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Extended Abstract

Background: Given that some medicinal plants show high drought resistance, utilizing these
species can be considered a strategy to increase productivity and manage water consumption in
agricultural farming systems. Cumin is a suitable option for production in limited lands due to its
nativeness, the presence of indigenous and diverse masses adapted to the diverse weather
conditions of Iran, and having genes for resistance to drought, salinity, pests, and diseases. Despite
the valuable features of green cumin, no officially improved varieties of this plant have been
introduced so far; therefore, identifying and studying the genetic and functional diversity in the
germplasm available in plant gene banks are significant for breeding purposes. The main breeding
objectives in green cumin include increasing seed yield, improving essential oil quality with an
emphasis on effective medicinal compounds, and enhancing resistance to biotic and abiotic
stresses, such as diseases and drought. This experiment aimed to evaluate genotypes,
environments, and relationships between genotypes and environments, and finally to identify
stable genotypes with high performance and general and specific compatibility of cumin using
the GGE-Biplot graphic method.

Methods: To evaluate the seed yield stability of 36 cumin genotypes, an experiment was
conducted in a complete randomized block design (RCBD) with three replications in five research
stations (Jiroft, Mashhad, Birjand, Zabul, and Karaj) in 2022-2023. The seeds of each genotype
were planted in four rows with a row distance of 20 cm. To achieve a density of 100-120 plants
per square meter, the field was thinned with a distance of 5-7 cm between two plants on the line
in the 5-leaf stage. The plants were harvested at the ripening stage (80% yellowing of the plant).
The plants were pounded after completely drying, and the seeds were separated from the straw,
followed by calculating the seed yield per unit area. Data were analyzed using SAS and SPSS
software. The GGE-Biplot graphical method was used to analyze the stability of the studied
genotypes, interpret the genotype X environment interaction, and determine the super
environment.

Results: The results of the combined variance analysis based on the data of five environments for
grain yield showed that the effects of the genotype, environment, and the genotype xenvironment
interaction were significant. Analysis of stability was done for genotypes in different
environments due to the significance of both the environment and the genotype x environment
interaction. The results of GGE-Biplot analysis showed that the two main components explained
67% of the total variation of the genotype-environment interaction variance. Two macro
environments and the compatible genotypes of each environment were determined based on the
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polygon diagram. Genotypes G30 and G6 showed the best reaction as specific compatibility in
the super environment 1, including Mashhad, Zabul, Birjand, and Karaj. This super environment
allocated almost four of the investigated environments located in the warm climate of the south
and the temperate climate of the country, with the exception of Jiroft, which indicated the
importance of determining this super environment. The second super environment included Jiroft,
and the G35 genotype was identified as the superior genotype of this environment with specific
compatibility. Based on the biplot, genotype G30 was the ideal genotype, and then the genotypes
G24, G31, G5, G26, G6, G33, and G32 showed the smallest distance from the ideal genotype. In
terms of both average performance and stability, therefore, it is better than the other genotypes,
and they presented high general compatibility in the studied environments. Based on the results
of the biplot of the ideal environment, the Mashhad environment showed the most differentiation
and was found to be the most suitable environment to compare cumin genotypes.

Conclusions: The necessity of using stable cultivars with high yield potential has always been
considered due to the current climatic conditions of the country and the persistence of drought
and water shortage in most parts of the country, especially in hot and dry regions. In this research,
stable and superior genotypes were clearly identified graphically, which shows the appropriate
efficiency of the GGE biplot method for selecting high-yielding and stable cultivars. The
Mashhad environment can be introduced as a favorable environment for selecting the best cumin
genotypes. Based on the total results, G30, G6, G5, G26, and G35 genotypes were identified as
suitable and ideal choices for cumin in the regions due to their higher seed yield, stability in
performance, and general and specific compatibility. These genotypes can be evaluated in
research and extension trials under farmers' conditions, and the superior genotype(s), compared
to the local check, can enter the process of introducing new cumin cultivars.
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1300 50°97 28935’ 2473 14.1 10.4 22 Karaj
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489 41°1° 31054’ 50.8 22.0 14.6 29.5 Zabol
702 57°66° 28°91° 220.2 25.97 17.45 34.48 Jiroft
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Table 2. Cumin genotypes prepared from the National Plant Gene Bank of Iran.

Lise i G55 o)led Lo % i) oylad L i i) oyled
Source Code Ger;\%ype Source Code Ger;\?(t)ype Source Code Ge]%\?éype

TorbateJam2 TN-146 G25 Birjand TN-90 G13 Bafgh TN-2 Gl
IPK TN-172 G26 Birjand TN-92 Gl14 Khorasan TN-11 G2
Taibad TN-28 G27 Kangan TN-107 Gl15 Mehriz TN-15 G3
Ferdos TN-45 G28 SBZ TN-118 Gl6 Naein TN-17 G4
Ferdos TN-61 G29 TorbateJam5 TN-119 G17 Ferdos TN-21 G5
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Loy duloes (V JSU) A o line G25 , G33 (G4 (G31
Bl g 5955 ame e dw (uiblg) Slape (50l
Olyss odas a5 0b L Ll gooome 4 lae X i}
Bd A s uwlyly dowy 4 sl 3 35340
Aoy 8 bewisl om olbly 5 (o) AVITA)
) xgs VID 5 VP ity Laes X iy Ml
Lo gl Sy (Y Joda) 8ol olamsl sgs oy |y &l
2 Gy Dbl cel &5 Cunl alase 45 sniad i
sla ool )3 lie plo .Cal oad lacuigs; il 3,Sos
ke BB as ) bz Sl as o L des lesenis
by oladl sgda 1y oald 2 250 Gl
.(Mortazavian et al., 2018 :Mengistu et al., 2023)
> g 51 syl S5k (i 92 e slo e
algie s ok 13 oLl (oye 9 Jsb s
Ghazvini et al., ) x5l bewe; 5,Slee M YD

.(2019; Sheikh et al., 2022

ol oy als 5Slas S 0 uilylg 58 =W
) JHS Ry 5 e (g Al )l iz
Dsme 2oy S i paw 53 il 5 Slos (4l oo
QU5 bome X gl Jlie Bl )08yl gne (Y Jg2) 092
Oglate sl )y bewis) a5 dg cllas ol sdimd
O AN Ko Gl 4 g Wdb s Salate slagwl
& s Gl R (e 4 o by
Gglite pallas )35 L g bagyj glie Zuoly J> & Wl e
Falconer, 1981; Jafari ) ail calises slalascs )5 Ll
slo @l b odol Cuwdds zW (& Farshadfar, 2018
Alavi-Siney et al., 2024; ) >o ol > )| Kiwg}
Azizi & Mirmiran, 2023; Mortazavian et al.,
(2018

ol o opSike dumlin (90]] 5 bl
3, Sas (YL g o3 O e o bize M JBlas
G12 G632 G35 G6 G24 G300 slacuisss 4o 4l

cilizes glalasrs §3 juw 0y) cuisl) a5 Slas 8 po (il ylg &30 Y ol
Table 3. Combined analysis of variance for grain yields of cumin genotypes in different environments
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Total variation (%) Mean square Degree of freedom Source of variation
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Environment (E)
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**significant at the 0.01 probability level.

oy Y Jleis ] e )5 Iy gine **


http://dx.doi.org/10.61882/jcb.2026.1597
http://jcb.sanru.ac.ir/article-1-1597-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 ]

[ DOI: 10.61882/jch.2026.1597 ]

OWlSen g (U8 Lo e
VF-0 /N ojlads [pmaoma Jlo [ oly5 LS eMol 4ol jiags

A5\
160 -
<
150 >
~
= S
140 - 3. 2
%Nﬁlaof =SS .
A E L g P
2§ 120 = el =
o= 2 g alid
] = 023
3= 100 & oL
5, 2 N 2
B2 9 | I
80
70
60 -
R
[CACRCRGRG)

105/66

G15

0
~
el
=
x <t
9 0 v
v % F
on \O = o
— =3 —
> = e
O & 5 — 9
aS O < A
o g 0 —— SN
= © SN IS S — R —~ 0
S~ = O oo — — N
TNV X0 +F & =
—_~— X o — 00 o~ N
S — > = — — wv ~ —
— % N D — — O = ~ —
SEeS aE s ©
T Qll = =
S
—
—
~
<t
(o))
O~ OO — AN NTVO-ONOS AN VO
e AN AN AN AN AN AN AN NN NN
VOV0VVLLVUVVVLLVVLVVVLLLVLYY

adlllas 3)50 Laeo gy )3 (o) 3)90 o 05 Slaceiy) b 3 Slas (pSSlee =) S0
Figure 1. Mean seed yields of cumin genotypes evaluated across five studied environments
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Figure 2. Determination of superior genotypes in different hyper-environments by using the polygonal diagram (GGE
biplot) based on grain yield.

G32 5G33 G6 G26 G5 G31 G24 slacuis; o)
bl g Bl 88 Sl cuigy I 1) Aol o pies
O Olgsd g s (VL 3 Shee (5)luk 5 (1SKke
«Jlis ;5> (Yan & Rajcan, 2002) s aslis ewiess
G29 5 G34 G7 G21 G10 G2 G8 slacws;
Olyisd g 2l (23 Slojl gl 1) alols it
P Fr sbog) Bg adlas (pl )3 Cllael sy
sl il yd 1 g 00y18 b > culS (gl gl a2 0
douto gl oI5 sladoliys yo Wy lais s pad dnyd 13 g
.b’)j )|)§ odlal dy90 Ju)lyu.a J)SLQ.C 9 &6k Qb}w
Jlosl s b buwies duwlie (Sheikh et al., 2022)
Ohlen 5 52wy ilisee o])5 Y gae sl (0558
OhlSer 5 Fud wudw Lol o (Firew et al., 2019)
Jafari ) ,8 55,3 5 (5,02 9 MBL > (Sheikh ez al., 2022)
Gholizadeh ) ;,.u8 g b puiS j> (& Farshadfar, 2018
GGE-Biplot o5, jl eslawwl L (& Khodadadi, 202

JOM PSRN

5 y) 5238 o)l iz} )l iy alold s (sl

J53) 3 30zl oyl i3 ogad J (3 slliia g
b5 48 dumlio is GGE g, 503 2,5 (¥
S &S gy (7 JSS) cosl Jlonl coigs Ko L
b loss don ) aS” Cunl wieif )b )8 35 sallisio ylgo
Yan & Rajcan, ) col Sl lillas 93l 1y 0, Slee oy YL
Slgs o Lol 02,05 0939 (oieif cpin Jos )0 4> ,51.(2002
2 29b odlatul bewis 2Ll sl @ S lyea
w95 {Yan & Rajcan, 2002) S8 5 b 5,155 bl
Yo oI PCL a5) & casl (o8 o)l gl plyisas
ST PC2 a5, 5 (lalams plai 3 Yl 3 Shos )55 ol
il (e s > Yl 38kec (5L i b S8
o9 oul JH) alol (5S35 oS (e il
35dise gt J i) S olsiedy Aik anih 28
G30 wigi & IS5 ,» (Yan WeiKai & Hunt, 2002)
ol g o)l (0 Jlon) g Sl Alols (a8
Sam ad ololid adlas (ol ) Gy cnowlie Glyie


http://dx.doi.org/10.61882/jcb.2026.1597
http://jcb.sanru.ac.ir/article-1-1597-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-18 ]

[ DOI: 10.61882/ch.2026.1597 |

ARR!

e g old Loy e

NOT

-50 ~G2
~G8

C2 = 32%. Sum= 65%
Scaling = 0. Centering =2

*G12 “G24 _3' MSH
*G28 :

*G29

Vo0 /Y o)l fpmizn o/ sly; oS oMol 4k jingss

*G30

*G33
" G32

~G18 "G4 = G35

*G3

~G34

T T T T T T T
-60 -50 -40 -30 -20 -10 0 1

T T T T T T T T T T T T
0 20 30 40 50 60 70 80 90 100110120

PC1

Sl o5 il eolisl b gy 4l 5 Slas 5 5)lul Clogas ol p Sl Cuigif b ey dulio 5 (sands, - S
oM<l GGE

Figure 3. Ranking and comparing genotypes with

the ideal genotype based on the stability and grain yield

characteristics of the genotypes by using GGE biplot graphical analysis
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