrence of Burmese python in upper Gangetic 
plains indicated that Burmese python is distributed 
in Rajaji National Park and adjacent areas, which 
was the new addition to the herpetofauna of Doon 
valley (Joshi and Singh, 2015).

Rajaji National Park, Mussoorie hills and Doon 
valley; Fig. 1; Table 1). Some of the individuals 
were recorded in their natural habitats and some 
were rescued from urban areas and released to 
the forests. Among these, three fresh carcasses of 
Burmese pythons were also recorded in different 
national highways across the protected areas. On 
two occasions Indian python was also observed, 
however, their sightings were rare. Distinguishing 
Indian and Burmese pythons (Fig. 2) in the field can 
be difficult, since diagnostic characters are difficult to 
observe when animal is moving, high on a tree, or in 
shelter. Consequently, in addition to morphological 
identifiable features, photographic records were also 

Fig. 1. Location map of the sites of Burmese python 

collected for documenting the abundance of species 
in specific area. All the individuals were identified 
based on description given by some of the researchers 
(Smith, 1943; O’Shea, 1998; Daniel, 2002; Jacobs, 
2009). We also consulted forest department officials 
and local inhabitants about the presence of the 
focal species. Recently, an individual of Burmese 
python was recorded from Meerut Forest Division 
in Uttar Pradesh State (in July 2017), which 
indicates that the geographical range of Burmese 
python is extending in northwest India. This site 
is close to the Hastinapur Wildlife Sanctuary. This 
record perhaps constitutes a first ever record of a 
new range of the Burmese python in north India. 
In monsoon season, the occurrence of pythons, 
especially of juveniles outside protected areas 
and in and around the human settlements, was a 
commonly recorded phenomenon. We attribute this 
mainly to the movement of individuals along the 
flooding tributaries to the Ganges. 

Details regarding the distributions of Indian 
and Burmese pythons in the region remain elusive. 

Fig. 2. A Burmese Python (Python bivittatus) after 
swallowing a goat and being released in the Timli Forest 
Range of the Kalsi Forest Division.

MATERIALS AND METHODS 
In between the years 2010 and 2017, a 

total of 18 sightings of Burmese pythons were 
made in different parts of Uttarakhand State (in 
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A study opined that the Terai forests of the southern 
Himalayas provide a corridor of suitable habitat, 
allowing species from the Indo-Chinese sub region 
to spread across the north of the Indian sub region 
and the tributaries of the river Ganges including 
the flood plains of Uttar Pradesh state (O’Shea, 
1998). In Bangladesh, eastern India, West Bengal, 
Odisha, and west along the southern Nepalese border 
to Uttarakhand, Burmese pythons are sympatric and 
in some places synoptic with Indian pythons (Barker 
and Barker, 2008). A majority of the sightings were 
made during the summer and monsoon season near 
natural water sources, in grasslands, and riparian 
corridors of the Ganges. All these sites are located in 
northwestern India and are part of the Indo-Gangetic 
plains. The largest portion of the area is in Shivalik’s 
Biogeographic Subdivision, which constitutes an 
important repository of reptilian fauna.
RESULTS AND DISCUSSION

Available literature and our field observations 
indicate that the Indian and Burmese pythons occur 

in parts of the upper Gangetic Plains. Observations 
also reveal that various protected areas in the upper 
Gangetic Plains Province provide suitable habitat for 
the Burmese python in the tropical moist deciduous 
forest of northwestern India, with the Ganges and the 
extensive network of seasonal rivers contributing to 
survival and dispersal of the species. The breeding 
months of the python were recorded from December 
to February, and laying of eggs from the months March 
to June (Daniel, 2002) which normally pronounced 
as monsoon season in north India during which 
tributaries of river Ganges have floods. Therefore, 
several torrential streams, which spread across the 
forest areas facilitates in the distribution of species in 
large landscape. 

Considering the records of Zoological Survey 
of India (Bahuguna et al., 2015) on the distribution 
of Burmese python in the region and keeping in 
view the frequent sightings of species in area, it 
seems that Burmese python is occurring sympatric 
with Indian python in Doon valley and adjacent 

Table 1. Sites in Uttarakhand and U.P. from where individuals of Burmese pythons were recorded from 2010-2017

Sl. Locality with Coordinates and date Remarks 
1 Rajaji National Park, Khara (29°53ʹ50.5ʺN, 78°16ʹ47.8ʺE; 

31.3.2007), Chilla (29°58ʹ15.6ʺN, 78°12ʹ41.8ʺE; 9.8.2007), 
Haridwar (29°56ʹ23ʺN, 78°7ʹ23ʺE; 16.5.2008) and Motichur 
forests (30°00ʹ54.4ʺN, 78°11ʹ48.8ʺE; 14.7.2008 )

Specimens from Khara, Chilla and 
Haridwar forests were recorded during 
2007-2008. The individual in Motichur 
forest was found killed in road accident. 

2 Dehradun Forest Division, Near Jakhan area (30°21ʹ57.7ʺN, 
78°04ʹ38.7ʺE; 15.9.2010), Lacchiwala forest (30°15ʹ19.1ʺN, 
78°01ʹ55.8ʺE; 8.11.2011), Rishikesh forest (30°10ʹ02.0ʺN, 
78°14ʹ20.7ʺE; 10.10.2015), near Mathurawala area 
(30°15ʹ36.2ʺN, 78°02ʹ10.5ʺE; 21.10.2011) and Asarori forest (4 
individuals; 30°15ʹ10.4ʺN, 77°58ʹ34.8ʺE; 23.6.2011, 19.8.2011, 
6.9.2011, 8.11.2011)

In all the sites individuals were identified 
and rescued.

3 Kalsi Forest Division, Timli forest (30°20ʹ–30°25ʹN, 
77°40ʹ–77°45ʹE; 14.10.2011)

Individual was identified and rescued.

4 Ramnagar Forest Division , Near Ramnagar-Haldwani motor 
road (29°22ʹ17ʺN, 79°8ʹ33ʺE; 27.6.2017)

Found killed in road accident.

5 Haridwar Forest Division, Chandi (29°56ʹ10.9ʺN, 78°10ʹ28.7ʺE; 
5.7.2014) and Chiriapur forests (29°50ʹ06.3ʺN, 78°11ʹ54.9ʺE; 
15.6.2010)

Individual recorded at Chandi forest was 
rescued and identified However, the other 
individual was found killed in road accident.

6 Mussoorie Forest Division, Sahastra Dhara forest (30°23ʹ07.4ʺN, 
78°07ʹ40.5ʺE; 8.7.2016) and Rajpur area (30°24ʹ08.0ʺN, 
78°05ʹ21.0ʺE; 6.9.2010)

Individuals were identified and rescued.

7 Meerut Forest Division, In a private land near Parikshitgarh 
forest (28°58ʹ81.4ʺN, 77°57ʹ40.9ʺE; 12.7.2017)

Individual was rescued by Forest 
Department and identified by us.
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areas and occupied a long stretch along the river 
Ganges in northwest India. However, long-term 
field observations and detailed habitat surveys are 
required to be carried out to reach some conclusion.

A study indicated that the known northwestern 
and southeastern extent of the species’ distribution 
is in the Rajaji National Park in Uttarakhand and 
the Bhitarkanika Wildlife Sanctuary in Odisha, 
respectively (Bhupathy, 1995). However, the 
precise limits have not been determined nor have 
any specific studies targeted the species. Another 
study indicated that the existence of the Burmese 
python in various disjunct localities in the foothills 
of the Himalayas along the Indian-Nepalese border 
suggests that the range of the species might extend 
west along the Ganges, north along the Gandak 
River to the vicinity of Chitwan, and northwest 
along the Ghaghara River and its tributaries that 
drain towards south-western Nepal and eastern 
Uttarakhand (Barker and Barker, 2008). This 
report represents a small northward expansion of 
the known range of the Burmese python, i.e., the 
Rajaji National Park and Corbett Tiger Reserve. 
Besides, the report provides the first ever record of 
the fact that Burmese python is distributed within 
northwest India. Since the protected areas that lies 
within the Upper Gangetic Plains are serving as a 
hub for the species in the northwestern Shivalik 
Landscape, long-term studies on the distribution of 
species would be of paramount importance.
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ABSTRACT

Survey was undertaken for large and medium-sized mammals in Hadgarh Wildlife sanctuary using 60 
camera traps during 20th October 2020 to 15th November 2020. There were 2049 independent captures 
of 19 large and medium-sized mammal species, including herbivores (35.8%), carnivores (5.4%), 
omnivores (6.4%), birds (5.6%), human traffic (20.3%), and free-ranging feral dogs (7.6%) recorded 
from 60 camera trap station. Out of 2049 photographs captured, 977 photographs of mammals belong 
to 13 families. The spotted deer, Axis axis, was the most frequently captured species which represented 
high relative abundance (RAI =16.13) and the rusty spotted cats (RAI=0.13) were represented by a 
relatively low abundance. Frequency of various anthropogenic activities were captured; movement of  
human being 27.67, with location 75%, livestock (RAI=25.80), with location 91.67% and feral dogs 
10.40, with locations 50% and found to be negatively correlated with mammalian relative abundance. 
During the study, anthropogenic pressure such as conversion of natural habitats, encroachment, hunting, 
cattle grazing, tourism and fishing were observed which must have affected the distribution of mammals 
in Hadgarh Wildlife Sanctuary. The current camera traps survey will give an insight to the researchers 
to help in formulating the management strategies for long-term conservation of mammalian species in 
Hadgarh Wildlife Sanctuary in future.

Key words: Abundance index, anthropogenic pressure, camera trap photo, Hadgarh Wildlife Sanctuary, 
mammalian diversity

INTRODUCTION

Camera traps are helpful in quantifying 
the number of different species in an area; this is 
a more effective method than attempting to count 
by hand every individual organism in a field. It can 
also be useful in identifying new or rare species 
that have yet to be well documented (Smithsonian, 
2017). Camera trapping has been proved to be 
an effective method in monitoring elusive and 
nocturnal species along with population estimation 
of naturally marked individuals using spatially 

explicit capture-recapture models (Karanth and 
Nichols, 1998; Ramesh et al., 2009; Harihar et al.,  
2014). Alternatively, for indistinguishable 
individuals of species such as ungulates, bears and 
other small mammals, generally photo capture rate 
(photographs/ trapping effort) has been widely used 
to estimate the relative abundance (Datta et al., 2008; 
Sathyakumar et al., 2011; Lahanker et al., 2018). In 
recent year, camera trapping is increasingly used 
for species inventories and population abundance 
and has been widely used in the state of Odisha as 
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well (Palei et al., 2015; Debata and Swain, 2018; 
Kar et al., 2018; Mishra et al., 2018; Palei et al., 
2018; Palei and Debata, 2019; Palei et al., 2019a, b; 
Debata and Swain, 2020; Palei et al., 2020a; Palei 
et al., 2020b).

The Hadgarh Wildlife Sanctuary (HWLS) is 
located in Keonjhar District and Mayurbhanj District 
of Odisha state. The landscape with miscellaneous 
vegetation and smaller hills contains variety of flora 
and fauna with Salandi reservoir as a part of the 
sanctuary. The entire landscape is an ideal habitat 
for many wildlife species in general and flag ship 
species like elephant and tiger in particular in their 
natural habitat. HWLS is abode of viable population 
of resident and migratory Asian Elephants in their 
natural habitat. HWLS has immense biodiversity, 
aesthetic and geo-morphologic value with a still 
fresh water, with salandi reservoir comprising an 
area of 31.83 Sq. Kms. In this study, we carried 
out a camera trapping survey for estimation of their 
relative abundance based on photo-capture rate, and 
monitoring of various anthropogenic activities. The 
current camera trap survey is expected to help in 
the formulation of management strategies for long-
term conservation of mammalian species in HWLS.

MATERIALS AND METHODS

The Hadgarh Wildlife Sanctuary (HWLS) 
is located in the between Latitude 21°12’ North to 
21° 23’ North of equator and Longitude 86° 12’ 
30” East to 86° 21’ 30” East of Greenwich (Fig. 1).  
The Sanctuaries is constituted with one range, 
i.e., Hadgarh Wildlife Range. The mean daily 
temperatures of winter range from 5°C to 20°C and 
that of summers range from 30°C to 45°C. There 
are three distinct seasons that is Summer- March to 
June, Rainy-July to October and winter-November 
to February. The rainfall of the Sanctuary and the 
nearby areas varies from 1000 mm to 1800 mm. 
Due to good rainfall in the Sanctuary area, moist 
peninsular high-level Sal and moist mixed deciduous 
forests are noticed, along with extensive Bamboo 
forests. Most villagers outside in the sanctuary and 
some people are tribal, and their activities inside 
forest are grazing livestock and collection of forest 
products (e.g., fodder for livestock, non-timber). 

The sanctuary is dominated by northern tropical 
dry deciduous forest, dry peninsular sal forests and 
northern dry mixed deciduous forests. (Champion 
and Seth, 1968).

The sanctuaries contain forest of good quality 
having associates like Terminalia tomentosa, 
Anogeissus latifolia, Pterocarpus marsupium, 
Diospyros melanoxylon, Adina cordifolia, 
Terminalia chebula, Terminalia bellerica, 
Lagerstroemia parviflora, Buchanania lanzyn, 
Lannea coromandelica and Dalbergia latifolia 
etc. The common plants are Emblica officinalis, 
Cassia fistula, Morinda tinctoria. Antidesma 
species, Randia species, Symplococos racemosus 
and Cleistanthus collinus. The under growths in 
these forests are Flemingia chappar, Indigofera 
pulchela, Wordfordia fruticosa, Desmodium species 
and Strobilanthes species. The common climbers in 
these forests are Bauhinia vahlii and Smilax species 
while Combretum decandrum occurs in valleys and 
ravines.

An extensive reconnaissance survey was 
conducted in Hadgarh Wildlife Range of Hadgarh 
Wildlife Sanctuary. During the survey, signs of 
carnivore viz. scats, pug-marks, claw marks, scraps 
and scent marks, were recorded and geo-referenced 
using a geographical positioning system (GPS). 
To assess the status of carnivores and their prey 
species in the study area, we used 60 motion sensor 
camera traps (Cuddeback white flash) to carry out 
a mammal survey from 20th October 2020 to 15th 
November 2020 in Hadgarh Wildlife Sanctuary 
(Fig. 1). Camera traps were predominantly set 
along forest roads, game trails and footpaths. All 
camera traps were strapped to trees approximately 
45 cm above ground. At each location, a pair of 
traps on either side of the path facing each other 
was set up to photograph simultaneously both 
flanks of the animal passing between the cameras. 
Each camera traps were checked at least once a 
week for battery level, positioning and to replace 
memory (SD) cards.  Each and every photograph 
was manually checked to identify the species. Total 
sampling effort was calculated as the sum of the 
effective days across all stations that each camera 
was functioning (Boitani and Powell, 2012). 
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Each location consisted one camera trap 
and set to operate 24 hours with programmed to 
delay sequential photographs by 30 second delay 
time for capturing for 25 days, yielding a total of 
1500 trap nights. Each camera traps were checked 
at least once a week for battery level, positioning 
and to replace memory (SD) cards.  Each and every 
photograph was manually checked to identify the 
species. Total sampling effort was calculated as the 
sum of the effective days across all stations that 
each camera was functioning (Boitani and Powell, 
2012). We considered photos separated by at least 
30 minutes as independent events (Guo et al., 
2017). Data on large and medium sized mammals, 
bird, reptiles, human traffic and livestock including 
date time, year and behavior were collated from 
camera trap photographs. Relative abundance was 
calculated as RAI = A/N×100

Where A = total number of captures of a 
species by all camera traps; N = Total traps nights by 
all the cameras throughout the study area following 
Jenks et al. (2011).

Fig. 1. Camera trap location map of Hadgarh Wildlife Sanctuary

RESULTS AND DISCUSSION

Of the 60 camera-trap locations, a total 
of 1500 camera-trap days, we obtained 2049 
independent captures and identified 19 species 
of large and medium sized mammals belonging 
to 13 families. Of the 19 species detected, four 
are categorized as Endangered (EN), one as 
Vulnerable (VU), and fourteen are categorized as 
Least Concern (LC) as per IUCN Red list 2017 
(Table 1). Among large mammals, spotted deer 
(Axis axis) was observed with the highest relative 
abundance (16.13), followed by rattle (Mellivora 
capensis; 0.40) and rusty spotted cat (Prionailurus 
rubiginosus; 0.13). Among the small carnivores,  
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Fig. 2. Proportion contribution of different mammalian species based on captured photos in the Hadgarh Wildlife 
Sanctuary, Odisha

Fig. 3. Proportion contribution of different mammalian species and human activities based on captured photos in the 
Hadgarh Wildlife Sanctuary, Odisha
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Fig. 4. Leopard (Panthera pardus)

Fig. 8. Sloth bear (Melursus ursinus)

Fig. 10. Sambar (Rusa unicolor)                             

Fig. 6. Rusty spotted cat (Prionailurus rubiginosus)

Fig. 5. Jungle cat (Felis chaus)

Fig. 7. Jackal (Canis aureus)

Fig. 9. Elephant (Elephas maximus)

Fig. 11. Spotted deer (Axis axis)
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Fig. 12. Barking deer (Muntiacus muntjac)             

Fig. 14. Indian hare (Lepus nigricollis)

Fig. 16. Porcupine (Hystrix indica)

Fig. 18. Palm civet(Paradoxurus Hemaphroditus)

Fig. 15. Wild boar (Sus scrofa)

Fig. 17. Rattle (Mellivera capensis)

Fig. 19. Small Indian civet (Viverricula indica)

Fig. 13. Mouse deer (Moschiola indica)
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small Indian civet (Viverricula indica), common 
palm civet and common mongoose (Herpestes 
vitticollis) were less with a relative abundance of 
1.87, 1.20 and 1.00 respectively. During the survey 
species like Indian grey wolf (Cuon alpines), striped 
hyeana (Hyaena hyaena), Indian fox (Viverricula 
indica) were not detected in the sanctuary, but 
the presence of pugmark revealed their regular 
movement along the buffer area of the sanctuary. 
Among other mammals, leopard was less common, 
followed by wild pig (Sus scrofa), hanuman langur 
and porcupine (Hystrix indica). 

Besides that, camera traps also captured five 
bird species including the Red jungle fowl (RAI=3.0, 
15 locations) followed by Indian pea fowl (RAI=1.67, 
with 11 locations) and the jungle babbler were the 
minimum photographed species (RAI=0.80, with 5 
locations). Among the photographs of anthropogenic 
disturbance, human traffic were captured more (RAI 
= 27.67, with 45 locations), livestock (RAI =25.80, 
with 55 locations) and free ranging stray dogs (RAI 
= 10.40 with 30 locations) in the HWLS (Table 1).

HWLS is home to 42 species of mammals 
including rodents, shrews, tree shrew, and bats 
(Murmu et al., 2013). Our study comparison of 
our record 19 species with rest of species no photo 
captured during the camera trap survey. Spotted 
deer and elephant were captured throughout the 
sanctuary with relatively higher concentration of 
photo-captures. However, few captures were also 
obtained towards the Northern side of the sanctuary. 
Golden jackal was distributed in buffer area of the 
sanctuary with relatively higher concentration of 
photo-captures in the Dalki and Pitanau area. Mouse 
deer was distributed throughout the sanctuary with 
higher concentration in the hilly to moderately hilly 
terrain of the sanctuary. Sloth bear was distributed 
in five locations with lower concentration of photo-
captures towards the Pitanau area of the sanctuary. 
Rusty spotted cat was the least photo-captured in 
the sanctuary with most of the photo-captures in the 
Pitanau area of the sanctuary. Sambar was captured 
in one location of Pitanau area, while, fewer photo-
captures were also found in the northern part of the 
sanctuary. Hanuman langur and rhesus macaque 
were the most commonly photo-captured species 
throughout the sanctuary. Although camera traps 

were distributed throughout the sanctuary, tiger was 
not recorded in HWLS despite its connectivity with 
Similipal Tiger Reserve. However, during the year 
2014, a melanistic tiger was captured at Chakratirtha 
road of Kathakata Section which could be a migrant 
individual from Similipal Tiger Reserve.

The study concludes that Hadgarh Wildlife 
Sanctuary has high anthropogenic pressure 
(combined RAI = 63.87) due to presence of 
villages inside the sanctuary, two revenue villages, 
Pitanau and Dalki with human population 1966 
and livestock population 1040 are major setback 
to wildlife conservation inside the sanctuary. High 
anthropogenic activities influence major prey 
species of tiger, leopard and other small carnivore 
species. Biotic pressure especially Non Timber 
Forest Product (NTFP) collection and livestock 
grazing by local community happen during the 
entire year. Fishing is the major set back in Hadgarh 
reservoir round the year. Pitanau village is there 
in the middle of the sanctuary, so there are human 
activities round the year. The tourism activities and 
movement of domestic animals were found to be 
major threats for the mammalian species in HWLS. 
Presence of domestic animals can have detrimental 
effect on distribution and assemblage of wild animal 
communities (Palei et al., 2015) and accounted 
for more than 50% of all the detections under 
anthropogenic disturbance in HWLS and much 
higher than Similipal Tiger Reserve. In comparison 
to Sunabeda Wildlife Sanctuary, detection of 
anthropogenic pressure (combined RAI = 72) is less 
in Hadgarh Wildlife Sanctuary. 

In the present study conclude that, for 
management and protection of wildlife habitat and 
livestock, there is immediate need to strengthen 
the protection to control on livestock grazing by 
deployment of front-line field staff at the entry point 
of the sanctuary and regular night and day patrolling. 
Awareness campaign along the transition area of the 
sanctuaries also need to be strengthened.
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ABSTRACT

Plants have been providing vital source of medicines since ages. Earlier these are used by communities 
in folk medicine and later accepted by conventional western medicine as their efficacy was established. 
Any pharmacological alteration caused by herbal substances to another prescription medication 
(diagnostic, therapeutic or other action of a drug) in or on the body is herb-drug interaction. For the 
treatment of major ailments herbs are often administered concomitantly with therapeutic drugs, raising 
the potential for herb–drug interactions. Herb might alter the effects of co-administered drugs and the 
consequences can be beneficial, undesirable or harmful effects. Herbal medicines are mixtures of more 
than one active ingredient. The multitude of pharmacologically active compounds obviously increases 
the likelihood of interactions. As synthetic drug usually contains single chemical entity, the chance of 
herb–drug interactions is theoretically higher than drug–drug interactions. Interactions between herbs 
and drugs may alter the pharmacological or toxicological effects of either components. Synergistic 
effects may disturb the dosing of long-term medications. Herbal medicines are abundant: the lack of 
reports of adverse events and interactions possibly reflects a combination of underreporting and the 
benign nature of most herbs used. This article provides brief idea about practitioner can change the 
current situation and apply their knowledge in providing health information about herb-drug interaction.

Key words: Drug, herbal medicine, interaction, pharmacological effect

INTRODUCTION

Consumption of herbal and dietary 
supplements is extremely common: in one of the 
survey of adults at United States who frequently 
take prescription medication, 18.4% reported the 
simultaneous use of at least one herbal product or 
high-dose vitamin and 61.5% of those who used 
alternative therapies did not tell such uses to their 
physicians. In UK, the prevalence of use of herbal 
medicinal products (HMPs) is high and continues 
to increase (Hunt and Ernst, 2010) as well as in 
other parts of the world (Merritt‐Charles, 2011). 
The safety issues associated with the administration 
of HMPs should be known (Ernst, 2000; Ernst et 
al., 2006; Paul, 2011). Some of pharmacologically 
active ingredients which are present in HMPs might 
interact with synthetic drugs (Ernst, 2000) which, 

in turn, could endanger the health of patients 
(Izzo and Ernst, 2009). During the last century’s 
industrialization and urbanization declined thier 
use in western developed countries. However, a 
new resurgence in medicinal plants consumption 
was observed in the past two decades. About 70% 
of the world population according to the WHO 
currently uses medicinal herbs as complementary or 
alternative medicine. It is estimated that over 40% 
of the adult American population consume herbal 
products for one  or the other medical reasons. A 
common problem is that the phrase “herb-drug 
interaction” usually appears in the media, without 
much explanation and understanding of the 
pharmacodynamics of the same. Herbal medicines 
are abundant: the lack of reports of adverse effects 
and interactions possibly reflect a combination of 
underreporting and the benign nature of maximum 

e-planet 19 (2): 196-200 (December 2021)



December 2021 197HERB-DRUG INTERACTION: A REVIEW

herbs used. Experimental data in the field of 
herb drug interactions are inadequate resultant 
to infrequent case reports. The factual incidence 
of drug interactions is substantial but unknown. 
Polypharmacy is very common in clinical 
practice and to the mixture physicians prescribe; 
patients add several over-the-counter medications, 
minerals, vitamins, herbs, and foods. All consumed 
ingredients have the chance to interact. Some 
herbs are dangerous to patients who are already 
taking prescription medications. The problems get 
increased for those patients currently taking various 
medications, frequently recommended by different 
physicians who may or may not be in contact with 
each other concerning their medical reasoning.

MECHANISM OF HERB-DRUG 
INTERACTIONS

There are mainly two types of interactions 
occur between herbs and drugs that can be 

either pharmacokinetic or pharmacodynamics
(Izzo et al., 2002). The factors affecting herb drug 
interactions have been presented in Fig.1.

Pharmacokinetic interactions 

Any herbal preparation alters the absorption, 
distribution, metabolism, protein binding and 
excretion of prescribed medication that results in 
changed levels of the medicine or its metabolites 
that is called pharmacokinetic interactions. Most 
of the recent evidence of pharmacokinetic drug 
interactions contains metabolizing enzymes and 
drug transporters. Most herbal drug interactions 
are associated with oxidative metabolism by 
the cytochrome P-450 system (CYP) such 
as glutathione S-transferases and uridine di-
phosphoglucuronyl transferases (UGTs) or by the 
influence of an herbal product on the efflux drug 
transporter P-glycoprotein. (Zhou et al., 2003; 
Zhou et al., 2004).

Patient-related factors                                       
• age             
• diet                                                   
• pre-existing clinical status                                                        
• genetic polymorphism                                                         
• malfunction of excretory organs         
• polypharmacy                         

Quality of plant material and plant product
• botanical identical
• chemical composition
• adulteration
• extraction
• standardization
• storage

INTERACTIONS
Herbal products +

Conven�onaldrugsn�ona

• dosage
• route of administration
• exposure time
• presence of active

metabolite
• half-life
• therapeutic window

Pharmacological
profile

• addition
• synergy
• antagonism

Pharmacokinetic profile
• absorption
• distribution
• metabolism
• excretion

Absorption

Herbs affecting intestinal motility and changes 
in intestinal pH will alter absorption of other drugs. 
Also, oral bio-availability of medications can be 
reduced when they are combined with soluble and 
insoluble fibers; for example: Aloe leaf, Guargum 

and Senna, are common uses in herbal weight-loss 
products, exert a laxative effect that may reduce 
intestinal transit time and alter drug absorption, St. 
John’s Wort boosts intestinal P-glycoprotein and 
reduce the absorption of common P-glycoprotein 
substrates, such as dioxin. Such effects may be 
preventing if the drug is consumed 1 hour before 

Fig. 1 Factors affecting herb drug interaction
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or 2 hours after the herb. (Roby et al., 2000;  
Wang et al., 2001). Some clinical trial demonstrates 
that patients taking lovastatin with pectin or oat 
bran have shown increased low-density-lipoprotein 
(LDL) levels, which reverted to normal after fiber 
supplementation was stopped. The possible reason 
of this interaction was reduction in lovastatin 
absorption due to binding of lovastatin by pectins 
or bran fibers in the intestinal lumen.

Distribution 

A drug with high plasma protein binding 
like warfarin, carbamazepine, that has a lesser 
volume of distribution can be displaced by a herb 
competing for the similar binding sites. Drug 
displacement cause rise in serum drug levels and 
lead to an increase in therapeutic effect.

Metabolism 

The main site of drug metabolism are liver, 
intestines, kidneys, and lungs, of those, the liver is 
the major site of drug metabolism. Drug metabolic 
pathways have been classified into 2 groups- 
phase I and phase II. Phase I enzymes such as 
cytochrome P450 oxidases are a super family of 
hemoproteins, introduce reactive or polar groups 
into xenobiotics. They oxidize mainly non-polar 
molecules by increasing their polarity and allowing 
them to be excreted in the urine. The major CYP 
isoforms are 1A2, 2D6, 2C9, 2C19, and 3A4 
(Zhou et al., 2003; He et al., 2010). An assessed 
60% of drugs are metabolized and excreted 
through the CYP3A4-dependant pathway. Phase 
II enzymes follow a different chemical process 
referred to as conjugation. Phase I and phase II 
activities must be synchronized or the induction 
of phase I could cause generation of too many 
transitional metabolites for phase II to process. 
Likewise, excessive phase II substrates can lead to 
surge in reactant concentrations, sometimes with 
fatal consequences. For example, acetaminophen 
(N-acetyl-p-amino-phenol) which is mainly 
metabolized by CYP2E1, also CYP1A2, 2A6, 2D6, 
and 3A4 playing minor role. When acetaminophen 
undergo through phase I enzymes, it metabolizes 
into N-acetyl-p-benzoquinone-imine (NAPQI), a 
toxic intermediate that phase II enzymes must then 

diminish and conjugate with glutathione before the 
final substrate is excreted in the urine. Too much 
phase I activity can overcome phase II enzymes, 
resulting in a build-up of NAPQI that leads to hepatic 
centrilobular necrosis. St. John’s Wort (Hyperforin) 
induces the cytochrome P450 enzymes which are 
responsible for the metabolism of several drugs 
(Moore et al., 2000). Other examples, St. John’s 
Wort reduce the efficacy of the oral contraceptive 
pill or blood levels of warfarin, digoxin, protease 
inhibitors, theophylline and carbamazepine. 
Likewise, prodrugs can be activated by phase I 
oxidation and create toxicity. Thus, induction of 
phase I by herbs could supposedly result in a toxic 
increase in serum drug concentrations, while this 
has not been clinically accepted. 

Some herbs decrease the production of the 
enzyme essential for break down the drug, hence 
increasing the drug levels. It will take several 
days or weeks to develop fully, enzyme inhibition 
can occur within 2-3 days resulting in a quick 
development of toxicity for example, Licorice 
decreases the metabolism of corticosteroids, 
leading to adverse and toxic effects from the build-
up of corticosteroids. Echinacea and Chamomile 
decrease the cytochrome P450, isoenzyme CYP3A4. 
Simultaneously use with drugs like alprazolam, 
simvastatin, calcium-channel blockers, and protease 
inhibitors could possibly rise serum drug levels and 
adverse effects. Some studies revealed that grape 
fruit irreversibly inhibit CYP3A4 activity in vitro, 
and taking as little as 200 ml can result in clinically 
significant increases in serum drug concentration. 
Variation in CYP and Pgp activities are vital factors 
of drug bioavailability, therapeutic potential, and 
the risk of adverse events.

Excretion 

Changes in excretion of drug and their 
metabolites also affect serum drug levels of 
other drug for example, Licorice (Glycrrhiza) 
consumption can lead to extra mineralocorticoid 
activity that is exhibited by inhibited renin levels, 
herbal diuretics like Ham’s worth, Horse tail, 
Hibiscus, etc., are quite weak and unlikely to cause 
large problems. 
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Pharmacodynamic interactions 

Pharmacodynamical interactions are related 
to the pharmacologic activity of the interrelating 
agents and can disturb organ systems, receptor sites, 
or enzymes. An example of additive interaction is 
when an herbal with hypnotic activity like Valerians 
is ingested with benzodiazepines and anticoagulant 
action of some drugs like warfarin is enhanced 
by gingko, garlic and ginger. Other example like, 
St John’s Wort (Hypercin) together with other 
serotonergic drugs shows the additive effect of 

the serotonin syndrome which is characterized 
by altered mental status, autonomic dysfunction 
and neuromuscular abnormalities. And Kava that 
slow down the central nervous system (CNS) is 
administered with CNS depressant drugs shows the 
additive interaction. Herb--drug pharmacodynamic 
interactions would, therefore, involve changes in the 
pharmacological effects of the drug through additive, 
synergistic or antagonistic actions (Gardiner, 2008). 
Some of the important documented herbs causing 
interaction with drugs have been presented in Table. 1. 

Table 1. Effects of some herbs drugs interaction

Sl. Herb Use Interact with Effect

1 Aloe vera Strong cathartic Thiazide  diuretics, 
Cardiac glycosides

Can cause electrolyte 
imbalance and hypokalemia  

2 Bearberry  
(Arctostaphylos uva-ursi) 

Urinary tract, 
antibacterial, 
astringent, diuretic

Cranberry juice, 
Urinary acidifiers

Active compound released in 
alkaline urine, inactivated by 
urinary acidifiers

3 Clove  
(Syzygium aromaticum) Toothache, Anticoagulants, Anti-

epileptic
May diminish blood clotting 
and antiepileptic activity 

4 Garlic  
(Allium sativum) Hyperlipidemia Antiplatelet agents, 

Anticoagulants

Inhibits platelet aggregation; 
Additive anticoagulant, 
antiplatelet effects

5 Ginger  
(Zingiber officinale)

Motion sickness,  
nausea, arthritis

Antiplatelet agents, 
Anticoagulants

May have additive 
anticoagulant, antiplatelet 
effects Inhibits thromboxane 
synthetase

6 Milk thistle  
(Silybum marianum)

Hepatitis, Cirrhosis, 
Diabetes, Heartburn, 
Dyspepsia

Antiarrhythmic drugs Potentiates drug effect

7
Senna (Senna acutifolia, 
S.augustifolia,  
Senna alexadrina)

Constipation Digitalis, Diuretics
Potentiate drug toxicity 
and chronic use may cause 
hypokalemia 

8 St. John’s Wort  
(Hypericum perforatum) Depression

Antidepressants, 
Sympathomimetic 
amines, Ma Huang, 
pseudoephedrine, 
yohimbine

Herb may selective serotonin 
reuptake inhibitor effects or have 
monoamine oxidase inhibitor; 
Possible hypertensive crisis 

9 Turmeric  
(Curcuma longa) Dyspepsia Antiplatelet agents Herb contains curcumin; may 

potentiate antiplatelet activity

10 Cascara  
(Rhamnus purshiana) Stimulant laxative Cardiac glycosides, 

Thiazide diuretics

May potentiate drug toxicity, 
can cause electrolyte 
imbalance and hypokalemia
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Antagonistic interactions 

An example of antagonistic interaction is 
when an herb like Ephedra or caffeine-containing 
herbs (cola nut, guarana, mate) used as a 
stimulant, appetite suppressant, concentration aid, 
decongestant, and to treat hypotension associated 
with anesthesia is ingested with antihypertensive 
medications which antagonize the effects 
antihypertensive medications. In addition, herbals 
with the possibility to cause organ toxicity may 
cause further risk of toxicity when drugs with similar 
toxicity are administered simultaneously such as 
when the hepatotoxic herbal comfrey is ingested 
with large and sustained doses of acetaminophen.

CONCLUSION

Cataloging of herbal products may not 
accurately reveals their components and adverse 
effects or interactions attributed to certain herbs 
may actually be due to misidentified plants, 
pharmaceutical drugs, or heavy metals. The statement 
that herbal medicines also have adverse effects and 
can cause potential drug-herb interactions, it does 
not suggest that their use should be diminished. Most 
herbal drugs may provide the chance for enzyme 
induction/inhibition to take place and have better 
safety profiles. The ultimate issue is that herbal drugs 
should be considered as medicines, their interactions 
and adverse effects considered. 
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