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Introduction

Sesame (Sesamum indicum L.) family Pedaliaceae,
is an important source of edible oil and is
widely used as one of the ingredients in food
products especially in bakery foods and animal
feed. Sesame germplasm has tremendous
variability. Efficient and systematic exploitation
of this diversity is the key to any crop
improvement program. This, however, requires
as a first step, the assessment of genetic
diversity and population structure of the species
under consideration. DIVA-GIS, a Geographic
Information System (GIS) is designed to map
the range of distribution of species in which
one is interested (Hijmans et al. 2000). GIS has

been successfully used in identifying areas of
rich diversity in various parts of the world.
DIVA-GIS is a software tool for the analysis of
diversity and it enables us to understand and
comprehend the distribution of diversity on the
geographical scale and also helps in identifying
gaps in collection.

Materials and methods

The experiment was carried out during late
Kharif 2008–09. The experimental materials were
sown in simple Randomised Block Design with
60 × 10 cm spacing in three replications at
College Farm, College of Agriculture, Acharya
N.G. Ranga Agricultural University,
Rajendranagar, Hyderabad. Recommended
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agronomic practices and prophylactic measures
were adopted.

Assessment of diversity in sesame germplasm and
geographical distribution using DIVA-GIS

Characterization data recorded on the sixty
accessions of sesame such as plant height,
internode length, leaves plant-1, number of
flowers plant-1, number of capsules plant-1,
number of seeds capsule-1, seed yield and seed
weight was subjected to DIVA-GIS analysis. To
know the spatial distribution and assessment
of variability DIVA-GIS version 7.1.6, was used.
Geographical coordinates of the collection sites
from various parts of India were also obtained
using Garmin 12 Global Positioning System
(GPS). India shape file was used for plotting
the georeferenced points using the layer menu
on the software. Point- to- grid option using
‘simple’ method on the “Analysis Menu” and
the output variables “Diversity and Statistics”
were selected for getting the output files. Under
diversity, Shannon diversity index was picked
and for the statistics, coefficient of variation was
selected. Grid maps on the diversity, and
coefficient of variation were generated for
various traits recorded on the sesame
germplasm.

Shannon Diversity Index

DIVA-GIS can calculate a number of different
diversity indices for each grid cell. Shannon
diversity index was selected for diversity index
analysis. The formula for the index taken is
given below.

Shannon H’ = –∑ pi ln pi

ni – number of individuals in the i-th class

pi – proportional abundance of the i th class =
ni / N

Results and discussion

Sesame germplasm (60 accessions) was collected
by National Bureau of Plant Genetic Resources,
New Delhi was used for studying the variability.
The germplasm accessions originated from eight
Indian states covering Gujarat (8), Himachal
Pradesh (1), Madhya Pradesh (24), Nagaland
(1), Punjab (92), Rajasthan (8) and Uttar
Pradesh (3). The geographical coordinates of

the sesame collection sites, accession identity
and the plant traits used for DIVA-GIS analysis
are provided in Table 1. The collection sites were
mapped using DIVA-GIS (Fig.1).

Fig 1. DIVA-GIS map showing geographical
origin of sesame germplasm used in the
study

Observations on eight traits viz., plant height,
internode length, leaves plant-1, number of
flowers plant-1, number of capsules plant-1,
number of seeds capsule-1, seed yield and seed
weight were recorded. All quantitative
characters exhibited variability evident by high
CV observed in most of the traits studied. The
high CV observed among morphological
characters is an indication of the level of
diversity within the populations of sesame
found growing in these habitats. Moderately
low CV values were observed for internode
length and for test seed weight.

Diversity Analysis (Shannon diversity index)

Grid maps were generated for diversity analysis
of the eight quantitative traits (Fig. 2, 3 & 4)
indicated that diverse accessions for all these
traits can be sourced from Maharashtra,
Gujarat and Madhya Pradesh (partly covering
Chattisgarh) states of India. However, highly
diverse sesame germplasm accessions for leaves
plant-1 was sourced from Maharashtra and



147Sesame diversity analysis

T
a

b
l
e

 
1

.
O

b
se

rv
a

ti
o

n
s 

o
n

 t
h

e
 p

la
n

t 
tr

a
it

s 
u

se
d

 a
s 

in
p

u
t 

in
 t

h
e

 D
IV

A
-G

IS
 t

o
 a

ss
e

ss
 t

h
e

 g
e

o
g

ra
p

h
ic

a
l 

d
is

tr
ib

u
ti

o
n

 o
f 

d
iv

e
rs

it
y

 i
n

 S
e

sa
m

e
g

e
rm

p
la

sm

A
cc

 I
d

S
ta

te
L

a
ti

tu
d

e
L

o
n

g
it

u
d

e
c

a
p

su
le

s/
P

la
n

t
In

te
rn

o
d

e
le

a
v

e
s/

F
lo

w
e

rs
/

S
e

e
d

S
e

e
d

S
e

e
d

s/
p

la
n

t
h

e
ig

h
t

le
n

g
th

P
la

n
t

p
la

n
t

w
e

ig
h

t
y

ie
ld

c
a

p
su

le

IC
1

4
1

6
3

G
u

ja
ra

t
2

1
.6

6
7

7
7

3
.5

1
9

5
5

5
.4

2
5

.2
3

.2
1

0
3

.5
5

0
.0

3
.0

2
6

.9
4

0
.8

IC
4

3
1

6
9

G
u

ja
ra

t
2

2
.8

0
4

7
3

.6
1

8
3

2
3

.2
2

3
.8

4
.2

4
3

.2
2

5
.3

2
.6

3
.6

1
2

5
9

.4

IC
4

3
1

7
1

G
u

ja
ra

t
2

2
.9

0
2

8
7

2
.3

8
3

1
2

8
.0

2
1

.0
3

.6
3

9
.6

3
5

.6
2

.9
3

.6
6

3
7

.3

IC
4

3
1

7
7

G
u

ja
ra

t
2

3
.0

0
1

7
7

4
.0

1
3

5
7

0
.6

2
6

.4
4

.2
1

0
5

.6
7

1
.0

2
.3

4
.5

2
8

.2

IC
4

3
1

7
9

G
u

ja
ra

t
2

3
.5

9
4

5
7

0
.8

5
1

6
4

7
.8

2
4

.6
3

.5
6

8
.2

3
8

.6
2

.9
2

4
.7

7
5

2
.4

IC
4

3
1

8
1

G
u

ja
ra

t
2

2
.6

5
5

8
7

1
.5

9
2

6
5

6
.8

2
3

.5
4

.0
1

2
5

.4
5

7
.0

2
.9

8
.4

5
3

0
.4

IC
4

3
1

8
5

G
u

ja
ra

t
2

4
.1

8
7

4
7

0
.4

0
6

9
4

3
.2

2
6

.6
3

.6
6

7
.8

4
1

.6
2

.4
5

.3
6

7
7

.0

IC
4

3
2

1
7

G
u

ja
ra

t
2

3
.7

4
2

7
7

2
.2

3
4

9
3

8
.2

2
3

.6
3

.2
5

5
.2

3
9

.2
2

.6
5

.2
5

3
.0

IC
9

6
0

7
9

H
im

a
ch

a
l 

P
ra

d
e

sh
3

1
.7

9
5

9
7

6
.7

3
0

9
2

9
.0

1
4

.3
2

.6
6

0
.3

2
9

.3
2

.6
4

.9
7

6
6

.0

IC
1

4
3

2
9

M
a

d
h

y
a

 P
ra

d
e

sh
2

0
.4

8
2

8
1

.0
7

8
6

3
3

.6
2

3
.2

3
.8

8
2

.0
3

5
.4

2
.6

5
.5

5
6

3
.6

IC
2

1
7

0
5

M
a

d
h

y
a

 P
ra

d
e

sh
2

1
.6

1
8

3
8

0
.8

8
0

9
3

6
.0

2
6

.8
4

.0
6

0
.0

3
7

.2
2

.8
4

.1
4

4
0

.6

IC
2

3
2

3
3

M
a

d
h

y
a

 P
ra

d
e

sh
2

2
.0

1
3

5
8

3
.2

5
2

4
5

6
.0

2
6

.6
4

.0
5

5
.0

5
7

.2
2

.8
8

.4
5

4
.0

IC
2

3
2

7
1

M
a

d
h

y
a

 P
ra

d
e

sh
2

3
.2

4
8

7
8

2
.6

1
0

1
3

5
.2

3
0

.4
4

.0
6

7
.2

3
5

.8
2

.9
7

.5
9

7
4

.4

IC
2

3
3

2
1

M
a

d
h

y
a

 P
ra

d
e

sh
2

0
.8

0
4

7
5

.0
5

1
1

4
1

.8
3

1
.6

4
.0

7
4

.6
4

2
.6

2
.8

5
.3

4
5

.8

IC
2

3
3

2
5

M
a

d
h

y
a

 P
ra

d
e

sh
2

5
.7

1
9

7
7

.8
1

7
8

4
6

.0
2

7
.3

4
.0

6
8

.8
4

6
.8

2
.9

4
.7

3
5

.8

IC
2

3
3

2
7

M
a

d
h

y
a

 P
ra

d
e

sh
2

4
.0

8
8

6
7

7
.9

6
6

5
2

.3
3

0
.6

4
.0

1
1

5
5

3
.6

2
.7

8
.3

3
3

3
.5

IC
2

3
3

3
2

M
a

d
h

y
a

 P
ra

d
e

sh
2

3
.5

9
4

5
8

0
.3

8
6

9
1

9
.5

2
5

.5
3

.5
4

8
.5

2
0

.0
2

.8
5

2
.7

7
5

0
.0

IC
2

3
3

3
5

M
a

d
h

y
a

 P
ra

d
e

sh
1

8
.9

9
9

8
8

1
.4

7
3

8
3

3
.2

2
4

.5
4

.0
7

7
.6

3
4

.2
2

.1
7

3
.8

4
5

3
.4

IC
2

3
3

4
1

M
a

d
h

y
a

 P
ra

d
e

sh
2

3
.0

0
1

7
7

8
.8

0
5

9
4

0
.5

2
4

.2
3

.9
6

5
.7

4
1

.4
2

.7
9

5
.8

4
5

4
8

.0

IC
2

3
3

4
6

M
a

d
h

y
a

 P
ra

d
e

sh
2

4
.1

8
7

4
8

0
.0

4
1

5
1

.4
1

7
.0

4
.0

5
1

.3
5

2
.6

2
.0

6
2

.7
5

2
6

.0

IC
4

1
9

3
2

M
a

d
h

y
a

 P
ra

d
e

sh
2

2
.9

5
2

2
7

7
.1

2
6

1
3

9
.4

2
7

.6
4

.0
1

0
0

.8
4

0
.2

2
.7

5
.0

6
4

7
.6

IC
4

1
9

4
8

M
a

d
h

y
a

 P
ra

d
e

sh
2

2
.3

1
7

8
.7

0
7

1
1

7
.2

1
5

.8
3

.8
5

0
.8

1
7

.8
2

.6
2

.1
4

7
.0

IC
4

1
9

5
3

M
a

d
h

y
a

 P
ra

d
e

sh
2

1
.8

1
5

9
7

5
.2

9
8

1
3

0
.4

2
0

.5
3

.8
7

2
.6

3
1

.2
2

.7
2

.7
3

3
.0

IC
4

1
9

6
2

M
a

d
h

y
a

 P
ra

d
e

sh
2

2
.5

5
7

7
6

.4
3

4
4

5
5

.2
2

5
.2

4
.0

1
1

1
.2

5
6

.2
2

.7
4

4
.8

2
3

1
.9

IC
4

1
9

6
4

M
a

d
h

y
a

 P
ra

d
e

sh
2

0
.4

3
2

5
8

1
.1

7
7

4
3

9
.0

2
2

.5
4

.0
1

2
5

.0
4

0
.0

2
.9

2
.3

4
5

5
.0

IC
4

1
9

6
6

M
a

d
h

y
a

 P
ra

d
e

sh
1

8
.8

0
2

2
8

2
.0

1
7

3
3

1
.0

2
1

.6
4

.0
5

3
.2

3
1

.6
2

.6
2

3
.7

4
3

.4

IC
4

2
2

0
0

M
a

d
h

y
a

 P
ra

d
e

sh
2

0
.4

8
2

8
2

.4
1

2
5

5
1

.4
2

3
.3

3
.6

8
7

.8
5

2
.2

2
.6

8
.0

4
6

0
.2

IC
5

2
5

8
5

M
a

d
h

y
a

 P
ra

d
e

sh
2

2
.8

0
4

8
1

.3
2

5
6

4
7

.2
2

5
.8

3
.5

8
1

.4
4

8
.8

2
.6

5
.3

4
3

.2

C
on

t.
...

..



148 Spandana et al.

IC
5

2
5

8
6

M
a

d
h

y
a

 P
ra

d
e

sh
2

3
.9

8
9

8
8

1
.6

2
2

4
2

.0
1

5
.3

4
.2

6
8

.4
4

4
.6

2
.6

6
.7

7
6

2
.0

IC
5

2
5

9
2

M
a

d
h

y
a

 P
ra

d
e

sh
2

3
.2

4
8

7
7

8
.3

6
1

2
2

1
.5

1
5

.6
4

.2
4

5
.5

2
1

.6
2

.7
3

.5
6

2
.0

IC
5

2
5

9
3

M
a

d
h

y
a

 P
ra

d
e

sh
2

3
.7

4
2

7
8

3
.4

5
2

3
.2

2
1

.1
4

.0
5

7
.8

2
3

.6
2

.7
3

.6
5

8
.0

IC
5

2
5

9
9

M
a

d
h

y
a

 P
ra

d
e

sh
2

2
.8

5
3

4
7

9
.8

4
3

4
2

8
.0

2
5

.0
4

.5
9

9
.0

2
9

.5
2

.8
6

4
.3

5
5

.0

IC
5

2
6

0
0

M
a

d
h

y
a

 P
ra

d
e

sh
2

3
.5

4
5

1
8

1
.7

2
0

8
4

3
.4

2
7

.8
4

.1
4

9
.2

4
4

.8
2

.8
6

5
.8

7
6

.0

IC
1

6
2

2
5

M
a

h
a

ra
s

h
tr

a
1

9
.8

8
9

1
7

7
.9

1
6

6
3

7
.0

2
2

.7
3

.8
6

3
.8

3
7

.8
2

.6
4

3
.7

4
7

.2

IC
1

6
2

3
6

M
a

h
a

ra
s

h
tr

a
1

8
.6

0
4

5
7

6
.6

8
1

4
1

5
.5

1
9

.0
4

.0
5

8
.0

1
6

.2
2

.6
1

.9
6

3
9

.7

IC
1

6
2

3
8

M
a

h
a

ra
s

h
tr

a
1

7
.9

6
2

3
7

5
.5

4
5

1
5

9
.0

3
0

.2
4

.0
9

7
.0

6
0

.4
2

.8
2

9
.1

8
5

5
.6

IC
1

6
2

4
3

M
a

h
a

ra
s

h
tr

a
1

9
.7

4
0

9
7

6
.8

2
9

7
3

2
.0

2
1

.0
4

.0
5

7
.8

3
3

.6
2

.4
3

.0
3

4
7

.2

IC
1

6
2

4
8

M
a

h
a

ra
s

h
tr

a
1

8
.3

5
7

5
7

5
.4

9
5

7
3

3
.0

1
8

.0
4

.0
5

9
.6

3
4

.3
2

.6
4

.6
8

5
4

.6

IC
1

6
2

4
9

M
a

h
a

ra
s

h
tr

a
1

9
.6

4
2

1
8

0
.3

8
6

9
4

7
.0

1
8

.0
4

.0
4

7
.5

4
8

.0
3

.0
9

.7
6

9
.0

IC
1

6
2

5
0

M
a

h
a

ra
s

h
tr

a
2

0
.7

2
9

7
9

.0
5

2
9

4
8

.0
2

7
.0

4
.0

5
8

.0
4

8
.7

2
.9

9
.9

3
6

8
.5

IC
4

1
9

0
6

M
a

h
a

ra
s

h
tr

a
2

0
.4

8
2

7
6

.4
3

4
4

6
7

.6
1

9
.0

4
.0

7
9

.2
6

8
.2

2
.6

7
.1

7
4

0
.8

IC
4

1
9

1
0

M
a

h
a

ra
s

h
tr

a
1

8
.7

0
3

3
7

7
.0

2
7

3
4

2
.2

2
5

.4
4

.0
5

8
.6

4
3

.2
2

.7
4

6
.7

5
9

.0

IC
4

1
9

1
1

M
a

h
a

ra
s

h
tr

a
2

1
.0

7
4

8
7

8
.7

5
6

5
3

1
.0

2
2

.7
3

.7
5

4
.2

3
1

.2
2

.7
4

.5
1

5
4

.0

IC
4

1
9

1
2

M
a

h
a

ra
s

h
tr

a
2

0
.3

8
3

1
7

6
.5

8
2

6
3

6
.8

2
4

.6
4

.5
4

7
.0

3
6

.8
2

.7
5

2
.9

2
9

.4

IC
4

1
9

7
8

M
a

h
a

ra
s

h
tr

a
1

7
.7

1
5

2
7

3
.8

1
5

9
5

6
.3

2
3

.8
4

.0
8

6
.0

5
7

.3
2

.7
6

.9
9

4
6

.0

IC
7

5
1

M
a

h
a

ra
s

h
tr

a
1

8
.9

5
0

4
7

3
.6

1
8

3
2

9
.2

2
2

.8
3

.7
6

3
.2

3
0

.6
2

.6
4

.2
5

4
.6

IC
2

0
1

5
6

N
a

g
a

la
n

d
2

6
.1

6
3

6
9

4
.4

1
8

1
3

8
.0

2
2

.2
4

.1
5

7
.6

3
9

.0
2

.6
8

2
.0

8
5

3
.4

IC
1

6
8

3
2

P
u

n
ja

b
3

1
.4

0
0

6
7

5
.4

9
5

7
5

4
.0

2
0

.3
4

.2
7

3
.6

5
4

.8
2

.7
3

.9
1

4
3

.2

IC
3

1
3

7
9

P
u

n
ja

b
3

0
.2

6
4

3
7

5
.6

9
3

3
4

4
.2

1
9

.8
3

.6
4

7
.8

4
5

.2
2

.7
2

.5
2

7
.2

IC
1

4
0

8
0

R
a

ja
s

th
a

n
2

7
.0

5
2

9
7

6
.5

3
3

2
2

8
.3

2
1

.8
4

.0
4

4
.3

2
8

.7
2

.5
4

.8
9

6
9

.2

IC
1

4
1

0
6

R
a

ja
s

th
a

n
2

6
.0

1
5

4
7

5
.1

9
9

3
4

9
.8

2
5

.4
3

.8
6

5
.0

5
0

.6
2

.9
4

.7
5

3
6

.4

IC
1

4
1

3
5

R
a

ja
s

th
a

n
2

4
.2

3
6

8
7

4
.2

1
1

2
5

4
.6

2
9

.6
4

.4
7

2
.6

5
5

.2
2

.5
8

4
.7

4
3

.5

IC
1

4
1

5
5

R
a

ja
s

th
a

n
2

4
.9

7
7

9
7

4
.0

6
2

9
5

4
.2

2
7

.4
4

.0
6

9
.6

5
4

.6
2

.5
2

6
.0

7
4

4
.8

IC
1

4
1

7
4

R
a

ja
s

th
a

n
2

8
.1

8
9

3
7

4
.5

5
7

3
8

.8
2

9
.0

3
.4

4
4

.0
3

9
.2

2
.9

2
2

.0
9

5
1

.0

IC
2

6
3

0
3

R
a

ja
s

th
a

n
2

5
.5

7
0

8
7

2
.4

8
2

4
7

.6
2

8
.4

4
.6

9
6

.8
4

8
.0

2
.6

5
.8

9
4

7
.6

IC
4

2
9

6
5

R
a

ja
s

th
a

n
2

6
.6

0
8

3
7

4
.9

5
2

2
6

6
.4

2
8

.6
4

.0
9

2
.2

6
7

.2
2

.8
1

2
.1

9
6

5
.6

IC
4

2
9

8
7

R
a

ja
s

th
a

n
2

8
.5

3
5

1
7

5
.4

4
6

3
6

9
.2

3
3

.2
4

.2
1

5
1

.4
7

0
.8

2
.9

1
1

.8
5

9

IC
9

6
0

9
8

U
tt

a
r 

P
ra

d
e

sh
2

6
.0

6
4

8
7

9
.6

9
5

2
4

1
.4

2
2

.4
3

.4
6

9
.6

4
2

.4
2

.6
2

2
.3

7
0

.8

IC
9

6
1

0
9

U
tt

a
r 

P
ra

d
e

sh
2

7
.4

4
8

2
7

8
.8

0
5

9
4

1
.4

2
4

.2
4

.4
8

6
.2

4
2

.4
2

.9
3

4
.0

4
6

2
.2

IC
9

6
1

1
3

U
tt

a
r 

P
ra

d
e

sh
2

9
.0

7
8

6
7

8
.4

6
0

1
3

3
.2

2
2

.9
3

.9
4

6
.4

3
4

.4
2

.6
2

.2
8

4
5

.6



149

and Madhya Pradesh are diversity rich pockets
for sesame.

Coefficient of variation

High coefficient of variation for plant height
(25.0–42.0%) was found in accessions from
Madhya Pradesh, followed by a moderate CV%
range of 14.0–25.0% in Maharashtra. However,
low CV% (up to 8.0%) was recorded on sesame
germplasm accessions from other states.
Gujarat and Maharashtra recorded low to
moderate CV% for the quantitative trait of inter-
node length, which indicated that diversity is
less for this trait. Grids with high CV% for the
traits, number of leaves plant-1 (29.0–37.0%) and
number of flowers plant-1 were stretched in
Madhya Pradesh and Maharashtra. Germplasm
accessions augmented from Gujarat, Madhya
Pradesh and Maharashtra recorded highest
CV% (35.0–44.0%) for number of capsules
plant-1. Accessions with maximum CV (18.0–
23.0%) recorded for seeds capsule-1 originated
from Maharashtra, while moderate CV value
of 9.0–18.0% was possessed by the germplasm
accessions from Madhya Pradesh. Grid map
generated for seed weight indicated a lower
CV% value (2.0–8.0%) for the accessions studied.
This indicated less variability among the
accessions. However, maximum CV% value

Fig 2. Diversity index for number of capsules
per plant in sesame

Fig 4. Diversity index for seed yield in sesame

Fig 3. Coefficient of variation (%) for number
of capsules per plant

Madhya Pradesh only. The Shannon diversity
index ranged from 0.55–1.0 for germplasm
accessions sourced from Gujarat, Madhya
Pradesh and Maharashtra states. Among the
sesame germplasm sourced from eight Indian
states, and based on DIVA-GIS analysis it can
be concluded that Gujarat, Madhya Pradesh

Sesame diversity analysis
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(6.0–8.0%) was recorded for Madhya Pradesh
collections. The seed yield recorded the highest
CV% (48.0–60.0%) among all the plant traits
studied.

The present study revealed that diverse
germplasm accessions of sesame were dispersed
all over the eight states (Gujarat, Himachal
Pradesh, Madhya Pradesh, Nagaland, Punjab,
Rajasthan and Uttar Pradesh) but region where
the diverse genotypes most likely to found are
Maharashtra, Madhya Pradesh and Gujarat as
high diversity indices and CV% were recorded
for all the traits studied. It may be concluded
that Maharashtra, Madhya Pradesh and
Gujarat states are most suitable for future
germplasm collection missions. The present
study would be the first of its kind in India by
integrating DIVA-GIS for the study of diversity
analysis in sesame.

GIS mapping may be effectively used for
documentation, diversity analysis, identifying
gaps in collection, assessment of loss of
diversity, developing new strategies for
conservation, and sustainable utilization,
particularly in the wake of recent international
developments related to food and nutritional
security. GIS mapping has been successfully
used in assessing biodiversity and in
identifying areas of high diversity in Phaseolus
bean (Jones et al. 1997), wild potatoes (Hijmans
& David et al. 2001), horsegram (Sunil et al.
2008), Jatropha curcas (Sunil et al. 2009), linseed
(Sivaraj et al. 2009), blackgram (Babu Abraham
et al. 2010), Canavalia fatty acids (Sivaraj et al.
2010), medicinal plants (Varaprasad et al. 2007),
Piper (Utpala et al. 2006)  and agrobiodiversity
(Varaprasad et al. 2008).
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