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Abstract 
The objective of this research was to do the physical characterization of cotton species (Gossypium spp.) based 
on the attributes of the seed. The experiment was performed at the Forage Biochemistry Laboratory of the Valle 
of Mexico Experiment Station, using seed of four cotton species (G. hirsutum, G. aridum, G. lobatum and G. 
shwendimanii). This research was carried out in two phases: in the first one, the weight of 1000 seeds and the 
hectolitre weight were determined. In the second one, seed dimensions were obtained by digital images and 
analysis process. The four cotton species were tested under a completely random experimental design. The data 
analysis was made by the variance analysis method, Tukey multiple comparison tests of means, principal 
components and cluster analysis. The results showed significant differences (0.01%) in all the physical 
characters of the seeds. Based on the grouping analyzes, three groups with contrasting characteristics among the 
cotton species were identified, being G. hirsutum, the species that presented the highest value in the vector 
magnitude of the physical characters of the cottonseed. The area, width and weight of 1000 seeds were the main 
variables that explained 98.6% of the variability existing in the characteristics of the seed, so these physical 
attributes play an important role in the characterization of the Gossypium native species of Mexico. 

Keywords: image analysis, seed dimensions, weight of 1000 seeds, hectolitre weight 

1. Introduction 
Cotton belongs to the Malvaceae family, the Gossypieae tribe and the Gossypium genus; there are currently 50 
identified species, 45 diploids and tetraploids distributed in the continents of Asia, Africa, Australia and the 
Americas (Ulloa, 2014). This author also reports that in the western hemisphere, there are 13 wild diploid 
species of Gossypium, out of which eleven are native to Mexico (G. armourianum, G. lobatum, G. gossypioides, 
G. aridum, G. laxum, G. shwendimanii, G. thurberi, G. trilobum, G. davisonii, G. turneri and G. harknesii).  

According to Curvelo (2000), out of the 50 species, four are grown worldwide due to their fiber with commercial 
value. These are originally from Peru (G. barbadense), Mexico (G. hirsutum), Asia (G. arboreum) and Africa (G. 
herbaceum) (Wendel & Grover, 2015). The species G. hirsutum is the most widely grown and it covers 
approximately 95% of global production, G. barbadense, between 3 and 5%, while G. herbaceum is important 
only in India and G. arboreum is grown locally in the driest areas of Africa and Asia (Lee & Fang, 2015).  

In order for the native Mexican cotton species to be preserved in germplasm banks, it is convenient to have the 
information necessary to help develop further studied, and within the important information, are the data of plant 
morphological, physiological and biochemical characteristics.  

Núñez-Colín and Escobedo-López (2015) claim that characterizing a phytogenetic resource is determining the 
peculiar attributes of said resource so that it can be clearly told apart from any other. The distinctive 
characteristics of seeds, such as shape, size and color, play an important part in varietal identification 
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(Smykalova et al., 2011), and the case of cottonseed is no exception. However, the conventional measurement of 
the variation in the characteristics of the seed has been difficult, usually with biases and systematic errors 
(Gyulai et al., 2015), apart from arduous and more time-consuming.  

Computer-assisted digital morphometry quickly provides a powerful matrix of accurate and exact measurements 
of size, shape, texture and others in large seed populations (Gyulai et al., 2015). This technique is a quick, 
efficient and non-destructive method to determine the seed size profiles, as well as inexpensive (Mandal et al., 
2012), making it a technological tool that can make the characterization of wild or planted cotton species more 
efficient.  

Venora et al., (2009) report that the digital analysis of images has contributed in germplasm banks to organizing, 
conserving and identifying local bean breeds classified by seed size, shape, form, texture and color. This 
technique has also been used to characterize quinoa seeds (Medina et al., 2010), legumes (Fıratlıgil-Durmus et 
al., 2010), maize, rice, soybean and pea (Mandal et al., 2012). These characteristics are especially interesting to 
design machinery that is used in the processing of seeds (Mandal et al., 2012). Due to this, the aim of the present 
study was to carry out the physical characterization of cotton species (Gossypium spp.) based on the attributes of 
the seed.  

2. Material and Methods 
2.1 Collection the Species Under Study 

Four cotton species were selected (G. aridum, G. lobatum, G. shwendimanii and G. hirsutum), with distinctive 
characteristics to be incorporated in the conventional genetic breeding. In May of 2015, seeds of these cotton 
species were collected in the Mexican states of Colima (G. hirsutum), Nayarit (G. aridum) and Michoacán (G. 
lobatum and G. shwendimanii).  

The capsules collected for each cotton specie were placed in brown paper bags and transported to the Forage 
Biochemistry Laboratory of the Valle of Mexico Experiment Station (CEVAMEX-INIFAP) for conditioning. 

The seeds were dried in the open, cleaned, and selected for their uniformity and cleanliness before being 
physically characterized. In the G. hirsutum seed, the only species with long fibers, these were separated from 
the seed by hand. Later, they were stored in brown paper bags at room temperature (22 °C) for one month. 

The experiment was performed at the Forage Biochemistry Laboratory of the Valle de Mexico Experiment 
Station (CEVAMEX-INIFAP). The determination of the physical characteristics of different species was carried 
out in two phases. In the first, we determined the weight of 1000 seeds and the hectolitre weight; and in the 
second, we evaluated the dimensions of the seeds by the processing and digital analysis of images.  

2.2 Determination of Seed Physical  

Seed of the four Gossypium species were characterized regarding physical aspects using the following tests: 

Weight of 1000 Seeds (W1000S): determined following the methodology recommended by the ISTA (ISTA, 2013) 
using eight repetitions of 100 seeds for each species of Gossypium.  

Hectolitre Weight (HW): determined with the method ISO 7971-2:1995 (Determination of bulk density, called 
mass per hectolitre) in six seed repetitions. 

2.3 Digital Analysis of Images 

To process the image analysis, we used a CANON model Canonscan LIDE 100, a laptop and the software Image 
Tool 3.0. Five repetitions of 20 seeds were used for every species of Gossypium. The seeds were scanned and the 
images obtained were processed using the software mentioned. The variables registered were area, perimeter, 
seed length and width, elongation (length/width), factor-shape (4π area/perimeter2), which is a quantitative 
measure of the degree of roundness (Linskens & Jackson, 1992) and Feret diameter (√x (4 x area/π)) (Wilcox et 
al., 2002).  

2.4 Statistical Analysis 

A one way analysis of variance were carried out for each of the variables, and in those in which statistical 
differences were found, a Tukey test was carried out (0.05%). In addition, we carried out a principal components 
analysis, which helped identify the physical characteristics with the most influence to differentiate between 
cotton species by their seeds. 

We also performed a cluster analysis using Euclidean distances calculated from standardized data. The 
construction of the dendogram derived from the Euclidian distances was carried out using the minimum Average 
variance. The height of the cut of the dendogram to define the number of cluster was established with the tests of 



jas.ccsenet.

cubic clust
The group
analyses w

3. Results
Significan
1000 seed
0.99, whil
the coeffic
accepted w

Regarding
G. schwen
in the W1
Thomson 
extent, an
autogamou
trait that h
account fo

 

Figure 1. 

 

The specie
weight and
the species

On the oth
the seed o
determinat
statistical m
evaluated v

 

 

 

 

 

 

 

 

 

org 

ter criterion (C
ps with the cott
were carried ou

 and Discussi
nt differences (
s (W1000S) an
e the coefficie

cient of variatio
with a CV that 

g W1000S (Fig
ndimanii, while
1000S may be
(1979) indicat

n inheritable t
us plants. Like
has the least m

or physical cha

Behavior of th
followed

es G. hirsutum
d were signific
s G. schwendim

her hand, there
of the cotton sp
tion (R2) range
model to disco
varied between

CCC) and the 
ton species an

ut using the sta

on 
(0.01%) were 
nd hectolitre w
ent of variation
on registered f
does not exce

gure 1), the hig
e G. aridum w
e due, mainly, 
tes that seed si
trait, since the
ewise, Van Hum
modifications 

aracterization s

he weight of 1
d by the same l

m and G. loba
cantly lower th
manii presente

e were signific
pecies, obtain
ed between 0.8
over the relatio
n 2.62 and 5.6

Journal of A

statistic called
d with discrim

atistics softwar

found betwee
weight (HW). 
n (CV) for W
for W1000S, th
ed 6.0% for ch

ghest value wa
was the species 

to the size o
ize is generally
e genetic vari
mbeeck and O
due to the ef

studies on seed

000 seeds (W1
letter do not di

atum displaye
han the specie

ed the lowest H

ant differences
ed through the
82 and 0.99, w
on that exists b

62%, values tha

Agricultural Sci

82 

d Hollander’s T
minating variab
re SAS (SAS, 2

en the cotton 
The coefficien
1000S was 2.7
here is a comp
haffy seeds and

as found in the
that registered
f the seed of 
y expressed as
iation present

Oviedo de Crist
ffect of the en
ds.  

1000S) and he
iffer by Tukey 

ed no significa
es G. aridum, 
HW value in co

s (0.01%) for 
e image analy

which are simil
between the st
at give high re

ience

T2 pseudostati
bles were repre
2000). 

species studie
nt of determin
79%, and for H
pliance with th
d 4.0% for oth

e species G. hi
d the lowest W
each native s

s the weight o
ts itself more 
taldo (2012) m
nvironment, an

ctolitre weight
 test at the 5%

ant differences
which recorde

omparison to th

all the variable
ysis (Table 1). 
lar to 1, this in
tudy variables

eliability value

V

istic (Johnson 
esented in a gr

ed for the vari
ation (R2) for 
HW, it was 1.8

he ISTA (2013)
her types of see

irsutum, follow
W1000S. This v
species of cott
of 1000 seeds, 

frequently in
mention that W
nd must there

t (HW) in cotto
% probability le

s (0.01%) in t
ed the highest 
he rest of the s

es of physical 
The values of

ndicates a good
. The CV for t
s to the validit

Vol. 11, No. 10;

& Wichern, 2
raph. The statis

iables of weig
both variables
86%. Accordin
), since the res
eds. 

wed by G. loba
variation regis
ton. In this re
and is, to a ce

n allogamous 
W1000S is a va
efore be taken

 
on species. Me

evel 

terms of hecto
value. In add

species (Figure

characterizatio
f the coefficie
d adjustment o
the seven vari
ty of these resu

2019 

007). 
stical 

ht of 
s was 
ng to 
ult is 

atum, 
tered 
gard, 
ertain 

than 
rietal 

n into 

eans 

olitre 
ition, 
e 1).  

on of 
ent of 
of the 
ables 

ults.  



jas.ccsenet.

Table 1. C
species nat

Species 

G. hirsu
G. shwen
G. lobat
G. aridu
Significa
R2 
CV 
Mean  
HMSD (

Note. R2: C
minimum 
probability

 

Regarding
significant
which rec
characteris
and seed p

Regarding
although th
the latter 
perimeter 
specific m

Regarding
significant
presented 
G. shwend
differences
Sunanda a
may me co

On the oth
(Figure 2),
G. aridum
values obt
separation

 

Figure 2. B
of cot

org 

Comparison of
tive to Mexico

tum 
ndimanii 
tum 
um 
ant 

(Tukey, 0.05) 

Coefficient of 
significant dif

y level. 

g the variable o
t differences (
corded the low
stic such as se
processing cham

g the perimeter
here were sign
being the spe
are crucial in 

machinery could

g the length o
tly different (0
lower and sim
dimanii, whic
s with G. lob

and Kakatkar (2
orrelated to asp

her hand, signi
, with G. shwe

m, which showe
tained for this v
n, packaging an

Behavior of El
ttonseeds. Mea

f means for th
o 

Area

40.6
44.5
40.4
30.3
* 
0.91
5.62
38.9
4.11

determination
fference; tMea

of seed area, th
(0.01%) betwe
west value. In
eed area is of 
mbers. 

r of the seed, t
nificant differe
cies that regis
the seed indu

d be designed,

of the seed, w
0.01%) betwee

milar values (0.
ch presented 
batum (0.01%)
2013), as well 
pects of vigor 

ificant differen
endimanii and 
ed no significa
variable are re

nd processing o

longation, Fere
ans followed by

Journal of A

he variables of

a (mm2) 

60 at 
53 a 
42 a 
33 b 

 
2 
97 
 

n; CV: Coeffici
ans with same 

he averages of
een them, alth
n this context,
particular inte

there were no 
ences (0.01%) 
stered the high
ustry, since, us
 highly useful 

we observed 
en them, but a
.01%). Regard
no significan

). Seed width 
as Medina et 
and germinatio

nces were foun
G. lobatum ha
ant differences
elevant for the 
of seeds (Mand

et Diameter an
y the same lett

Agricultural Sci

83 

f physical char

Perimeter (mm

26.53 c 
55.10 a 
31.84 b 
25.48 c 
* 
0.99 
5.31 
34.74 
4.20 

ient of variatio
letters are not

f G. hirsutum, 
hough there w
, Arapa and P

erest to the see

significant dif
between these
hest value in 
sing the inform
to the conditio

that the spec
also to G. hirs
ding seed width
nt differences 

for G. aridum
al. (2010), rep
on of seeds. 

nd (0.01%) fo
aving similar v
s between them
design of mac
dal et al., 2012

nd Factor-Shap
ter do not diffe

ience

racterization e

Variables 

m) Length

9.37 c
13.21 a
11.86 b
8.63 c
* 
0.96 
4.80 
10.77
0.97 

on; *: Significa
t statistically d

G. shwendima
was (0.01%) re
Padrón (2014
ed industry, es

fferences betw
e species and G
this variable. 

mation determ
oning and bene

cies G. shwen
sutum and G. 
h, the highest 
(0.01%) betw

m was similar
port that seed le

r seed elongat
values (0.01%)
m (0.01%). It 
chinery for har
2). 

pe, determined
er by Tukey tes

V

evaluated in se

(mm) W

5.
5.
4.
4.
* 
0.
5.
4.
0.

ant at the 0.01
different by Tu

anii and G. lob
egarding the s
) have report

specially for th

ween G. hirsutu
G. lobatum and

The data obt
mined in this pa

efit of seeds. 

ndimanii and 
aridum; howe
values were fo

ween them, y
r to G. lobatu
ength and widt

tion among the
), yet different 
is important to
rvesting, transp

d by the digital 
st at the 5% pr

Vol. 11, No. 10;

eeds of four c

Width (mm) 

.50 a 

.03 ab 

.36 c 

.73 bc 

.82 

.36 

.90 

.49 

%. HMSD: Ho
ukey test at th

batum displaye
species G. ari
ed that a phy
he design of s

um and G. ari
d G. shwendim
tained for the 
arameter, siev

G. lobatum
ever, the two 
for G. hirsutum
yet they prese
um. In this re
th indicate size

e species evalu
to G. hirsutum

o point out tha
portation, clea

 
analysis of im

robability leve

2019 

otton 

onest 
e 5% 

ed no 
idum, 
ysical 
ieves 

idum, 
manii, 

seed 
es or 

were 
latter 

m and 
ented 
gard, 
e and 

uated 
m and 
at the 
ning, 

mages 
l 



jas.ccsenet.

When anal
in a tangen
shwendima
all cotton 
al. (1996) 
genotypes 

In order to
componen
and the va
with perim

Based on 
principal c
the area of
componen
principal c
cottonseed
the seed h
the germpl

 

Table 2. Pr
of species 

Principal  
Componen

1 

2 

3 

 

On the ot
distances s
cubic clust
define that

 

Figure 3. D

 

Based on 
(Figure 4)

org 

lyzing the Fere
nt to the projec
anii having th
species were s
point out that
and for the de

o identify the 
nts and cluster 
ariables of elon
meter, length an

the results ob
component (PC
f the Gossypiu

nt are the weig
component (P
d. In this regar
helped improve
lasm banks. 

roportion of ab
(Gossypium sp

nt 
Weight o
1000 seed

-0.005 

0.712 

-0.362 

ther hand, for
squared (Johns
ter criteria and
t three was the

Definition of th

the compariso
, it was determ

et diameter (dF

cted perimeter
e highest valu
statistically dif
t, in many spe
esign of plantin

traits with th
analyses were

ngation, the Fe
nd width of see

btained, three 
C1) explains 5
um seed. The 
ght of 1000 se
PC3) explains 
rd, Kapadia et
e the organizat

bsolute and ac
pp.) native to M

f  
ds (g) 

Hectolitr
weight (k

-0.494 

-0.154 

0.348 

r the cluster a
son, 2000), we
d of Hollander
e appropriate n

he number of g

on of average v
mined that gro

Journal of A

F), which is the
r of each seed,
ue, and the rest
fferent (0.01%
ecies, the shap
ng and benefit 

e greatest infl
e carried out. 
eret diameter a
ed. 

components 
58.9% of the v
second compo
eeds and the w
9.5% of the 

t al., (2017) m
tion, classifica

ccumulated var
Mexico 

re  
kg hL-1)

Area
(mm2)

0.509

0.133

-0.194

analysis using
e included the
r’s T2 pseudost
number of clust

groups formed
T2 pseu

vectors with B
oup I registere

Agricultural Sci

84 

e average valu
 differences w
t displayed sim

%), with G. shw
pe of the seed 

equipment. 

luence in the 
Before the an

and the factor-

described 98.6
variance and th
onent (PC2) ex
width of the se
total variabili

mention that the
ation and impr

riance of the fi

 
) 

Perimeter
(mm) 

0.469 

-0.243 

4 0.421 

g the Average
e six variables 
tatistics (Johns
ters of the four

d according to 
udostatistic (3b

Bonferroni’s ad
ed the greatest

ience

ue of the distan
were observed b
milar values. R
wendimanii hav

has been used

differentiation
nalysis, the dat
-shape were el

6% of the tot
he main variab
xplains 30.2%
eeds of the di
ty and the ma
e variables of 
rovement of th

first three main

Length 
(mm) 

Wi
(m

0.481 0.2

-0.298 0.5

-0164 0.7

e’s minimum 
selected. Figu

son, 2000). Th
r species of co

the cubic clust
b) 

djustment (Tab
t vector magn

V

nce between pa
between speci

Regarding the f
ving the lowes
d to explain d

n of the cotton
ta were analyz
iminated due t

tal variance (T
ble that describ

% and the varia
ifferent cotton 
ain variable is
size, shape, te

he wild specie

n components o

idth 
mm) 

Explained
variance (

212 58.9 

550 30.2 

710 9.5 

variance meth
ure 3 represent
hese statistical 
otton. 

ter criterion (3

ble 3) and in t
itude (94), fol

Vol. 11, No. 10;

airs of parallel 
es (0.01%) wi
factor-shape in
st value. Puech
differences betw

n species, prin
zed for colline
to their colline

Table 2). The
bes this variati
ables related to

species. The 
s the width o
exture and col

es that are stor

of four cottons

d  
(%) 

Accumula
variance (

58.9 

89.1 

98.6 

hod and Eucl
ts the values o
tools were us

 

 
3a) and Hollan

the cluster ana
llowed by gro

2019 

lines 
th G. 
ndex, 
her et 
ween 

ncipal 
earity 
earity 

first 
on in 
o this 
third 
f the 
or of 
ed in 

seeds 

ated 
(%) 

idian 
of the 
ed to 

der’s 

alysis 
up II 



jas.ccsenet.

(80), and t
Group I w
W1000S a
shrub with
large, and 
brown or g

Group II i
length. U
characteris
10.0 mm l

 

Table 3. V
characteris

Group 

I 
II 
III 

 

Group III 
having a g
Sinaloa an
and a dark
of Michoa
average of

It is impor
and late dr
that it can 
quality of 

The results
cottonseed
in the gene

 

 

 

 

org 

the lowest valu
was formed by
and seed width
h wide to very
containing thr

green and seed

is formed by th
lloa (2014) r
stically lanceo
ong and 2.5 m

Vectors of m
stics in cottons

Literal W10

a 74.1
b 22.3
c 25.4

is composed o
greater hectoli
nd southern Oa
k brown color; 
acán, it is arbor
f 10.0 × 1.8 mm

rtant to point o
rying (Verticil
be incorporate
the fiber, free 

s obtained in t
ds, which is us
etic breeding p

Figur

ue was found i
y the tetraploid
h. Gotmare et a
y narrow leav
ree to five loc

ds are approxim

he diploid spe
reports this s
late and long, 

mm wide.  

means with the
seeds (Gossypi

000S (g) 
Hecto
(kg h

5 32.82
35 26.02
41 40.47

of the diploid 
itre weight see
axaca, and is a 
seeds measure

rescent, and th
m. 

out that G. arid
llium dahliae K
ed character in
of leaf residue

the present stu
eful to tell spe

programs for th

re 4. Dendrogr

Journal of A

in group III (6
d species G. h
al., (2018) men
es, with necta

cules. These au
mately 10 mm 

ecies G. shwen
species as en
with small, lig

e Bonferroni 
ium spp.) 

olitre weight
hL-1) 

A

2 4
2 4
7 3

species G. ari
ed. Ulloa (201
bush with cha

e, on average 7
he capsule is lig

dum has genes 
K.), whereas G
n the cultivated
es (Palomo, 19

dy show that t
ecies apart and
he creation of n

ram of cotton s

Agricultural Sci

85 

67), presenting 
irsutum (AD1)
ntion some cha
aries; capsules 
uthors also rep
long by 4 mm

ndimanii (D11),
ndemic of the
ght-brown cap

adjustment an

Area (mm)
Per
(m

40.60 25
44.53 55
35.38 28

idum (D4) and
4) mentions th

aracteristically 
7.3 × 1.7 mm. 
ght brown in c

that give it res
G. lobatum, pr
d varieties to a

996).  

there is a wide
d to achieve a b
new conventio

species, create

ience

 significant dif
), which had c
aracteristics of
that can be r

port that the fib
m in width.  

, which has a 
e state of M
psules, with thr

nd magnitude

rimeter 
mm) 

Length

.53 9.37

.10 13.21

.66 10.25

d G. lobatum (D
hat G. aridum
few branches,
The species G

color with thre

sistance to cott
resents charac
avoid the use o

e genetic variab
better characte
onal cotton var

ed using Euclid

V

fferences betw
characteristica
f G. hirsutum, 
round, oval-sh
ber of G. hirsu

greater area, p
Michoacán, and

ree locules; see

e of the vecto

h (mm) width 

5.50 
5.03 
2.55 

D7) and its ma
m is distributed
, small capsule

G. lobatum is e
e locules and s

ton rust (Pucci
cteristics and i
of defoliants an

bility in the ph
erization, whic
rieties in Mexi

dian distances 

Vol. 11, No. 10;

ween them (0.0
ally high value

which is an an
haped or elong
utum can be w

perimeter, and 
d is a bush 
eds are, on ave

or of the phy

(mm) 
Magnit
vector

94 
80 
67 

ain characteris
d between nor
es with four lo
endemic to the 
seeds measurin

inia cacbata A
t is very impo
nd thus have b

hysical attribut
ch is very impo
co.  

 

2019 

05%). 
es for 
nnual 
gated, 
white, 

seed 
with 

erage 

ysical 

tude 

tic is 
thern 
cules, 
state 

ng an 

A&H) 
ortant 
better 

tes of 
ortant 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 10; 2019 

86 

4. Conclusions 
Three groups with contrasting characteristics between cotton species were identified, with G. hirsutum having 
the highest value in the magnitude of the vector of the physical characteristics of cottonseeds. The area, width 
and weight of 1000 seeds were the main parameters that accounted for 98.6% of the variability in the 
characteristics of seeds, hence the reason for these physical attributes playing an important role in the 
characterization of Gossypium species native to Mexico.  
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