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Extended Abstract

Background: Potato (Solanum tuberosum L.) is an important food crop that provides low-cost
energy and high-quality protein. As a staple crop in global agriculture, potatoes hold significant
nutritional value, particularly in developing countries. Ranked as the world’s third most important
food crop after rice and wheat, potatoes serve as an important source of vitamins and essential
minerals, playing a key role in global food security, especially in developing nations. In Iran, the
cultivated area of potatoes spans approximately 81,000 hectares, with an average yield of 30.8
tons per hectare and an annual production of 2.5 million tons. Given the rising global food
demand, it is essential to improve the yield and sustainability of this crop. Potato yield is a
complex quantitative trait controlled by multiple genes and influenced by the genotype,
environment, and their interaction (GE). Understanding the GE interactionis crucial for
evaluating yield stability and genotype adaptability under varying conditions. This interaction can
lead to rank changes among cultivars across different environments, in addition to a change in
quantity, posing challenges for breeding programs. The G x E interaction has been extensively
studied by biometricians, with numerous analytical methods developed to assess it.
Various stability indices allow researchers to distinguish genotypes with high stability and
adaptability from those suited only to specific environments. Nonparametric methods have been
proposed as robust alternatives to parametric stability measures, particularly when dealing with
outliers. Rank-based nonparametric methods enable reliable stability evaluations without
stringent statistical assumptions. This study aimed to compare yield performance and analyze the
G x E interaction in 25 potato hybrids and cultivars across five regions over 2 years to
identify high-yielding and stable genotypes.

Methods: Twenty potato hybrids, along with five control cultivars (Savalan, Agria, Kaiser, Luca,
and Satina), were evaluated in a randomized complete block design with three replications under
varying climatic conditions in Ardabil, Khorasan Razavi, Karaj, Isfahan, and Hamedan. Tuber
yield data were collected from the middle rows of each plot. Stability was assessed
using nonparametric statistical methods, including Huehn’s indices (S/”, Si%, S/%, and S/?),
Thennaro’s statistics (NP;, NP2, NP3, and NP,), Sabaghnia’s indices (NS’ and NS/?), Katata’s
stability parameters (ox and omy), Fox-rank stability statistic, and Rank-sum stability statistic.
Results: The results of the combined analysis of variance indicated that the main effects of
genotype, year, location, and the two-way and three-way interactions between genotype, year,
and location were significant at the 1% probability level. Dynamic stability was prioritized due
to substantial differences in environments. Thus, methods that have a high correlation with the
performance of genotypes were used in this study. The stability statistics of Fox, the gy, statistic,
and the average stability rank were selected to select stable and high-yielding genotypes. Based
on these statistics, hybrids 5, 1, and 8 were identified as the most stable and high-yielding
genotypes, respectively. Hybrid 5 exhibited the highest yield (41.21 t/ha) among all tested
cultivars and hybrids. However, other nonparametric correlation methods did not show a
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significant relationship with mean performance. For their practical application, performance plots
and stability indices were used to select genotypes that simultaneously exhibit both stability and
desirable performance. Based on the S/ and S/ statistics, Hybrid 5 was identified as a stable
and high-yielding genotype due to its optimal position in the plot. According to S/”: Hybrids 5,
6, 3, and the Savalan cultivar; S;”: Hybrids 17, 3, and 6; NP;: Hybrids 17, 19, and 6; NP,: Hybrids
17, 3, 6, 8, and the Savalan; NP; and NP,: Hybrids 17 and 6; NS/”: Hybrids 9, 3, and the control
cultivar Satina; and NS/?: Hybrids 3 and 6, were identified as having above-average performance
and general adaptability to different environments. Simple correlation coefficients using
Spearman’s rank correlation were used to measure the relationship between the stability
parameters. A hierarchical cluster analysis based on non-weighted values of genotypes was
performed to understand the nature of relationships among the nonparametric methods.
Conclusion: Given the emphasis on dynamic stability, the methods of Fox, the omy statistic, and
the mean stability rank were selected as key criteria, leading to the identification of hybrids 5, 1,
and 8 as the optimal hybrids. Due to the dynamic nature of these hybrids' stability, their
performance is expected to improve under enhanced environmental conditions and with the
optimized application of agricultural inputs.

Keywords: Correlation analysis, Grain yield, Graphic analysis, Principal component analysis

How to Cite This Article: Asghari, A., Ebadi, A., Mohammadnia, Sh., Hassanpanah, D., & Shokouhian, A. A. (2025).
Evaluation of the Yield Stability of Potato (Solanum tuberosum L.) Cultivars and Hybrids using Non-parametric
Statistical Methods. J Crop Breed, 17(4), 118-131. DOI: 10.61882/jcb.2025.1615



http://dx.doi.org/10.61882/jcb.2025.1615
http://jcb.sanru.ac.ir/article-1-1615-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-05 ]

[ DOI: 10.61882/jch.2025.1615 ]

=

L C VEE /Y o)l [pmsin Jlo /oly5 ol Mol acb jings
ol (b Blie 5 (55,5L3S pgle olutils
g Ao

L (Solanum tuberosum L.) guwojcuww 5BX s 3,5dos 5l o,
Sl bb g ylel (5l sdg, 51 o3Liiu!

° obpgSid ST e g Taliy o 3915 Mlisosme lgand T gl ol O g kol s

Oyl eyl o Jod)l B oKl ‘@M‘o 2lo 5 (659l 0uSuiily ¢ LS S5 g Aoi wdigs 09,5 dliwl =) ,
(asghar_ebadi@uma.ac.ir : Jgsue sk 83) ¢yl yl bl o)y ¢ ad)yl 3o oSuiily ¢ylie (rbs mlio g (55l 08l ( BLS pole 09,5 HLuiils -V
Ol el (o)l d,q?u oy ¢ grubs mbio g (5)sliS 0aSisly ‘umLf S5 g Mgi wdiges 09,5 ¢3S (ggzmiily -V
Oyl eyl «g5sliS gy 9 (jeel cliiog lojlu ¢ rmb mbio g (65y5liS yijgel 9 Clidos 300 (£l g (£l); Clidos Jisy ¢ gy sliwl —F
Ol)i‘ (J.:)'.))l ‘leﬁb)l (B8 oKisly (L;tu.lo & g d)'”LfS oaSisly ‘@L_cb ‘n?lc- 5515 sl -0

VEE/AOIY b o)l VECE/ ¥ g b VECELAIYE el do s
W B VA dio

b 035

S Glgieds WS o ol b b S B9y g 4 3paS (65, 45 Cunl o (I3 Jgaze S (Solanum tuberosum L.) ey 1B g doddo
Jyae rage (drnjicm Cusl J3)05 0 (2 Vb (IS Coonl Jl dmngs Sl 53 slo)iS )3 ohage (i (Sl (§5)gliS )3 (elul Jpaze
sloygiS )3 0590 ¢ Sl (2M1E Custal )3 (SIS B (65908 (Sne Dlgo g Wappmaling jl waes aste plyieds g Sl pAS 9 7l e Ol (M ke
oske YO a¥lo 0lgr g kS )0 5 Y A 3 Slas :S0ke b HliSa )5 AV dgis o jiams Sy ) gdaw <)l pl 50 08 o Wl cdrwgs Jbs 50
Lo o ool oy (05 G Sy iipojimes 0,Skes el (65955 Jpae ol M5 5l 5 3,8kes dgups dié ilan elalis Lal5El b el
85 5 3,8kee (65l 2yl (sl (GE) o X iy 31 S0 )b 41,5 gyl Blite 31 5 koo iy ibicos o J s saste slagj
ille 5258 ilise glalaswe )3 pB)) 45) jui o e )3 i pogMle Wi oo blite S ul sl ()98 it Ll ot iy
@35 sy s3aske lagshy) 5 Cunl 45 )13 adlllan 390 Wy plage g 03508 ooty GE Jlite 1.8 sbwl Ly g Mol slaasby (61
roais 11 Vb il 5 o)l b slacuiss 4 cod o3l |y lSel ol i 45 o)l cilisen (el yasls loss ool dngi o) oo 5
oS lodd slaiy arme Sy &) Weiss) gl Jabo sl ooaate Sl bl (glaybe) S SuSE Attd ol Lagms Sy 4y 5l &S
FB b)) sy pisie Sl sl gy aimdpe ) ey (slaosly b agalse )3 oaghs o yiall (siluk sla)lkee ol (erlio sl
GE Jlizo gl wyp g 3,Slas duslio Gan b imgss ol 3l oo s Kol il S csmn (g lo] Sl yd 4 5l g ey oolub 11, oolesel
Hgd 2lulid jlul g Jparmey lacaisi B ad plol Jlo 93 (b adate gy 3 (Suejius o) 5 2 pud YO

85w b ool LolS” (slacS sl oo B 3 (Ll o 1550 )18 STy Wlglo) s 05, iy b olyed (haojicepr e Congy S g5 9 Sg0
2 e s, jf on 5 )Slas glaodls S 13 o)l 250 claes g Glediol @) sy pllp e 3 Sslise lgn g O lulyd oo
NP; NP, ‘NP,) 5)‘1)L;.‘-' selol g(Sl-m) ) S S gS,(“) Ol.aa d)ul)l.&lj &)lel dl.muis” 5 ‘Lm,\i).f.‘...m ) rol'é)| d)lv\ilf. 2 ‘5|ﬁ AW ‘5)9\&; Q)f
A5 odlitul 45, ggemxe (6ylub o)l g Fox-rank s )b o)kl (0r 5 Omy) BIS o)l olel (NS g NS/7) Liglo (sloo ol (NP 4

Jloin] s )3 5 5 Lo coisi} o A5 5 0l Blite il g e o oniss} ol @l a8 ol oLt S o il )y 4o sbaidl
loisiy 3,8kes b (@Y (Stvan o gluk slooslel <85 18 Coglsl 3 by )l o dolame o Sk Sl by aidgy I3 e VL
Oridgamor 5 ol plesar A g ) @ slasy e dajlns ool Goll g2 50 QB (6l 455 (iSike g Oy 0)lel (S gy ol caizils
b ol ool o5 adllas 350 (el ot 5 2 ) plos 3 1y 3,5kes VL USa )3 o I 5,Skes b Byt 1505 Lol laagiyss
2 03l (g )lasly (el g 3, 8kae & Sl o] (63,18 oalistul glaiads 9 Az 5 Slos (S0l b (61> stme (Stuar S 20 (slo g, o
G5 )EL 0 o)lad 2y S5 S lmo)lel olsl il 4zl sllas 5,Skas 5 ()l plojen o Wsd LBl placeigs G ol 516
WY lady yun SO o)lal (¥l o8, 9 ¥ & B slady s S ool oluol 5 dd (Byme Jgammeys g b cuig) olgicd O Cuxdge o siag 5
NS o)l & 9 VY closs s NPy g NP3 (sloo)lol £ Wlgbo o8, 5 A & & OV (clady yun NP2 o)lal & 4 V2 AV clady yun NPy o)lal & 5 ¥
0l 5 YL 5 Slos (gl (gl jem 9 pB)l iy (Jgl 4l 53 8,5 B LS 5 ¥ (slasy peen NS ool g clislis sl o5, 5 7 A& (sloy oo
conopan b ool (g5l (sl el )l oy Ll oy Sl el (61485 (Shaman oy 0SB yre il slalae &y eges ()83l o
‘ A8 plsl S el )bb oSy o bS5 sl (s oii 230)jg pdlie olil) (ool ye ks (sladgs Julos

Sk p ST & g b b ool (5 yalbb (s)lol (slagby) Jl ejamm slots e 5 Slas (65l (b)) sl dlllas cpl ) 16 S Ao
Sy Gleiea A g ) D sl yun (Bpee 4yocie &S Wad OBl GlS sl jbee (i )l0k 45 (Sile g Ty 0ol (ST sla g, gy
650318 sloodles 3,8 L g 48 g dgute aeo Ll )3 ol 5,Shas o5 59,0 il sy jum ol (6)0k sligy Comle 4 g b b Al
el Gl e

e o6 yehlb (sla by, (sladed 435 )l 458 dasme X gy Julite 1 gaulS” gWdejlg

.(Moghaddaszadeh et al., 2019) cusl wollas coaS doddo
9 Cwl Gl iyliS clh S laed e jaw e zis (Solanum tuberosum L.)  cusjcumw

s o8 A5 o Joo o ol Jpame 6 0l5iod L S 5 (sl J e anS g (a5 i skl
21y e Coial &Sl S o Bl |, (glniss clajls


https://doaj.org/toc/2676-4628
mailto:asghar_ebadi@uma.ac.ir\)%20
https://orcid.org/0000-0001-7132-7762
http://dx.doi.org/10.61882/jcb.2025.1615
http://jcb.sanru.ac.ir/article-1-1615-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-05 ]

[ DOI: 10.61882/jch.2025.1615 ]

AR

s (Nassar & Hiihn, 1987) (¢,zl,Lb (sla ybg, (1966
Sl g phiaen ol Il gy e o piionia sy s,
Yan ) oMb GGE iy, s (AMMI) picys ilice

2,5 olil (et al., 2000

GE Mize 1 alan sl otac 3,055 53 o5 oot
S ames gpehl gy @Sy odsl 5l 352
sdbosnlie (g sbagwl oo blo)l Jold 5 % 5l
93 2,05y ] lro byl ys l eliges 4y e Slas sl
blaswo )3 bowipi] ) p & Stes 6 32lbl slasd,
sl se, (Ebadi-segherloo et al, 2008)siws s
Oligyhe cov o slaShy b bl lub
s Plize Gl g lallad Jlo s wier Ao o5 (Lol
> Sas Cunl Sen g ad Glbgyhe pl S
Gy syelybb sl ylxe Lol ((Huehn, 1990) aiil awsls
slajlae ly lie (030l dodsy wlol » g)lub
Nassar & ) diiws 3lao oy wlwlp 39350 (5 y20l)L
sl gy 3l eolitwl (glpy S asg (Huehn, 1987
S 0059 oly; Byl 0 Slos (g)lul b5l 50 S el LU
OPndley 290 53 (Ged (25 Erd 5yl sla)lne
SWols gl uibyly e Sen 5 osalie Ml
S ©)lge 3 bl sy, ) ool opizen )l
oS 5 Coms ply el wiyly dg3g iy (glaoal
Popobal ,.;L cod e BB b wile e
Sy » & Jo S 8 Soss cladige
5 2y Gy gleedh 4 Slis Cawles (s42l,L0
.(Ebadi-Segherloo et al., 2008)
Tl ol g hnog lp bbb (bg) cpi
sl gy dlos 5l losds 8 ymo u.\a.:.‘x.a Ol 4 e 53
Si(é) 9 51(3) ‘Si(z) ‘Si(l) LsLM)Lol 4 uls’u" d):ﬁl)l?_.l-;
NP, L;Lm)l.ei {(Huhn, 1979; Nassar & Hiihn, 1987)
Omy ;1L o,lel (Thennarasu, 1995) NP4 yNP; NP,
Fox ) Fox-rank (s )\s\ o, (Ketata e al., 1989) o; 4
(Kang, 1988) 45, ggezxe (5,lub o)l ¢ (ef al., 1990
Alizadeh et al., ) 138" > (¢ yel,LU (sl g, jl 23,5 o)Ll
pAS (Ebadi-Segherloo er al, 2008) >e55 (2020
Akbari et ) wic (Najafi Mirak et al., 2021) pq,43
«ly (Taghizadeh et al., 2020) ysu5 o (al, 2021
ol odliwl bl cuwigi olwls ¢ GE Jlite y3l adllae
scwgs sae 3 Slas (ol bz I ool .l
g olygme b I8 o)l 5)90 1) s jum il
3,Sles (s,luL (Hassanpanah & Azizi, 2010) (g5 5¢
MR8 oo 9o bbb slagby) bl ejm 0
08y 5 pB)l il plaisar 1) )R8 g Lsle pB)l o ol
g odljpmade 038 olulid Jlull 63) plysa 1) LS
«ie5 VO (Moghaddaszadeh et al., 2019) ,Kon
3y90 Syl sbao)lol b basme (b )3 1) (usjia
bVl lul g 0Shes b s 93 9 w3l J3 (obj)l
3o bbb lo)lel ol onizer W3S (B
o (bg) Seolid psrie by (gl o)lel casllls

O oS w81 e g ol cpus 340> dodae lguis ¢ gole jauol (gm0l e

(Solanum tuberosum L.) gusjcams (sl po 35Ses (g)lul o))

2l S e Cost o ol dex 5l e slaygis” L
Jyaze W55 Gljee Gial38l e 238 ol (ol pslaioas ool
R Y e L e B T
> STygs ) ooliwl (gly asly ¢ ylusl G punn (gly Ly
ol g CulS 35k ekl Mg g ixie laail b
g Sl 5)9p5 (Fame dge g imaling Sl (28 Jgarme
2o bl ol a3l 1y C guelig (YL ool 598 (slgieo
Khalid ef al, ) x50 awglio B Lol &Y
ol S 5 adaw (FAO, 2023) 6 L1 5.k (2020
Yeo/A 5 Slos bwgio b )liSa 52 AY dgas ol ys) 5 Jouams
ol 3 aabes VIO 3g9a 4Vl g 5 LS j0

by 45 ol ok oo (508 Sy o 2,Shae
) B o] ol g 950 J5S (934500 slaS
Nowosad ) 5,5 0 1,8 byl blite J1 oed g b
Galiseo Laise by 13 Vgans cilises o5\ (et al., 2016
DL 395 51 slize (gl s b e I ey
b el arwgs bls (BasszMol ol Gan I e o
Bl balas 5l ruwg cans 4 sl &S Conl  sladnl
WllipMol slracly sl Buaa o Ojledy Lo
el (55,9liS Y gazme 3 Slos Cai g (5)luky il
bl > Slas (93,5 (e JB e 3 Sles )k
Coatl gl o] Sy il 5 (55,5lS Y e
5 Sl slate pogas 93 bl Mool )5 .l (g)lams
Becker & Léon, ) &5, 5459 3,8as (o)lul jl Seoliss
2l Sdes Jlub g «Silinnl porie 55 (1988
pore ;a5 Jb S o bis blow el g
Ol b (b gl ol quig) S gy b Seelind
b ke ya 0 eadbtle]] oyl aen gl
5> Cuonl pudlio oyl 5l pliS” o .(Annicchiarico, 2002)
S8l sy b Sty psrin iy ojpyel Ll ) 1,
Lo X gy Blize 51 adllas .l ol Sl i
93,5hes (g5l 390y leMbl p3yglcuwnda ¢l (GE)
Col o sl e il blps b cgy )l
Cao S sl GE Jlaze 5l (Goksoy et al., 2019)
5y in o Simead Mg Al 3Sle 15la
P Syl Sl el domis 3 g ded als ) g
@ sl o GE blize 3l cunle 51 BT 55,5 Glsail
D9 (Ko Wi 9 (G3NPa shansa pials

Pl GE Jlite gl 229 pie b 229 oy sl
9 byl o Slee ool sl (gl clivlejl yo saizMol
8 byl 390 Al slabaze )3 LisSles (g)luky
OBl ol e & gyl Bl sl jadld 0pS
1) Yb 5k 5 ool b (slagaissy o canl o3l |,
S itn ol e G 4 )5l & olacass
3y90 Blu yiagy lawgs 0338 psboay bayasld pl S
oS g 4325 sl (ke la by g W18 S )8 adllae
& 019:;6‘ Lmua>L» Oﬁ‘ dlos 5l Wlosss o3l drwgd O‘

Mg gylah wil)ls (Roemer, 1917) uisid il
Eberhart & Russell, ) g )3, g, {(Shukla, 1972)


http://dx.doi.org/10.61882/jcb.2025.1615
http://jcb.sanru.ac.ir/article-1-1615-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-05 ]

[ DOI: 10.61882/jch.2025.1615 ]

WY

Ol oS w81 e g ol pus 3405 dodaso Igus ¢ gdle yauol (g yrol o

2 PSS Voo g oyl JUSe 3 2 TolS YO+ pgiisellind
S L g dolne S5 9051 ol 2 prolililges HliSn
ojske dbigy (5 st 5l 1D 5 1+ alsya g3 33 45 bgkke
SB cuib lles (b i pll e clacale b
2 Rk g bl gyt o Ve dspe 3 LS L L
bojle Caa 85 ©jgo oljors dloye I LS Al ye
3)90 s9S o S8 3yl e YO+ 5L Swoge
=y iz Glas My Juad Job > 8,8 18 eolail
‘5])4. S d)ﬁfb)‘].b’l b)ﬂo& ‘C«uj}b){ )1 BN ..\J.))f oS
(s 5ol sl b, jladllas 350 slacisi syl 3,90
A oaldwl u&l.ou

Sl 4325

bl sloysg) 5l dasyen 5 pB)) slul oy sl
G ol (Huhn, 1979) o (gymelybl
Ketata et ) O; 5 Omy (5,)00 o)kl « (Thennarasu, 1995)
5 (Fox et al., 1990) Fox-rank _s,lul o)lnT dal., 1989
Sl s edlazwl (Kang, 1988) 43, ggeme (55l o lal
Nassar & ) olo 5 s Lo 25 c55ahbls il o
Kang & 4 Huehn, 1990) ;| & « (Hiihn, (1987
5l _se (Pham,1991

VEF /Y o)l [ppdan Jo [ £l); olalS oMol ab jings

.J.SJ/S @l-wl-w
Jlize 1 il g 3, 8os auslie jglaion; 151 G

9 Jlo ¥ g ey ) (uejcam o) 9 b yun YO GE
5 plo] YU 5 ,Shac b olyonn Il g ool

gy 9 319
B 9o 9 (oialojl 2,k

slady o g P8l QB 5 (o yolateds 3005 (1l
Jed)l gl g ol ks a4 S5l 5 Jeamey
Sy Vo ean b glien 5 pldal )8 (sglylelS
g 2l ST e Ylglo ol 08 iy ol jody (sojim
» Blai Jol5 glaSsh )b B > (V Joi) Lisbe
ohigel o Clasdos 50 )5 oy el )3 2l e S5 4
Lalys ok g5 o)) il oo golie 5 (6550
V dgie o e 3y90 sblie (oldlyse Cubye 5 ool
Slodds 03)91

alold b gyt yind sy 90 0 Jals plByl 5 lagy s
o il YO 3y (g9 aold ¢ o Sl YO ad)
2 53 mye o YA pY o cils colie Sus cuis

e 3 p)TelS VO cdF IE oud YO ady b

O3 onl 3 addllas D)yge ine i Jals pB)l g oy y =) Jgan

Table 1. Potato hybrids and control cultivars studied in this research
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Table 3. Combined analysis of variance for the yield performance of 25 potato cultivars and hybrids tested across five

locations and 2 years
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Mean squares df Sources of variation
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Year
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Genotype x Location
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Genotype x Year x Location
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Error
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Coefficient of variation (CV%)

Ak 2oy 0 5 ) Jlein] zolaw 3 )b bme AW (Sly (s gy i o

*%_*: non-significant and significant at 1% and 5% probability levels, respectively.
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Table 4. Mean tuber yields and estimates of non-parametric statistics for 25 potato cultivars and hybrids evaluated

across five locations and two years
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Figure 2. The UPGMA dendrogram of 15 stability indices and mean yield
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Table 5. Rank correlation coefficients between mean tuber yields and 15 non-parametric statistics
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Figure 3. The cluster dendrogram of 25 potato genotypes based on tuber yield and 15 non-parametric stability
statistics using the UPGMA method
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