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Abstract
Objective

This study was conducted to evaluate the potential of digital image processing and artificial neural
networks in identifying and classifying rice cultivars based on grain morphological characteristics
and also to introduce an applied software in this field. Rice cultivars included Gil3, IR362542/2,
Restore50, Domsiah, MusaTarom, GHARIB3, Gharibsiahryhani, IR5S0maz, Line304, LINE229-
2, Nemat, KMP41, DCL, Lebant, IR67017, DomsiahSolymandarab, Dashtisard, Hashemi, Dolar,
IR24, IR50, line831, IR3441, AnbarboElam, CY, Mehr, Line213, Fujiminuri, Hasani,
Ghasraldashti, TE, Sangtarom, Dasht, line216, Vad, IR662320, Canhopatra and Usen rice lines
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and 17 lines resulting from crossing Azucin and Bala. Evaluation of morphological diversity is

considered an essential step in breeding programs and conservation of plant genetic resources.

Materials and Methods

Rice grains used in this study were cultivated during the 2015-2016 growing season at the

research farm of Gonbad Kavous University. After harvest, digital images of paddy grains were

captured using a standard imaging chamber equipped with a CCD camera. Using MATLAB

R2015a software and image processing algorithms, grain characteristics such as length, width,

perimeter, area, roundness, and aspect ratio were extracted. A Self-Organizing Map (SOM) neural

network was then applied to cluster the grains based on these morphological features under both

normal and drought stress conditions.

Results

The image processing results demonstrated the capability of this method to extract the geometric

features of rice grains accurately. The developed software also performed effectively in measuring

these characteristics. The SOM neural network successfully clustered grains into distinct groups

based on morphological traits, particularly length and width. The SOM visualization maps

illustrated both the morphological differences among samples and the influence of drought stress

on these traits.

Conclusion

The combination of digital image processing and a Self-Organizing Map neural network provides

an efficient, non-destructive approach for assessing morphological diversity and classifying rice

cultivars. This method has valuable applications in breeding programs, germplasm management,

and seed quality assessment. Moreover, the developed software serves as a valuable tool for

researchers in the field. Future studies are recommended to include a broader range of

morphological, color, and textural traits in SOM modeling and to explore their relationships with

genetic and agronomic characteristics of diverse rice cultivars.

Keywords: Classification, Drought stress, Machine vision, Phenotypic traits.

Paper Type: Research Paper.

Citation: Sajadi SJ, Sabouri H, Tarashi M, Rezaei M (2024) Development of general software
for clustering rice cultivars using image processing and a self-organizing map to assess

morphological diversity. Journal of Genetics and Plant Breeding 1 (2), 1-24.

Journal of Genetics and Plant Breeding 1 (2), 1-24. DOI: 10.22103/gpb.2024.4985

Received: September 29, 2024. Received in revised form: December 7, 2024.

Accepted: December 8, 2024. Published online: December 25, 2024.
A

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

AR XA 4‘:")&0& 9 ‘_gbbuw

wamsml,

Publisher: Research and Technology Institute of Plant Production,

@ @ Afzalipour Research Institute, Shahid Bahonar University of Kerman and
Iranian Genetics Society.

© the authors

v

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



- —

7

B PR UTIE ST

ol 5 o i
he
/ FoFo-YPYV) : Saig sl bls Fofo-YA50 1 il Ll sy

9 2y o313 1 03I b g 1 Sadgiy gabauigd (1 (oges 38l Arugd

wliCoy ) £95 b)) okiods (SOM) ouilojlusdgs 4

S dlga dw
U‘)"‘ ‘U"??K J.»f ‘u»95l§ .L.S oKiisly cu.u.».‘o é)LuO 9 LS))BL“S 0uSLis 4u.tbl.5 C)IAJ}» 09; c)l.».)l.».w‘ J}Z.wo OMQ;*

sajadi@gonbad.ac.ir :a.lll,

Sogme e

blly ol pogalS S (woslS WS oKl (b mlbie o (5jysliS oaSih (alS iy 09,5 wliul
hossein.sabouri@gonbad.ac.ir

5 (50

Il (0099l S (gl A8 oKty b wlio g (55y9liS Sl ¢ ALS Sladg 09,5 i)l wlid, S 4 gal il

mahditarashi@gmail.com :a.lL),

el (o998 A ogals AS oSS (ans @lio 5 (55y5liS 0uSutil ¢ LS Clades 09,8 iyl ool IS 4z gel il
Mohsenrezaei.gku@gmail.com :asLL],

LXVOCS

bl g 2lolid )3 (sgiae as s 5 Sl pgal By Jeily b)) Sua b Gleghy ol 18AR
lacsy A8 el dine) cnl 3 028 IBlp 3 So (Byme (izen g dld (lidisny,; Shogad (wlol » & p Gy
IR362542/2, Restore50, Domsiah, MusaTarom, GHARIB3, Gil3, (oY Jols gy

Gharibsiahryhani, IR50maz, Line304, LINE229-2, Nemat, KMP41, DCL, Lebant, IR67017,
DomsiahSolymandarab, Dashtisard, Hashemi, Dolar, IR24, [R50, line831, IR3441,


mailto:hossein.sabouri@gonbad.ac.ir
https://orcid.org/0000-0002-6555-080X
https://orcid.org/0000-0003-4128-7952
https://orcid.org/0009-0006-0821-0274
https://orcid.org/0009-0000-9005-5213

RN,

YEo¥ 4&')&0& 9 ‘_gbbuw

wamsml,

AnbarboElam, CY, Mehr, Line213, Fujiminuri, Hasani, Ghasraldashti, TE, Sangtarom, Dasht,
g5 2bj)l e Bala g Azucina S I Jobs uY VY 4 line216, Vad, IR662320, Canhopatra, Usen

Dgdl oo oo (LS S53 plBd baes 5 olPay slrasly ) kel L6 wlscsy,
sl ) e 05 S LgalS S oSy Slaing acye jd b (ol 50 elitul 3)50 g5y (slaaily 1 gy g g0
03l b s 03,5 duns Jluzud cpysd g 0ylakiwl (g0 pguad SBUI Sl oalawl b Seilis gladily 51 Jlusus pglas
Cod 5 (835 o pd colus dams ((5)e (Jsb S Sluogas cpoad il slapn sl g MATLAB Jléle 5 5l
oot ol ool 52 by caisados (gl oblojludgs e 48 j) cals] ;3 05 zlyscl @l b gy Loy & Job

a5 ool (S5 15 oy bl g2

Il al gy adily o Oluogad 58 gl 4 pB g, cul a5 b Gl paad (Bily wbs il
2l bl cusly siilojlwrgs uas aud b i 258 ) Gluogas (pl (6505l0l ) sollas 3, Slae 35 daBlidrwes
oSy gl osilejlusgd (slaaddl ule (gauadsd e slaog)S )3 1550 9 Jsb (lidsn) sl Shg (ol]
308 g 4]y Slogas ol (Sits G5 Ll 186 uizmen 5 Cilisee sladiges (o

g5 il ly et g 2L ol enilojludss as &b olemdy psai (Bl edlitel 15 S domgid
CadeS S g meodlip ) Co e o3l (sladaly )3 Slgi o o9y nl bl @ lacsis) anadl g owlidesy,
b by lallas daciy (lulid ( Suibf g9 (b)) )3 odlitl sl 2V Judly 3)509) ol 565 )1,8 03latul 390 )3
ol > e el (S8 I3l G plsier Slgie 35 aBbasug lle )l g0 olpa slaasly g e o il
Sl Sy onime 5 (lidon, oSy il (s yidar s 0] Cligiog )3 39 o Moty 3,5 )8 0latsl 390 Ao
loosigs =) 5 (S5 Sluogad b o] bli)l 5 o1d bld snlojludgs as & bauwg (silodis » (2l 5 (K,
23)5 oy g ilie

(e S Sh s Al (SIS 5 (eile ol :0lganls

sing Wle £

uadgs Sl eges Bl drg (WW1T) Gusme lo) (gipe 15 (O Spgre Ol b @obrw LA
5 S o wlidisy) g5 b))l yglateas (SOM) osilejlusgs aSid g gl (3jl0y 5l ool b @y slocdsi
NYE (V) ool ol

Publisher: Research and Technology Institute of Plant Production,

@ Afzalipour Research Institute, Shahid Bahonar University of Kerman and
Iranian Genetics Society
© the authors

A

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



BN,

(YE+Y olimo F o ylowd ) 290) (RLS b5 g S dlmo

.

s,

Iy oo 0)5 Camen 5l o 5l i ol (13 a8 canl o > M o e | S (Oryza sativa L.) gy
(ol sloaskyy el o] )3 39290 (S5 95 ()l g @ Al Slacig (caaib g (alulid wd e JSt5
eoliicsy ) Slusgas (Cinar & koklu 2022) cul jlsy¢5 5 (oYU cucdl | Jgamo opl b ados 9 (K55 8D Lads
SySoilul i iy scuie (gandids o (gailil «atS st )3 phe sl bl g IS ol alas 5l sl
(Sultana et al. 2022) cul Slusl (clas b ol yod g saiiSatnsd cploj cdél Slooguasd ol (i
xS oIl (sl di3aeS 5 et (B85 @y 9y Su plgisdr Jlemd gl (B3l 6y5ld 3l sl b 5
Col 4855118 a5 3)90 M sloaily dlox 5l (555l Y gazme (ulidsy) g (Sojd Cluogad oSy o0
yobas 1) cdl 5 S5y (JS ol iSle b Shg 5l amwg i 2l ySenl (Sl (555U ! (Himmelboe et al. 2025)
b puiS (slociph) (sdndib (slp COl g S5, «gielshie o Shy S | eilojl o s S oo ealp Jlioms
s, 3l eslil L (Moses et al. 2022) 1) Ken 5 5550 < mien (Khan et al. 2024) 15,8 solzol Vi 8>
65503 dasite Slalllas cilie ooty 3905 (gadinb 1) o)l gzl el |y gy cladily (8L g (S5 sl Shg cpgas ooy
Sheng et al. 2022; ) 513,555 o3 Guos (5 3:53b g cpble (6 355L (sla g, 5l oolil b g (slaay g (sabdids 55

Razavi et al. 2024; Saxena et al. 2022; Jeyaraj et al. 2022; Din et al. 2024; Rajalakshmi et al.
(2024

9 odmo claodly Juloo (gly (saied 8 clalnl SOMY vac (cladSis ohgds « Souas (mas (cbaSud
Deshai et al. 2024; Farahnakian et al. 2024; Felizardo et al. ) suws gauasgs g Sl ololis (gamis
xiog,S )l S5 clacalus Lolul p 1) odld da oM 3y90 55y leMbl 4 5L g0 55,006 asius ) (2024
olbesn; g Shy ol » @ sedis) e ooy )3 (olulid > Ll SOM  as 4l o) ol 51 8
sladlas ,> (Makmuang et al. 2021; Weerakoon et al. 2021) »¢5 8y ddo ppguas (il 5l oddz] el
odlitl 2936 (glaceiy§ (saadyd g 3Slee (105G Sl (mas oSl dlox Sl iy Clwlre (ST Il

(Das et al. 2023) xs,8
Dy o Fyan phor it gl )i I GlF e s lagSll plulid 5 wlibsy, slaodly s (4

135 ile dile oaB s sl oSl g o ot o s oY odBC a5 (£ S0l A 93 &) Bias Loy ysS oy

1 Self-Organizing Maps (SOM)
2 Supervised
3 Unsupervised
;

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

AR XA 4‘:")&0& 9 ‘_gbbuw

wamsml,

M3 y18 o oy w5 i 5l (sl WS 3 ladiges (sanaib (gl ( bgdgilS mas claaSs ¢ Bolas S ¢ lutiy
S 4 e asuie gla WS )5 (gandads ¢ imgh pl Bus ¢ blis ;3 bl o hwe p lroald disjlo Ll it
Liakos et al. 2018; BiShop ) 54 aog,3 oyl o Laslgy S50 g lacwiess e pd adlisl g anb  wlibesu, clnog,S
(et al. 2006

4 g (Slpedld sinases K-Means sunases il sdisc )l (w8l (slaei yo3! 5l oslatwl gy oyl
bt Lol S o oanads iomo adgd K oliws 4 1) laools K-Means o601 &8 Jb )5 casl pwlio SOM uac
sl Shy sLad 5l gangd (Sjdas sl o SOM ae oSl ased ol ) badss (g (Siglns’ b))
MRS (Sobod > ditted and )OI & (wlibcsy) Hlai jl &5 pleade @il cpl ) amd o0 &) gamiiy
ool ol (S5 e85 2ol sl Jlossl 63l 42y SOM e 4 e )28 (glos pet (S ! -05,5 o0
) 4 gl ol Ban a5 b (> e 2 S oo s Camer Sl 5 58T (SiSe S0 g pulibis,
)5 OBl Lol 5,849, plgieas SOM 680l g o sl 5 55

ldedy) Sliogad glanl ¢l SOM pas 4l 5 pgal (535 o8 5 QWS s o ol J San
Slaogas ol 6503l sl @2, JlBley Ko (Byme izan 9 £55 b)) sglaieds ol (suuadsd g @y claaild
Colhe s Sho b sbewis] olold g gp Glacas) » (wldcsu) g95 s S)d 4 Slg oo o pl sl 039,

ol SaS L;)];;Mg Lg[m@l})f dl)t‘

g, 9 dlge
Ble g (6)sliS 0uSisly  Slhdod ac e 40 odlitwl 3y50 g (cladily (0l ploul wgols” UGS ol > iy oyl
Gil3, IR362542/2, Restore50, Domsiah, oY Jols zmyp lbcws) Had cus oSih ol b

MusaTarom, GHARIB3, Gharibsiahryhani, IR50maz, Line304, LINE229-2, Nemat, KMP41,
DCL, Lebant, IR67017, DomsiahSolymandarab, Dashtisard, Hashemi, Dolar, IR24, IR50,
line831, IR3441, AnbarboElam, CY, Mehr, Line213, Fujiminuri, Hasani, Ghasraldashti, TE,
9 Azucina 3 ;I Jols Y VY 4 Sangtarom, Dasht, line216, Vad, IR662320, Canhopatra, Usen

)I o3l L T L;LMJIJ u;.'v) )JyLaa .JJ..\;.J; o3lel d)l.))g)g.yzﬁ dl)f 9 AW L\> AMe )‘ asly c&uf:l.))g )I o Oy Bala
oeSe i (gly BAD d8)S g yte Bl Ve ol alols S ¥ sels, L (SONY,DSC-W100) CCD (490 S
sbad > pglai b okl ()3 p gl BT S )3 p9de o b it ysld (63l )98 i S 5l e Gline cieSTL

\4

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



BN,

(YE+Y olimo F o ylowd ) 290) (RLS b5 g S dlmo

.

s,

395 bl polie I oolil b HSV glias )3 5 HSV (clas & RGB (glias 5l pglaas Jlis) Jolis ()5 yiw lles
2y cbal Cuxdae ) askis vl yeS) 5l ealatul b (e b Bls gl GlLSL ple 5 Sy wdMe @l Gl Lsb
LA 08 gzl el adily I plas o 5l Lais s (wdid Gluogad «pand (sdidabad 5w 00,8 sl GBI L gl ya
Aoy a4 sk o Tpusin 550 % Cug)S apd WS iyt wolus dame (dye (g ol Cluogas ol
& AVD g Jloy balps ;> &l WYAY & bgsye (slaodls jl ¢ subios cpl (gl 098 ol pdaw o' o> % pwiin jlaB 8 oluo
S Cusl 55 Lls cd )3 18 cunadss cly (oye 9 Jsb sl Sy 5y » S peT g b ool (SiS AT byl
HUas] 590 g ubiane 4o 4L 039 (613 paiges (slas S casl s 93 o odelawddy (cladily JS dluws > as g bl gles
Slp guad B Sl o Lol el adllas 390 (slageisss o wlb 2,Sles g 2l JalS y (Sts (55 (Sofgdgn b
Sl )15 09,5 2 )3 005 ploliss (slagSIl Jlitel 2 (6,8b Cglis cl sl 48, Pl s g0y byl 93 51 S
Taw 2 5S)i S9y Joae S ojll (p S )i 4 Syn plad b Jsb g e Calis g yoye sk Jolid Jpaze S
e 02555 595 Jpamme 03131 (235 50 4 bawsgio Jlab b (08 i 5 ey 930 G| (] 0 oo 5 L 045 g0
29 s (595 Jobo 0055 ) 4 S8 b b cuales ¢prioman D9 oo 4l bl o (Jobo jgmo 2 2908 45 00 5

(Sheng et al. 2022) 5,5 o,lsl sl Jgamo o] (658 9 Jobo p 90 45 ;S gS o

Jsb
Lenght

Width

@ < Al

c b a
Coluo (g) 5 bmo () 0255 9 Job (W) @52 413 1 00l gl poin] owiid Clooguad Y S5
Figure 1. Geometric properties extracted from rice grain (a) length and width, (b)
perimeter, and (c) area.

. Roundness

. Sphericity

. Centroid

. Aspect Ratio

. Arithmetic Mean Diameter
. Geometric Mean Diameter
. Volume

. Surface Area

©® N O g~ W N -

A

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

YEo¥ 4&')&0& 9 ‘_gbbuw

wamsml,

S o ol peotimyhad L 1 il 051 At plaiel Yoano oS (65y5lS dlgo plo 5 oy S &S bl |
o s A &8 dw sl laicas L W T dlasly ol p3 () dlaly)) 3,5 dnolore 4o abasly 5l oolisiwl b g o 1y (wiinn Had
dges b p g3 4y 93 &S i &y Jsb 5 550 g
dg = (TWL)'/? (1) b,
o 8 1 (5 S0)lul el S50b Slooguas oy can 4 Cul sl 5 Ssilis ol oo ko
105 Aol ¥ dlay gollas
Do =(3)(T+W+1L) (V) ead
0,5 Jad aS(gysboas 095 4B ) i > L W (T (lajsome b (5)90 dw (65 (i S o> il &> o2 51
D)5 iy ) Oygods ol |y Cag)S s oSl adl 4l (L) e o (550 me
=1 (V) k]
oS Cul ol 0)8" Joazmo S5 loj Can] Jand 0,5 &y Jpaze S5 all 5S35 ) & Cag)S e 8 4> 0
S0l JglS (65598 Slge 0318) Caporg? (6lys ol (Sae &S o asls I K5 Sy a3l s o2 LC 9 b @ ki

235 o ,l,8 odlitwl 350 (SlSe olgs Slusle j3 a5 WSl o Aild e 2940

Ve =T K
05 Aol 5 by 51 odlizl L laasls ol pdaws
m.B.L%
A= 2L-B ) <&
B = (W.T)/? ) e,

plosl MATLAB R20158 5815 5 5 SOM v 4 jl oalizl b sanasios clles SOM omas 48

Sygods (95 b oje ol (Makmuang et al. 2021) cul b3 756 4 sbilojludgd puas 4l (5u80b o,e% 0
ol 1 s 33,5 e Jlas] 25 & X=X Xa) ooy G o e el 5 sk sas
bl 8,515 &y onilojlodgs e 45 ) olsion |y tlns alis gl jlino 33,5 o aseio 035y (39,5 @S 4L jlins
dasl) il wddlBl AL Hlre alaly el (w8l Alols g oo 418)5 ) & el Sl g5l )3 45 (G)lre (23 Sgene

il e (V)

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



BN,

(YE+Y olimo F o ylowd ) 290) (RLS b5 g S dlmo

.

s,

0%z % ) ©3939 Oloj o &yt Jb

L .z . . . g X =
(P9 ©Lp 49 ..).))SL;O A.u.ulsbo 4\5\“» )2 29>90 )mL& Ls"l‘” lJ

X —m.|[=minj|X —m
[ = m| =min{x -m | o,

: . e e s m ...m
(V) IS5 5> @2 o slogUl o Sl 0y (95 Bl ) laiged idlio gpe sloloyy 1 g oxiy g9y 0 S

] 005 03)91

Input
neurons

W

Competitive neurons pjls) Competitive neurons PGls) Competitive neurons P(ls)

(a) (b) (c)
230 eI b 5l oy gy LG1LY U8

Figure 2. Selecting the winning neuron from among the reference patterns.

25 b o] polie a5 Cul dlued (slag 5l (slacgeme ololid (o pl8 Wb Slolid odip gy &5 oKin

&S ol sl 0ty Johw BLbI > ( Sluos glad S Ol Jols (S5 0)b 039 S pl glyr ool 5,55y 90 S

0920 gy den (obmle Jold (6505 S (oo CS > (939)9 Cow &1 Sl el Sy L Elad ol 019 sloyg den

13 ol 0332 (335§ (3 yg3 b (olS e g 0y (g5 y3 e i (g3 ps oS (ol ] b s b 4SS
D9 il i) 99 i b o eluad 5 03 0195 (139 Cales

m, (t+1)=m, (t)+ a(t)- hye Ox(t) - m, (t)] (A) o

c e (t ey - . alt e M, (t x(t
Soluen &b ) st ol eyl 5 «lt) & lej 3 oIl @250 5o ’()‘towﬁwa;a)bx 0
23,8 o0 iy 5 Bl S5 @l bl & cunl

"kc _kr"2

her (t): exp(- )-

G(t)z (\ ) abail

\.

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

YEo¥ 4&')&0& 9 ‘_gbbuw

wamsml,

ke k, e R

. . . olt 7 = . . e -
P FS b gles ®) 9039 o) dluod g po slagSl g 0k (95 Sl iy wabaly ol )

S cwl gl ) e izl el Gom 55de Slagy S g (ligl eol Go 2)lse am il T e
D) o 0 ol s b 5 4 iy 3 350 55050 s Som LS it
G b Il Clinl Sygot IS Sl @)l g hjgel il CEIpS, 2alS Spga Tans Loy 5 039
SOM rae 4Sb gy ol )3 0,10 35 (b0l slogll (6,650L e syt loj 42 59 o (oo g 0391 ooy

w2 )oSl 5l ealiial b o (293 4N 5 gy 5l (sdmgd addl Sy g (ol (o, 9 Jobo U jblie) (639)9 &Y 15 (49,5 93 L

A ol bjgal LS5 Yoo b g (trainbu) JLb g (glatwd (S0l

(sl gazeo o g 585 el (Sl @y sloaily Sl yslas (B3l 3yl38N0 55 5 pgwad (03105 2
Y US55 ROB slid ;5 5 cslasils as] ypumi j1 (cligs Gl — ¥ S5 351 ol Iy sy, Cluosas ;|
Dt e Alajpey I A (6 R SSE d9ute 5 g SRR sl o w3 Galed |y HSV (gl 4y pogeat (ul b aoms
gl (el g 25,8 jasuio pgai )3 1) Laily CuBge Culbsn b (> 9 & — T JS8) savaddad g 4 el slaei )<l
3905 ol 8 1) 4l 2 (63,8 sl S

Sluogad dwle g polal Slssld (gl cebll 5o (¥ JS5) MATLAB Lo ) aidbaswss )l8le
Sp5oilal 3 (LS salFa g (o)) pole (lgmiils g (e sl Sl oo Il cl 15 Byl diaay ) polody ] aaily (puorin
Wil ke e slaail Glusgad 385 ¢ &y

9 ol p @y laail ganass sl SOM Luac < :SOM auas a5 gl (goudnigd o ls
oxd o3> b MATLAB Jl53ls 5 )3 SOM  uas aSs g0l 0 JSi5 50 b o3l jael (o5 5 Jsb o0lS (S
Ll

Sglite dlal L SOM pae aSs bawgs ol pbl slaciudded jlucl g cutS & IS0 )3 oad o0l L jloges
ool 5 ol loddgs i 5 (S5pid Lo (sly (6 lms ol Lasli S o dunlie gl Lasls 5l oslizul L I,
9 S & L) Cald adgd o slacl & ixe cpl 4 Al e Fysine gy aaB s oam L (V 4 Su35) YL
S 15 g Jloys Laslyd 93 2 (sl 295 00 0anliio yl3905 13 &S polailan 51 103 slaadgs slasl b (w5 JB ©glis
St Sy s & ol o 5 (Sl domts ) sl 0305 oLl 368 4 1y dghans el 5Vl aBgs 5 5l |
O P iae o5yl 5las 5l g WS oo Sl (98 (e gl g (29,5 019)0 Cled o |y Ol (e e lidE Sy 095 7

V)

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



BN,

Alexo

.

(VE+F oylino oF lawd ) 8,93) (ALS 531554 o kiS5

s,

Ll asyls Job LB 5,Slos 50 adigs A o ¥ L claaSis 4 51wl pols slaodly wlidcou, o chuog (glp e
3 5V aljliel (piomen g o Cgme (sdm sl o cly (g A ol gyl Jbi l ases £ L ks le Gl
Srwaly sl gl Jloy bulyd 3 (wlidcsn) g5 &5 2l cpl ;Sby Sl o 5 Lulpd b anglie 3 Jloy Ll
edn oS (5355 |y i, slangS o Syo il Sl 5 5Sanl 0l sl b ool (S0n (St 55 5 3

Aoles

? R |
., N, B
\ Y
h ¢ - N Q
b " I' - '
i f ' . @ <
’
n 0 s 9
. (@) (W) )
i | \
Nty S
\ R SR
\ \ $ * \
/I, 7 y
’ \ 0 ' -
Y ' \ o \ 7z
v ! \ /
f 4 § / Vi
) YV ros Ty
(@ (3) ©) (z)

SUaS 51 g2 Sails gl i 4 () RGB (gLad 5 g glaails adgl prguai () ¥ U

T SR gl guivazkad (5) pgnai 1> LA Curdgo i (g) < HSV sliad & RGB

Figure 3. (a) Initial image of paddy rice grains in RGB color space, (b) Result of
converting paddy rice image from RGB to HSV color space, (c) Detection of grain

positions in the image, (d) Segmentation of paddy rice image.
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Figure 4. (a) View of the software for measuring grain geometric properties, (b)

performing the software calibration operation, (c) calling up the image of rice grains in the
software, (d) software output as an Excel file.
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Figure 5. Training of the Self-Organizing Map neural network (a) The SOM toolbox App
in MATLAB and (b) the SOM topology.
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Figure 6. Comparison of the average Silhouette Score for evaluating the clustering quality
of self-organizing network (SOM) with three different structures (4, 6, and 8 neurons) in
normal, drought stress, and mixed data conditions.
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Figure 7. Output maps of the [1x4] SOM network for rice morphological data. a)
Neighborhood map of neurons (U-Matrix) under normal conditions, b) Neighborhood
map of neurons (U-Matrix) under drought stress conditions, ¢) Hit map under normal

conditions, and d) Hit map under drought stress conditions.
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Figure 8. Output maps of the SOM network with [1x6] structure for rice morphological
data. a) Neighborhood map of neurons (U-Matrix) under normal conditions, b)
Neighborhood map of neurons (U-Matrix) under drought stress conditions, ¢) Hit Map

under normal conditions, and d) Hit Map under drought stress conditions.
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Figure 9. Output maps of the SOM network with [1x8] structure for rice morphological
data. A) Neighborhood map of neurons (U-Matrix) under normal conditions, b)
Neighborhood map of neurons (U-Matrix) under drought stress conditions, ¢) Hit Map

under normal conditions, and d) Hit Map under drought stress conditions.
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Figure 10. Principal component analysis (PCA) plot to visualize the separation of clusters

identified by the SOM network with [1x4] structure in 2D space (a), with the optimal

structure [1x6] (b), with the optimal miner [1x8] (c) for rice lines under normal and

drought conditions. Each color represents a separate cluster.
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Table 1. Distribution of rice genotypes under normal conditions based on the SOM model

with 6 clusters

o 2 aigh S 5 slagyd a0 ol
Number of . : Cluster
lines Lines located in the cluster number
4 Gil3, (Azucina x Bala)294, (Azucina x Bala)200, IR362542/2 1
10 (Azucina x Bala)150, (Azucina x Bala)145, (Azucina x Bala)64, Restore50, 5
Domsiah, MusaTarom, GHARIB3, Gharibsiahryhani, IR50maz, Line304
9 LINE229-2, (Azucina x Bala)217, (Azucina x Bala)108, (Azucina x Bala)292, 3
(Azucina x Bala)261, Nemat, KMP41, DCL, Lebant
6 IR67017, DomsiahSolymandarab, Dashtisard, Hashemi, Dolar, IR24, 4
IR50, line831, IR3441, AnbarboElam, CY, Mehr, Line213, Fujiminuri, Hasani,
20 Ghasraldashti, TE, (Azucina x Bala)105, (Azucina x Bala)34, (Azucina x 5
Bala)72, (Azucina x Bala)73, (Azucina x Bala)84, (Azucina x Bala)104,
(Azucina x Bala)151, (Azucina x Bala)274, Sangtarom
6 Dasht, line216, Vad, IR662320, Canhopatra, Usen 6
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Table 2. Distribution of rice genotypes in morphological clusters under drought stress
conditions based on the SOM model with 6 clusters

i i > 85 15 o) o
Number . ; Cluster
. Lines located in the cluster
of lines number
2 Taromamiri, IR58 1
15 Alikazemi, Mirtarom, Domsefeid, Salari, P77, IR74720, P96, Ahmalitarom, Domzard, 5
fajr2, IR64, IR28, IR66232, Tarompakotah, Sangjo
IR30, (Azucina x Bala)182, (Azucina x Bala)51, (Azucina x Bala)42, (Azucina x
15 Bala)5, (Azucina x Bala)234, (Azucina x Bala)85, Binam, (Azucina x Bala)307, 3
MohammadiChparsar, DomsiahSolymandarab7, Anbarbouu, Ghashangeh, IR67715,
Arjantin
1 (Azucina x Bala)257 4

(Azucina x Bala)218, (Azucina x Bala)159, (Azucina x Bala)116, line30amol,
10 (Azucina x Bala)302, (Azucina x Bala)305, (Azucina x Bala)204, (Azucina x 5
Bala)169, Hasansaraei, Neda

(Azucina x Bala)270, (Azucina x Bala)265, (Azucina x Bala)286, (Azucina x
13 Bala)141, (Azucina x Bala)123, (Azucina x Bala)93, (Azucina x Bala)241, (Azucina x 6
Bala)224, (Azucina x Bala)114, NP125, IR4491, Norin, Zerehbandpzi
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