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Introduction: Pearl millet (Pennisetum glaucum L.) is one of the most important crops in
warm and arid regions, playing a key role in food security across arid and semi-arid areas of the
world. Due to climate change and increasing environmental fluctuations, the need to develop
high-yielding and stable hybrids has become more crucial than ever. Given the nature of cross-
pollination and high heterosis potential, the development of hybrid cultivars is the main
breeding strategy in pearl millet. Hybrid varieties of pearl millet can significantly enhance both
yield and stability under diverse agro-climatic conditions. However, it is necessary to assess
genotype x environment interaction (GEI) for selecting superior hybrids in different climatic
regions. The objective of this study was to evaluate the stability of promising pearl millet
hybrids and to identify stable, high-yielding, and well-adapted hybrids for the target regions.

Materials and Methods: The plant materials consisted of eleven promising pearl millet
hybrids along with the check cultivar ‘Mehran’. The experiment was conducted in a
randomized complete block design (RCBD) with three replications across eight environments
(four locations, Karaj, Birjand, Isfahan and Zabol, during two cropping seasons, 2022 and
2023). The traits evaluated included days to 50% flowering, plant height, panicle length,
panicle diameter, number of tillers, 1000-grain weight, and grain yield. Statistical analyses were
performed using SAS software, and mean comparisons were conducted using Duncan’s
multiple range test. Stability analysis was also performed using the Lin and Binns, rank-based
stability parameters, and GGE-Biplot methods to identify stable and high-yielding hybrids.

Results and Discussion: Combined analysis of variance and comparison of means revealed
significant genetic variability among the pearl millet hybrids for all studied traits. The effects of
environment and GEI were also significant on all measured traits including grain yield. The
results indicated that the studied genotypes exhibited both crossover and non-crossover types of
interactions. Comparison of means showed that two hybrids H794 and H824 with 8.41 and 7.81
t.ha, respectively, produced the highest grain yield. The results of the stability analysis using
rank-based, superiority index, and GGE-Biplot methods showed that two promising hybrids
H794 and H824 had the higher grain yield and stability across all studied environments.

Conclusion: This study clearly demonstrated the potential of exploiting heterosis in pearl millet
to produce high-yielding hybrid varieties. The results indicated that all evaluated hybrids
outperformed the check cultivar ‘Mehran’. Introducing these promising hybrids could
significantly enhance the national average grain yield of pearl millet. Moreover, considering the
ongoing water scarcity crisis in the country, the dissemination of high-yielding and drought-
efficient hybrids could encourage farmers to cultivate this low-water-requirement crop.
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Table 1. Pearl millet genotypes studied in this experiment

Genotype Pedigree Genotype Pedigree
H294 ICMA 93222 x SPII4 H543 ICMA 95222 x SPI1I3
H314 ICMA 08999 x SPII4 H563 ICMA 97444 x SPII3
H333 ICMA 09888 x SPI113 H604 ICMA 04999 x SPII4
H353 ICMA 00999 x SPII3 H794 ICMA 98222 x SPII4
H444 ICMA 89111 x SPII4 H824 ICMA 04888 x SP114
H504 ICMA 94222 x SPI14 Mehran (Check) -

YA#



VE ¥ /o lez oyleds /o35l 090 [ wlabon

sheme £55 4 lails 5l laay e STy )

Jeere o3, 9 (Temesgen et al.,, 2015) Loy o
3G ol S aS al 155 (Zhang et al., 2016)
Aol e Jawgd IS il ly 5l de s AP 5 AR
Slic Glp buSen, wbjly )l gne rizres
oamsplis (als o Sles slp oRgd) oy Sype
Lulys o galsye 0ol ey Sgline slaguly
3, las ;o Oglas slowl 4y poie a5 cl il aoe
Sebige it laluze o lacudsly onas, s
5o b aiSen il ,ly 5,5 (Fikere et al., 2008)
45,5 &0 Slalllas gl b s by b ali
(Lakew et al., 2014) &, 4 (Shiri, 2013) &,5 o
5 e slalase j0 0 Slae flug il calae
SErre 9 Sl o e g Goigi (Sen S92
Sl Fge Baa glalame asgerme lp boudsi)
(Dawson et al., 2011; Miko et al., 2014)
axi sly oy z 3590 Slcade) (ke anlis
5 &y Fe S axhy Sl g gl (a8 b )
ST Sy 5 (e Jpame Olsiea) b o Slac
DIFF als o Shos sl talesT S cnfilos .canl o0
sald (3, o, Sles b (gob; B a5 09 LS o 05
@ily 5,Sles Cio lp il (LS o o5 Y YP)
H504 H604 H824 H794 _isuossl oy ,emp i
s 5 g 3,Skae gl s jay H294 4 HA44
Sy W)l omizmen ivg Gialesl U5 (Sl &
SFobe 9,Sles (H333 j2a) vy V- waalllas 350
HB24  izuoel os e g0 g oy ol pe sl o, 5
oy i S jo 5 MY g VIAY L s ay HT794
Qe 90 (ol ol plail seza 1) als o ,Slee
slae sl Fis syl Vo o Sha y osdle « ol
gl (S, loy 50 (oo pae) slail o8, S
5 ( Sy Sloyed 5 05l Sblop slp el
Sl b wos jas H794 § HB24 oy om0 .iosy
ary St eSile 5 yie il VFAIY 5 VOAY glis)|
5o 1y aoy olawi g gy gLl S ae VY 5 VF/0
Ol ol gl zals (¥ Jgaz) axsls ioles]
S &5 S oo mal B ) (jg 4 Suaglie g ST A8
5o oy Siammy wix e el e el Slaal
ool 3,8Los Ligl33l 6l omlio Cibo glabsle LS
SIS pas Jsar Slels ol 53 (S ool
iothae S w0l cllyp jo PLSTy (Saew; 5

YAY

N
pi = yp, UM

2n
3,8kee Xij b sl 552w rd Picalal, cal 5o
5o oad d 9 ,8kee i M Lagmes po T il
Slp sl oy p 9550 slalame slaxi N g | o
ad,b g0 Jga 0 0,Slee slacols 51 Pi (GL) acwl>e
4 Jgaz 5 PEH(GLY) aslre gl 5 0lSe 5 uisi
A oolaiwl Jlo g (S gy ad b

)

P eor e Slae oS bjly i @bl
OSe Sl 45 ols lis Jlo g8 b calize 5o
Jbo STl gy jlogne (w0 0590 Dlao (oloi (510
Jguz) ol jlopxe alo o Slee g adigs jlad gl ads
b sl OB x gy Sean (pizen (T
e doyd S Jleil mha )3 (o) 3590 Dlio
xJlox gy 9 Jloxcadsiy (iSen &S Jl> 50 w0
Wl 5 ,Slas g adys b iy el ol s e
(RS (5l s 4 4z b Y Jguz) wd o gne
dnglive 5 el ls 32 )0 sl ol T g3l sl
sl Oy GiSeny (b)ly 5 boeiess (ke
gy hol il as ol lad mls ol eolaiul yislesl
Segiae doye S izl maw o Olas sled sl
L sszse g9 5l Son Ui lame (e
by oad olnl £55 pp &5 y5ba 05 4y
Slpae, 3 VWAL @y el )| gl 2o y0 #2151 laes
(Y J992) 09 o &l 0 ,Shes
Vb g5 5l o))l slagaisy & ol Gl mlbs
S8kes bl Cho ohig) (owyp Sype Slao sl
Slr bowshy auly &5 Gysba wisgy ls,55 n (4l
Wodsi 5 09 Gl Gt glalazs )5 Slas ()l
Pl Gy gre Loy o o plb Lyls SU cod
bl glabime by (Sins oS Lol
sl Sy bld 5l gble o Oy caimslis
5ol s 5 (L g 5l el wiile) ol
4250 5 SNk STn (SN ol wile) 2lee
3 ol oldlas s (Kang, 1997) oe (&) >
ot ol ills 3 Sy L 45 el ools s
bowisi ol (ownp 00 s g Le lawgs



VE ¥ /o lez oyleds [p20 3l 0y50 [ Ola b

oS g Slhac

Cenls y cowlio gl )l laaeay o il VY B A g
,» (Wei Yan et al.,, 2019) o4 o 50 iilo
e Oloed Sy ol gs aw glse o))l
Sl 2 5 (l Sy aller jeme 5l FLie) plojes
Salama ) s,ls s5>9 (Sl sladils> e 5| i)
Aok @l et Giemy N s @t al, 2020
oord apd, 0 (Saw, B8 pae p )-*-’L'
el glis | s odle HB24 3 H794 clasy oup 5,15
OS5l a9 5 (Goys Os) s & YL Cueglie
S ) SIS0 0L 5 el (A N

5392 13,55 2

25 e )38l b (Gooding, 2009) & oo jleisa
0 5ilSe Cudloyy el o6 55 (sloaiy o (alél 5 cosS
Yangetal., ) cool ao,e ,0 o8, Cudbge Jalse 5| SO
Sl olS 5ylere 3)50 ,0 (go0xe sloi)l5 (2021
Y oheds calizee lalS o 05ilSe cldle p Edggu
(Yan et al., 2019; Jiang et al., 2022) s s 54>
e Lo 50 (S 50 (SF18SS g uyg 4 Cuglie
Slopd, s o5l oy o 08, cals Iy
o9 & Swslie 5 Fke GpdudsS o oligsh
9 N, (G e (elugy oy aS bl slaed, 4 o

) sy o Wgd e 00l Wl 5wy

Jlo 90 (b aihaie )z slaosls ull 2 (o) 2 3590 lio <8 pa Guib)lg 2525 =Y Jgar
Table 2. Combined analysis of variance of the studied traits based on data from four locations during two years

. Days to 50% . Tiller Panicle Panicle 1000-grain  Grain
Source of variation df fl>c/>wering Plant height number length  diameter weight yield
Environment (E) 7 1307.27" 15104.65™ 216.97" 275.62™ 9.72™ 39.81™ 317.88™
Location (L) 3 3044.33™ 35216.90™ 503.90™ 630.77" 20.68™  91.22™ 729.25™
Year (Y) 1 3.55™ 0.578™ 2.05™ 10.35™ 111" 0.03™ 2.80™
LxY 3 480" 27.09 ™ 1.68™ 8.90™ 1.64™ 1.68" 11.55™
Replication within E 16 1.68 13.57 1.37 3.00 0.01 0.37 0.31
Genotype (G) 11 771.18™  16947.29™ 108.40™  105.46™ 2.61™ 15.78"  57.89™
GxE e 12.22™ 175.59™ 8.02™ 10.06™ 0.32™ 2.22" 3.09™
GxL 33 48.82™ 374.66™ 17.50™ 21.53™ 0.62" 4.80" 5.89™
GxY 11 2.14 1 34.36™ 0.81"™ 1.15m™ 0.11" 0.26 ™ 0.71"
GxLxY 33 2.09™ 23.61™ 0.95™ 1.58 ™ 0.10™ 0.30"™ 1.10™
Error 176 1.84 7.52 1.21 2.35 0.02 0.67 0.38
Variance explained by 78.6 66.9 79.5 82.7 87.0 80.7 91.8
environment (%)
Variance explained by 19.8 32.2 17.0 13.4 9.7 13.7 7.1
genotypes (%)
Variance explained by 13 0.8 3.0 3.0 31 46 0.9

interaction effects (%)

", and ™ Not-significant and significant at 5% and 1% probability levels, respectively.

Gls e 03l BLeaTs) e (el aslie - Joo
Table 3. Comparisons of means between pearl millet genotypes

Genotype Plant height (cm) Days to 50% flowering Tiller number Grain yield (t/ha)
H794 148.71 56.3" 14.16¢ 8.41%
H824 158.3" 62.41¢ 14.549 7.81°
H604 164.49 58.95 19.91° 6.21°¢
H504 152.8' 58.169 16.27¢ 5.92 <
H444 174.6¢ 62.16¢ 17.95b¢ 5.75¢
H294 170.7¢ 60.08° 17.11¢ 5.76 ¢
H563 176.6° 64.00° 18.58° 5.10¢
H353 209.1° 73.33° 17.95% 499¢
H314 168.6' 59.20f 17.75° 4.02¢
H333 209.2# 71.5° 20.33* 3.60"
H543 203.4 71.04° 20.27° 439"

Mehran 118.8% 64.75° 15.27° 3.36"
Overall Mean - 63.49 - 5.44

Means followed by samilar letters in each column are not significantly different by Duncan’s test.
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Table 4. Mean forage yield (t/ha) and ranking of the evaluated genotypes across different environments

Genotype H294 H314 H333 H353 H444 H504 H543 H563 H604 H794 H824 Mehran Mean Rank
El 297 163 140 230 137 113 153 147 133 537 460 127 220 8
E2 330 173 140 267 150 110 147 160 140 540 447 120 227 7
E3 400 180 150 217 367 533 237 303 450 560 650 357 389 5
E4 347 180 180 227 350 537 193 287 48 597 617 353 340 6
E5 553 483 407 500 697 673 413 567 720 1033 680 270 583 4
E6 773 483 520 637 890 860 523 723 923 1070 870 343 718 3
E7 940 783 653 973 997 993 940 953 1063 1198 1253 561 949 2
E8 970 773 7.0 943 1020 917 9.07 943 1057 11.98 1273 561 933 1
Mean 576 402 362 499 575 592 439 510 621 841 7.8l 336 544
Rank 5 10 11 8 6 4 9 7 3 1 2 12
';"::E 543 900 1062 693 537 675 868 6.81 450 1.62 212 10.12

Pi(GLY)! 500 11.89 1409 7.69 509 507 1023 7.06 411 037 117 17.26
Pi(GL)} 454 1125 1327 7.24 453 459 976 658 353 008 104 16.20

T E1, Zabol 2022; E2, Zabol 2023; E3, Birjand 2022; E4, Birjand 2023; E5, Isfahan 2022; ES, Isfahan 2023; E7, Karaj

2022; E8, Karaj 2023.

1 P;(GL) and P; (GLY) is superiority index based on genotype x location and genotype x location x year data, respectively.

YAQ



VF-¥ /’D)Leq o)LoJa /p—ﬁﬁb).ll) o)jo/b)l.é Slaass

oS g Slhac

Wb mls o (pl 4 aies 18,95 5 (65 e
shlo HB24 s H794 slacusgss aS ols oylas laeusss

e ol S S Gl Gl 085 5 o
Slociss ol 0 a5 0 Jour mli bl opl s
bl e w8, 5 pSoie slls H824 4 H794
opl pedle oyls callas w0 ,Sles e u_,).'ﬂ,S
X gy GiSed p 3l (609l ped adlie 4l oy
i) 5l oads sgae bolas Job nl ol (! oo
ol 1) JuiSeny opl e AEC y97e p alas g
O JS8) aals 090 sladaswe o 255 5,0
SS9 GiRSedy o olelid glateds
b olll uzes 5 bl o ey
YV JK8) ol ey Ol oz jlogad oS5
alllas oy)lg 0 03] Slacado slp (oabdaiz loges
Oizead 10,5 @L...;L.u.u ‘5@)5 9 |J.>m ORPU A 0
(Y JSE) ol 13 B e G o | badaxe S
as ol plas leyl cpl yo S sladaoe 092

el ablis £55 5] (hiSan s (555l

GL) e xqalsy (iSedn (09 s Joloa

S sl 4325 (GLY) e x Jlox culsi s
9o L (Lin & Binns, 1988) 10 9 ol G50 wuye
plxl alfan 5 allss sloiSenn Glp e G2,
H794 5535 95 (s, 90 ;0,0 aS ol lid ol .o
sl sl «sip ware (nieS L HB24
9 oo amas; 5 (SB35 (F Jouz) wsg,
aS ol slas gl g wls oSl bl 5 lalas
3as,s AMAD § YYIY ey peo g Jol (sloadlse
J5 ailge () JS5) 2005 agzrsi | laosls U5 il
odposlis pgo ddlie g cuigly Lol il eanmolis
Ohgya 6 lub ases yo (Yan, 2002) el iiSen
hoess 7ol G Jol adle 50 &5 (5)90 50 (SELS
lr o3l Joe S Grogi | Weosls JS bl
y»(Yanetal, 2010) S o colaS iiSan 452
ol)ly 5l o0 A Sl i 4dlhe 9 £ g caalllas o
Coos 0 a5 gladars g locaigl) 0,5 agi 1) aools
5 AEC b e 5,Skee 5Sle j5mo o,
eigs kel SIS als 5138 (B8 jeme (59, (St

Ranking biplot (Total - 86.65%6)
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Figure 1. Ranking the studied genotypes based on their main and interaction effects. The numbers 1-8 (red

triangles) are the studied environments: Zabol 2022 and 2023, Birjand 2022 and 2023, Isfahan 2022 and 2023,
and Karaj 2022 and 2023, respectively.
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Figure 2. Representation of the interaction pattern and classification of environments into mega-environments.

The numbers 1-8 (red triangles) are the studied environments: Zabol 2022 and 2023, Birjand 2022 and 2023,
Isfahan 2022 and 2023, and Karaj 2022 and 2023, respectively.
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Figure 3. Identifying the ideal genotype. The numbers 1-8 (red triangles) are the studied environments: Zabol
2022 and 2023, Birjand 2022 and 2023, Isfahan 2022 and 2023, and Karaj 2022 and 2023, respectively.

al) OlgleS g 9 Jpammop slaed, (Byme joiS

&8lw ol
,mygéjeéﬁj:ddlafm@.\ﬁls OB S g
gilis ol ofsieas Wl o o Jo b (s 5 Ll 55

w00 |°l2"‘ ‘09.;3 Jeves; osﬁjlg

o yd @l cale,

e pl 5K 0 a5 wuS oo pdlel Bain s
Ol mizman ailod ST (g 5 ailS g0 ,Lil g Waools Jax
yobas 5538 U g 0ogs ol (Sl IS S Juol> allis
5 ol sbea b @i me 0 9 by w4
° Qi )L""‘"‘" (5‘)-‘ 5o GA‘JS‘ =29 Gl o0 e
28,5 aelg 5 485 O g dules b 4l e
Ao Ll o5l

s Sppoty dlis ol Sy b Bt
doJgaz dyie 5l oolitul 3gi> 4l g 03,5 Cblye

..\.J@J..\f‘sﬂladal) o)...chmfya.» 5L®Jiw

Yay

Slacaigiy ails o Slos as ols ylis asllas cpl gl

5 e b cow g loine jsber sl o))
(el yoogdle ad)S 18 aime x il S
) ablite e g ablite fiSony g9 50 » booadss
H794 5535 90 caslllae oyl ol (wlal 5 .abols oylas
VIAY 5 AEY ails o Shoe uSiles b s iy HB24
Seelad olnly I VL o Shes 2 ogdle S o (5
05 99 Olyeds (Byme Jouily 5 Mo )10,55 2 (29>
ol axdllas cpl gaome jo aiwna Ll 1) slasls oy o
R sl e 5l s pSere OBl a5 sl
slal wor ks b saloe 05 e slagd,
S, (oled &5 (5 sba )Is S92y e slagd,
S:des LIS lie 08, & ol (o) 2 950 ARl
G5 08, kS Olre 03,y b o ise YL
bocnlpbe 0nS oo S8 B50is o)50 a5 coul jpis
Gy ofles (o5l Glgion oy cpl (030l
P2l olre 4 az g b (izen Wpddu Sgnpn (S390>



VW Tk ojlod feao 3l 0,99 [0l lidos shee £55 4 slails ) Loy jeep ASTy (o) 2

References

Ataei, R., Torabi, M., Ghasemi, A., & Shiri, M. R. (2024). Investigation and feasibility of pearl millet
hybrid cultivars development in Iran. Iranian Journal of Field Crop Science, 55(1), 63-73. doi:
10.22059/ijfcs.2023.358056.654999.

Davis, A., Dale, N., & Ferreira, F. (2003). Pearl millet as an alternative feed ingredient in broiler diets.
Journal of Applied Poultry Research, 12(2), 137-144. doi: 10.1093/japr/12.2.137.

Dawson, J. C., Riviére, P., Berthellot, J.-F., Mercier, F., Kochko, P. d., Galic, N., Pin, S., Serpolay, E.,
Thomas, M., & Giuliano, S. (2011). Collaborative plant breeding for organic agricultural systems
in developed countries. Sustainability, 3(8), 1206-1223. doi: 10.3390/su3081206.

Dias-Martins, A. M., Pessanha, K. L. F., Pacheco, S., Rodrigues, J. A. S., & Carvalho, C. W. P.
(2018). Potential use of pearl millet (Pennisetum glaucum (L.) R. Br.) in Brazil: Food security,
processing, health benefits and nutritional products. Food Research International, 109, 175-186.
doi: 10.1016/j.foodres.2018.04.023.

FAO. (2023). FAOSTAT. Food and Agriculture Organization of the United Nations. Rome, Italy.

Ficiciyan, A. M., Loos, J., & Tscharntke, T. (2021). Similar yield benefits of hybrid, conventional, and
organic tomato and sweet pepper varieties under well-watered and drought-stressed conditions.
Frontiers in Sustainable Food Systems, 5, 628537. doi: 10.3389/fsufs.2021.628537.

Fikere, M., Tadesse, T., & Letta, T. (2008). Genotype-environment interactions and stability
parameters for grain yield of faba bean (Vicia faba L.) genotypes grown in south eastern Ethiopia.
International Journal of Sustainable Crop Production, 3(6), 80-87.

Gooding, M. J. (2009). The Wheat Crop. In: Khan, K., & Shewry, P. R. (Eds.). Wheat. Fourth edition.
AACC International Press. pp. 19-49. doi: 10.1016/B978-1-891127-55-7.50009-4.

Gupta, S. K., Nepolean, T., Shaikh, C. G., Rai, K., Hash, C. T., Das, R. R., & Rathore, A. (2018).
Phenotypic and molecular diversity-based prediction of heterosis in pearl millet (Pennisetum
glaucum L. (R.) Br.). The Crop Journal, 6(3), 271-281. doi: 10.1016/j.¢j.2017.09.008.

Jiang, L., Rong, M., Wang, M., Chen, D., & Yu, H. (2022). Combining ability analysis of relevant
characters of maize inbred lines suitable for machine harvest. Computational Intelligence &
Neuroscience, 2022. doi: 10.1155/2022/2480801.

Srivastava, R. K., Bollam, S., Pujarula, V., Pusuluri, M., Singh, R. B., Potupureddi, G., & Gupta, R.
(2020). Exploitation of heterosis in pearl millet: A review. Plants, 9(7), 807. doi:
10.3390/plants9070807.

Kang, M. S. (1997). Using genotype-by-environment interaction for crop cultivar development.
Advances in Agronomy, 62, 199-252. doi: 10.1016/S0065-2113(08)60569-6.

Kang, M. S., Aggarwal, V. D., & Chirwa, R. M. (2006). Adaptability and stability of bean cultivars as
determined via yield-stability statistic and GGE biplot analysis. Journal of Crop Improvement,
15(1), 97-120. doi: 10.1300/J411v15n01_08.

Khandelwal, V., Patel, R., Choudhary, K. B., Pawar, S., Patel, M., lyanar, K., Mungra, K. D., Kumatr,
S., & Satyavathi, C. T. (2024). Stability analysis and identification of superior hybrids in pearl
millet [Pennisetum glaucum (L.) R. Br.] using the multi trait stability index. Plants (Basel), 13(8),
1-22. doi: 10.3390/plants13081101.

Krishnan, R., & Meera, M. (2018). Pearl millet minerals: Effect of processing on bioaccessibility.
Journal of Food Science & Technology, 55, 3362-3372. doi: 10.1007/s13197-018-3305-9.

Lakew, T., Tariku, S., Alem, T., & Bitew, M. (2014). Agronomic performances and stability analysis
of upland rice genotypes in north west Ethiopia. International Journal of Scientific & Research
Publications, 4(4), 1-9.

Lin, C. S., & Binns, M. R. (1988). A superiority measure of cultivar performance for cultivarx location
data. Canadian Journal of Plant Science, 68(1), 193-198. doi: 10.4141/cjps88-018.

Miko, P., Loschenberger, F., Hiltbrunner, J., Aebi, R., Megyeri, M., Kovécs, G., Molnéar-Lang, M.,
Vida, G., & Rakszegi, M. (2014). Comparison of bread wheat varieties with different breeding
origin under organic and low input management. Euphytica, 199(1-2), 69-80. doi: 10.1007/s10681-
014-1171-8.

Muthamilarasan, M., Dhaka, A., Yadav, R., & Prasad, M. (2016). Exploration of millet models for
developing nutrient rich graminaceous crops. Plant Science, 242, 89-97. doi:
10.1016/j.plantsci.2015.08.023.

Nambiar, V. S., Dhaduk, J., Sareen, N., Shahu, T., & Desai, R. (2011). Potential functional
implications of pearl millet (Pennisetum glaucum) in health and disease. Journal of Applied
Pharmaceutical Science, 1(10), 62-67.

Yay


http://www.10.22059/ijfcs.2023.358056.654999

VEF Jp e oplods [pao il 0,50 [ME ligios oo 5 Sllae

Patel, J. M., Patel, M. S., Patel, H. N., Soni, N. V., & Prajapati, N. N. (2019). Stability analysis in pearl
millet (Pennisetum glaucum (L.) R. Br.). International Journal of Chemical Studies, 7(4), 2371-
2375.

Salama, H. S., Shaalan, A. M., & Nasser, M. E. (2020). Forage performance of pearl millet
(Pennisetum glaucum [L.] R. Br.) in arid regions: Yield and quality assessment of new genotypes
on different sowing dates. Chilean Journal of Agricultural Research, 80(4), 572-584. doi:
10.4067/S0718-58392020000400572.

Satyavathi, C. T., Ambawat, S., Khandelwal, V., & Srivastava, R. K. (2021). Pearl millet: A climate-
resilient nutricereal for mitigating hidden hunger and provide nutritional security. Frontiers in
Plant Science, 12, 659938. doi: 10.3389/fpls.2021.659938.

Shiri, M. (2013). Grain yield stability analysis of maize (Zea mays L.) hybrids under different drought
stress conditions using GGE biplot analysis. Crop Breeding Journal, 3(2), 107-112. doi:
10.22092/cbj.2012.100456.

Sodhaparmar, M., Patel, M., Gami, R., Solanki, S., Prajapati, N., & RI, V. (2023). Stability analysis in
pearl millet [Pennisetum glaucum (L.) R. Br.]. Frontiers in Crop Improvement, 11(1), 21-26.

Temesgen, T., Keneni, G., Sefera, T., & Jarso, M. (2015). Yield stability and relationships among
stability parameters in faba bean (Vicia faba L.) genotypes. The Crop Journal, 3(3), 258-268. doi:
10.1016/j.¢j.2015.03.004.

Thanh, P., & Duong, P. (2021). Economic impacts of hybrid rice varieties in Vietnam: An
instrumental analysis. Journal of Agricultural Science & Technology, 23(6), 1195-1211. dor:
20.1001.1.16807073.2021.23.6.3.6.

Vadez, V., Hash, T., Bidinger, F., & Kholova, J. (2012). Phenotyping pearl millet for adaptation to
drought. Frontiers of Physiology, 3, 1-12. doi: 10.3389/fphys.2012.00386.

Yan, W. (2002). Singular-value partitioning in biplot analysis of multienvironment trial data.
Agronomy Journal, 94(5), 990-996. doi: 10.2134/agronj2002.9900.

Yan, W., Du, M., Zhao, W., Li, F., Wang, X., Eneji, A. E., Yang, F., Huang, J., Meng, L., & Qi, H.
(2019). Relationships between plant architecture traits and cotton yield within the plant height
range of 80-120 cm desired for mechanical harvesting in the Yellow River Valley of China.
Agronomy, 9(10), 587. doi: 10.3390/agronomy9100587.

Yan, W., Frégeau-Reid, J. A., Pageau, D., Martin, R. A., Mitchell-Fetch, J. W., Etienne, M., Rawsell,
J., Scott, P., Price, M., De Haan, B., Cummiskey, A., Lajeunesse, J., Durand, J., & Sparry, E.
(2010). Identifying essential test locations for oat breeding in eastern Canada. Crop Science, 50(2),
504-515. doi: 10.2135/cropsci2009.03.0133.

Yan, W., & Hunt, L. (2001). Interpretation of genotype x environment interaction for winter wheat
yield in Ontario. Crop Science, 41(1), 19-25. doi: 10.2135/cropsci2001.41119x.

Yan, W., & Tinker, N. A. (2006). Biplot analysis of multi-environment trial data: Principles and
applications. Canadian Journal of Plant Science, 86(3), 623-645. d0i:10.4141/P05-169.

Yang, M., He, J., Wan, S., Li, W., Chen, W., Wang, Y., Jiang, X., Cheng, P., Chu, P., Shen, W., &
Guan, R. (2021). Fine mapping of the BnaC04.BIL1 gene controlling plant height in Brassica
napus L. BMC Plant Biology, 21(1), 359. doi: 10.1186/s12870-021-03137-9.

Zhang, P.-P., Song, H., Ke, X.-W., Jin, X.-J., Yin, L.-H., Liu, Y., Qu, Y., Su, W., Feng, N.-J., Zheng,
D.-F., & Feng, B.-L. (2016). GGE biplot analysis of yield stability and test location
representativeness in proso millet (Panicum miliaceum L.) genotypes. Journal of Integrative
Agriculture, 15(6), 1218-1227. doi: 10.1016/S2095-3119(15)61157-1.

va¥



