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Extended Abstract

Introduction. Bitter vetch cultivation in warm and dry regions of Iran is faced with terminal heat stress during the floweringand seed filling periods, which
causes a decrease in grain yield in these regions. In these areas, due to the presence of weather conditions such as suitable temperature and favorable light in
winter and early spring, bitter vetch has a favorable vegetative growth and has the potential to produce a good yield, but with the increase in temperature
during the flowering stage until maturity, the plant faces heat stress at the end of the.growing season, which causes a decrease in grain yield. Considering that
terminal heat stress is one of the limiting factors for the production of bitter vetch in warm and dry regions of Iran, and'on the other hand, very limited
researches on heat stress tolerance have been conducted on Iranian bitter vetch genotypes, this experiment was conducted with the aim of evaluating 12
Iranian bitter vetch ecotypes to terminal heat stress on yield and some related characteristics in Rafsanjan.

Materials and Methods: In order to evaluate effect of the heat stress at the end of the season on grain yield and some related traits of bitter vetch ecotypes,
an agricultural experiment in the Research Farm of Faculty of Agriculture at Vali-e-Asr University of Rafsanjan in 2023-2024 cropping seasons with a
randomized complete block design with 3 repeat on 12 bitter vetch ecotypes was conducted. The studied ecotypes were planted in three sowing dates (26
Dec. 2023, 25 Jan. 2024 and 24 Feb. 2024). The studied ecotypes consisted of five ecotypes belonging to East Azerbaijan province (Shykhdarabad, Kordlar,
Ghorbankandi, Varzagan and Yowlqonlu), one ecotype belonging to West Azerbaijan province (Ghordik), four ecotypes belonging to Ardabil province
(Araloo, Khojin, Doshanbolagh and Sarebanlar) and two ecotyepes ecotypes belonging to Zanjan province (Chumalu and Ghale). In present study, number of
days to emergence, number of days to flowering end, number of days to 50% maturing stage, plant height in maturing stage, root length in maturity stage,
above ground biomass, grain yield, thousand kernel weight and harvest index were measured. Then combined analysis of variance, means comparison using
Duncan Test at 5 percent probability level, cluster analysis and discriminant function analysis were performed.

Results: The results of combined analysis of variance showed that sowing date effect on number of days to emergence and number of days to 50% maturing
stage, ecotype effect on plant-height in maturing stage, interaction effect of sowing date x ecotype on above ground biomass and thousand kernel weight and
also sowing date effect;ecotype effect and interaction effect of sowing date x ecotype on number of days to flowering end, grain yield and harvest index had
significant effect. However, the.sowing date effect, ecotype effect and interaction effect of sowing date x ecotype did not have a significant effect on root
length at the ‘end of the growing season. In general, the response of bitter vetch ecotypes to different sowing dates was different, which indicated the
existence of diversity between ecotypes in terms of the studied characteristics. According to cluster analysis (ward's method, squared Euclidean distance)
based on grain yield and its related characteristics, ecotypes were divided into 3 groups in each three sowing dates. The accuracy of the identified groups
produced was reassessed using discriminant function analysis and the total success rate of the discriminant function was 100%. According to the results of
the means comparison of the groups obtained from cluster analysis in the second and third sowing dates, the ecotypes Yolwlqonlu (with grain yields of 6.0
and 3.9 g/plant and harvest index of 35.7 and 27.6 % respectively) were identified as the most tolerant ecotype to terminal heat stress for grain yield
production in Rafsanjan conditions. In addition, in all sowing dates, ecotypes Arallo and Varzagan were identified as the superior ecotypes for hay
production in different temperature status in Rafsanjan conditions.

Conclusion: Generally, it can be concluded that the mentioned tolerant ecotyopes can be utilized for warm and dry climates in Iran such as Rafsanjan for
direct cultivation or as donor parents in bitter vetch breeding program for further improvement of germplasm for terminal heat stress on farm. It is possible to
improve stable high hay and grain yield and sustainable production by cultivating tolerant cultivars and carrying out optimal agricultural operations.
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mailto:s.r.sahhafi@vru.ac.ir
https://orcid.org/0009-0008-7703-1733
https://orcid.org/0000-0002-7394-2037
https://orcid.org/0000-0002-3594-4955
https://orcid.org/0000-0002-1060-804X

EVRUIIN
oS 5 (g )lwn > (gdao dlgo 5l e Vi | (SO lpieds g ASglud 5 LSS alS (Vicia ervilia L.) &b Sils
2he oy cwle Shes odle SO lgisar ol ddgle 5wl Gl ol e aS 33,5 e S lpl ales )
sbybuol > olS cpl olul yeiS 4> (Farran et al., 2001; Sadeghi e al, 2009) g0 odliiwl Buis)lgsuis
OHen 5 635y ol (o) liwd)S (o sk Jlme 5 e @l ()l (st Ll (Byd b))
cuiS (Rahiminejad et al., 2000; Haddad, 2006; Abbasi e al., 2007) 34, 0 cuiS 15 4 2l g/md Sy 4
2 09° 5 S dape (b Jad sl Glo)S S5 L plorid) dler ) jeaS Sis g eS8 gble 5 &l Sl
o g Ol Lulys 939 Jdoas sblie opl 15 .35,5 o sblie oyl 1 3, Sles LialS 4 oo 48 340 axlge aily 0
Cudbo g ansly (gllae (ag) Ay & Stle jlar Juad blg) 5iglune) Juad 3 Cgllas yg5 g Cuslio Ol d > aiile
b (Sowwy U 20 5 als o 0y90 ;0 ol b3 g cauiigud)l (sloole 3 led iuli8l b Lol )by wwlie aild 5,Slas sdgs
Mohammadi Lotfabad and Sahhafi, ) 54 o0 4ils 5, Sles ial el dS 01030,5 dslge sy Juad sloisl slo )5 i
Min et al., ) 3o Jladar (£)j alS g iy & 2liod el i s lyear Y glod 5 (2023
o) den o5 ol 305 5l 5 (S RS eadgh 38 ras G b olyen iy iy 3 daee 6Vl (sles (2018
(Timothy et al., 2014) 15,5 (golaidl s Slee ials el g Wles Ll 1y olS & 03)ly (sl s Aslg5 o 3)lg0
ool 0ad ey dyjeopf 5 e 0SSl Jro (RS (lajlS cdale il alins 31 UL 5> Mo
a2 b ol sl SRl S St oale 0 g ol sriogtd W e 45 4 oSS cdale (Il L Sl s
ol e o GGl | i sl (o (2l e 05 slod il G 2 o 45U &

(Ahmadi et al., 2009) 35,5 o >)Slas
3 oot slagins J plyin xSl blia > 3,Slee il 5 b lod (sl 55 St b by sl
Reynolds et al., ) swud jl3y53 » (60b) Caodl jl caslio 8y 5 cusdlS Fu )l Q! cpu opl j3 a8 5)S eolatwl (oolpa
olS g0 g iy &S Callas (g5e)aid gy 18, 5 cawlio CudlS Fu )b Gl Ko sl 4 .(1994; Radmehr e al., 2005
g5 Yl g 00,5 olS Cglla g5 g 43y o il il le Bllar 05y Juab (b 3 e Ll L

)Jéi 5 Ls"h’é’)b J}«w )9194\: quaao dlﬁawlf C")L (Chen et al., 2003) K] M]P she (_;’91]940 aly .))s\l.o&



slaptlejl plsl wogllas culS” Gl 25l i colay S o Mg 1) Lo Sles it & Wod e 485
il cgls o byl b o o) i 4y oo (gl ol sl o sl (glag 5 5| (gloyiud b cglds o s
250 pll plo)S lacSed ) ol (ol 8 L il G s absges Vb (slod (3500 3 oy (ol 1,3
.(Rane and Nagarajan, 2004)
ol by Jad slel p3 ohagar LS (i & cilisee (alS slacwy) GisSly (b)) yolatedr (g3asie Clisios
3ySas «Sojgleid Gl p Juad slosl oS (i g cudls goyl 3l adllas b (Y4YY) oSt g Musavi .Cowl o
b culs I 5o, olaws law Hly bme Lials el culs 1 b amil ol (b paS gt s8les (lial 5 4l
5 adiis D ¢ Sauw)y U sl 5l 5o, dlass o 20 5 U cuslS 5 e, slasy o daliaw U @S 1 ggy slasy o pdadle
Jolye as Golias g )3 &l 5,Sles g Cuiby adld «Seiglan 5 Slas by Jlia )59 dliw j> dild dlas el
Di8lS Lol Jole (58T S 33 o] ey Jolye 5 Sl e 58 Jubiusles] slosS 5 L W) Sjilst
3 Jhad slesl slo)S i g el )b sl Lyl (V+VA) 1,5 g Moshatati g 3 Slas (glial 5 ails 5 Slas
dzlge ad 0)9> (slod pSike (Il 5 Bl 3 3b K0 SIS ol pAS B, Yo o ol (slinl g s 0 Shes
s o 3lidlos S b cusls 5l 59, S ials el (b 314sboS L5 5By 5 Vi (slalos b goi g 05y 5T sl
38as g &y lia 159 e pto 53 Alld i don 13 g b (S U CudlS Sl g, 2las g (Saey B SLiBled S Sl 5,
@bl > 1) had Sl glo)S 55 GVl Cumal 3925 b a5 a0d 00 L3 @i gy Sl cnl bl il 4l
SlosS 5 4 oo 1 85 WSl (slas) (b e gy el eileS ol aila jpS S5 8
YO cuils zu,baw gl adllas L (Y+YY) Mohammadi Lotfabad & Sahhafi .cuwl 48,5 &g Ay Juad sl
2 b b e aal el WA els Jlo jd loxindy )3 &l Sidlo cudgST VA sidaol YO g Aol Vo ¢ poe
Pl s 59 ¢ Sy U gy dlaw (20 5 LU U gy dlaws (235 aopd B0 U gy dliw Slaw o), cusls
Oliee Lol il @iy (ials )y dy90 75 Sile slacwisST o cuily y (asli g &b Jlia 50 iy 5, Slas ¢ Jloa
slacsgST il olo (lades 45595 § (:S0ke Sluslie 5 4 498 b rizren g Sglite st le o Slals

bL G ey ol ¢ 235 uoyd B0 U g, dlawi jieS polie il b (B ol liwl 4 sleie) ool 9 4élye



Olysd cudlyyy asls g &l 3)Slas SYL polie o a3 (bl ) dlo gliyl g (Saww) 0Ll U jgy 2l (23 S
W39y A8y b sl slo)S S5 4 Feoxie slacasS]

P55 Bblio 5l (g3l > & Stlo AJg5 0uiiS gaee Jalgs Sl (S 08y Jad sl 3 oS i 4] 4y i L
s slo il 8,b 5l 5 (Mohammadi Lotfabad and Sahhafi, 2023) 1l e ;yle)S bl aile jguiS” Sis
W LSl calis Gun b inloj] ol s plogl il g (Stlo celaaisST 55y oy 4y oo dizaj ,d (63950
Gl g Ol kb )3 ladye Sloguas (S g a5 Shes pr ud) b BT (slo5 15 4 Bll &b LSl o S]
ALt glid) Gl e
AR5 el g ¥
o5 Jlosl 5 AL e ¥
dsb b ol (z) pasJy oK (65)0lis 0aSiily dmgsy as)je 3 WWYYY olys Jlo )3 Budos )
)95 skaieds A5 12l dyd o Sl e VPR gl ddds YV o a2 3 Ve pldlia (550 5 420 0F (oLl
ST L glas o talojl e Juab (slal (sloS 15 Ll Sl (sloisST il (a5 Gltdles)S Sl
ol (Kl O g (yage B «93 0) €l Gyl aw 53 LSS dw L (Solar LS lacSsl z)b (B Al Sl
oblised) (b el ol & Bleie caiss! gy Jold adllas 3y50 &l Sblo slaguiss] ub plosl WSl
il & alate CisShylar (Sedgd) e ol il 4 slate isST G (slidlyy g (559 (S Gl oS
G WY bl iagi(aald g gllosz) s il 4 Blete caisST 93 5 (Wl)lo 5 EMplisd ss gll)) o))
Blete Sl oS I ¥V (S3j 55 (g I (V+V+) Hassanpour & Sahhafi iasj gl 4 425 b &b Sile
49 C8)S Cygo SoSlshige oly; Wlie bld 1 bsj g Judyl ot byl (b byl lagkl 4
09,5 i Siilo (yonmSIS Sl oyl ok uges A3l 4l 3929 lageisST o (B (S g9 4 45 plonl gl S
sde il Clasuie Wad g plxind) (z2) pasdy oKl (j)5liS sty (LS Mg 9 S
(xSl Clys am >l oad (S (V-Y+) Hassanpour & Sahhafi imgh )3 (swyp 390 caigST VY (gyglaen
Cuol odnlie BB Y Jado ) u;’;;"l,oﬂ pbol Job 10 diliale s Cugb) g dibidle dieS g i &yl dnyd 1 Slo

(&bl dox 5l sl Slles oled wudlS o b )3yl dlawlga 05, Juad bl sbo)S b i Jles] > @



Wiguld drlge Lo)S (i | b (6503 (S L LS (ISl ae b oS 05 plosil 650k e slacile L oj)le g (23368
pLsl o oo ¥ (So S colin by 5 (PHEVIE) (ol s 5 agh i (S )3 (wd Oyt sk a8
g CutS Gindy ¥ Jold )5 b b Jigie s dopy +IY il b GuSlalig LS b byl catS 5l
Caa g yio Slw YO bacaydy oy aold g o Sle VO @) g9y cudlS Aol e VO cuwsls sy o Job
A5 3o alols st V WSl o g e /0 inlejl Sl )S m R0ISs g5y Sl 5 aeyS 3b l opS ol
BB g (Sd ot jyb sacdle (yiomen

Sitlo 1) 0)95 Job )3 wliale (g Cugb) g diaS 5 Ay Oyl 4250 (10ke 5 (Sl Wyl a2 ) o

Month (2023-2024) Mean temp. (°C) Maximum temp. (°C) Minimum temp. ('C)  Relative humidity (%)

Dec. 22-Jan. 20 8.51 17.55 -0.53 37.05
Jan. 21-Feb. 19 8.79 17.53 0.04 30.78
Feb. 20-Mar. 19 8.38 15.7 1.26 53.04
Mar. 20-Apr 19 14.78 21.58 7.96 46.77
Apr. 20-May 20 18.60 25.90 11.20 41.84
May 21-Jun. 20 25.58 3443 16.73 21.95
Jun. 21-Jul. 21 304 38.26 22.52 21.59

LUl 3580 Olaw Y-Y

Sl (S 2oyd B+ U o) 3 935 bl Bg) 2l (b o B 5oy slasi el sl eyl (3405
Sy jlam aday Job g Bl eli)holin 3)S Cd Alhie O a (Sheey o B g (23S L (S e
b ol _dulejl &5 mgly byl ke 5l e 9 805 (6503l inlejl )8 a5 Solal g dw (coy
b otalofl €S 5o sladin 4571 by Jlie (g 5 b 5 ,Shes algn plil i3 55 i (oS (S Sl o
88,5 Gl sl 350 tlof] S g (gl il (a3 Ls iman 005 (5 S ol andle 5l Bl

Sybol @30 Y-¥

3 il GBS g g Y8 450 SPSS l3le 5 5l oslital b Shog gyl 903l 320 3l laeals 39 Jlo s
5 Loaly (g Jloyi 90l 5l g (28 B bl 3,90 AN a5 SAS Jl3le i 5l eslitl b il oygel (sesko



aus SAS gl )l38le 5l (el mb 450 g w8l dold xipe wlwl 5 g Ward yog) 4 (ladied 4 jod o
5 03lisl Y8 a5 SPSS 44/

Cox g g s Y

ol 035 03,91 ¥ gl 53 adlllas 3590 Clio (sl S ye uibslg o0 ol

O e U 39y Dl Y-

ML ghyls b o U gy ol gl oy S Jloin] pdaw )0 cuslS goyl 5l kaad oS sy Lis il lg 4350
o xSl dulio ol (Y Jpi2) Mo osinn lS Gl x ciys] Mite 51 5 atigf] 1 Ll 53 o in
sobds (oy Vo/+) opete O cudlS go,l p0 AL Sile (slacaisST s juw U 5oy dlaws a8 oyl isls” o, calises
@ lgy o ol cle a8 (Y Jgan) cunl (g, WY 500/ i db) sl O g (63 O cuilS oyl 9 5l 1268 (> sixe
Ol bl clblS S0 Fu,l 90 A G S oyl pl e S Cugby g cgllas g g glod g cuwlio
9 YNO = VY o s Aol O g Cpare O (63 O CudlS B )b du )30 Al e B S loj ey lare (slod JBlus
SeasS] hd e 50 13U Caw il B g (63 0 S Fu b o e clod (39 ymb 11 g wgmali dyd IV
Pl 0 iyl asy ials sl bl (Y- +A) Farooq et al .cusl ouds ok O CublS o)l a4y Cund addllas 590
@l b &5 258 deyfe )0 s M Jaw Cige Sl oo &5 WS (e 29 dsyfe 3 |y brasalS il 55 Sl
U5 GLL U ey dlawi Y-V

gaw > @S gkl b g, ol sl clls @)l x eyl Blite Syl o)l dacs ST o S
locesgS] ) (m3dE bbb 59, dlaw Lials el cudls ) 58l IS jobay (¥ Jgdn) 390 I ine oy G Jlazs]
D Go i 5l cudls ) 13l 4 s (g, YOIF) (ot B 4 (6 0 ol 5 sl ) 83U b o ol ialS e Lol 0
2 3 4 s adllae 3)90 slacsss] o ol GBS i coioned g 39 sk sl (j95 VY/B) Wikasl B & (e
s g gl oIS oMbl slocaiss] g onyiaS (59y VH+) skl coisST A Jp2) o5 coglie il

Lol s (90 0 cslS Fu b o 1y a0 5 LL U ey ol i (Goy VYE/Y 5 AYV/e AYVY AYY/ Cpa)



Oote & s )b 3 1y Cho cpl palie i (59, VIV +) Mb)le g1 g (npieS (jg) YO/ o) ohidlyy oS
(Goy AYIY 5 AVIY Ae[8 Aef8 N+ (i pa) dllogs 5 aalB EM o (s (eaiS o by8 slacussST .3gs 1)l
MNle g MY M- Mo A+ QY 5 5a) Sbljusuis g Il g «B559 Mbylo (Jo )5 slacuisST g o yieS
B35 GbL U gy 2l cdo (P Jgia) aidly widel & cuslS Zo,b 3 | (205 bl B gy slas oyt (5o,
§ e s 25 o5 S Ssiom 55 42 Wl e 5l (£lo3 L o] 53 a3 el o 3y58 1 (nos
» i)y sei 31 .(Mohammadi Lotfabad and Sahhafi, 2023) ail Lo )3 @ bewis) yide Cawlas 50wt Jolos
sl 5 13U sk jl @38 los 1 YU slod 0,5 Sy 1S L b de el ps Ll gl s sl gl
Musavi et ) 33,5 o 3,5dos il Colgs ;5 g ails slaws i) ials 4 e IS (0o, o) Sjalea@ly Lials g 03,5
sl oS i g cudls Foyb 31 syl b (Y- YY) Mohammadi Lotfabad & Sahhafi isg ,0 (al, 2021
sz3ly ol oloiad) lom 5 Of bulyd o ali Siblo o SIIA 3l ladye Clao (S g 0Slas A5 Juad
5 1 45 ol ety alS 5, b (slodl oS 5 By B (8 cutS 5 a3 S L U 5y, ol
S cilas yols

Sy Moy 00 U gy dlani Y-V

Bsme 2oy S Jlein] pdaw > Sty Lopd 0+ U o) sl (gl culilS gbagu )b 5l as oy L uilylg 4500
5 335 315 45 1m0 05 b5l {1 i) ogm o sine cadlS ol X ) iz S 5 o] 1 Jy o3
B+ b ey 0lus a8 ol glis pSilis dnlio gl .ol 4d ) )15 sl cilise slago,b b cov (Samw) doyd 0¢
Kl 0 g (59) WO/A) oy O cuilS o)l p3 ol Jlaie a5 (g pobody ol adly jials oS 1 3l b (Sawy dop
aiej 3 ogMle (2l (LS 435 0)93 Jsbo (1 Jgi2) cawl 0352 (j) VOAMD) (63 8 cudlS &) 5l 1S (55, A0/0)
sbos cplply o (Y+Y+) Goodarzian Ghahfarokhi ef al. 3L o o olS A, Joxo (ouldl baylyis 13T cow S5
s (Y+ YY) Mohammadi Lotfabad & Sahhafi .cuwl s ddlllas 350 (slacadsST Ay 0y9d Jobo ialS s YU
g5 9 b 0y93 ;3 LialS g by Juad slogl (olo)S (i oar cBlS )3 3B il Hlebl w38 (5158 1) (eline
ol 02> yialS” (g)d sz job 4 (S LL U culs jl g, slaw &l Silo



b gy dne e 0y (bl > dBle eli)l gl cudlS Z)b x cuigST Jlite Sl g cdlS slago )b o S
«S03y98 B39 EM b gyl lacassST i 53 Y Jgiz) g2 e dopy o Jlais s )3 egS] 3l sz
VAEY FVED FVES VDY XVSA SVVY IV YY/SA b o) ;M o asd oS colloss b jusens
Obl 5> @Blo glis)l oy e (o Blo VAOF 5 WIAY L cud ) (S b5 g sl g oyt (o le YVYY
2 a5y bl bl glis)) gals cel cusls o sl oS cul S5 a4 ppY () JSE) Wl olais] s 4 1w,
32 tlS ol 3l aalllas by (Y41Y) o)lSen 5 Rahmani g s sine i o lel 5 31 Lol 13,58 (Sitle (slaass]
gy M) 039> Jobo ilS jbliay CulS )b 50 b o Al ol 5205 adlaie )3 50,8 gl o8, 4 3 ,Sles
ol 5 Lo glis)) & 15,5 5,18 56 (Y- YY) Mohammadi Lotfabad & Sahhafi .15 45 glisjli,tals’ el wlS
Sl (gl gine yé IS GBS 13 b L oy 2090 HE Sble slaassST A3

2y gl 5 i Jgb -0

Jsir) L 0 (bL )3 ey Jsb 1 )bsine BBl G X cugs] lite S g lacsss] «udlS slage b
o) Jg 1 snlive adlllas dy90 slacuisST o cuslS o b b, gl ;o ady, Job ialS By, coul S5 LB (Y
Kol B g et O 53 B cudlS slaggyl ) Ay bl ady) Job 5Sike) 255 (5)loime bl S I als
oaals 55 (Y+VY) Mohammadi Lotfabad & Sahhafi u,wlo)] FRRNEYRoNg<| WRL VAL WP VI BEIPVIA) gROW Y
5 omlie ulS )3 3B b by (b )3 ) Job o dne

lod Pl SWiA 39 Y-

Pl s iy ey B o X wisS] Blie 51 g aaisS] udlS slage,b B ol i uilly 450
2 oete O 4 305 culs gl 3l Lol lis s (Y Jgis) Wdgr 4 bxe doyd S Jleis pdaw )3 Jlea
(F Jyia) il ialS &5 Sile (snnds] Slyn pla] K35y isS] & 3kl B 4 e ] 5 i)
258kes olS w5y Jolya 0)93 Jobo ialS ety 0lS 05y p o b @ e L g 05y Jad sl o boyS g9y b
] (8555 sloeaisS] (63 B sl ol 3 (Goodarzian Ghahfarokhi ef al,, 2020) .l salg ialS 3 gsn



(x> logs (B39 ol )l EMligd (clacussST yere O cilS o yb jd (a9 jd p)S VA e g VYo FYE/A XVIY
YE/O XN XVIS SNE FAUF XV G5 sa) ol jolaidl 3gs 4 |y ciuo ol polie o g sl a5es 9,0
St 5 oyt Mol 5 asld olliused T IS slacuiss] sl 0 clls &b o (65 0 p)5 VYT
Mohammadi Lotfabad & (¥ Joi>) (a5 j3 p,5 YE/¥ 5 YE/& SVIY VIV YNY i) 2ol olis 1y Slsa sl
Ol il 5 bl L Al Sile elaiisS] ST Jlsn plul (Sts 5 S ey 45 azzils Jlgls! (Y- YY) Sahhafi
sl cllas polsdalllas gl | a5 cdl,

&1y 3 Slos Y-V

(Y J9i2) 292 sbine dopd S Jleinl aw )3 cdlS fo)b x cuigsT blite Sl g eS| Cals sl )b ]
RIS (F J312) 351 o5 SIS ol 53 ey 53 0 SIS Bl 2 ellnn 350 cslacessl 3 ,Ska IS b
SoSslon 3Shos (1alS g olS by g (S @y came (glod GNP 4l e |y Sl 0 3T L il 5 Slae
(8> b cwsls Fb o & ob Gl W She dwlls, b (Geodarzian Ghahfarokhi er al, 2020) b Cuws
(OB5g gilsy Mplisd wx a5y 3 5 (W5 3 p)S VP S YIA I Ciy) a5 o058 ] slacss)
Fle) skl cowiss) pgd cudls Gl o (a2 p)S [N VY AN NF NF i) @aS S g oblused
sl (slacessST pow CulS Gl ) g (Wt p)5 VIE 5 VIF o) Il g Eoligs am 45, 50 5 (532 5 p )5
B3gr s 3 )Slas (ppiier Gl (5 3 p)5 /T 5 /A pa) 4l g AL an a5) g (6 0 p)S YY)
9 (shugy iy 009> Jslo (i g 903 g Ad) Jolye > @yud b ogw G a8y Jab sleil lo)S 15 (Y Jgun)
ol I xSsle 5 (Sl g 03,5 Wl (e o CoblB) (il Pl hie 55T L JSd gg Sl g oS
» ).ob b Silo glacuisST aild 5 Slas (ials” (Omidi er al, 2013) s0d 0 4 3Slas (ialS & joxe Collas
«uils caisllas (¥+ YY) Mohammadi Lotfabad & Sahhafi (glaazsl, | cusls’

1> 415 59 .Y-A

o 3 €l )b x coisS Llize Sl el gl sinapsd 4 3 530 el WbadsS] 5 cudlS (glagy b M
P b LAl Sile slacwisST gl ab Jlin je 50 s IS gty (Y Jads) A s ine doyd S Jlozs]

A > dawl O 4 fyere O 3l g cuisSTS ) ~,a.edt)gdaa)'lcﬁislfé)b)oﬁ&%)aww““ S ol Mgy S 5l cuils



Ll 5l ol el o able 3 )Slae 1 i s i o (F Jgiz) (225 o ol (ialS s s
pas b &l Jlia )y pEals dlex 5l olite @bt Jla col b conl 3L &l Ay g JSis dlsye 3 ohaga ace
cslS slagu,b 4> (Goodarzian Ghahfarokhi er al., 2020) cuul s [iy55 YU slos b 3,55 10 31 )3 o] (o pdi sl
D cuslS Gyl 0 g bl semg coybine BMS] o oyl blod 5l adllias 3,00 (claadsS] oy ek O 5 (63 O
XFIO SVIY i pas) Cio ] polie st 3L, 5 csd EM gy cnld (S0)58 eglloge (slaiig it
235 a5 L5 jaseie (Y- YY) Mohammadi Lotfabad & Sahhafi iaes 5> .zl 1y (p,5 YAIY o YA/ X+/¥ &+ /0
Jdoas Wlgi o oS il callas Mols’ yolbs s b aols pl &8 cul onds &by jlia 59 EalS el culs &)l ,o
Ak b talojl Jlo lsn g O Ll 5 cudlS’ (glage ) cadllasdygo glacesss] ) cglis

Cadld o ad b Y-Q

S o 3 $yligne w3l sl )b x uiS] blite Sl g acus STl slage,b oS ol L iy 450
D 4 cyore O 5l g uisST iy 50 peke O 4 (03 0 jlesls fo by s (Y Jods) sl cuilyy jasls p as)yd
O cusls Zuyl o as o i (1 SSle duslie ol (¥ Jodo) Wb cuibyy (adls (ials Coge auisST VY o bl
OIA 5 1A NI QI8 Aele VUG i) A JhyE 9 0358 EMp iy shidlyy cald W] glaceisST (o
(1oyd YVIF) shidlgy oSt didl O cudlS 2o )b )d 5 (Aoyd YOIY) slidlgy cuioST fpage O CudlS Fu,l 50 (ao)d
Mohammadi Lawgs cudlS )3 ;3L 5155 il (adls jo ials Kig) (F Jodn) 29 1 1) sy (asli oy i
2 Sglis by Wlgie oS 3, Clls Mol sl adllas gl b 45 A5 sanlite (Y+YY) Lotfabad & Sahhafi
Ak talofl o lsa g ol bl gl glag b caalllan 390 (slagessS]

o Sl 53 albyS 5 cilie Lulyd sl jghions 45 LaCullS )l ings cul 3 osel st b b
ooy 550 w3 lanaly Gl Sale (g1 VY ) Ly 3y90 Slao yr (Solite Syl was Jlasl asyje > i,
Olas blod | ewisST o a5 2959 odimd jlis a5 dgr Golite cuslS calizee (slagu )l 4 &l Sl slacusisS]
25 )8 okl )50 (3l ool )3 diady)l iy G lyisdr Slg5 o 4 59 dnlllae 550

S.0.V Mean of squares




Days to Days to Days to Plant Root

df emergence flowering end  50% maturing end height length
Sowing date (S) 2 515.814%* 14224.694** 35703.953** 33.281"  1.299m
Error 1 6 3.046 25.074 50.907 9.620 1.518
Ecotype (E) 11 1.423ms 250.184** 6.107" 18.359*  1.865™
SxE 22 2.410™ 69.068** 5.549m 6.458m 1.259n
Error 2 66 2.288 10.265 3.937 4.464 1.425
CV (%) 10.56 3.12 1.56 9.97 12.68

Mean of squares
Above ground Grain Thousand kernel Harvest

S.0.V df bimass yield weight index
Sowing date (S) 2 100.704" 15.166* 323.752m 201.182*
Error 1 6 105.870 0.342 40.681 1.871
Ecotype (E) 11 174.533m 8.319* 129.303" 337.618%*
SxE 22 90.783* 2.780%* 195.175%* 60.785%*
Error 2 66 47.040 0.177 27.598 4.080
CV (%) 30.43 33.53 19.35 35.16
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Sowing date  Days to emergence. Days to 50% maturing end

26 Dec. 155b 158.5a
25 Jan. 10.0.c 1259b
24 Feb. 173 a 95.5¢
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Days to flowering end Above ground bimass (g/plant) Grain yield (g/plant)

Ecotype 26 Dec. 25Jan. 24 Feb. 26 Dec. 25Jan. 24 Feb. 26 Dec. 25Jan. 24 Feb.
Shykhdarabad 126.3a-c 1023 be 86.0 a-d 27207 a-c  23.221a-d 27.208a 1251b-d 0991ef  0.209 cd
Kordlar 131.3 ab 101.0 be 903 a 12980cd 24951a-d 28419a 0.095¢ 1.436 d-f 0d
Ghorbankandi 124.0¢ 93.6d 79.0 f 16.285b-d  20.978 b-d 16.792 ¢ 0.949b-e  1.594 de 0.828 b
Varzaqan 125.0.-bc 102.6'b 88.0 a-c 35.637a 28.467 a-c 16.569 ¢ 1.340bc  1.236d-f 0d
Yowlqonlu 106.0d 75.0 ¢ 88.0 a-c 8.049d 15.296 d 14510 ¢ 1.627b 6.067 a 3.965a
Ghordik 123.6 ¢ 100.0b-d ~ 85.3 b-e 28.840 a-c  22.330 a-d 17.172 ¢ 2.890a 0.668 fg  0.074 cd
Araloo 127.0a-=c . 1013 be 86.3 a-d 32.304 ab 29.426 ab 27.760 a 3.085a 2435bc 0918 cd
Khojin 122.6 ¢ 95.6 cd 80.6 ef 19.059 a-d  26.100 a-c 17.312¢ 0.526c-e 1.757c-e 0330 cd
Doshanbolagh 121.6¢ 98.0 b-d 80.6 ef 21.035 a-d 31.142 a 19.948 be 1.681b 2.683b 0.359 cd
Sarebanlar 132.0a 111.0a 89.0 ab 17.554b-d 24548 a-d 24.408a 0.113 e 0.105 g 0.013d
Chumalu 125.0'bc 103.0b 833 c-f 13.930cd  27.671a-c  21.197b 0.303 de 1.877cd  0.160 cd
Ghale 1240 ¢ 97.6 b-d 823 d-f 26.827 a-c 19.409 cd 26.622 a 2.693a 1.131d-f  0.487 be
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Thousand kernel weight (g) Harvest index (%)

Ecotype 26 Dec. 25 Jan. 24 Feb. 26 Dec. 25Jan. 24 Feb.
Shykhdarabad 34266  28.744  28.164ab 4617bd 4.175¢d  0612¢
Kordlar 38.140 25.934 - 0.927d 6.080 b-d Oc
Ghorbankandi  33.633  29.642  22.728b 5837ad  7759b  4.741b



Varzagan 27.046  28.504 - 3737b-d  4.239¢d 0c

Yowlgonlu 25936 28288  25217b 9569a  35770a 27.689a
Ghordik 26347 22057  36500a 6.853a-c  5.905de  0.449¢
Araloo 31.841 27229  22912b 10972a  8432b  0.606¢
Khojin 27527 28725  29.934ab 3062bd  6480bc  2.019¢
Doshanbolagh ~ 28426 31.746 30308 ab 7972ab  9.033b  1.887c
Sarebanlar 24263 30428  21.001b 2455¢d  0426e  0.037c
Chumalu 24895 30523 37333a 2175¢d  6.763bc  1.094¢
Ghale 29779 28382 30.584 ab 100432 5.655b-d  1.869¢
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Predicted group membership based on discrimination

analysis
Group [ Group II Group III Total
Sowing date Cluster analysis Count % Count % Count % Count %
groups
26 Dec. 2023 I 6 100 0 0 0 0 6 100
II 0 0 5 100 0 0 5 100
III 0 0 0 0 1 100 1 100
25 Jan. 2024 I 5 100 0 0 0 0 5 100
1I 0 0 6 100 0 0 6 100
III 0 0 0 0 1 100 1 100
24 Feb. 2024 I 6 100 0 0 0 0 6 100
1I 0 0 5 100 0 0 5 100
11T 0 0 0 0 1 100 1 100
calisee cuils glagu,l )0 glades 4o | ol (slaog)S yw dalllas 3)50 Claw 1 Sbo aslis & o>
Sowing  Cluster Days to Days to Days to Plant Root Above Grain Thousand  Harvest
date analysis emergence flowering 50% maturing  height | length  ground yield kernel index
groups end (cm) (cm) bimass  (g/plant) weight (%)
(g/plant) (2
26 Dec. I 15.55°2 126.88* 159.16 * 20.042  10.09% 17.83° 0.53° 30.45* 3.17°
2023 I 15.73 2 124.26* 158.06 *° 21:96* .9.23° 28.92* 2.33® 28.68* 7.87%
I 14.332 106.00 157.33® 15.77%. 7.97°¢ 8.04°¢ 1.62*° 25.93* 9.56*
Mean 15.52 124.05 158.55 20.48 9.54 21.64 1.37 29.34 5.67
25 Jan. I 10.20* 100.13 * 124.86° 2343 9.93* 28.56* 1.98° 29.34* 6.50°
2024 ) 9.942 100.94 * 126.50 ** 21.90* 931*  2257° 0.98 ¢ 27.53* 4.50°
I 10.33* 75.00® 128.33* 19.00° 8.44° 15.29 ¢ 6.06° 28.28* 35.77*
Mean 10.08 98.44 125.97 22.30 9.50 24.46 1.83 28.35 8.14
24 Feb. I 17.50 81.88" 95.50* 20.69° 934  19.84® 0.08° 31.23* 2.01°
2024 I 17.332 87.932 96.00 * 21.21*  9.00* 24.87* 0.37° 14.41° 0.25°
11 16.66* 88.00% 91.00° 18.83° 933% 14.51° 3.96° 2521 % 27.68*
Mean 17.36 84.91 95.33 20.75 9.19 21.49 0.55 23.72 3.41
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