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Introduction

Given that successive droughts, particularly recent ones, have impacted most regions of Iran, drought stress is
recognized as one of the major challenges for crop production in the country's arid and semi-arid regions. Beans grow in
a wide range of areas that are subject to seasonal droughts and wide fluctuations in soil moisture in different years.
Nevertheless, drought stress causes a significant decrease in bean seed yield, and the amount of yield decrease is
different depending on the time, stress intensity and studied genotype. Due to environmental conditions in areas where
bean cultivation is common, water deficit may occur more than once during the crop growth cycle. In addition, when a
dry period (two to three weeks) occurs, especially during flowering, yield reduction will be significant. Drought-
adapted cultivars in beans require less water for irrigation and thus help conserve water resources. Despite the desire of
farmers to maximize the use of irrigation to increase production in dry and semi-arid conditions, even in the absence of
water restrictions, excessive irrigation is not logical; therefore, in such a situation, the efficiency of water consumption
in the farm should be optimized. Deficit irrigation is an optimization strategy that purposefully allows the plant to
tolerate some degree of deficit irrigation and reduced yield. Several studies show that lack of irrigation causes a
significant decrease in the number of seeds, seed weight, number of fertile pods, number of seeds in pod, seed yield,
biological yield and harvest index. Of the two main components of seed yield (seed number and seed weight), seed
number shows higher sensitivity to water deficit. In this regard, in this research, it has been tried to evaluate the effects
of drought stress on yield and yield components in 16 genotypes and cultivars of chiti beans and determine the
genotypes with optimal yield under water limitation conditions.

Materials and Methods

In order to investigate the effects of deficit irrigation on some phenological and yield traits of chiti beans, 14 promising
chiti bean genotypes obtained from breeding programs along with Sadri and Kosha control cultivars, in two consecutive
crop years from 2022 to 2023, at Kheirabad Zanjan Research Station, in two conditions normal irrigation (irrigation
cycle of 5 days) and deficit irrigation (irrigation cycle of 9 days) were investigated. The experiment was performed at
both conditions and in both years, as basic of complete randomized blocks design with 3 replications. Combined
variance analysis and mean comparisons were performed and simple correlation coefficients between traits and
stepwise regression analysis of traits affecting grain yield in both irrigation conditions were calculated.

Results and Discussion

Variance analysis showed that there was a significant difference between the 5 and 9 day irrigation cycles in the number
of plants per plot and the number of pods per plant at the 1% level, and in the plant height and yield at the 5% level.
There was significant difference between genotypes in terms of all the studied traits (except the number of plants in
plot) at the probability level of 1%. Irrigation cycle of 9 days decreased plant height, seed yield and its components

1- Assistant Professor, Dryland Agricultural Research Institute, Zanjan Agricultural and Natural Recourses Research
and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Zanjan, Iran.

2- Assistant Professor, Seed and Plant Improvement Institute, Zanjan Agricultural and Natural Recourses Research and
Education Center, Agricultural Research, Education and Extension Organization (AREEO), Zanjan, Iran.

* Corresponding Author; asadipm@gmail.com

@ @ ©2024 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
Er International License (CC BY 4.0).



https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2024.86391.1079
https://orcid.org/0009-0008-6032-3940
https://orcid.org/0000-0002-6096-0850
https://doi.org/10.22067/ijpr.2024.86391.1079
mailto:jafarnabati@um.ac.ir
mailto:jafarnabati@um.ac.ir
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

9949 5 Lo o§ ol (3l pl g Lo id g} & pidd

including number of pods per plant, number of seeds per pod and 100 seed weight. G8, G10, G14 and G15 genotypes
had the highest and G13 and G2 genotypes had the lowest seed yield. Correlation analysis showed that in irrigation
cycles of 5 and 9 days, there is the highest relationship between seed yield and the number of pods per plant. On the
other hand, in the 5-day irrigation cycle, the number of pods per plant, the number of seeds per pod, and the 100 seed
weight, and in the 9-day irrigation cycle, only the number of pods per plant were included in the regression model and
had the greatest impact on seed yield.

Conclusions

The number of pods per plant, the number of seeds per pod and the 100 seed are considered the most important
components affecting seed yield and by justifying the large amount of changes in seed yield, they can be used as
important traits to improve bean yield in breeding programs in different conditions. Therefore, G8 genotype with the
highest number of pods per plant and high weight of 100 seeds can be introduced as a favorable genotype for cultivation
in dry conditions.

Keywords: Bean, Correlation analysis, Irrigation cycle, Regression analysis



Iranian Journal of Pulses Research
Vol. ?,No.?,?, pp. ?
Original Research

yeiryr
Homepage: https://ijpr.um.ac.ir/

Olnl Slgs laings 4 puls
$e02 ¢§ (T B lond (S ala

ipgiy e goi

g https://doi.org/10.22067/ijpr.2024.86391.1079

> gd Gisuame! sLcwisis 18 o b b po Wlhio 9 3,5kes w5 lleS ;':"3
Ol bl sonldl byl o 4 (Phaseolus vulgaris L.)

O ool puS1 e MO 6 s asld g o
VEYIN/Y sl o ol

VEYINNE oy )b

PRV

5 Shae (s1s laisss Sl 5 i Ll (el 5 Seisleid Slao 51 5 el Sl (g 2 S
=5 Jw 990 50 (Mol slaasl p 5l Jool> i Loy iduasal couieiy VE o ol Cosgame Layli o Cgllae
ol Ll g0 0 sy ol s wlidiod olfiiw] j0 LogS g (5 om0 ol a5l ol am 4 VFV B VFe o Jlgie
59545 9 @R ool 5laygd o B S 1B ) 0550 gy 4 kel 199) 6)leleS 5 Gy, i kel y99) Jley
T g ;0 0, Slas g gy gl | Dlas ;0 5 do 0 S mhaw (o olS H0 BN slasi g DT y0 Wiy olaws Dlas (o
39 Gulesime BN (D,5 )0 aigy slawd j2a) aslllas 0,50 Dlao olod L5 51 Sb3 )l 0590 slocadsd) (w5 de
gy 50 AL slasy casls o, Slas olS glas )| uals cely 5, & bl 550 iy 525 oy S il mlas
G2 4 G13 slacisi) g op yimin 1,10 G15 § G14 G10 G8 slaccigy .ob ails Veov 54 9 B ;o dils olass
SSlos s 5 slizl (e Ao VYoo 58 9 ML Ho wilo slaw gy Ho B slawi wog o ,Sles S lylo
leasly o Laod o, Slas 05t (sl — aislys g0 0, Sloc 10 39250 Ol posd 5 (5oL olme 453 b g wing alls
039 9 4Tg ;0 A& dlass oy iy g L)lo bG8 odgiy ol azgv LB ae Galitee Layl ol g oMo

5 e Sl 5 Jlo Ll 3 S g osllan iy lyiees lgicon YL s )+

Logd es)lal 599 ((Siuad 4525 (ygam 55 42525 1 goalS (W03l

(Dorri et al., 2017)

25 Lansh el oaiiSoguome Juale o e (S s
Lol (Jlcpll (Teran & Sing, 2002) wib oo ez yl s
95 b Gl i (b yre 0 a5 iblis | (gawy i o
Wyl 18 alisee sl Jlu o S Cugb ) 00 5w Slilugs
>los 5 swgb, s (Pessarakli, 2001) oS o 0,
St dond o gls YO« 51 iaS Wl 5L ol UL Si>
Gblio L g e oo Y000+ &Yl 5,1 ol L
E5 sk B 10w+ VL 5L 5 b g oo
adgi a5 > o (3ble ol o (Stephens, 1994) sas o
SgraS wil aile Sy (5,b & 5e5 edaiel gla Sl 4y Lol
&) dyame oy a3 2 Jsb )0 )l S0l Gt Sl S O
Dl Az 50 00l sl (T Sde Jobo g ol Lo
45‘59&& ‘uJ‘);OBM.C w‘ J}am J...uul...) L u...w.v Q)SLQ.C
2S5 oy 50 Logasa (aan 4w b g0) (Sis 0,90 O
S5 plB )l ogs aalgs az gy LB o Slee als sl las!
29951 5 5SSl olel Saa degd o (Sas @

doddo
23S p8 50 335 50 alS (s el i 51 (S Lol
s 09l g0 S 35 loy liwl el 3l jo g 00y
WAV QA (elys Jbw o glasiy bl o Lugd <iS” 5
£S5 LS YFOVY sg0 Ol adss e LS YY) 0 sgu
a—ib oo LS 106,55 LS YADY o) Sloe bagio Ly
JJoass (Agricultural statistics for the year 2018-2019)
(o, VASYY) (T (VL ety o354 Lag) (2l3e 3
Ol g azgi wlislo o ol (o Zajo 5 goladl 35
Sl 10 )55 5 (g3l Sl 5l 55 el adgs 5 0lS

Ooigel 9 OLidog 55 10 ()9 S vd (6559litsS OLakios duwhe Hbdkuol -
85,9188 gy g Ubigel «liis lojlu (b8 b e g (5598
ol el
Obigal 9 ©liios 350 ds g Sl 46 9 gol lisis Ao bkl —¥
(85,9188 gy 5 Ubigel i lajle (b b wlie 5 (55yliS
Rl el

(asadipm@gmail.com e ki g — )


https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2024.86391.1079
https://orcid.org/0009-0008-6032-3940
https://orcid.org/0000-0002-6096-0850
mailto:asadipm@gmail.com

9948 5 jlous o§ ol 3l pl g Lo id g & pidd

Sblie (nl )2 )9aS S BB (LoDl I (o 5 00l Cgunine
ol Cudgama b Qilgs oo Bbolie cpl jo Lugl celyj 5 aiylo I3
S yo oolaiul 6‘)4 ts'l.mu.lﬁ) )‘ oolazl cua‘).'l...a 05....: =L‘>‘9.a
5 &slelnS slaig, 5l ool wl dlax3l 9550 T pilie |
2l e o 155 n Jorie (slbinss 5 ool i
as adyle Bles o5 )4lasS w1 (Vafabakhsh et al., 2012)
50 S soliiwl adgs iali8l cax s kol slp ol iSlas
pae bl b o i« Siddess g S olgago! Lyll
Oz 50 ol plo (s alaie 0L okl 5 Ol Cosgae
5,5 e aeyie o |y Ol By SIS Wl )l o
Ll (g 5loaigy 0 pal) G (5 Le]eS (Moutonnet, 2002)
L 0g-i o0 00ld o3lal aiadan & jgods oL 45 (g, ol o
English & ) oS Jossi 1) o ,Slae zals 5 o105 5l Sl )0
O ity 6l () lsedan g,LaleS (Raja, 1996
i oz L ol y o caijp malS g ol G pae 58l
CinS g0, Shae ;0 (i GRalS Ll s (e o] Lawgle
ol A8y St ded g S bl s o0l S

4 obcws gz Wlg oo 5 (Ghorbanli et al., 2013) ol
g S sblis ;o (6,0l DY same jo s o]l
4o (Habibi et al., 2006) »,-.5 1,8 colaiwl 3,50 Si>dos
Sl a5 wd (asiis Lugd slocadsiy 5 6)keleS Sl oy
ild 0,Slos (BMe o ails slaws ,g,L B slaws iy 39 9
) 6)‘&@.&4 uw.blj M‘éﬁ Qa.>Lw 9 u_i_a)jjg,u o)iLQ.c
5 St (i 45 5 sboty wims oo o5 5l Ll
lee=t s oo o Ae g Ve el (g Ll pmj,y yo adils
2 ebgl ol a8 J s sl cewsay C.OS16 sl
PR AR ARWA U OSN3 u.,.al.: Lyl s
aly ails o Slee oy i KS21486 iy (s,ll alaw o0
s3> 90 3l aS ol lis mls izmen ol olais] oe>
aile slass d(asls (39 9 asle slaws) asls o, Slee Lol
olis (el sl 1) 4 Camd ( yion ol b g Lol O
0y Shas 4 Caus ails o Shae ol e LzalS 5150 ks
el ol e 4 g 28l rals 6 mh Sad b Syjelse
Karimzadeh ) o_i oS 55 qwyp 9y50 lacuiss) cudls
(etal., 2017
525 Ll adgs anze lals sla Sl 51 (o
ey olos) il a5l 4 425 b g ol O gy B pan
UTJMMLBOQPMCXMaMdbLA
St 50 S5 oS Lagd celys 0 el 90 el

SRsb) G S (oo SeST (xSl cblis 4y s
5 09 oo Lol asle o Slee jo glala>de LB rals el
G e 9 GRS Sl g o) 4 aty o Shee a5l
oly g oo, (Frahm et al., 2004) cowl Sglaze axlllas 9,50
cel Sis as wilasls Lo (German & Teran, 2006)
039 9 Bl (ALl ils 5 Shoe 0395 iny 5 5 Shos halS
Ll cod ) o Shoe oyt a5 (o)l 098 o0 Lagd il
Aogs digr 4o dild o BME olawd iy (ol walls s
e iy e Lyl co o6 ) ails 5 Slas wglis cle
(S G ogr iyl 5o i olge g e )0 Cueglie
72 U 5e) e plail oogicens § o Shas sl cails 5 Slae
Al Hal p0y90 Jeb sy asli o Sauw, g ails
Sl ysbas ) S (o ST sl 5 (slaije, calae
(Ramirez-Vallejo & Kelly, 1998) aas oo ialS Lol jo
50 1o olawd 087l § WilgT oo Wl U dawgine St 5
o ld (S U g, olaed (e jo asils slass iy
(Ramirez-aas ymalS 1, Logd als o34 9 ails o Slae wiils
9y, = dg9ame 5kl w0 b Vallejo & Kelly, 1998)
a5 Ly oS wd asiie ez logd s8] ails o Shos o 0,
Sl salys 1alS gy Radar sk ails o Sles il g
i Ghbigy deoyd e Sanh bl bbiad) cnl yo
e Iy S 5 Sl oole g ¢ Jpame WD) o
39 Oe—=zxen (Khoshvaghti et al., 2008) ol o als 50
ez Ly pLE)] o (St i ey b K0S (A
Wl ald g (e ‘gs‘“df Jole a5 0l asie
2O GRS g adls Lt (Seas s ) STy on e
A S adils 0 Slee inn alS cel (gaucddle al> 1o
5o &, b sl (Faramarzi et al., 2008) o_i | >0 ple
s by 5 sty Al e 90 50 50 (i i S
Lyl s 5l Jeols asle oy Slas g 050 0 ails o, Sles yials
Ll 31 ol s 5 Shas 51 5205 o s, aloyo o 25
Nasizadeh et ) sg— aiwily cogb; 4 cisly al> o jo 25
L mialy slo il LS5 poe el 0T s (@l 2008
30 B olaay g B o wilo laws g ouud Lugd o oyl i

(Singh, 2007) was oo sialS |, 4,
ogam s slo JlwSis aSlan a g L
o3l J13 5l o 1) ol blie el o3l cly JlucSis
olals wdg sl il 5l (S plyeds (Sis 5w
Ol SaS e g Sis 3blie ;05 (S g 5985 )3 (£
Lowge U ol,o! (Ebadi et al., 2016) cewl oo aslis
SiS e g St $blio 2y o dee V7 Alle (Sijk



e Lagd Giduasel g si} 50 o b i yo Olis 9 0, Sdos 1 55lelpS w5l (ol g (5 it

gadle Voo 39 (Jamamme Cllo 5l G waus )T bl e
sl @iy glay )l Slas jo .0l (5,505l LSy o Slee
S50 AT iy Kl e jo il Slaad g aigs o B
(sile GSLe F g cdiyl slagygejl 5l enlin wl Ly
o=l Sl oS bl stalesl las iy (SS9
Soleal y90 52 5 o 52 50 Slio ool il g 5 o jslane
yokated g alwgs 0,90 LL o al bl alflas &) g0
S35 2 S obly 3 el x Jlo blie Sl om)
O (3 jieS o] dawgs Dlas Sl .l plox] laosls
o 5o aislie ao o iy maw 0 LSD [l gse
oolail (g olaws) Falslae pxie 1 Bd> gl il ylgeS
ol yd s 098 3591 (6 yiin B b alo o ,See b o
Slio pEaspls (g ) Joo 5 Slao m ooler (Ko
3aiacd dwbre (g lal bl il g0 o 0 wils 0, Sles 1 S50
95 BFpR asz 92 et sl VIF (il jlg o5 Jole
sybedny ol oolaiul (g Tl o D98 b axs b))
Ol (S ol o oo (s haslgy i S0
(Dewey & Lu, 1959) wiods do 5o puiianns yul g (puniico
Lo pll SAS 9.4 1381s 5 bawgs (g, le] slaas 5 ples

Gl o0 A alee iuloj] glallas il g 51 oolizal |
59 )0 9 595 45 5 59, iy Syl leyge yo alize Slao
sl s ) seles] sl ol S,
Sl g iyl LS F (205 ao,)0 00 U 59, olaws Cio
G 0, Sloe g asilo Vo v 590, S 10 ATy olasy las
Sl 4y gl s 90 ol ad o e ol
59° 99 42 by pe slaosls (i oo cnlplis wivg o gine s
By |y Slio asiy gl sy 0550 Jlo 99 50 )b
S (8l gl a5l el g (F J5a2) 0,5 25
SO ire Dy 3 g 3,8 esliiwl Lo il g (2319355 8
Slal,ly 45 058 (655 Azt by, 5l (S (S O39S
Valizadeh & ) aiil oo cz19555 (5 ke (5,0 (soolii!
B+ LS 5y, olaw Slaw gl ol sls «Moghadam, 2010
IS ysn 3 Shae 5 4l Ve g (oS aoys

2855k 5o ) oless B9y slab )l

50 dbily aer 10 .Clls 35z g0 ol olie 5 Ay ool
St S G5 S oS ok o S o )
5 )l e Lagd o8, 5 (=Y V7 o 0, See sl
ol Cusgazme Ll b 5o ogdhae o, Shee gl slogassss

00,5 sl

o o9 9 dlgo

Slao 5l (55 595 2 )l DT (s palaieasy
Lol il omsishs VF st Lol sl 5 Sy
Jbw 93 3 (0 Jguz) (ol slaaslp 5l o> o
ailate gl pL5, ol am 4l VF) L5 Ve lste el
95 50 oylou; sbl s oo oS! jo (LasS g (5 00)
DB S 18 a2 05 yleleS g Jlep skl llpl
o 33 5 4l S L oy 5 S e
Sl bl s j0 .88 g0 Loy (sl v g
LS 5ss 45 555w olely bl 5ss s leleS s Jley
L ol JelS (glacSsl arly b B 4o Lajioloj] gy
3 o521y ot ot (e 45 ke 03 ol 55
ol sl o3 51 oo ) 3 oslitd 5 S s
oolial L5 55 il 99 olimets 5 s 51 50 slacile
(' Jso2) S Gsasl @l ol 5k 9550 slasgs o
Voo bl ol ol sols iolesl e a0 cuslS 5 LS
S8 3 a8 e LS A 5 Dland g LS j0 p,55LS
PSS Ve (il 8 ey g ae 5l by
T oliedn Seaged sl caled 5o g aloyo 55 50 0,0 LS
5 pB)l jsd o eolatul gkl GT L ol jon S )3 0 ,55LS
Sliiod ol 5l ound amngd) (o) 2 890 Lo
oS )8 S8 e L <3l S (e Sl
Ole 5 plod bl ol diad (Sgdead o 50 90 50 L el s
ools LAY Jgoz )3 (smy 2 3y90 JLo 99 (b o Sk
) Sl Jold &S S 50 g e el Sl oud
S9) 2 g Jolgd 900 sy o JolB b 2o ez Jsba
sodle ) > yo Job jo aiad ciS e cile Ve o,
550 sladle (g J 5l Joono (2l slocdlye
S 50 i 90 limeds Caglg ) 4 cdl ade il
slaws aiile Slas 5l a3Y slas lo poilool (al> e g0 b
St Wigy 8 ey y B g Slawi (23 J5 00,0 B4 B 3,

5o adily Slass g jo e Sl gy gl (D )S o g



90 5,lds S als oyl ol Olgue s idgh & pio

62T 9 Jloyi Ll 90 )0 aslllan 3590 iz Lug! (Soaigil —) Jgu
Table 1- Chiti bean genotypes studied under normal and low irrigation conditions

s ) 53 Lo
Code Genotype Genotype origin
e i oo o aes
Gl KS21500 e Aighont ol jfoad

Prepared from Khomein National Research Station
‘yao> Slaass oK | )| 0l dngS

G2 KS21538 . ) .
Prepared from Khomein National Research Station

G3 KS21565 Gro Slihod sl e
Prepared from Khomein National Research Station

G4 KS21563 Gros Sl sl jload s
Prepared from Khomein National Research Station

G5 KS21597 Ored Sligios diwlloab s
Prepared from Khomein National Research Station

. > Slidss oKl 5 sol i}

G6 KS21600 OeZ DA 0B T 008 A _

Prepared from Khomein National Research Station
. > Slidss oK [E{PRW: 5

G7 KS21601 e lipdnd olfngl jload o _
Prepared from Khomein National Research Station

G8 KS21606 Oro Slighod sl jlend s
Prepared from Khomein National Research Station

G KS21607 Oro Slaos ol jload s
Prepared from Khomein National Research Station

G10 KS21492 Gro Slaos ol jlond s
Prepared from Khomein National Research Station

G11 KS21255 Gro> Sl ol jload s
Prepared from Khomein National Research Station

G12 KS21184 Ores Slighod ol Joad s
Prepared from Khomein National Research Station

G13 TAYLOR Ore Slighod sl Slend s
Prepared from Khomein National Research Station

G14 KS21495 Ore Slighod sl jlend s
Prepared from Khomein National Research Station

, S
Gi5 Sadri (Check) ol 5 e
Zanjan
G16 Kosha (Check) O~ ’_’5’“
Zanjan

wlesT 6yl Jxe asy 30 S Slasiine -Y Jgao
Table 2- Specifications of the soil of the field where the experiment was carried out
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Table 3- Temperature and rainfall during the two years of the experiment during the growth period

Jw 029098 el sls 5 » 313 5o 288 R
Years April May June July August September
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SNk 2021-2022 14.2 30.9 31 0 134 0
Rain 2022-2023 36.5 53.3 15.7 1.8 13.2 0.1
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Table 4- Variance of experimental errors in different irrigation cycle in two crop years and Fmax Hartley and Bartlett's
tests to evaluate the uniformity of variances
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Bartlets test
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5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle
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ol 009 éw) s_J)j_aoAAASw‘ L~>9J Q}S.Lo.c Oy
N i (S 5 oS o (e Lalpd 3B cow
50 A olaws Copwlus 4 0956 0 (Salehi, 2015) »,.5
—opl,d jralS  cul ol o)lil  Sas S 4y S A
el digy y0 BME Slaws galS LYs 5l (S (6 s olge
6‘).:[@.@‘.0 ‘_J.ALCSOOS.: ‘51‘)2.:‘5{“0 LJ“'“))O dy& b‘d.’.:‘):)
<&, b sl (Singh et al., 1987) sg; aaly> ails o Slas als
s OB o s, Giali31 b )l o (e 208 50
ol Lagd 9 (Glycinmax L) Lgw ;o 45 540 d2lg> ol yon
Ol gl digy yo e Slawd el o WlgT co g Caowl 00
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Table 5- Combined analysis of variance for chiti bean genotypes studied traits in different irrigation regimes during
experimental years

Olaypo (uleo
Means of squares

B U 39,

oy

I 4z . N . Slaay Voo 039
S b = oy U 59, EW,l aigolas e o ails
S0V sl , » Sk als s 4l
U df ‘sanf L)) g “")S 3° . OIS )S.Lo‘
Days to Plant  Plant per ks Seed yield 100-
Days to L ‘ Pod per  Sced seed
50% maturity  height plot p per -
0 plant weight
flowering pod
_‘5)%1 )9 1 97.75 1131.02 3579.4%  23320.1™ 344™ 2.76 21808618.1" 545.4
Irrigation cycle
Lo o o
\‘(J 1 128.4 5440 10.55 800.33 8.76 3.26 32927078.9 561.7
ear
JLw X d)tfj )Sé
Irrigation cycle 1 0.13 36.75 1126 6.75 1055  0.63 608963.4 75.25
x year
Vsl
8 0.88 53.48 94.6 708.26 3.71 0.068 586888.45 3.56
Errorl
w5 15 219.93" 5051 9630 162007 4354  2.12™ 24685974  207.4™
Genotype
290 X i 9
Sobee! 15 0.62 9.63 8831 398.12 208 0055  111804.4 2.01
Genotype x
irrigation cycle
Lo X g - - - o * o
J FEF 15 39.02 141 242.3 2620.2 11.63 0.33 883364.6 22.6
Genotype x year
290 X i 9
Jox s )lfﬂ
Genotype x 15 0.907 22.07 29.66 194.4 4.89 0.13 883364.6 3.73
irrigation cycle
x year
Y sl
120 0.96 314 143.57 346.16 3.802 0.23 291514.4 5.31
Error2
S 2.12 5.56 19.06 8.67 20.42 9.34 21.5 55
CV (%)

M)oﬁs&l@)a)loszm%;;@: 3

*k

" and *: significant at the level of 1% and 5%, respectively
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Table 6- Mean comparisons of studied traits of

Ubwy) B resiizey d)y90 olao U&Lm d.w.vLO.o -5 Jgu\.'?
chiti beans genotypes under different irrigation cycles

Qo ;0 O+ U 39, G 39, sl agolaxy M olaxi aildolaay 5,Slec Voo 039
Golel 590 2o Oy &g Oy g0 aig 50 M o ailo ailo
Irrigation cycles  pDaysto50%  Days to Plant ~ Plantper  Podper  Seed per Seed 100-seed
flowering maturity height plot plant pod yield weight
39 & il s 45.08 2 98.26 @ 67.22 22554 10.88 @ 5242 2851.4 2 43.61°
5-DIC
I9 Skl 2 46.95 2 101.11°  5886°  202.7° 8.21° 5@ 21774%  40.24°

9-DIC

595 % s kel 99 9-DIC (s, g 5 kal ;90 5-DIC
5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle
25,105 (6,5 sire B do 0 K mhans ;0 LSD (yg03] ulasly S e (B > (sl ls slael (gt 2 50

In each column, the numbers with common letters do no

t have a significant difference at the 1% level based on LSD test

5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle

oz bg) i g) adlllan 9500 Glao 53 Jlu 51 (il dmglio -V Jgur
Table 7- Comparison of means of the crop years in chiti bean cultivars on the investigated traits
O+ G 39, G 39, el agrolawy M olawi Al slawy ) )
Jlw 2SS duwo s Oy 3 ag WS 4o aig 4o S o 8 o 4;;)0‘_;}};:
Years Days to 50% Days to Plant ~ Plantper  Podper  Seed per Yield weight
flowering maturity height plot plant pod
2022-2023 46.72 1062 63.112 21652 9.76 @ 52542 2928.5¢ 43.632
2021-2022 4532 95.4° 62.642 21172 9.32 4992 2100.3° 40.22 2

25,105 ()l sire B dsy0 G mhans 40 LSD (03] el s 5 e g > (gl ks olael gt pa yo
* In each column, the numbers with common letters do not have a significant difference at the 1% level based on LSD test
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w0 adgs slaasls 5l solaws )] Cdlaie g oo oLS jo Sz
sboles )0 (a2 Ls (pl oS DSl iz j0 .00 5 o il
F5b Cou i e o wils slaw a5 wes o lis oo
@l ol o) ol Gz 3B 6)lleS 5 aile s
Ghasemi Golezani et al., ) (Cicer arietinum L.) 34 55 ,o
ool y,l35 5.5 (Boutraa & Sanders, 2001) Lag) 4 (1997
slasy mals cel  Sid sad i Ceol Sowe adl ol
Sl b 5l e SLa it 95 5 BMLE 5 il
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S ool iuli-3l (Gebeyehu, 2006) ool oo yialS

Jedods wlgs go ogllas d)lﬁ-.’i bld cod plals o gads
e ol b oS 0l ol plgs 55 5 Sy s Sy GRS
(Lo yd 595 5yt az o eolitul Sz 9el)5 (Sojgl
Bayat et al., ) 595 oo o0 Sz oole 0o yinljdl cels
lacaisrs onds Jsaw o ,Shee puKileo s dnlia (2010b
G15 5 G14 (G10 G8 slacais; a5 ols lis oy 3)50
oS s B2 5 G138 slacuisis 5 (ni—iw sl
O, Shes sl zlasazg L.V e Jaoz) asog als o Slas
ol A 355 e et YU ails 5, Shes U slacassss
039 399> g g po M olasd o o (sl laced sl
3 Logd pL3) i ey 5500 4y S VL il 1+ -
(Seid s bl s s Siis oole pes ke ,La

Rosalees-Serna et al., ) o ,ls 505 L g0l slacsglas
39 65U 033 il (- Soe (St 4 pslie o5l (2004
ol ansls laasly Coowas bagyT JWs! g (6 ptiwgid olge audgs
Logd o3, 5l 59, siwlo;l ,o (Samper & Adams, 1985)
g Cldy a Ll wls o, Sles ( S A5 0l aie
Ol Do 4l g ae e 2l 1y S cs O slgie
Rosales-Serna et al., ) cuod LSS pl3 )l aan jo ialS
Cnglio 10 (69b; ieis slacugley At yen 0 .(2004
(Abebe et al., 1998) cuwl ool (3,155 Lugd jo S 4

4518 Voo 3
9 039 o gine cigi Bl s a5 ols s el )lgeS i
(A Jgoz) G o —ire (G l595) (a5 e
csl 59, 45 g, Ll ye0 4 sls s nSiloe (sloanslis
S TYIEN) s aslo Vv 59 50 o e pd talS
Soleal s 50 )5 FHIVE Bl 5 59, iy okl o Ll
ol Lag) o ails 5 ,Shos agee syl 5l ails Voo 039 .Gy, &
5 e 53U Cod (g gdi o0 J5US (S ©)jg0h &5
S8 b cow b Ses aus (Salehi, 2015) o5 o 13
as > slae il cudlad jmals dadisy, fab 5k ax 0 ool
6ol Olimedan ) 03,9 Slos wdgs (lie Wlgi o0 (0 olS
poiimns jobods ol ol 5l g (Pessarakli, 2001) was ol
395 (SS3e) jud i B L) Ails Ve (59 ol g
o asls Voo 59 uals ool uly (Sylouspor et al., 2006)
GlS 5 olS S @ 4 Gl ]y (SaS 15 Lo
slaasils ael auuy g (Salehi, 2015) (g wgid o b
e u_»‘ 5o d_..aJ‘ sl .l09_>J.A)_..o5 )9 l.' OJ..SB)?

Voo o9 9 asly o, Slae ol Slao 5l S 0 ciules]
U ot i 5o IS ity pogdle Cansl Sae cails
oud plouil Slalllas .0 .5 1,8 10 (o515) &5 0 aigy olass
Ve Ojg 00 gl iS50 05155 )3 i oS wad o (LiS
slass .Sl (Faraji et al., 2010) el S50 o ,Sloc g ailo
g Slaa (2 eS g (il &5 G300 LIS D)5 )3 gy
L Gl2 5 a5 VF- L GLS (lacuish & cud jay )5 o
a5l pln .ccaly 5w O S a sl o ate VAY
Lo ss, s (ANOVA) l55T oo slesl Jow a8 il lssS
ol ool gl sl dtugy lopite Gl (S )S )
ol il laeS djoe (A Jgaz) o ool ails o Slae
oS e s 5 Jlo )bl 9o DIl regdle a5 ol
Sl lomn 8, Shas Clo S e 32 50 5 (Sa)l955)
a5 oLl ygo 4 ols s (Sl (slaanslio (A Jgo)
G954 kel 493 50 4T s 9bay s o Shos alS el 3,
il sgzg aily o, Shas )3 ao,0 Ve sgus jo  ialS
S0l s St (p,5sLS YYVV/OY Llae o YYOVIYD)
o s s als o lse plail (s 5e e o5l o
3 ol )lsd 9 S e lawgte S Slass
S 3 Gelgl (ol bl (2alS 058 00 (LS slacily
Of @l o3l 5 Jpame 03y S s 055 00 wzge 45 Sl
g Bl 0h) gad g 0y Sy O] JLis g aily s
Slge ddgi w0aiiS iwgid slaaxly jlade (ol o5 Sl o S p
55 g oad o8 dlize slaion an ol Il 5 (s5rmgd
Lul,s s (Hu et al., 2013) ool als s, Slhee ooyl
(Fmogid) Sl b slaail a0 coml Jdots TS
I3 5 (55t olge L alS 055 e o LS s
SgaS 1S S50 S ) ol yes 4 Sl (99,0 <ub,
sladle 5l o s slaxs (5,5,L6 9 e slaws zals
(Wakrim et al., 2005) cuisls aalss Jlos a4 1) ouds LSis
Ay 0,90 Ll o A waly ol Wlgi e ,Ses Jlexs! Lo
ay 039y g JES| 508 ¢ o ws BB ST 95008 Jedoay
pae g oo 4l 0, Slae Cdlay i g a8l ol ails
2 ad 6keleS sl s o T asas zals b ails JuSias
(Bayat et al., 2010a) el oals (5,155 50 K0 slo ioghy
alisee plasl ym 0095 Slge mund « i 00le adgi pogdle
Chaves etal., ) cwl s s (golazl o Sloe i 51 oLS
ails 5, Shas o5, LTS Ll s o a8 oy o ki 44 (2003
a5 b oo L gy Dud b Sohslam 0 Sles 4y S
Dligios gl 0gh go Cudls  (atlh (hals 4 yoxie el 0l
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AL o ails dlaed g aigr ;o B slaws ralS cely Sis
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Wakrim et ) aib ool s o glojlad jo allo Voo 5s
slocwisis oad bow slo Sl o auglas al., 2005
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—aS Llo G7 9G4 G3 slacwiss) g (i sllo
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50 ol 0gaS ( S jgbas sl Koo ylaime =l pbe
ol cleas o515 Gl L olren (caal5 5 (cdagy Sl
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JUtl g cobo mals 5 g ailo (ad 55 098 Jobo ol
asls Voo 5g Jodds el g ool badils 4y (g 5iwgsd olge
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Table 8- Comparison of means between chiti bean genotypes in terms of studied traits

8+ U 39, Y Qg elas,l g olaxi  ABME olowi diloolowy ails o Slos Yoo 0339
FEPS eSS weys pmmy Gegiile) oSy wigys B (pSeks) () Al
Genotype  pays to 50% Days to Plant height Plantper  Podper  Seedper  Seedyield  100-seed
flowering maturity (cm) plot plant pod (kg) weight (g)
Gl 40.58 93.33 ¢ 39.92¢9 206.17 9" 7.25°¢ 5.67® 2458.1 41.83%
G2 41757 95.58 <€ 37.339 200.50 " 7.08 ¢ 5.832 2084.3 0d 43.10 %
G3 43.92 dof 99.25 ¢® 40.92 9 219.834 10.25 % 5.17 ¢ 2526.5 & 34,044
G4 44.08 o 98.58 ¢® 41929 213.5¢f 11.25 5.00 de 2520.7 & 34.42cd
G5 4575 o 95.50 ¢® 63.0°¢f 231.67° 8.42 be 5.50 2716.0 % 4367
G6 40.58F 96.58 <€ 44,92 211179 10.00 #¢ 5.08 ¢ 2509.6 43542
G7 50.92 @ 105.50 « 50.83 & 205.75 9" 1150 5.25 be 2701.1% 34.29 «d
G8 46.67 o 99.25 ¢ 57.42 & 224.83°¢ 1250 5.17 ¢ 337252 45582
G9 44.42 o 92.75¢ 43.759 220.75 < 10.17 % 4,08f 2427.4 4 4458 2
G10 45,92 o 107.33 % 55.58 & 218.42 de 11.17 % 475¢ 3042.0% 42.802
Gl1 52.33¢ 113.67 * 110.58 @ 201.75"0 7.67°¢ 492¢ 2234.8 0d 46.322
G12 51.83 113.42 % 124502 193581 8.42 be 5.00 d 2022.9 43.76 %
G13 40.42°F 98.25 < 36.339 209.25 7.33¢ 4.83¢ 152764 45.032
Gl4 51.25 @ 101.42 be 95.67 be 218.17 % 10.08 & 5.25 bee 2851.8 % 43.48 ®
G15 49.17 % 104.25 % 96.83 be 240.332 12.338 483¢ 3048.2 @ 39.10 be
Gl6 46.67 o 96.33 ¢ 66.58 ¢ 210.17 o 7.33°¢ 5.58 & 2186.9 bd 45,332

35,05 (6,0 gire W ds 0 G s ;3 LSD (9031 (bl s 5 e g > (sl (sl uSileo (ygiw ,o j0 3
* In each column, the numbers with common letters do not have a significant difference at the 1% level based on LSD test
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Table 9- Covariance analysis of grain yield and 100 seed weight in irrigation
cycles and studied years in studied traits genotypes.

Olr po cuSileo
e
i 29l . Means of squares
SO.V. ‘5;3 5 Slos ald Ve 339
Yield 100-seed weight
okl 1 21808618.13" 545.4
Irrigation cycle
Ju 1 32927078.76™ 561.7
Year
sl g 1 608963.38 75.25
Irrigation cycle xyear
las
s 8 586888.45 3.56
Errorl
S5 15 2468597.39™ 207.39"
Genotype
okl 199 X sl 15 111804.44 2.01
Genotypex irrigation cycle
Jbo X sl 15 883364.58™ 2258
Genotypexyear
T 100 x oot
Jbo il hgo x iyl 15 88635.87 3.72
Genotypex irrigation cycle xyear
e 1 3032450.5™ 9.51
Covariate
Vol 119 268481 5.28
Error2
Sleed 18.6 6.71
CV (%)

Qo yo 7y 9SGl jo o xS S Sy
*and *: significant at the level of 1 and 5 percent, respectively

*:

3, Shos L ails o, Slae  Siuon (Azizi et al., 2001)
slasy g ddgr jo ailo slowy (e 59 e Blawd (SG5e)gu
Ll 0 55155 (AN, 1998) el lawgs BN jo ails
Gl e 9 Siie ( San (Vigna radiata L.) ile jo
Slasi g ;o e dlawi ( 23 IS U 5, L als o, Slas
Kumar et ) el oo o)l58 cublo  asli g aig yo ails
Slao Logl ;o aS 28,8 axl oyles oo 0l plo (al., 2002
O o Voo 59 9 M (o alls slasd gy Ho e slass
Saoly y0 aily o g alils agy o, Slas (pati ;0 cogm

(Liebman et al., 1995) axil a>g5 5,40 o1 (Dol

*k

O 5y 9 (Smrod 4 320
O Gudos (nl 53 (o) 2 S50 Dlbo ( (Nineed (o) 2
Slao L 9, & g g )bl 590 99 0 50 g gl a5 ol
Oy L5 g, olass 5 (35 amo )3 00 LS 5 Sl
Sle plid as )0 S mhaw Ho Gyl g 5 Cude (Kwaad
5550w bl 430 99 2 0 5 s o Shes rizen
St b a2 )d S e )3 (5l g g Sude (Ko 3,
(sl 59 50 1 50 0 Byb sl oly lis ase o M
aslo Voo g ®Le o adbolass L ag o B olow
=l (V) Joaz) ol lis o e e tie (Siad
Sls cdillae (390> U 1 ;500 slategn b b Jol>
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Table 10- Average comparison between chiti bean genotypes in terms of traits of weight of 100
seeds and grain yield (corrected average)

g &ls o JSlos (p55) 4l Vee 439
Genotype Grain yield (kg.h™) 100-grain weight (g)
Gl 2529.] abed* 4172
G2 2153.85 bed 42,98 ®
G3 2480.75 abed 34,124
G4 2529.03 cd 34.4
G5 2569.15 abe 4393 %®
G6 2537.88 cd 43.49
G7 2775.66 2bc 34.16
G8 3284.03 @ 45,732
G9 2373.84 abcd 44,67 %
G10 3008.36 ® 42.86 %
G1l1 2343.5] bed 46.122
G12 2201.45 © 43.44
G13 1572.26 ¢ 44952
Gl4 2820.32 abe 4353 %®
G15 2828.27 ® 39.49 b
G16 2223.76 b 45272

35,105 (6o sire WS soy0 S mhans ;8 LSD (9031 ol 5 jiiin g 1 sl (slouSileo cygim ,o j0 3
* In each column, the numbers with common letters do not have a significant difference at the 1%
level based on LSD test

39y 4 9 T ‘5)L3.J G259 y0 0uls 5 T ojluil wlas g °M%M%‘i‘)‘é_“ Jous
Table 11- Correlation coefficients between yield and traits measured in irrigation cycles of 5 and 9 days

oy B Bey  Uey gyl M olaw  alsolaw o ,Kkes

wlao byl XN O &g g9y e o alo
Traits Conditions  paysto50% Daysto Plant ~ Podper  Seed per  Seed
flowering maturity height plant pod yield
235 s 00 b g, 5-DIC -
Days to 50% flowering 9-DIC -
Oy B 5, 5-DIC 0.77" -
Days to maturity 9-DIC 0.74” -
gy 6l 5-DIC 0.84" 075" -
Plant height 9-DIC 0.82"" 0.76™ -
Ag,0 CME Slaws 5-DIC 0.29 0.13 -0.03 -
Pod per plant 9-DIC 0.26 0.14 0.01 -
M o asls slaws 5-DIC -0.16 -0.23 -0.14 -0.44 -
Seed per pod 9-DIC 0.07 -0.21 -0.08 -0.4 -
als 5,Sloe 5-DIC 0.27 0.03 0.08 0.72*" 0.01 -
Seed yield 9-DIC 0.31 0.03 0.06 0.83" -0.12 -
@ls Ve o 5-DIC 0.02 0.03 0.31 -0.52" -0.07 -0.03
100 Seedweight 9-DIC -0.02 -0.05 0.24 -0.375 -0.05 -0.17

)‘9) A: ‘_g)L;" 9o g'DIC ‘)‘9) G.: ‘_g)L;" 9o 5'DIC
5-DIC: 5-day lIrrigation Cycle, 9-DIC: 9-day Irrigation Cycle

* Kk

Ao,y gy g o, s_ig.c.la.»:)d)lésl.!.n A g
*and *: significant at the level of 1% and 5%, respectively

*:
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=,y (Safapour et al., 2009) sc_ils asils o, Sles 5
S olrl e (2L (55 SOk 03 Lagd (9enSUS 5l 5903 YO -
aS ad odlive fyguw )5, 430 plail b alides Olaw Ll
BMUE o il dluss g algr jo BME olawd ilo Voo 5s Slaws
500,5 Aol dlg STl o Slae Ol s 5l oo 0 AV/Y
Rahimi Chegeni et al.,) axiols o] p |y ks 51 o yiioo
2 Seisldyse lie gl badly) (o) n 0 (2017

ool wl b iz g 5,8 it Logd calize slocudss
Ot = 2 swadle ;o B sl B apls g 5
sol a8l jo e slass g 940 0 Slae Ol sy jo S50 53>
S8 gam glaa sy o e s dils slaws gails Ve v s
(Azizi etal., 2001) axils
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= Slas 9 00y )Lbk-;;.v.o U?“"‘"‘)f) AJJDU as sls QLM.AJ L.S)L‘"—‘
S sl il 599 9 50 50 ks 3l ails o Shee s
P15 35S B ( Sgem 55 Jbe 00l 3l s (o its
Gl st (s 45 000 )8 pelre 5 dnwlxe (VIF) Ll g
99 )° as sl ULM..: GL».: .Q)L.\_') S99 wbp.m sJ.O.»_.wc
slasi g yo B slaws Dlas (VY Jgo) 55, &b (_;)l,:.ﬂ
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Table 12- Results of stepwise regression for grain yield, as dependent variable, and other traits as independent variable in
5 days irrigation cycles

i 2o ol a0 Olay po (uSileo U o el g S
S.0.V df Means of squares R? Adjust
RO’*“;_ ) 3 904883.41" 0.707
egression
ouile Sl 12 69190.57
Residual
Jow 4 0us 8,y wliw g S 5 oy ouls & laibiw! (ygumw 55 s o obylg g8 Jole

Attributes entered into the model ~ Regression coefficient

Standardized regression Variance inflation

coefficient factor
G LR KV
-5580.3+1891. - -
Constant 5580.3+1891.5
Sy > B Sl 280.71""+46.01 1.197 1.97
Number of pods per plant
e o ails slaws
S s sl 599.8"+18.9 0.557 1.445
Number of seeds per pods
o Yoo
o e 0 51.21°+19.8 0.459 1.61

100-seed weight

RUESRY TIPSR VESLRE Vi | PUE P S KO PO ¢ PV

e

** and *: Significant at the probability level of 1% and 5%, respectively
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Table 13- Results of stepwise regression for grain yield, as dependent variable, and other traits as independent
variable in 9 days irrigation cycles

¥ olio @ol3 a0 @l po (Sl ool Jyos (ot g
S.0.V df Means of squares R? Adjust
095 1 2017348.62** 0.67
Regression
msl.as‘élg
] 14 63479.9
Residual
JM & ouds é)|5 olo 05'.'."*‘;) e s ol °)|"*';L.”"‘“‘ OS‘.’."*‘;) o u‘";L.'.)‘S £y J“‘L:
Attributes e.ntered into the model Regression Standardized regression Variance inflation
coefficient coefficient factor
ol e 521.69+300.38 -
Constant
W, B ol -
280.717+35.78 0.833 1

Number of pods per plant

Aoy i 9 Sy Jlaol mhaw jo o pme gy T g FF
** and *: Significant at the probability level of 1 and 5%, respectively

ol gpomlylasls asls 8 Shas 1) 5l o i g o
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