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Evaluation of adaptability and grain yield stability of rice (Oryza sativa L.)
promising lines using GGE biplot
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Table 1. Code, pedigree, plant traits and grain properties of rice cultivars and promising lines

Er s
Rice genotypes
Gl G2 G3” G4 G5 G6 G7 G8" G9 G10 Gl1
W g Sns s A Sliv /1RG0 b/ IRB0// sozls obad 5 5/ 5 B el 538 B Lol ugslS B Lo ugslS Stk o sslS ol 5 -/ folss S s oS
Plant traits and grain properties Hashemi/IR60 Hashemi/IR60//Hashemi Domsiah/Khazar//Khazar Alikazemi/Kados Alikazemi/Kados Alikazemi/Kados Deylamani/Kados Domsiah/Khazar// Domsiah Khazar Hashemi Guilaneh
Plant height (cm) <5 gl 1118 116.8 128.7 1225 133.8 1319 1226 120.6 117.1 1422 104.6
Days to maturity S, b 55, 123.0 124.4 1221 123.9 1254 1245 1253 1234 129.0 118.6 1233
Grain yield (kg-ha?) «is s Sl 5480 6990 6510 6490 5610 5880 7250 7400 5120 4600 6240
Milling recovery(%6) J;s olesls 69.6 704 67.2 65.8 67.2 704 721 67.2 65.8 68.9 70.6
Head rice (%) PUWPRE 56.8 59.6 50.9 51.2 489 53.1 58.4 52.2 54.3 57.9 58.4
Grain length (mm) als J b 7.3 7.7 74 7.7 71 6.9 71 71 7.3 74 7.0
Grain width (mm) il o e 2.23 1.98 2.14 2.02 2.26 213 1.96 1.87 2.00 2.03 1.96
Amylose content (%) «1s ;T 211 218 220 224 219 222 220 22,6 221 20.5 213
Gelatinization temp & 5Y5csles 3.25 3.63 3.96 4.17 7.00 6.88 471 4.04 484 3.75 4.46
Gel consistency (mm)  Jjls 39.0 65.0 40.0 55.0 31.0 30.0 42.0 53.0 49.0 42.0 38.0

Parents of each line from left to right are maternal and paternal parents, respectively
* Double backcross with maternal parent
** Double backcross with paternal parent

Ln 6o Ay 5 sl Wy s ja Sy 4 o 51 Y a ol
Lg):\»JJljk{&fﬁbéw)\{,:*
oy My b 228 3L
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Table 2. Code and specifications of experimental environments

Year J..  Location o Code iy

2018 w4y Rasht cs, E1 Jsl s
2019 vaa  Rasht o, E2 35 Lo
2020 yvaa  Rasht ca, E3 p g James
2018 vav Chaparsar .,» E4 poler Loee
2019 yvaa Chaparsar ,.,> E5 oo Lo
2020 yvaa  Chaparsar .,> E6 JEN P

ST 6l ol eSTs gla S5 5 ¥ Jsir
Table 3. Soil properties of experiment sites

) B
Rasht Chaparsar
EC (dSm?) S s0eslas 1.91 0.77
pH & sl 6.9 7.24
K (mg.kg?) by 302 132
P (mg.kg™) i 21.1 20.2
N (%) RETEN 0.22 0.4
0.C (%) TS 2.01 441
Sand (%) R 10 28
Silt (%) e 34 41
Clay (%) ) 56 31
Texture sl Clay .., ClayLoam ., .
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Table 4. Mean comparison of grain yield (kg.ha) of rice cultivars and promising lines in each environment
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G3 6480ab 5860abc  6650abc 6540b 7070 abcd 6480 abc
G4 6220 abc 6630 ab 5670 bc 8000 a 6020 ab 6390 abc
G5 4670 c 3510¢e 6010 abc 5950 ¢ 7280 abcd 6230 abc
G6 5190 bc 4030 de 6480 abc 7520 ab 6300 bcd 5790 bc
G7 7020 a 6890 a 7830ab 7030 b 7360 abcd 7390 ab
G8 6350abc 5330abcd 8020 a 6700 b 9600 a 8410 a
G9 5150 bc  5130bcde 5600bc  4140d 5790 cd 4890 ¢
G10 4760 bc  4800cde 4730c 4380d 4550d 4380 c
G1l1 6110abc 6220abc 5590 ¢ 5710 c 8490 abc 5300 bc
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Means in each column followed by similar lefter(s) are not significantly different at 5% probability level, using Tukey’s test
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Rice genotypes  Rank of the grain yield Rank of the stability yield and stability Final rank
Gl 9 3 6 6
G2 3 5 4 3
G3 4 2 3 2
G4 5 6 55 5
G5 8 8 8 9
G6 7 7 7 8
G7 1 4 2.5 1
G8 2 6 4 3
G9 10 1 55 5
G10 11 2 6.5 7
G11 6 4 5 4
Y4y


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.6.2
https://agrobreedjournal.ir/article-1-1166-en.html

[ Downloaded from agrobreedjournal.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15625540.1400.23.2.6.2 ]

AP AP O 5 e s Shee (550G 5 68 50 oL 3,1"

035 o sllas Slas Olgie 4 015 on ) S 55 o sllas
= 153 (Yan and Kang, 2003) sl> | 3 eslizul 3 50
7S e opdlas i g Sl ol s L S e
&JJTW\PUML@;M(\;)@M&&LQ;
P8G5 BT 85 sy ol 510 JS8) A e
G sdbe il pl s es s o sdlae 085 4 3
A ald (ST o) 5 S 55 S o i 85
G6 G11 G4 G3 G2 G8 slaccs 55 0T 3| s
laol Kl 53 oS i ils |5 G10 5G9 (G5 Gl

353 S slan 5 51 sk

Aol o ol oy g llan 55 s e

S5 s 5 (o p sllan 5 5 e 5
3313 J,3AEC B jsoee 55,45 S S o uls LV
S 55 s OLES (ol 0313 OLES OIS ¢SS L
3 g h iy %5 slme 93 Ay 4 45T el o pllas
o g Al besls ST s 5 Shes b lyls -l
3 8 S 5AEC 3 s 5,) il lasl Sl
ol o s e S8 Dy g sllas o) e (UL
0l 03 e 50 Olse 0 OT 1 0l5 e 225
5 5 e A Ao S eslinal 0B

Model 2 PC 1 =61% PC 2 =21% Sum = 8%
24— E
16—+
cs E
G11 o
0.8-
P 61 G3
C G10 G9 /,_'}'/'———
2 0
E
08 =
E B2 -
G6
1.6~
G5
T T T
-3.2 24 -1.6 -0.8 0 0.8 16 24 3.2 4
PC1

Colls 555 L s Glas 5 A lae Y IS
Fig. 3. Comparison of Rice genotypes with the ideal genotype

Blods aals QL B o Ll oes 5 G O b e 555 .ol 0l 0305 0Lis 015 &S5 5 &5 557 0 05 &S5 b o sllan i 535
The ideal genotype is marked with a small circle and an arrow. Genotypes are shown by G and environments are shown by E

35—t 9 0 Pt Sl pas L s
oS 5 bt ol sl oy b Sl ey S

Sl 55 35 S )3 0 8 S 0V 0T 5 Shas
Iy O e as) olns oms o35 (S 51 Jol-GB
oy M5 Olsean) 555 o35 5 (Slosss sl
ol e 03 (W Jol G2 5 (o it
IR60 J gase 5 085 5 (Slos 95 653k Als Ol sie0)
S 3 03 g (ot (5 a1y Ol pieay)
2 S oS FA SVF s LaoT 5 Shee

o Slo e ple oS 55 pl i S

Vay

S 5 dmi

3 8es slise p Olejor (sizas) I Jool gl

s 0L O pllas 55 L i 5 (6l 5 4l
S 55 0T 5l oy 503567 G55 in &S
G7 i 5.0 Jsds ) dsls |, 5G2,G8 (G3
2L Jsmaa 5 0ol 055 (SO 1 fol-
s 3035 Slakis CoiS s e o L
05 S VYO (Ladaome aen 53) OT ils 3 Shee
=55 Wl ol G3 N PO I U
Lo 5 oo 5 obmed (Ao 0y 5 555 J s


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.6.2
https://agrobreedjournal.ir/article-1-1166-en.html

[ Downloaded from agrobreedjournal.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15625540.1400.23.2.6.2 ]

Ve Olls (¥ ojlad g g 5 Syl 011 215 ke 48"

e 28 e sl s sl ) bl (3, K

S Sl
oslod Gladss ofg 4y b o s dllis )
ol "4“"‘;,“', A 98 D gn20 A2 A SETRF SR XA ST
QJH)JUJT‘QL&:&’JOL‘)\-*‘)M" cj_’
Sl Gl Colem Sl dhow sy b il o (65,558

355 r Sl SRl OT

References

tr Sl gas 5 (S B 5y sla ile o)
G3 5G7 la s s) . Lss aliv (kS oS s
oJ5plsd e e Fr 5 FY LGkl sy YY/04
\/0\’3 V/Zy Ol L;.:;"Yj LSLAJ“/Q‘f)\C/V\ oJ_o.;
s 5 a) el s bkl ((&ls Oas s sk O 5
Al Y o) wqu.a.’dc(w)sf\’/" PRAZA
BIBTSRAMANRA AR w)‘k_aﬂj:s‘j(&?/—;:}sjjﬁ

Olse 4 B ,ae LB 4(54-:“)\545‘)5')5 b

oolalwl 3590 &b

Akter, A., M. Jamil Hassan, M. Umma Kulsum, M.R. Islam, K. Hossain and M. Mamunur Rahman. 2014.
AMMI biplot analysis for stability of grain yield in hybrid rice (Oryza sativa L.). J. Rice Res. 2: 126.

Allahgholipour, M. 2016. Genotype X environment interaction effect in rice genotypes using GGE Biplot.
Cereal Res. 6 (1): 1-14.

Allahgholipour, M., M. Kavoosi, M. Hosseini, M. Yekta, M. Sayadi and M. Poshtiban. 2019a. Anam, a new
rice cultivar obtained from breeding the local cultivars. Shalizar. 1 (1): 33-38. (In Persian).

Allahgholipour, M., M. Kavoosi, F. Majidi, M. Yazdani, N. Sharafi and H. Shafieisabet. 2019b. Gilaneh, a
new rice cultivar with origin of Iranian landrace varieties. Res. Achiev. Field Hort. Crops. 7 (2): 277-289. (In
Persian with English abstract).

Anonymous. 2002. Standard Evaluation System for Rice. International Rice Research Institute (IRRI), Manila,
Philippines.

Azam, M.G., M.S. Igba, M.A. Hossain and M.F. Hossain. 2020. Stability investigation and genotype x
environment association in chickpea genotypes utilizing AMMI and GGE biplot model. Genet. Mol. Res. 19
(3): gmr16039980.

Darai, R., A. Sarker, R.P. Sah, K. Pokhrel and R. Chaudhary. 2017. AMMI biplot analysis for genotype x
environment interaction on yield trait of high Fe content lentil genotypes in terai and mid-hill environment of
Nepal. Ann. Agric. Crop Sci. 2(1): 1026-1030.

Donoso-Nanculao, G., M. Paredes, V. Becerra, C. Arrepol and M. Balzarini. 2016. GGE biplot analysis of
multi-environment yield trials of rice produced in a temperate climate. Chil. J. Agric. Res. 76: 152-157.

FAO. 2017. The State of Food Security in the World. www.fao.org

Jadhav, S., D. Balakrishnan, V.G. Shankar, K. Beerelli, G. Chandu and S. Neelamraju. 2019. Genotype by
environment (GXE) interaction study on yield traits in different maturity groups of rice. J. Crop Sci.

Biotechnol. 22 (5): 425-449.

140


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.6.2
https://agrobreedjournal.ir/article-1-1166-en.html

[ Downloaded from agrobreedjournal.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15625540.1400.23.2.6.2 ]

AP AP O 5 e s Shee (550G 5 68 50 oL 3,1"

Jain, B.T., A.K. Sarial and P. Kaushik. 2018. Stability analysis utilizing AMMI model and regression analysis
for grain yield of Basmati rice (Oryza sativa L.) genotypes. J. Exp. Biol. Agric. Sci. 6 (3): 522-530.

Lingaiah, N., B.S. Chandra, V. Venkanna, K.R. Devi and Y. Hari. 2020. AMMI bi plot analysis for genotype x
environment interaction on yield in rice (Oryza sativa L.) genotypes. J. Pharmacog. Phytochem. 9(3): 1384-1388.

Meng, Y., P. Ren, X. Ma, B. Li, Q. Bao, H. Zhang, J. Wang, J. Bai and H. Wang. 2016. GGE biplot-based
evaluation of yield performance of barley genotypes across different environments in China. J. Agric. Sci.
Technol. 18: 533-543.

Mohaddesi, A., R. Erfani, P. Sharifi, H. Aminpanah and A. Abbasian. 2017. Studying the relationships
between yield and yield components and stability of some of rice genotypes using biplot method. Cereal Res.
6 (4): 411-421. (In Persian with English abstract).

Mostafavi, K., S.S. Hosseini Imeni and M. Firoozi. 2014. Stability analysis of grain yield in lines and cultivars
of rice (Oryza sativa L.) using AMMI (additive main effects and multiplicative interaction) method. Iran. J.
Field Crop Sci. 45 (3): 445-452. (In Persian with English abstract).

Moumeni, A., A. Mohaddesi, M. Amo-Oughli-Tabari, F. Tavassoli-Larijani and V. Khosravi. 2019.
Stability analysis ang genotype environment interaction for grain yield of rice (Oryza sativa L.) promissing
breeding lines. Iran. J. Crop. Sci. 20 (4): 329- 344. (In Persian with English abstract).

SAS. 2002. The SAS system for windows. Release 9.0. SAS Institute, Cary, NC.

Shapiro, S.S. and M.B. Wilk. 1965. An analysis of variance test for normality (complete samples). Biometrika,
52 (3/4): 591-611.

Sharifi, P.,, H. Aminpanah, R. Erfani, A. Mohaddesi and A. Abbasian. 2017. Evaluation of genotype x
environment interaction in rice based on AMMI model in Iran. Rice Sci. 24 (3): 173-180.

Yan, W. 2002. Singular-value partitioning in biplot analysis of multienvironment trial data. Agron. J. 94 (5): 990-996.

Yan, W. and M.S. Kang. 2003. GGE biplot analysis: A graphical tool for breeders, geneticists, and
agronomists. CRC Press, Boca Raton, FG, USA.

Yan, W. and N. Tinker. 2005. A biplot approach for investigating QTL-by-environment patterns. Mol. Breed.
15 (1): 31-43.

Yan, W., P.L. Cornelius, J. Crossa and L.A. Hunt. 2001a. Two types of GGE biplots for analyzing multi-
environment trial data. Crop Sci. 41 (3): 656-663.

Yan, W., L.A. Hunt, Q. Sheng and Z. Szlavnics. 2000. Cultivar evaluation and mega-environment
investigation based on the GGE biplot. Crop Sci. 40 (3): 597-605.

Yan, W., M.S. Kang, B. Ma, S. Woods and P.L. Cornelius. 2007. GGE biplot vs. AMMI analysis of
genotype-by-environment data. Crop Sci. 47 (2): 643-653.

Yan, W., Q. Sheng and Y. Hu. 2001b. GGE biplot: an ideal tool for studying genotype by environment

interaction of regional yield trial data. Acta. Agron. Sin. 27 (1): 21-28.

Vas


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.6.2
https://agrobreedjournal.ir/article-1-1166-en.html

[ Downloaded from agrobreedjournal.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15625540.1400.23.2.6.2 ]

Ve Olls (¥ ojlad g g 5 Syl 011 215 ke 48"

Evaluation of adaptability and grain yield stability of rice (Oryza sativa L.)
promising lines using GGE biplot

Hosseini Chaleshtori, M., H. Rahim Soroush?, M. Allahgholipour3, M. kavoosi*,
M.R. Yazdani®, F. Majidi®, K. Tajaddodi Talab’ and F. Danyali®

ABSTRACT

Hosseini Chaleshtori, M., H. Rahim Soroush, M. Allahgholipour, M. kavoosi, M.R. Yazdani, F. Majidi, K. Tajaddodi
Talab and F. Danyali. 2021. Evaluation of adaptability and grain yield stability of rice (Oryza sativa L.) promising lines using
GGE biplot. Iranian Journal of Crop Sciences. 23(2): 184-197. (In Persian).

The investigation of adaptability and grain yield stability of promising lines is important in dvevelopment
and release of new cultivars. Eight rice promising lines developed by crossing local cultivars including;
Hashemi, Domsiah, Alikazemi and Deylamani with improved cultivars including; Khazar, Kados and IR60 with
optimal yield along with Khazar, Hashemi and Guilaneh as check cultivars were evaluated using randomized
complete block design with three replications in six environments (years 2018, 2019 and 2020 and locations
Rasht and Chaparsar), Iran. The results of GGE biplot showed that the first component (main effect of genotype)
and second component (genotype x environment) explained 61% and 21% (overall 82%) of the total variation in
grain yiled, respectively. The results of ranking based on grain yield and yield stability together and in
comparison with the ideal genotype indicated that the most superior genotype was G7 (Deylamani/Kados),
followed by genotypes G3 (Domsiah/Khazar//Khazar), G8 (Domsiah/Khazar//Domsiah) and G2
(Hashemi/IR60//Hashemi). Therefore, genotypes G7 and G3 were selected as the most adaptable with yield
stability for being released as new rice cultivars for target environments. G7 was developed from a cross
between Kados, an improved and high-yielding cultivar, and Deylmani, a local and high-quality cultivar, with an
average yield of 7.25 + 0.14 tons per hectare. G3 was dveloped from a cross between Khazar, a high-yielding
cultivar, and Domsiah, a local cultivar. G3 was bred with the aim of maintaining the favorable characteristics of
cv. Khazar and improving the quality of its cooking through cross with Domsiah, and its average yield was 6.51
+ 0.21 tons per hectare. Both genotypes G7 and G3, with high grain quality (amylose content of 22.02 and 22.09,
gel consistency of 42 and 40, gelatinization temperature of 4.71 and 3.96, grain elongation rate of 1.60 and 1.57
for genotypes G7 and G3, respectively) and medium maturity (125.34 and 122.14 from sowing, respectively) can
be released as new rice cultivars for target areas.

Key words: Amylose content, Grain quality, Rice, Yield stability analysis and GGE biplot
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