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Extended abstract

Introduction

Faba bean (Vicia faba L.) is a rich source of phosphorus, calcium, iron, and protein and is very effective
in rotation, cropping patterns, and in maintaining the sustainability of agricultural systems and fixing
atmospheric nitrogen through symbiosis. Achieving figures with high performance and a wide range of
adaptation to drought stress and climatic changes is one of the most important breeding goals in Faba
bean (Vicia faba L). This study was conducted to evaluate the effects of drought stress on grain yield and
some biochemical traits of new Faba bean lines.

Materials and methods

This experiment was carried out in the crop year of 2022-2023 in the form of a split-plot experiment in
the form of randomized complete blocks design with 3 replications at the Gorgan Agricultural Research
Station. In this study, 9 low tannin lines of Vicia faba (L.) along with two control cultivars Mehta (low
tannin) and Shadan (high tannin) were compared and evaluated in two environments of drought stress
(after flowering) and normal irrigation. The lines studied in this experiment were selected and cultivated
from the superior lines of the preliminary faba bean experiments. Each experimental unit was in four
lines with a distance of 60 cm, a length of 6 m and a plant distance on the row of 8 cm. In the normal
irrigation environment (without stress), the time required for irrigation was based on weather
conditions and the water requirement of the plant (sowing, before flowering, the beginning of flowering
and seed filling) in four irrigation times so that the plant does not face drought stress, but in the drought
stress environment, no irrigation was done from the beginning of flowering to the end of the growing
season.

Results and discussion

The results of composite variance analysis (mean square) showed that the interaction between drought
stress and variety on chlorophyll b, total chlorophyll, proline, soluble sugar, carotenoid, number of
branches per plant and number of pods at a statistical level of 1% and on chlorophyll a and weight Seed
dryness in the plant was significant at the five percent level. Comparison of the average interaction
between drought stress and variety showed that Shadan variety and lines BPL4104, WRB1-3, FLIP03-
07FB had the highest seed yield per hectare with 5100, 4950, 4750, 4633 kg respectively. Also, in the
conditions of drought stress, FLIP03-07FB, WRB1-3 and Shadan varieties had the highest production
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of 500, 473 and 437 kg of seed yield per hectare, respectively. In the normal environment, Shadan variety
had the highest amount of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid at 1.53, 0.46,
0.2 and 0.58 mg g respectively, and the line FLIP03-07FB with 9.47 umol ml-2 had the most proline
and line S2008,033 with the amount of 1.16 mg per gram had the most soluble sugar. The highest
number of seeds per pod (3.28) was obtained in normal environment and the lowest number of seeds
per pod (0.303) was obtained in drought stress environment. Identifying drought-resistant cultivars at
the end of the season is one of the strategies for developing faba bean cultivation in the country. Drought
stress during flowering and pod formation reduces the transport of photosynthetic materials, resulting
in grain shrinkage, reduced grain weight, and reduced grain yield, while lack of stress during the
flowering stage increases the length of the grain filling period, increases grain weight, and grain yield.

Conclusion

According to the results, it can be stated that drought stress in the flowering and seed filling stage caused
a decrease in seed yield and an increase in carotenoid, proline and soluble sugar levels in all cultivars.
Shadan variety and lines WRB1-3 and FLIP03-07FB had the highest seed yield in both environments.
Therefore, the cultivation and development of two new lines are suggested after carrying out
compatibility tests in different regions of the country and achieving the stability of seed yield.

Keywords: Carotenoid, Chlorophyll, Drought, Proline, Soluble sugar



) Asle s cdaaa sl 533

>
Environmental Stresses in Crop Sciences
< R PR 1 &
s 1FoF Slusl (p9d ool cpducxd W

https://doi.org/10.22077/escs.2024.7085.2260

A ,.uub 9 & o

Wk wur GpY bedan Slho (S p g 418 3 os p (SiS 5 O S

T oo sy575 e 7 it anbld T iy aud S oeme (O

1315 Lo ooz o a4 luzows! dsos

Ol O 5 eedbl oliT oSl (5 5 0oy s,9LaS 09,5 (o5 QLS (599505:3) (53599555,51 255 sozmtils )
OS5 ool ol3T olKiils (5 5 alg «(55,9LaS 05,5 Loils Y

«65,9158 gy 9 Geel «Dlindon lojle (S il (ol @l g (55)5LiS 590l g Dlidns S pe o £l g ool)5 Slidos iy Ll Y

oS

Sl (98lS AiF gslS wiF OENS ¢ sarels wlia 5 (53,5LES 0aStils ¢ ol Slasi 05, aleciiin gae 5 Lzils ¥

ol

Al wlasive

2% Pile3T Ml sy oY (aileniign Slio (o551 9 4l 3 ,Shos p1 (Sis (S ST (3] Holidesy
ol 53 IS Y b (Bolar Jol5 sloSsh ik B 50 WMalwl ©jygea 1FNIFTY (el Jlo
99 30 OIoLS g Ligs walis 03 90 of o 3 BL (3US (¥ A (o2 0] )0 -0 2 QB (6559l olindions
a5 ol LiS 8 o (il lg 4 320 gl sS85 35l g dmalie 3590 Jlo i g5Lal g (SiS (idT b
9 4L ol dgid 95 Joglomo o crdg 1 (IS Judg IS D) b IS Slaio o) x (S (ST iSon
IS0 w0y gy b 3 dig 53 Al SIS (439 98 Judg IS Clho 1 9w yd S el 53 M Slasi g 4 gy
BPLA104 slocn¥ g lolis o8 Jlo y o 5o 0ls (Lid by x (Siad Jicd yicSod y (yafiloo donns Lo 099
Lyl 3 cpiomad iild LS 53 1y 4l 8 ;Khos (1 piday o0 ,5sliS FYA+ FAB+ BYe+ b e ¥ 4WRB1-3
P oS YV 5 BYY e ,lade 41 i 5 41 oL o3y g WRB1-3 [FLIP03-07FB (glacps¥ oS i
JON 9 <IFF ABOY limo as lols o8y oy 4 Jloy Jaumo jo aialls jLS 5o 1) plioy ails o )Slos
FLIPO3- (p¥ g sl 1) adgidg)ls' 9 JS Judg s D dg b5 @ Ldg,ls oyl 5 oot yiiions 0,5 32 0,5 Sl
P xSk 1PY e & S2008,033 (¥ 5 ol oy yid koo 2 o035 A/FY L O7FB
25 &1 3laws oy k08 g Jloyi duusro 53 (FIVA) COME 3 4ilo Slami (1 il 30y 1S 1y Jaloo 0 oy yicdon
SRRl sl Ald (s g RS Al o 40 S i o] Cawddy (SeiS i buze jo (+/YeY) M2
9 WRBL-3 slacn¥ 13,5 b)) ans ;5 Jolome B 5 pdgy wdgiia)l5 polie ul3dl o ails 3 Sles
Sl Jgmaz 31 g LT dnaogs 9 e oy polis il 1y ails & ySlos oy yidins buo 90 50 FLIP03-07FB
g o0 Slgddioy Al 8 ySlos

wls sloojly

oHon
Jolomo w3
gy,
Jedg b5

VPY/1e VY el 0 g,
VPoYINY[0R 16 5550 g,
VPYNYNF ol G,

Sl & )6
Lt
VA(Y): YAA-YAY

doddo

28 oot sl (B 9 Gl by o 4 O

oA.;.LSoﬁ..\:;m J.ALC R P pte ‘o)la odgs oS Fod g I,
Mortazavi et al., ) cusl el,; HllS g g o, oo
b sl s e (S Ses ws (2016
8 il cos | Gl sas g b, calises Sl ye a5 Col
) Sas s (Vendruscolo et al., 2007) aas o
($la59, colan Juals) gldije, cauSsgame Jolge 5,k

Cusl YL ol 53, lls (Vicia faba L.) ML
25 (Oelay Sop YO-T+ sgam g (ol eS¢ jid)
S5 Glosag oKl gl L1385 caiS 5ol emglis
La> oL czs (Sheikh and Feyzbakhsh, 2019)
857 O3 sty S 5 65,5l slaplls gl
Tadele, 2019;) cusl aul)l5 s Sy &b

(Karkanis et al., 2018

feyz_54@yah00.coM : i Sl o it i (& deme 19l 005,55 *


mailto:feyz_54@yahoo.com
https://doi.org/10.22077/escs.2024.7085.2260
https://orcid.org/0000-0001-8808-5624
https://orcid.org/0000-0002-4627-6171
https://orcid.org/0000-0003-1417-5058
https://orcid.org/0000-0003-2282-6973

VEF bl VA sl el pale 4o dams slo i

23,5 oo Dl ol 5 5ol Jemnily (528, Y s Jslno
I erSsl wadgig)l5 (ol ik a5 axdl e Gz
5958 Bayb 5l eagse S adlyye conl gilapnsT ol
L sog cbla> 8IS aiseSily Cumdy @ 0355
5 oL aSsig) 5 Jladke 2 lulyd o aies e ploxl
Ol Gl s aams plal 1) 955 (Abli> 1&g ood
S5959)lS Sl AalS g Conl eS g )5 4 cuns
55 5 Jeb S Lo 48T el & Tpalls
b Slge 5l Sy als5 oo i IS .l by T L
ol pglas g > el (B 5 (Sas i5 eaies
Asb 0usS yiiwgid olwd 5 Ju8g S coums Jlisle
0pd b o S i o ollS (Ziaei et al., 2016)
alides elgl i adgs Bkl (s pel cariS e olge
g 53 < Jolomn (o 5 bty el aisle T sle
Ahmad and ) auS o ablie 25 L ol slaplal 4
(Sharma, 2010

S s 9 S p e 25 B )bl (Sis A
I, 0, 8lee slizl 5 dils o Sl Sz ool adgs o5y
o (Vendruscolo et al,, 2007) aas o Lials
b als 3 Shee alS el ol Frgsd il Ko
as bl ,o (Nakhzari Moghaddam et al., 2019)
(S 5 e s 3l o 1) g 08, ) ¢ i
wolo B (s 5 bgte 15 (Jloy 65k
G5 ) e (205 Al ye jo A aS il o
olaxi g aig glay )l (e olaws il slaws ls 54
Sl (Nawabpour et al., 2016) oi sl sleasLs
alejl b (Eshraginejad etal., 2021) -l Ko 4 515
Ol s il 5 2l o (St i a0
23 i o 8L Ol Jesily falS &l 0 0l a3 el
S o & (yad Jeilly plabs wge S5, Jsb
53 Oz 39800 ok (b S5 ln Y Ol
Jley @kl fame 30 co 1) DL o595 V7 dulos)
Slapgol a5 aidl o g wols,l8  Sas i b
Sl sl Al 1o 2 ietes 5 omlio L s (sl o9l o
Cool Gonce Laulgl b aalf K olS ol o
(Boshagh et al., 2018)

slaws Jud 5l o1 o, Slee syl 4 Slgas ails o Slos
039 9 <E o ails dlass aigy ;0 BME olaws gy yo axli

slass o kol (Bakry et al., 2011) sls Siws ails

YAS

o5l (s 7mgid sloo S i b 28l5) slg, pe g
a3 o AalS 1) olS piiwgnd (ades )5 5 Lo fdy IS
Sz NS B s lilid s bl & ol
iy ) (S5l it Ll ol b oS5
Loreto and ) wl o o939 a0 oyl jo olewdsn 4
S 15 e a5 syl 4o (Centritto, 2008
G5 g b (Sas i ol (6Ll mhaw 4w gl
RPN ERVRW PP VE=c s Sy (U [ FPR VR VRV
s slS wdgiiay S 5 S edgylS D Jedo I @ et S
S9eS 9 adeii )5 (e (lBl Cel ©f hrds 35008
O sl plie (b 68 cerge Of s
3Skas alS ely (s3timgis slmo3es, ials | S
4 (Nakhzari Moghaddam et al., 2019) o asls
(S s s s 3l o ble 08 gy o5 sl
el w85 18 (el cudyls o o A g7 YY)
Sriwgtd GladlsS) 0l g (SaS 5 iSen
A ) (Sad 5 oad Gl L g ol s g il
A J39)5) srimsd slalb S, (e (2eoys T
Ll (58 (5l s 5 (20U (S Jed9,57 5D Jids 1S
Jole o L3 1S aloz 3l sk slam T 5 S5 5 sk
Sk Dol G2l a0 g jriasgnd wilb o Lol
&5k el s (Ziael et al., 2016) ays )5 ol
2 d5zge glamyl 5l cbl> 5 i Lulyd b Jsle
o (g Ol 09 d oo ol slay il 5 59t
a8 3alyS calie 3 Shos adgs 5 (25 Ll 0 50 olS Sy
BB L5 90,5 e oy Ol il ol (Ko i
o e (S g 0 00938 Gl jlie 4y (5 (288
Boush et al., ) ael caws & g Lol Cgllas oyl i yo
ialejl b oniize (2022; Sotoodeh et al., 2022
i 5 e ez b cos | Bl sy e
(gl (i3 5 bawgle (B iz 25 Jlo 6)keD)
IS U | ES B G E= N E R H1 U R PRV L PR AR A
28l Rl Jelme slaasd 5 dgn Gliee (0 &
«Siddiqui et al., 2015)
1, ML o8, oo;L (Abid et al., 2017) .|, Kee 4 ol
Ced,b as e Ve 0. -90) (Sis il maw 4w o
i Bl L aS w508l g wilo )18 () 3550 (2
Jolowe 0 (e (2lyy cod)bo dopo Ve 41 5l (Sis
sad Bl b (Sas s cdl mlBl pdsn s



59 (7 Jgo2) Qb Gl (anb wle 9 55,9L05
b b 0 ciabeyl asly Ho as s (LT YO) b
@3 Sy g abold g 2o Job 4y po Bl Fe alols o
2 (5 g llpl) Jlop bz )0 0g e il A
) oS (215 5 lsme s (el 3Y (o
Sy sl 5o (Wl b 5 (aalS LT (eals I )8
5 s osts axle Sas (25 L ol b o slil o L]
(dial @20 35L) (2l £4,0 al> o 5l Sis i laoe
o GBLLT ot sl gl &g 0, b bbb
SR a2 by 0D A (997 Cemlo (SiS S
Sw)s 59y gkl Sl I JS alalBdl culislea
555 dgds (it i base ol 1L O B ol eaiS
100) oy Sland g Jolss S (g3l (ol 2 ally
2 PSS 00 Ol a) oyl 555 5 (LS 3 p,55LS
Joam) b aslal SB a (LT YO) csls 5 s ((Lsa
.0
9 b oSy et jshiten Gilesl sl 5l 8
Ve Ve sl gec ‘U,V.:La)—‘ szl Joe S GL.M
3 bdiged 5 ab (5)lopaiged (5 el Fore g ¥
653185 Sbjsel 5 Dliniods 55 50 4y dily S5 olKtylos]
2O J992) WS ape pldS pliul el il
o oy e S 8L 55 30Tl s ol
g9

‘691))' Slales oo Sl b cunls Ol 3!
g a, @lize Jolie j0 a3Y las,lo,auslasly
Gle J,5:8 wenls el oldas o aloxil gas
Jsd.} LA rﬁl?&)‘ ulmi; LQ)LQ.::.: dod )O uLBT 9 )').Q
OS5 elitlen oSyl wlislen olo,zall () ol
cee G L VENFY L b s, fad Jsb o
RUV-N)

Oygods &S o 5l SpeS Ve auls aepe o
sBinlej] & Wged (pod (pw g 0,5 Ol | olas
e (5 egidy il (g, g (VIS/ UV) agibgnSonl
5 Jobe o ulgyn oIS Jds)lS D Judg 5@ Jidg IS

A (6 S o3l Wbeiig IS

SO el (o dils o Sles g aigy ;0 B slaws o o ,8 4l
Ao, gy e ;o Lgw ails Sis osle o, Sles g o0
Cugb, Cusgame (Mobini et al., 2016) sy o cae
(Gaalls 5 (BB (B S ploj o (S AE)
Sz 4S9 s dlge JUil als 4 e
235 Al ye j5 s pae g ails (55 alS g als s
S Fmgid Slge JULT g ails (ol 0558 Job (a8l cacly
Sgdoe wlo o Shes 5 als (59 Il g Al & (6 i
OH5er § Wgiws islesl b (Kumar et al., 2004)
sls 5Llas ML o3, 90 59, ,» (Hasanvand et al., 2014)
So)d iy gl )3 s (39 p 08 9 A Blie il aS
5 O o3l 5l Sl als ()39 odee jeboay g 0l o see
5 0,90 40 dig fabdxlee a5 o Sl itre D50l
A Al o Slee malS con S i boails o
OpeS il po 293 oS (5, p Sl b lide
—aly g guudde Al> o o (Sas o ally o Slee
Jad gl 50 conlin (shgb) llyd 352y ad Jol> ui
4 yrie Jad sl (i 40,95 p pac g (L5 poe)
Hashemi ) as a5g 0 als slaws 5 e sl zal38l
(khabir et al., 2010

gt JloSas S Gl 5 sasoly las & 4255
b yol gy QUL alexjl (25 Y gamme aJg (59,
i o Mk cenlie 18, L oY oLl o
5 pldl G55 alsesol Lalys 5o

gy 9 Slgo
(Ao (o) (555 (55 5liS Dlaghons oSl )3 (iulos]
oy ol el Tl AN NTFeY el Jle e
15 99 olyed 4L 56 o5 (Y A (ol (22 sla S
Lylis g0 50 (6 sl glols 5 (U o) Ligeo bl
(oIS al> o 5l (6l ghad) (o5 (15 Lamo i
Sogots (Ghol o)) plsiear osllae )l bpe
Holas J5 oSl z,b B 5o healewl bl
)l 9 dmlie 990 s (S g (oS5 Sl 11T L
Sy 3l Gialojl il 3o (o5 00550 oY 0285 )18
(higel g Dlinios S e 50 ML Sleaie slagialojl 5y



VEF bl VA sl el pale 4o dams slo i

YAA

(o gilw Fomfo g Voo oo Goe) Jiulo)l slyzl Joxo S5 diges wlascio ) Jgaor
Table 1. Characteristics of the soil sample at the test site (depth 0-20, 20-40 and 40-60 cm).
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Table 2. Pedigree of investigated cultivars and lines
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Table 3. Average monthly temperature of minimum, maximum and total rainfall in crop year 1402-1401 compared to
20-year statistics in Gorgan (source: General Department of Meteorology of Golestan Province - Gorgan Meteorological

Station).

Suk g o los 25T (raSilea los il (uSilso

total rainfall Average Average maximum Average minimum

(mm) Temperature (C) temperature (C)

Month oo 1401-1402 alw 20 1401-1402 alw 20 1401-1402 alw 20
August oLl 88.3 54.5 21.5 20.8 12.3 10.1
July 431 57.3 514 16.1 15.2 8.9 55
December &° 21 45.5 12.9 11.4 4.7 3.1
November oo 53.1 50.9 12.7 12.4 4.3 2.7
October ol 18.2 56.1 20.7 145 9.9 4.7
March 205958 59.2 46.8 22.6 18.8 12 8.5
February — coiges)l 87.3 51.6 27.1 24.4 16 13.6
January ols y5> 63.6 22.2 24.4 30.2 22.2 18.4
Total & gox0 448 379 -- -- -- -
Slyme 5 Jd)lS lysie (2o crge (St i a g ol

b a g 15

b Ledg s
X S il JuiSas g aS ol lid il lg 4y gl
J592) 25 o sime o )s Sy s ;o b ds)l57 5 o,
08, X (Sis i GiSen y Sl duslie gmls (F
b de S jlade cpyiin Jboy e ,o a5 ol las
ke oSy ls 68, 5l (S e Ske IFR)
Sl s 4y Lgn 08, 51 (25 2 o5 o <NV D b5 1S
5 ¥V L cwsp 4 WRB1-5 § BPL4A104 sla:pY
Oz Bl I8 (gam ) )0 05 5 S e < IYF
YY) (Sis 5 e yo D SIS liee %8
TPVD L35l it s Lo o8, 51 (05 R eSS
S2008- sla;pY 54, 52008-033 Y (p )5 o p )5 oo
P;)‘f f}fu’i..a . [7Y 9 Y44 l; w): AJWRB].'S 596
Jgaz) aizils 518 o ylel 09,8 o 50 5 g sl 5o
by s S A e we)S e el (S (O
Sad GlEl by conl o pre griawgd sladila S,
a (0 39,15) (s3tmssd sloailoSS) (e (St 5
O5eST Jib sladisS g cadlg IS & ool s
Majnoon Hosseini et al., 2021; Ziaei ) c.él zals
Kamrava ) .|, Ses 415,015 5.0 zls (et al., 2016

XSS A iSe p a5 0lo (Lad (il)lg 4585 gl
35 fosies woys iy syl s ;58 L5 5 o8,
XS A St (S i gl (F J3o)
VOY) @ b dS o Sles pyiier a5 ols lis a3,
5 Ol o) & barye Jlojp bue )3 (05 0 p S ke
o3, 5 52008033 (¥ a4 3lako @ Jubs IS Jake (55
e b i 5 4, WRB1-5 s WRB1-3 sla ¥ 54 Lige
Sl (i (om0 50 055 p )8 (e TYIY 5 Y7/
Oeizen iy 8 glel 0g)F G y0 5@ b S
e (p i oS oly LAS 08 X (SiS S iSes
Loye (05 2 eSS ks VTF) (25 Lane 0@ by IS
4 S2008-033 3 WRB1-5 slacpy g5 olols o3, @
Py b 008 e S e VIV VIV L s 5
IAD) A Jedg IS ke (y yieS 02855 18 (g Lol 09,5 S,
JB9AS (0 J592) 092 b o8 40 gy (25 0 05 (oo
S5 2 (Kb 5 b 8 g Fiagis (635 0 05255, 8
8 Sl efugar Jedg)lS Jlako ,o (rals ool jiiy o
S Jed39 15" yliin 28 Sde s a2l L
salS sise (Sarani et al, 2022) cuwl ] jiw @
Py e o I BURN IV T
alS @ s S ke I (Sis 5 Gl L il o
Slidss s (Majnoon Hosseini et al., 2021) o
as ols olas (Kamrava et al., 2017) o), Ken g 19,0l



VEF sl A ol el asle o ams sla i

vq.

2 S AV U5 35, Oliee (2 yieST 5 LS o8,
WRBL- slon¥ cols gl S2008-033 Y 4 (o)
VIPY 5 1/#0 AIFA L o 5 4 BPLA104 ; WRB1-3 5
Onien Bl I8 sam glaas, 1o 08 n )5 L
oS ol lad J5 Jdg IS o) x (SiS S (iiSen
YAV U5 kds)lS Guyidn (S25 5 base o
J89,15 (eS8 9 S2008-033 (¥ &y ()5 52 0,5 ko

cals 3ls bge o3, 4 (o) 2 Sk VYA S
VAY 5 Y) b s 4 S2009-167 s WRBL-5 sla,¥

Jubg lS pals coge Sas a5 ol las etal., 2017

Qb

K S
G Sy oS 05 ol 5 (S iy s b
e oy S mhan 10 IS J2lS 3, 2 (S
(Y Jguz) og
o oS ol ol b ¢ (S5 A5 iy il
P e eSSk V) IS Jds)lS i Jloy bame

(oala oS Judg lS D Judg S @ Judg IS o) X (St i SiiSan 1 g v o St (AT b il Ol po (uSilee F Jgux

ails o ySloc g AL ;0 Aild dluwi (ML dluai a5l olaxi caigy gl )l (uigdi gyl ¢ Jolowo 0B
Table 4. The mean square effect of drought stress environment, cultivar and interaction of drought stress x cultivar on
chlorophyll a, chlorophyll b, total chlorophyll, proline, soluble sugar, carotenoids, plant height, number of branches,

number of pods, number of seeds per pod and seed yield

a Judg,ls

Ohwti @b 4 chi hll b Judg,ls 5 S ls odan Jedoo oid duigii gyl
SYOAY/ orophy Chlorophyll b Total chlorophyll ~ Proline  soluble sugar Carotenoid
a
o IS5 0266m 0.007" 0.281" 5.245" 1.902" 0.008 ™
replication
LS G g ogym 1.123 2.46 ™ 6535.16™  793.5" 0.156 1
Drought Stress (D)
Yolbs 0.281 0.047 0.473 21.53 1.086 0.015
Errorl
_ ™ 10 0.180™ 0.031™ 0.326 ™ 194.84™ 41777 0.021*
Cultivar (C)
o Cw"“""’ Xy 10 0,065 0.040" 0.171* 179.33"  30.15" 0.013"
Vel> 40 0025 0.004 0.025 3.418 1.045 0.001
Error2
Ol kS g 13.07 14.4 9.71 11.76 5.95 6.67
CV%
Table 4. Continued alol.f Jgus
el i 0 L ag el as Lo olowy A ooy UL o ails Sls s
SOV TR @R df plant Number of number of Seeds in Grain vield
e height branches pods pods y
N, eg7sns 0.084 s 17.55m 3.705™ 627025.504"
replication
T 20.3° 1000" 14694.4"  253851452.18™
Drought Stress (D)
Yolbs 1081 0.875 18.5 4.15 845126.26
Errorl
_ ™10 256 0.39" 16.57" 5.13" 531730.39"
Cultivar (C)
5 x«fc"‘“’ XSy 10 pg.8om 0.715™ 9.072* 4,03 412594.33"
Velbs 4y 3855 0.252 2.852 6.04 154425.04
Error2
e o 5 7.28 14.99 17.16 13.68 16.63
CV%

Aoy iy 5 SO Jleisl e jo o g nf g o ciee GO 5 4 NS g e e
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 5. Comparison of the average interaction of irrigation x variety in two environments (normal and drought stress)
on the traits of chlorophyll a, chlorophyll b, total chlorophyll, proline, soluble sugar and carotenoid.

bz (#3)) o9 933 a by ks b Judg,ls IS Jedg ks aigidg,l5
Environment  Genotype (cultivar) Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids
mg g*
s2008-96 1.18f(bc) 0.22¢f(de) 1.32¢fo(@ 0.38bcd©
iIb1266*2v1269-1509-39 1.1¢fCe) 0.28%f(bcd) 1.39Pcdefo(cd) 0.442bcd(©)
$2008-034 1.12¢10c) 0.26°1%) 1.3g0edefa(cd) 0.432bcd(©)
BPL4104 1. 26bcdef(abc) 0. 37abcdef(ab) 1. 63abcdef(bc) 0.4 4abcd(c)
B WRB1-3 1 36abcd(ab) 0 28def(bcd) 1 65abcdef(bc) 0 45abcd(c)
Jboy skl ' ' ' '
Normal $2009,167 1_19cdef(bc) 0l25ef(cd) 1l45abcdefg(bcd) 0l38bcd(c)
Irrigation $2008,033 0.72h® 0.14® 0.879©) 0.279®
FLIP03-07FB 1.06f(d 0.314ef(eed) 1.3gcdefo(cd) 0.443bcd©
WRB1-5 l_32abcde(abc) 0_36bcdef(cd) 1.68abcde(b) 0.51abc(b)
Mahta 0.81N() 0.11f@ 0.969) 0.309@
Shadan 1.533@ 0.4630cde() 28bc(@) 0.58%@
52008-96 1.17%fO) 0.66%@ 1.842bcde(e0) 0.5120c(abe)
iIb1266*zv1269-1509-39 1.25bcdef(@) 0.453cde(de) 1.773bcde(v) 0.4530cd()
$s2008-034 1.2def(b) 0_5abcde(cd) 1_7abcde(b) 0.51abc(abc)
i s
o 1o il am) BPL4104 1l31abcdef(ab) 0l59abcd(abc) 1_9abcd(ab) 0l56ab(ab)
()A :E ’ WRB1-3 1.3labcdef(ab) Olsgabcd(abc) 1_9abcd(ab) 0.53abc(abc)
dr‘::ght $2009,167 1l3abcdef(ab) 0l61abc(ab) 1l92abcd(ab) 0l57ab(ab)
stress $2008,033 1.4230¢(0) 0.69%® 2.113® 0.543abc(@b0)
(after the
flowering FLIP03-07FB 1.,29abcdef(ab) (0.532abcde(bed) 1,87 bcde(ab) 0.592@)
stage) WRBL1-5 1.42abc(ab) 0.62abc(ab) ab(a) 0.56abc(@be)
Mahta 0.859"C) 0.3300¢f( 1.18¢19©) 0.37940)
Shadan 1 .46ab(a) 0.37bcdef(ef) 1.83abcde(ab) 0.49abc(bc)
LSD 0.26 0.33 0.68 0.18
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Table 5. Continued

wldl.b Jous

Jpbro w3

as Lo slowy

OE ooy

bz (#3)) @993 oo o Slos
Environment Genotype (cultivar) Proline Soluble Number of number of Seed yield
sugar branches pods
mmol. ml? mg. gt no. kg. hat
$2008-96 3.714EN 11751 3.43¢efehica)  13be(bed) 3733.3cde(cde)
ilb1266*2v1269-1509-39  8.50cd@ 13.66%f@ 3 g3bedefibed) 11 53c(de) 3666.6%()
52008-034 8.57bcd@ 14.48¢%ef(bc) 4bed(abc) 12bc(de) 3433.3¢)
BPL4104 6.74¢d0) 15,5d%f(@ 4.562) 16.573@) 4950%0@
WRB1-3 5,15¢dcd) 13.779%f(cd) 4.86%@ 162(200) 47502bc(2b)
$2009,167 2.964¢N 14.74%®) 3 ggcdefalbed)  16,77@b) 390(Qbede(bede)
Jboy skl $2008,033 4.,124(de) 16.150def(@) 3 gbede(abed) 8.234e 4333, 32bcde(abede)
Normal
irrigation FLIP03-07FB 9.47bcd@ 14 pjdeftbed) 4 33abc(abc) 17.20%@ 4633.32bcd(@be)
WRB1-5 6.6Cd(b) 11_22f(f) 3_5cdefgh(cd) 14_77ab(abcd) 4483_3abcde(abcd)
Mahta 2.619M 12.82¢f€) 2.939hik@) 12.67bc(d) 4583 3abcd(abed)
Shadan 5.35%40) 12.5f€) 3.9bcde(abed) 19 33bc(cd) 5100%@
52008-96 4.84d® 21.682bcdebe) 9 Gghiik(ab) 4.76°0 377.5f(cde)
iIb1266*2v1269-1509-39  40.123@  20,053cdefcd 2 43k®) 5en 397.8f(cd
$2008-034 29.573®) 24 89abc(@) 2.61k®) 5en 334.1f(e)
S i BPL4104 29 gabcd(c) 99 G4abed(be) 2 5ik(b) 7.334e 395, 3f(bed)
Mol WRB1-3 30400 2544%@)  25EKD) 5 gk 473 6l
(ol $2009,167 26.9630¢(0) 28.4%@ 3.1¢fohik(@b) 5 p3e(de 312.1©
drought stress $2008,033 2116000 16.11%%f) 2 g3GMik@) 5 pleccen  3gg 3flcde)
(after the ' : : ' ) :
flowering FLIP03-07FB 22.43bcd() 16 45bcdef(de) 3fghijk(ab) 7.230e(0) 500.1f@
stage) WRB1-5 10.97bc¢@ 14.04%f() 3.3¢efgnii@ 6.664¢(abc) 412 5f(bcd)
Mahta 37.14® 15.53¢f() 2.ghilk(ab) 6.33de(@bcde) 390.5f(cde)
Shadan 36.69%® 21.893bcd(be) 2 g3ghijk(ab) 6.4de(abcd) 437 .5@0)
LSD 22.1 9.05 0.84 2.85 1060
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il o o8, x i Laoee blite Sl 88 By 5l e o
The numbers that have at least one letter in common in each column have no significant difference at the 5% level. The letters
in parentheses are the comparison of the averages, the cross-section of the mutual effects of stress environment x figure.
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Fig. 1. Comparison of the average effect of variety on plant height (Numbers that have at least
one letter in common in each column have no significant difference at the 0/05 level).

s WRB1-5 FLIP03-07FB sla Y 5 54 BPL4104
slass oli8lhasils )8 gam ad e yo Lge g oylolss p3)
5 05t g Ml alie Bl (s)lal 1 e B

S Siad I ggdy g M olaws ial38l e (5Ll
Memari ) ass,5 B slows zals o o) 503 ol
S w5 e Be slaws zals (et al., 2021
8l g0 BUS] (5 5iinagi Olge @358 5 i S alamlyay
3998 59k sla s pals g B (5 i) e 15
(Ghaedietal., 2020) cél zals e slows e
S s Rl ey 35 al e 3 (St s
Iy Lddle olawd i BMe o) al> o j0 g 0l lad |

I Ofurs
O iSed s a5 09 o] 5l S el g ases el
O91 )8 Fre do )0 K rhas {0 BME slasd o8 ) x Si>
XSS S S p Sl dwslie gl (F Jgoz)
e Bt i 45 ol lis M Slaw (g5, 2 b,
s FLIPO3-07FB ¥ 4 bsyye Jloyi bas ,0 (VVIY)
55:52008-033 .Y 4, 3lae (A/YY) B Slaws oy y2eS
45 S FLIPO3-07FB (0¥ sy o0,k a0 (0 J502)
o5 (gt B olaws g Lol Ll o Koo slagpy
3 el 03y yiaS (Y (nl 0 5 A () 5 09,5
oY 4 Gl (VYY) O o iy (Sis 15 b



Y0 Ul iz glacnY olosdsn Slio (S 5 als 3Sles p (Sid i Sl en 5 Gt (Joro!

ails slaxy als 4 yove M s b S S5, cow &
oS adl e olidss bolise g 0 AN
Jds g casl 2alS Loy o ails slaws malS o i
5 oz slp Y g dlse aals pae o rals
& el by (St A Lalpd o el iy JelSS
O o SLadles 5 ey 55 (g msid dlge 3gr (S
Behrouzi et al., 2021; Piri ) cwl ol 51 Giao b g &l
ol Logl a1 1 oLl 1 S5l anslis (et al., 2018
o L5 g BN )0 il olawd oI5l cow (g Lol a5 sl
Ol 5 s gl 50 00 oo BME o &l Slaws alS
S Al pds Ay poeie Ao 50 ol diwlS (6 iiwgid olse
Farooq et al., ) sgi co M ;o als slaws 2alS 4

(2009

o o, Kloc
5 Sty o 0y 51 ) S iy 55 s
390,10 e oy il s (o aily o )Slas o8, x S
als o Slee syl ipee 5l (So als 0y (T o)
RS S 5 5 Slkee A lie LS 058 g0 ogiee DB
OVee) als o,las iy a5 ol lis o8, x Sis
9 oS ) 4 baaye Jlop Lanme 0 (S 50 0 kS
392 S2008-034 Y 4 slato ails o Shae Jlade (3 5eS
axiyd ok an e Gl con kel sy e Sl
e oo Aild 4 (giiwgid slge Jl g jiiwgid yiol3dl
Fa0- lade b s 5 4 WRB1-3 4 BPL4104 sla: Y
SMe (p iy (Gdm A pe 5o LS o 0,5 5LS VO
Oizad il 1B gkl 09,5 G o g aily o, Sles
Slade oy yiiion a8 ols las o8, x Si S JiSes
OLSe jo p,56lS B0 /)) i Lo o wls o Sles
o3, s WRB1-3 .Y 5 FLIPO3-07FB Y 4 Ly ye
30 LS 40 0,5l FYV/D o FYYIF L oy a4 bl
M oy a8 0 18 (g el 09,8 Sy 50 g gam 4y
oY a4 b (LSe jo 6,55l YIVY) wls o Slee
as ol s Sldllas gls (O Jsuz) o4 S2009-167
als Sis 59 9wl o, Slee alS 4 e SiS 1
obey o (Sid 515 8,8 Joy gylol bl s 4 cos
9 S g Slge JUl 1alS crge (20D g (20 S
o, Sloe mals g dils 59 ialS ly ol Sgye amelo

5,59 Jsb Lals o 4y S s ol 8 b cos

Gl & e (cinly Al e ) @ e 2959 9 (Slugy A,
.(Boshagh et al., 2018) o.& e slass

IMe o 4o ofur
Slaws (Ko s flas ol plas il ly 450 @bl
(F Jgo2) 09 jlo cime o )0 S mhas ;0 B o il
5 als slasd oy yiiion a5 ol Hlis o Slhee alie gl
s ko olaws cusls 3l Jley lase 4 (Y/YA) D
ool Jbop Lame jo ytinn e slows Lo 4 e o
5o &l olass J8las g 090 (BMe 5 5 S i3,y Judo @)
B9 Si il ase 4y Blaie (/YY) olaws 4 B
als olasd sy ool LAE S5y o (S S

(Y JS8) 0,8 oy GualS aigy yo 5
3.5 -
25 4

1.5 A

GME o s slawy

Number of seeds in a pod

b
[

0.5 A

oD Jboy o

(ogllao
Gl b g (Sis A5 bue (Sl dnglio Y S0
Blas ygiw 2 50 a5 golael AU jo aild slowi g Jboy
T 5o 415 Sxo NS W3 Wb I i B SO gl
RO IRV SR Y 3]

Fig. 2. Comparison of average drought stress
environment and normal irrigation environment on
number of seeds in pod (Numbers that have at least one
letter in common in each column have no significant
difference at the 0/05 level).
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