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Introduction

Lentil (Lens culinaris Medik.) from the Fabaceae family, is a self-fertilizing and diploid annual plant (2n=14),
herbaceous and botanically has a short and branched stem with a bright green color. Drought stress is one of the most
common climate-related challenges in nature, and few plants can fully overcome it. It is a major factor limiting plant
growth. Given that over 80% of the area under lentil cultivation in Iran relies on rainfed agriculture, drought has the
greatest impact on reducing yield during various stages of the plant's growth and development. Supplementary irrigation
technique is effective in reducing the possible risk and increasing the reliability of crop yield under rainfed conditions.
Planting density can play an important and strategic role in plant yield.

Materials and Methods

The present experiment was conducted in the crop year 2023. The soil of the study site, first, was plowed and then
disked and finally leveled with a trowel. Before planting, the seeds were disinfected using Captan fungicide to prevent
lightning disease. After the initial preparation of the land, planting was done at the end of March 2023. The experiment
was carried out in the form of split plots based on a randomized complete block design with three replications. The
main factor (main plots) included two levels (irrigation at the time of planting and no supplementary irrigation) and the
sub factor (subplots) was related to planting density (100, 200 and 300 plants per m?). All crop care was done at a
certain time according to the customs of the research area. In this research, the characteristics of plant height, number of
pods per plant, number of seeds per plant, number of branches per plant, dry weight of a whole plant (biomass), total
weight of seeds of a plant (seed yield), 100-seed weight and the SPAD value were measured. Relevant measurements
were performed with standard methods. SPSS version 26 software was used for statistical analysis of data.

Results and Discussion

The results of this study showed that there is significant genetic diversity for the studied traits. Based on the Analysis of
variance results, in the case of supplementary irrigation factor, the traits of number of pods per plant, number of seeds
per plant, biological yield, 100-seed weight and SPAD value at the probability level of 1% (P< 0.01) and for traits of
plant height and seed yield were significant at the 5% probability level (P< 0.05). Regarding the planting density, traits
of number of pods per plant, biological yield, seed yield, 100-seed weight and SPAD value were significant at 1%
probability level (P< 0.01). Considering the interaction effect of these two factors (supplementary irrigation and
planting density), the number of seeds per plant was significant at the 5% probability level (P< 0.05) and the 100-seed
weight was significant at the probability level 1% (P< 0.01). Mojdeh cultivar with a density of 100 and 200 plants per
m? and with additional irrigation conditions at the beginning of flowering had the best yield (3.26 and 2.93 g,
respectively). Correlation analysis (Pearson method) of traits showed that there is a significant correlation between the
yield and other evaluated traits (P< 0.01 and P< 0.05), which indicates the relationship between yield components and
yield which can pave the way for future agricultural and plant breeding research on the same topics as current research.
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Iran.
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Conclusions

According to the results of this experiment, it seems that the density of 100 or 200 plants per m? is suitable for lentil
cultivation in conditions similar to the location of this research. The results also showed the significant diversity and
difference for most traits, which can be useful and practical in future agricultural and breeding programs.

Keywords: Correlation, Density, Podding, Supplementary irrigation



Iranian Journal of Pulses Research
Vol. 15, No. 2, December 2024, pp. 129-139

Olnl Slgs slaings 4 puls
ITA-VYA . o V€T 093 Ao oF Byl VO Al

Original Research

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

g https://doi.org/10.22067/ijpr.2024.83555.1062

023 byl o 3 (Lens culinaris Medik.) (was £1,; Slio p oSG )Wl g il 051,550

N0 S s

VEY/0/ Y icdl o &b
VEYAYIYA i oy 70 )b

US>

—alo;l (o35 o-3,) (Lens culinaris Medik.) Lwoe oS coilS o515 5 LSS (o Lol @l 31 b, jglaiea
SVEN VEY el o S5 aw b slas elS oSl aly mob il b ond 0 )5 clocs,S & jgon
a0 ,0) (5yLel Jolis ialesl sl Jale .00 5 1l (Gloed oyliwl) sblowl jgialy olSiils Jimgh — o590l 4o
Oy (gmrte 3 g Yov g Vev ) ee) cls (515 5 (ol ole (lgiear (09 (oS5 )kl o 5 o200l
@ 5o ol olass Sl eaSE (g)lal ol 3B e il ly 58 Joar Gl 2 ok b L5 0 e b e
=9 Pl V) so e SO il e jo (S asli g ailo Voo 59« So5g0gm 0 Slas igy jo ails slaws
Slao p sl (ST Jole 3G 0 s s (P +/+0) oo iy Jloio| oy ails o Shoc g g glis )| lio
LYY s S il mhaw jo (K pasld g dilo Voo g aails o Sles «So5edgm o, Slas iy jo pls sl
g j0 daTg j0 Al slaw Cho o (GBS oS 15 5 (oSS (g )Lal) ole g0 cpl hliie ji1.a00,5 Jlo s (P
0350 18, 090 Yo g P </ V) woyo S Jlaiml rhaws jo ailo Voo 55 o o g (PS +/+0) sy gty Jloi!
5 4 5 St it el o3l Bl 8 a5 el Ll b 5 s sy 3 e Vo 5 Ve e ST 0
ot o, Shae (gl 5 0,Shae Slio (Cypms ) (Sinod 43325 dylas ddgi | (W2 S5 axly 45 p,S VAT o ¥IYS
Szt blo )l oasmo)lis a5 cils 029 (6 lo g (Ko 25, 8,50 Slao plu g aigr o Slos o a5 0o
Gzt o Slegdge po 1) soliia g o501 Sloighy s Gilgi o 45wl oo 0 ,Shoe o b 3 Shas
Lolyd 0 @eyie 0 g Ver L) e o515 48 sy o0 )5 4 ales] ol (IS @l 4 a2 g b iles 5 )lgen p2l>

sl o canslin (Libgls ol alyz! e danl o 50) olodiins] 1o e CuiS (gl eaS5 oyl

Nma ¢ 230l (05155 (LSS G)LHT (g9l slaeilg

ipgiy e goi

sbry! s oS sl 1y (Sl 5 Shas (Ll 35008 5 Sk
3B 65,5 el olS ! slp Cusb, asslis eul 0390
SFSYob Gloy Sae p3 1y 093 (haly g (ohagy wb) ol
ST 50 8,8l 5l 6 lws (Hosseini et al., 2011) aes sl
ooie 9 0958l (Shg> 5l lpl 59aS alex 5l g lajgiS
(Kakaei, 2019) oS o cpuoli 1) 095 L5 390 Craigp
SOl e G g andls Slae ol [0 see LA was
Sge 9 S n sbohaee S el sy, (ean
sobas Jaase plabl oo ceodlw )l gl o (sdie
30 9 g oo CalS Siddes lail> sble [0 00 lS
Zeroual ) s)ls 1,8 alises oo (15w il Julse (6 20
SialS als g sl e el 4o woe (et al., 2023
Cols 50 185 518 lagsylem 5 BT 5 50 sladile g9
Ol 65,58 Glapiuas o lowiyl ad ()

dodio

Kbge (St G5 b 53 gl ganlil Soly> alax |
o O 3l s 4 Bsn o JalS jsboay LS a8 Ygans a5
OllS Wl (9,5 Sguzme Cuzx o hle plreay g ail
3 S8 aS cpl 4 axgs L (Kakaei, 2019) cowl ool azslils
o (Lens culinaris Medik.) woe ciS 55 maw ao o A
olali )0 Sl (i Wiles mo CiS Ojgoa ol
ol olS pl gesgad, calite Jolie j0 olS cpl o Slee
ala> I uae oLS (Parsa & Bagheri, 2008) s4i o
bojw g Sguomel gad, wole s a5 wilb o Sy
S o ol pl enS bli 25T 0 abbe Cavgs

o)l g yapley oISy ¢ i (8 0uSuily ¢(65,0liS  pole 09,5 ¢ )lutils —)
ol
O

(m.kakaei@pnu.ac.ir (e 0dinnr g — )


https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2024.83555.1062
https://orcid.org/0000-0002-1686-444X
mailto:m.kakaei@pnu.ac.ir

VB 99 doud ¥ 8,lous V0 wlor oyl Slgus (s sigs 4 i VWY

6))3519 p.............u B u,ud.c ol.:f ‘Bli..ib S9) SolS as ..)309.0.;
Mukherjee ) el Jgamo ol sl £l)5 Sg) o yie «yoo
o,Sles 55, woe o155t adlas o (et al., 2023
YU @y (ST pllin 59 cosls a5 wis,S wdlel Lo
a e id Y Brae Glie g (myeye 0 45 VT)
5 (Turk et al., 2003) 548 o0 ol o, Slae b o
|, paF g oyl e bgle cotS o Kimgh slasllas
diad )yl oSl jeas  SUles casms lis a5 Woges oy p
s o (Loic et al., 2018) il oo pasS caS LS o
o (oS5 5kl plol a5 WS ol ol Saegn s

Sl ol uae oS o o Sles o pxe il
4 d>gi D90 4 dax>gs L (Ghhashghaei et al., 2022)
sor Saz pol G (eos olS psas 3 legh
b oas olS o Sles (55, oSS (gLl g cilS (ST
Ot dreg @allae cpl o S Ojleds s S 12l
i8S lp o Slee 53, GeeS5 )bl b5 L3 o515

Sgr 55 090 (Hloed yliwl) sblowl i bl iy wae

) 9 dlge
as,io ;0 VFY Y el gl o ol ibel
Slel) Sblowl g siply oSals hagh - il
YR B YEY e e obdlis Slatse b ((oloes
Jedlaa 3.5 Jsb TV LYyl o
Joe S ol pll byo s 51 VEV el I L g g S
L Boles 5 o 005 S s 3 o5l Cond Buios
I nSslr Sy (s 5 39) SIS S5 5l sslas
ol Je S 5 a0 Ssiead (S8i6 6 en
PPN VRTYRYL g I PR AP 530 (] PO KL S EPL g TS
3 de .u0,8 colaiul ClilS 850 S0 il Gl jeeas
Sygo VF) olesianl jo cllS ey adl Lg)'L.»aoLaT
W08 Sols 555 SaL clils o aloldd cé S
J Ssl b Gl L ead 05 &S Oyt Glales]
Jolos Goley] slaole s 35 el 1,5 aw g Solas
(02) koSS okl 03 5 popls Al pe 1) )l
WA Yo g Ve o) il oSy g ol Jole lgicay
Wosgas oy alol b (o Julo Olyeds (et
<85 53 =y sl e aldsh s ad S A s e il
0 cilesl axly ja sl wlas (5,5 05l0il glaieds
5 oLl (Glasl Ol Sl Bas 31 o) aigr gy ol 1SS

Ol w0l cpl ogs &dsi oS cdeay (Miguele et al., 2005)
elsm b ey slagmes Sl s gl o ol oS
3 s oo 5l ogdle Sliges o 00 g wilisea
Olsied ailg o aias (55950 el Glosusl 5 oty
SssS 4 5l g 0350 o Sluiefs Ses AT S
3o ailes b |y Jae Jolad g ooy S ) oleend
00 S e Slsl Jodoay Slgem ol (65)5LaS s
@ dazg bl gloas aslis oS (¥ gams £95 )0 095
Maaz et ) Yl coaS b g ddyody g yie (puiigp lp Lo
Jlo 55 o5 ok Y10 5l Lo Sk ods @l 2018
Yo SV VA Jle 5o o osekes OF 4 Yoo —YeY-
S bl s o oShes wadly Lo soeul aul il
Lake & ) cewl wae Sz ady lp odes Cudgaoe
il S s LSS skl oS (Sadras, 2021
S Lyl cos SVgame 3,Slas bl il 5 st
So eSS bl S5 s e il e 08,50 aeo
Cgz SOk e a5 e o o il oo 1)3E alslas
oo emliel ST hils (Jg el (BB el 0lS ws,
S Blos b e ohaSs o)l S5 L il
S S G ey 5l ey elas Al e 0 ohisa o)L
Sg0i Caxilos o clS cou Lol 5l aey BB colus
ol Gladlhas o )l Siwgs (Karimi & Jalini, 2018)
oLl s bl o gy oSS 5,ka] a5 wis S
LS 8 S oy gz () il plsl LB 5 sloacs
oS5 gLl ol 11 (Y ilonds CetS s &gy oS
Slassly Gl sl sy el 4 3B (Sl o5 Lo
S3rtobn r9ot oSS ()l oy (F sl o Shee
oo o lgi o pws BB Gl JBlas 0 )57 L aS 068 0
Karimi & ) auis olol 1) Gollas o, Sles olS guds; wlus
S5y 2 o 4 deddle (5 Ly liame (Jalini, 2018
Blids Sloz 5l aned)l olS cul 555 5 0o uas olS
Bl clanlllas o ize Lial, ol o sledgas gekos
Sype oSS ikl 5 (Sis alise sladame o |, uas
o b ablie )3 pB)l (sumas, a4 Bge g Olo 18 agh
Kakaei, ) 00,5 iz b lad o gla asls S5 L S
cslS o STy anllas b o Siaghy Ks i 45 (2019
Gl slaed, a5 05,8 ly 5 ,Slas Cbo (55, uas a6
0, Slos iSlas g ooy lid Josdl wSe gy 1515 a4 uas
YFe 938 GpSly jo cuiia Soislan o,Sles 4 il
(Malek Maleki et al., 2011) 00,5 Jol> ay0yin ;0 4y
b oliize eae oLS Galise lo el (co, axlllae o



WY w0 byl o 4o (Lens culinaris Medik.) gwae o1y @lio p ST 55kl g el o515 15 (o518

weyas 0 (V Jguz) (nSle amlio Jgor @ axg L (Y
STy ads jo LSS gkl Laulps jo g elis)| cuio
Syt e ) sl (mlaw oy jo aigy Yoo g Voo Vo)
o 0 g Wy (29) eSS ikl g Il 4 o
2 elS sbas W8I 18 09,5 S ye Lalyl cnl o (ST
bylys 5l s eas )0 @ig el LSS g lol Lyls
T I O ¢ Skl 0 dube samsylis aS og 0
AL (g5, slandlas jo Lk bl g0 olS al) il
@il o Skee lizl g 0 Shos 5 cllS )b g 55 o515
Ol csls slage U oled jo a5 Wi, Ly g Widges
Sharifi et ) ceol ool aigy glas )l iolidl el clls (ST
yolo Buis 0 30 el )| Che pga> o a5 (@@l 2016

ilso gune g Bolate

Wy (aBlw) a5Ld Slaxs

Skl Slas ols las besls uilly 4355 5l Jol> b
e A (0 asll olawl Cas p CllS (oSl g LSS
OeSle dmlie (o 5 re 9 (7 J9u2) 092 o gima o
sl 1) Foliie kel slao,S cuulys s Cdo ool &l
(Y Jgo) wles

A yo ‘bla.’ oy

Skl Slas ols las lesls uil,ly 4355 5l Jol> mls
e oo A o pld ol Cho S (ST (eSS
duslio Jooz @ azg L (Y Jgaz) 0 P< +/0)) b
3 g 3 pls olass Cde egas )3 (V J92) (ke
(oSS okl llph g mhaw axly o Wi Ve oS1s
Yoo slapSTE ol 5l g 0908 adgi 1) ol slaws o it
Lolys jo 1y pls olawd op iy mpeyio )0 g Yoo g
eSS 6)L.¢-31 O9n lulpd jo g we S ady (LSS cS)L:-."‘
gl 9>y o gy Yoo g Yoo O ee lapS1y ool jay 58
3w bl Ol o wigr o el slass i )l
(Hosseini et al. 2011) )5 5 gowws Slados gl
2 eSS ylel Gl addllae o ol Siegh cnl 95 g
Golel ad 0 G plxil a5 win )57l s solaidl o Slae
Wy ;o pls olass il58l o GmoJf Gy al> e o (LSS
ML 59, sladdllas )3 sl 039) 50 )l (wie 3 Shos
slasi gy @15 Gili8l b oS wioged by ol Kiags
L a5 (Sharifi et al., 2016) 543 o awlS aigy ;o j0 B
ilios g g% (nl @l

KONICA &S ,5 SPAD 502 PLUS oKiws SeSa
o>y &g gl )| 2opls al> e o cpls MINOLTA
50 plo slaws g jo asli olaw (S L) e sl
339 S > g Ay Ve i aie yo dils slasd iy
s S (3 oS w2 (0380 B SO JS S
GrSoslail 0,5 s o (W, il o Slas) aigy ST sl
SPSS 133le 5 5l bools (gylel Judows g asyzs (gl aiads
30,5 solazwl Y7 azeus

O 5l ome g 2als ploj 5o byl ggazme ) Jgox
L G doee Lulpd 5o o s o 5 alale )50
Ao oo oyl

Gl 51 aS ol las baools Luilyly dy320 5l Jols b
Sirre S o ppas 55 SIS (515 5 e
Jsoz 4 azg L (Y Jgoz) 090 (P /) o sme uas
AP Cho pgat 0 (Vo) Sk anlis
Golel Ll 0 e axly 50 g Voo (ST Shje
05155 59,5 Al ) (S (a3 LS (e (i (eSS
Slead S 8 gom ag; )0 mhaw wxly o aig Yo 5 Ve
aillas 3,50 (slaeSTy5 oolod a5 (sl Ly 5o 4z
ol Lulyd o g wiland)S 15 sl Lol slaeg,S o
4 byrpe iy (Sujew a3ld Glime Grtde 8 w0
o 45 Sgy pelans aly p Ay Yoo 5 Yoo oo clagSTs
(hgiy o i8S 1S Sgline gylel slaog S e lag]
(WJ39 5 peliyold Conlia oLl adllae s Glade
S Woged Gl paiS 50 SIS lie 5 (S a5LE
slo e deds IS 5l eolital b (Sujre oasls o Selu
Moenirad et ) cosl ool IS 2ol el Jo BB 5 gws
$lp Jom BB oBiws 5l 5o imgh opl o a5 (@l 2021
lapy ] eizmen wps)5 oolitul Judg)lST als (6 xS ojlul
02l (uil)ly 43 oz 4 azg b oS wioged el
Jlis! maw o adlhas 0550 slales il Cov (S jew

21 guod dslllas (pl b b aS 09y o gme o )0 S

ag slas,l
Solel S as ols ylas Wesls uilly 4555 5l Jol> b
Jgaz) 050 P< +/+0) jlo sme uae wigy gl 5 LeSS



VB 599 doud ¥ 6,lous V0 wlo oyl ) Slgus b sidgs 4 pid WWF

JUBOTTUSTS-UOU (SU “A[2Anoadsar “staas] ANTiqeqold o T pue 04¢ 18 JUBogISIS iy y PUB 4
# 6 g el o o0 oF o oo oo € Bgelor i 7o g

: : : (%) AD
(SN < <1 ¢'T < o1 9 ¥ oo e )
. . . _ . . . . q lony
9110 S10°0 100 9¢O'T 68E'C [198°L 9¢C’c 68t 8 <19 q
) ) ) ) ) ) ) ) Aysusp x uonedu Arejusweddng
8110 10070 wCOE0 % CCT9 Tel'l 9¢0'1 68E°¢C1 (443 T [P e k)5 g
Aysuaqy
% 80L°T #x 86| *x00L"] wx06CTEL #9507 9T LOT'F 68t'8 #x9C0CET T LY g
® 10117
€e00 600°0 Fe0'0 6880 el'l 960’¢ 68¢'tT 9¢0°0 [ anS e
uonedun Arjusure[ddng
*L09°T #xCLED wxlPEL *x088'0CTE #268€ LT TTLFE «088°0CL *x950°0FF I D oo
qoo1d
€600 SC00 red 0 9¢0'¢ L'l LOT°0 L 1e 9¢0°0 T 16
pP1& PRIL [edIG0[01g YSPam pod sad spaas  jueyd Jad spod saypueq Sy meEesAqvds  Fp
meis FEECe POsS0T JO JoquInn] JO Jaquinp Jo Jaqumy] yuerd o g e
TS e oy Topste B wpqpy evpeop el By avefdol B avomerct ¥y (P Hy e oz AOSE
iR @

sazenbs Jo meay
e e

U3 Jo sppuoduoed PAIA pue pRIA uo siojpe) A)suap sunpue(d pue uonesLia Arvjuswdddns Jo soueLIEA JO SISA[RUY -7 9[qEL
Lb[? \- ety TR ;e T RS e 6 ¥ o K aemfo 61245 sepglo oo

. . . . €707-7202

0 6'87 719 LSS €' g b 1-Lop ]
aUNe €707 AYIN €207 1ady €207 PIRIN €207 ATenIqa €207 aeax

A FOIE Aedl O Ly ETEGOED gy Gas-2a i RIY) LUt

UONEIO] I1EISII ) Ul (UIn) [[EJUlet A[YJUol JO JUNoule 3y [ - [qe ],
Sr6[7 |- el Afrrg® e (K o o770 of o jri@ Ko



B

Lo p LoSS (g5Lal g cdls o515 b a8

WO w0 byl i yo (Lens culinaris Medik.) wase el @

‘PAS ANTIqeqoId 046 S 1B 159) S UBOUIL(] UO Paseq JUSIAIIP AQJUBSIIIUSIS J0U 218 SI8)10] UOLIIOD [JIM SUBSIA 4
# RO D P e e o H 0 [0 g0 o e jere [ @ slem mfen e e oo

w991°T LS L 200V £E T LEFT LETF ,99°T¢ 00€ E%Emﬂm
#L6°T £1°0 SL L ,99°8k o1 99 0966 00z s
OTE 2£0°0 6L 200°6 99°L8 LETT 0 LEE09 001 Raiki e
0T ST 299F'S e JEELT 29001 [£E76E LOF 00€ E@&:ﬁw %o.ﬁmﬁ
S8 L6 0 S6E £EEE £EOT £EEE £E0F pog NI oA
2q€9'T 297'S ol o£F LEE 0 LETT S€ #00°T¢ 001 FOEEY | e (57
(;duepd 3) (;urepd-3) (3) 1ySam dod i sod q yuerd (o) anfea
ppriuessy  ppideatSojory  paas-gor  HHC o SDOSE AL a0 O pdsopouesq  JUSPUINEIE  AVAS  gysuop
(559 ol Hov) (s et Eov) oy (559) Jo Taqumy J0 Joqumy] JORETILH TN (P ey o g e uopEsLIL
sr ren sricqp o By mrje e of ey €% ) % Areyuowapddng
Ty o TSR 600y FrEMer @ 88F (e e e v [FAESY pgerip
SHeL) paApn)S i )
e TEFY Te

QU] ul sjusnoduiod ppats pue pRIA uo sdojae) Apsuap jued pue uonesLu Arejuawdjddns Jo worpde Ul YY) Jo sueaw Ay} Jo uosrredwo)) € Iqe |
Db |- oy gt oD e S |FATSY rgei® 6 1 8 By oy romglio 6159 orslo of ol



VoY 095 Ao oY 5,leds N0 alar ooyl ol Sligus slo g}y s pid WWF

)...u = .Ia;‘).w 9 J...J)f )l)ﬁ LS'ij G)Lo—l 6&05; el
SoeSly 4 bgrye cudiay dg Sofelen o Slas (i
e Lmu] do 4S o9 C.]a...u »‘5 ) 4)9) AR 9 Yeo Voo
anlllas (g9, (gl o bS8 Sslite g bl slaog S
S a5 Wdged Gl Hladme wyude o k)l o eae
e 0,8les sl g 0 Slas asllas gl So5elgnm o Slas
Uiy, aS (Bannayan Aval et al., 2018) wo,S o\l
Wpdy Sz piY 0 pese Sdo (pl adllae 5l 5 Sl

4ls o Sloe

Skl Slas ols las lesls uil,ly 4355 5l Jol> b
CllS @ S15 g P /4 0) 2oy iy Jloixl mdaw jo (LSS
e dils o Slae p (P +/0)) do 0 S Jloix] o o
J992) 5l annlie Joazr 4y azgs L (Y Jsoz) 05 )b
axly jo dig Voo oST5 0 s o Sl Clo ogas o (F
35,5 a5 8 Shae s (oSS (6ol Ll 55 o
B am as; o gl wly jo A Yoo g Yoo oS15
SeSly oled (oSS kel Ll yo 4z ST s S
3 g wdS 15 Sslite gkl (slaeg S 50 anlllas 950
o515 4 by e ol gl o Sles G b 1 o Ll
L] don a5 5g mhaw o>l 0 g Yo 5 Ver N lo
9y ey o S I8 Jslie glel gleeg S o
S it se 5] Shae s iy ST il adllas
VO (o515 lulpd b ol lea oud 3ol 3, a5 wioges
59> 4 5% o515 )3 1y o0 Shee (i vrye e 53 5N
et Gige 55 5,8 e J5i5 55 ol 5 ols ol
(Portahari et al., 2012) .5

S0 Slho G (Sad 3529 (g0l slo gl o
Slas 5l golaxi gl Qlil 0,50 40 paasa axlllas
osbel 5 .(Azizizadeh et al., 2022) ool oo Condl 5 jlws

Shls wig yo als slawy Cho b Wiy gl )l Cao F Jgux

‘a% u)‘ L' sMLGA (,/a\‘v%-:{:-e%:-) )b . g K <= .

g Sugb; 9 el (arme Lalpd sl wilgsy oS jade e a5
Gl bl Lol was (bl 1) ()2 g Lol sloasls
oy cdeay 4l g ol 00,5 Lo yi | pls olaws LSas

age 3o &ilo ooy

Solel Jas ols las Wesls uilly 4355 5l Jol> b
50 s oS5 50 eSS bl blite 51 og (P< +/4))
Jsuzx) Wo 5 s pxe (PS +/40) woy o Jio! mlaw
o515 50 o(f Jgaz) (Sl anslie Jgaz 4 azgs L (Y
i eSS sl bl g s wly o wig ) -
O &g Ver g Voo o515 5 05 adei aigy ,o ails slass
bl jo az Sl wid S 18 an 4l o mhe ol
Sloog,S 5o anlllas 9590 SlapSly (oaled (eSS (L]
G e llpd e g wlad S 18 Shlie )b
g Voo NVev lapSly 4y bgype o yiay digy jo ails olaws
Skl slaog )5 50 oyl dse a5 54 haw axly jo aig Yo+
w2 0958 Bl iSly (59, (Audor jo a5 1E Sl
aly slaws s a5 Woges el ol i «ilS loj 4
as’ (Farnia & Moradi, 2015) oogs (5,lo g Cato d3g )0
ilior Bebate 5500 SRegh @S L

alsVer o338
Slas ol plas bosls Luibjly a1 Jols gl
Blate Sl iizan 5 cils (15 5 (ooSS gkl slaJole
J9az) 05 (P< +/2Y) Slo pixe wae &ls Ve 59 5 Loy
o1 5o dF Jgaz) 5l anlin Jooz 4y azgs b (Y
s (eSS 55kl bl 50l axly yo i Ve
9>y )3 gy Toe g Voo o515 5 00,8 adgs als Ve (3
Sl llpd o 4z ST aus S 15 cam 4, 0 maw
) i ossF 3 s ol 3 iy Ve ST LaSs
3 35 8 e axly po a5 Yoo g Voo laeSTs
@ Loy cuipa al Ver 5y o 5 ws Lalpl
Aot a5 Oy phaw Ay o Aig Voo g Voo Voo glagSTy

A5 5 Sglite oLl slaog S 4o lag]

Wy SISy Jelgm oS los
ol Sl dmosls uiljly 4y 5l Jol> mlis 4 axgi b
P e L Sjglsn oSlee p CBE WS15 g (eSS
LY Jgo) 0 o goe P +/0)) o y0 S Jis| mhaws
Ole oyt (F Jgo2) oSl amlin Jooo & d>g
c P eSS Golel llph e Sojglen 9 Slee S
)f|‘\)%c.la.u..\>|9)\>435.gv” 9\"‘ ARE ‘1,5‘).144,]49_').@
aslllas 3550 lanSTy (oolod ((hoSS il lulps o ez



WY w0 byl b 4o (Lens culinaris Medik.) gwae o155 lio p oSS gyl g cudls o515 1506 (o5

alayly dils Voo 59 Cao b dils o Slee Cian o was
X358 uLUu-‘-‘-""-"" lagy | oges (3,155 1) (5ylosine 9 ok
Iy Lot Vgane (Staand ol (ude ohigts 5 Slge> ;0 45
Sgazels 0l s lalS 003 50 i a5 |z wdlioe o5
o Wg S Sojelon o, Slee o il Loyl I8
s o Ll g Ailo Voo g diey ST Ay o Sles o
Co Wg ST 0,8les G e islp8l L aasl il
elS amats cnl 4 Spige Gl Jlrs Sjslem o,Skec
Sz 23 Sz o a8l e Ml 6 5 s
g5 w3 plxl Wlg oo st gt sm olS wed i
als 5,8Les di 5wl oo Ll s 4y beMarasl Sl
g Slio g G ails o Slas il b g aily oo Lial3dl
oy 5 wbes RlPl (Ko (el g ails Ve
ol asdlas ,o (Hosseini et al., 2011) )], Ko 5 (con>
S e (B 3 Shae slizl 5 0 Shae 2 SLaSS (5]
5 ks Bl Jlo siae 3 o (eSS 5kl AT Woges
S5 Sslse o Shes 5 (golatl o Slos iy Ve 55 sy
s e 3 Shac sl om0 o 238 ooy aizas 5
als 0,8lee L1y (+/VEHFF) Siian oy s &g 50 b
e o dild o Sles s3> (e 55 S e JA g Culils

sl 0093

oy bz byl 539 g Djg0 50 i ol Sgamals
cowld @ gl )l Can Il L og dalgs loaslsl i),
a5 |y bl ol38l (C/0AFFHF) a5gy o wils olaws o ]
Wg ,o ails slaws o8l cel canlio o515 jo gl )l o33l
S SoSedam 0 Slas g wigy jo 4Ll oo Slas 0gd o
Voo iy o g PS +/0)) o ye S sl mhaws jo asg
eyl ldl b (P +/+0) vy i Jio! mhaw o ails
gl )l molBl b oas wisls las 0ex 511, (gogmo Ay, S
b ol S a5 8 Sl s S SO Sagglen o Ses
slasy Slas @igr jo pld olaws iol58l b ail o silaie o
We STl o, Sles e ST S5 g 0, Slos igy Ho dild
223 S Jlaisl gl )3 (Sjew 2Ll g aila Ve e (5
gy Jliml e jo @isy j0 aslh olowd Cas g (PS +/4Y)
ol Cas olidl .cnl osly las il 8 P [+ 0) oy
Wl o ,Slos @Wa ST Sujglan o ,Slas Slas @ie o &ild
Jliol gl o0 (Shjm pals s Vev 9 Wiy SO
v jo dig jo bl sl Chs g PS +/4)) wo 0 S
Locel ool (maldl jles (PS +/00) woye m Jlais!
e ST SSedgm 0 Slas Olas @iy jo asli ooy yil38l
oaljeiye Lol ol jo il ioldl ails Voo 59 g
sy (Siwwn adlae o 50 (Azizizadeh (2022)

o1 o515 9 (oSS 5okl s ole I cxd was olS 50 axdllan 3 )90 Slauo ((ygm ) (Smod ol —F Jour
Table 4- Correlation coefficients (Pearson) of studied traits in lentil plant under the effect of supplementary irrigation factors
and plant density

axdllo 090 Wlaw

’ X1 X2 X3 X4 X5 X6 X7 X8
Traits
N X1 1
Plant height
gt 2 pled Sl X2 0.539% 1
Number of pods per plant
Gt 2 il sl X3 0.596%*  0.954** 1
Number of seeds per plant
. . & ‘ .
3 o 4Ld sl X4 0478%  0549%  0.559* 1
Number of branches per plant
‘_g*‘)"’]%f ")m“_ X5  0.578* 0.984**  097**  0.537* 1
Biological yield
o o ,Sles
N X6 0421  0.825%% 0.863** 0337  0.845%* 1
Grain yield
o Yoo ot
o) “”_5 X7 0.598**  0.946** 0.972** 0.501*  0.954**  0.823** 1
100-seed weight
S 2l X8 0.460 0.978**  0.942** 0.464 0.963**  0.842** 0.96** 1

SPAD value

IS sire e NS 0o 0 S 5 duo o gy Jlodo] a0l Jre o iy e g
*and **: Significant at 5% and 1% probability levels, respectively. ns: non-significant.
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Introduction

Given the expected population growth in the coming years and the necessity to provide food for people, legumes,
especially chickpeas (Cicer arietinum. L), hold significant importance in terms of economics, nutrition, soil
improvement, and crop rotation. Legumes are considered one of the most important sources of protein in most
developing countries. Researchers believe that early cultivation of chickpeas leads to better performance due to the
longer vegetative growth period and concurrent reproductive phase with appropriate rainfall and desirable moisture. On
the other hand, studies show that spring planting of chickpeas leads to a reduction in all growth factors due to the
simultaneous sensitive growth stages with water deficit and drought stress. This study was conducted to grouping of
candidate chickpea genotypes in response to water deficit based on their yield performance and components at different
planting dates.

Materials and Methods

This study was conducted at the research farm station of the Faculty of Agriculture, Ferdowsi University of Mashhad, in
the year 2018-19. In this research, six genotypes and two cultivars were evaluated in a randomized complete block
design with four replications as a split-plot design. Seeds were obtained from the seed bank collection of Research
Center for Plant Sciences, Ferdowsi University of Mashhad. Planting was done in two dates in 5 March and 13 April
with a density of 40 plants per square meter. Also, irrigations were done only at two stages; the first stage was irrigated
with the purpose of achieving the emergence and the second irrigation at the time of 50% flowering with 20 mm in both
stages. To measure traits such as emergence time, flowering time (50% of plants in flowering stage) and biomass, plant
height, number of pods per plant, percentage of fertile pods, and 100-seed weight at the end of the growth stage and
harvest time, five plants were randomly selected from each plot, and the desired traits were examined and recorded. At
the time of full maturity and drying of the plants, after removing half a square meter margin from each plot, biological
and seed yield were measured, and for calculating biological yield, the dry weight of seeds was added to the dry weight
of plant residues.

Results and Discussion

The results indicated a significant superiority in all traits for the first planting date (5 March) compared to the second
planting date (13 April). Significant differences were observed among the different genotypes in terms of emergence
percentage, days to maturity, plant height, days to flowering, biological yield, podding, and seed yield. Genotype
MCC352 had the highest number of pods per plant (34 pods), and genotype MCC427 had the highest number of days to
flowering. Genotype MCC537 was superior in plant height and biological yield, but genotype MCC696 was superior in
days to maturity and seed yield, indicating that these two genotypes had better responses to environmental conditions.
Based on cluster analysis of chickpea genotypes in the first planting date, eight genotypes were classified into four
clusters. Cluster 1 included genotypes MCC352, MCC537, MCC552, MCCB80, and Jam cultivar. Cluster 2 included
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Samin cultivar. Cluster 3 included genotype MCC427, and cluster 4 included genotype 696MCC. Cluster 1 had the
highest coefficients in terms of emergence percentage and days to maturity, and cluster 2 had the highest coefficients of
days to maturity and days to flowering. Similarly, in the second planting date, eight chickpea genotypes were classified
into three clusters. Cluster 1 included genotypes MCC696, MCC537, MCC552, MCC80, and Jam cultivar. Cluster 2
included genotypes MCC352 and MCC427. Cluster 3 included Samin cultivar. Cluster 1 had the highest coefficients in
terms of emergence percentage and days to maturity, and cluster 2 had the highest coefficients of days to maturity and
emergence percentage. Furthermore, the Principal Component Analysis of the studied genotype traits showed that in the
first planting date (5 March), PC1 (43.4%) and PC2 (25.7%) accounted for a total of 69.1% of the variance, while in the
second planting date, PC1 (36.8%) and PC2 (27%) accounted for a total of 63.3% of the variance. Overall, the studied
genotypes had better performance and yield components in the first planting date.

Conclusions

In general, it can be concluded that delayed planting and exposure to drought stress during the critical growth stages of
the plant at the end of the season resulted in a decrease in chickpea yield and its components. It was observed that
planting chickpea on time to avoid late drought stress at flowering and podding stages would lead to a better yield and
its components.

Keywords: Cultivation time, Drought stress, Growth stages, Principal Component Analysis
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Temperature and rainfall changes the growing seasons
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Fig. 1- Meteorological statistics (monthly) of Mashhad synoptic station during the test period in 2017-2018
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Table 1- The results of chemical analysis of experimental field soil (0-30 Cm)
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Table 3- The central cluster of chickpea traits in different genotypes on March 5 planting date

e Vades  Tadys  Yabs  Fadgs  SypiSieals
Variable Clusterl Cluster2 Cluster3 Cluster4 Grand centroid
S 76.3 66.3 73.8 8255 755
Emergence percentage
s 659 91.2 101 101 101 94.9
Days to maturity
il 25.2 19.9 23.3 28.0 247
Plant Height
Sl o Khe 2.26 1.70 258 1.79 217
Biological yield
(B Gy, slaad 57,5 76.3 63.8 67.0 618
Anthesis
e olows
26.8 18.8 16.8 295 24.8
Number of pods
35kee 0.897 0.713 1.06 0.704 0.871
Yield
“'°ﬁ I“" L 403 421 415 39.1 40.6
0,004
33337
[
86,47
10000 T T
jam 352 537 552 1] SAIIREIL 417 1]

s VP bl ey 50 alize lino 5l cnd 2956 gouisi} sladigs (gueg S-S
Fig. 9- Cluster grouping of chickpea genotypes under the influence of different traits on the planting date of March 5
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Table 4- The central cluster of chickpea traits in different genotypes on the planting date of April 13

e ) abgs Y adss adss i Al
Variable Cluster 1 Cluster 2 Cluster 3 Grand centroid
OIS e 2050 73.0 5.8 35.3 63.9
Emergence percentage
e Uoe) 67.0 675 725 67.8
Days to maturity
L5 £l 21.7 20.6 21.9 21.4
Plant height
&”J = > ] 0.893 0.676 0.580 0.800
Biological yield
BT 59 ol 46.4 47.3 50.0 47.0
Anthesis
A sl 16.3 15.0 213 16.6
Number of pods
> . 0.369 0.262 0.235 0.325
Yield
415 39.3 39.7 40.7
HI
0.00-
33334
9567
10000+ T T
jam 557 a0 a7 GG a5z 427 sameen

295978 Y bl )6 50 o wliio ;3T s 0955 glacad 9 ladigs (saisog )T —1r JSCb
Fig. 10- Cluster grouping of chickpea genotypes affected by different traits on planting date of April 13
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Table 5- Eigenvalue, percentage of changes, cumulative variance and correlation between the main variables and four
factors resulting from the analysis of the principal component (PC) of chickpea genotypes on the planting date of March 5

Characteristics Y Lol ailgo ¥ Lol 4ilgo ¥ Lol aidgo f Lol ailge
et PC1 PC2 PC3 PC4
e 0.336 0.260 -0.470 -0.301
Emergence percentage
5 U5 -0.376 0.015 -0.537 0.381
Days to maturity
alkad 0.362 0.159 -0.577 -0.019
Plant height
Seslser 2)5kee 0.330 -0519 -0.084 0.252
Biological yield
BT 5y, sl -0.475 0.103 -0.262 0.281
Anthesis
e s
S sl 0.362 0.477 0.155 0.155
Number of pods
35kee 0.269 -0.586 -0.149 0.131
Yield
“‘"“’ﬁ ;"" L -0.276 -0.237 -0.187 -0.762
g lade 3.48 2.05 1.16 0.955
Eigenvalue
“‘“’L“ 43.4 25.7 145 11.9
Proportion
o 434 69.1 837 95.6
Cumulative
i SallgEn
2

Number of Pod

1 .
jam .
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Fig. 11- The loading diagram of all measured variables in the analysis of main components for chickpea genotypes on
planting date of March 5
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Table 6- Eigenvalue, percentage of changes, cumulative variance and correlation between main variables and four
factors resulting from principal component analysis (PC) of chickpea genotypes on April 13 planting date

Characteristics Y Lol ailge ¥ Lol ailio ¥ Lol ailge ¥ Lol aidgo
b psla PC1 PC2 PC3 PC4
D -0.338 0.260 0.446 0.497
Emergence percentage
i 0.333 -0.461 0.278 0.271
Maturity
gl 0.258 0.532 0.077 0.515
Plant
Seigl 2 8les 0517 0,274 -0.060 0.244
Biological yield
BT U g, slass 0.395 0428 0.176 0.333
Anthesis
e sl 0.072 0.205 -0.614 0.325
Number of pods
25 -0.527 -0.245 -0.013 0.188
Yield
‘"‘"'”; IU‘" L -0.045 0.277 0.553 0322
59 e 2.95 2.16 1.69 0.575
Eigenvalue
ks 36.8 27 212 7.2
Proportion
e 36.8 63.8 85 921
Cumulative
537
®
2
jam
— i 552 v -
£ 1 Greendng percentage Number DfP!]d
o eight
g
- —
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S.U Biomass e
A Numb days to flowering
Maturity
24 69.6
3 2 -1 0 l 2 3
PCI (36.8%)

0958 VF bl g, 50 0950 gLacaiaij (ol (sradlao 4 5o )0 ouud (g puFo il (gl o adS’ (5,135, 510905 1Y JSCi
Fig. 12- The loading diagram of all measured variables in the analysis of the main components for chickpea genotypes
on the planting date of April 13
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Introduction

Pulses, including red beans, constitute a significant protein source in human nutrition. Beans exhibit symbiosis with
nitrogen-fixing bacteria. In recent years, the growing concern for the nutritional quality of products derived from
diverse agricultural systems, particularly in relation to chemical fertilizers and their impact on human health and the
environment, has prompted the adoption of sustainable agriculture practices. Beans, being water-intensive plants, are
susceptible to dehydration. Consequently, this research, driven by persistent drought occurrences, diminishing
groundwater levels, the deleterious effects of chemical fertilizers on agricultural lands, and escalating fertilizer costs, as
well as the availability of various cultivars of red beans, has advocated for the implementation of drip irrigation,
biological fertilizers, and the cultivation of new bean varieties with enhanced seed yields.

Materials and Methods

This experiment was conducted in the years 2018-2019 and 2019-2020 under farm conditions in Aligudarz city, using a
3-replicate split-plot factorial RCBD. The primary factors examined were irrigation methods (furrow and drip), while
cultivars (Akhtar and Yaghout) and fertilizers (NPK applied according to the bean fertilizer table, application of
biochemical fertilizer, and pure nitrogen application at 30 kg during the three-leaf and five-leaf stages) served as
secondary factors. The dimensions of each plot were 6 meters in length and 2.5 meters in width and included 5 rows of
planting. weed and pest and disease control were carried out. The traits of the efficiency of remobilization of dry matter
to the seed, the share of seed yield from remobilization of plant dry matter and the share of seed yield from plant current
photosynthesis, the capacity to accumulate photosynthetic materials and seed yield evaluated and measured. Analysis of
variance (ANOVA) was performed using the GLM procedure in SAS. The least significant difference test (LSD) was
used to assess the significance of differences in treatment means at the 5 percent probability level.

Results and Discussion

The highest efficiency of remobilization dry matter to seeds in this experiment was of Yaghout cultivar using NPK
fertilizer in 2019, which due to the longer vegetative growth and more leaves, led to more photosynthesis and the
conditions for producing more reproductive organs. As a result, The highest efficiency of remobilization of dry matter
(22%) during the growth period, compared to Akhtar variety (9%) had the highest efficiency of remobilization of dry
matter to the seeds. In this experiment the highest and lowest efficiency of remobilization of dry matter to seed was with
the use of furrow irrigation in 2019 and the use of drip irrigation in 2020. Also, in each of the irrigation methods, the
efficiency of remobilization of dry matter to the seed in 2019 was significantly higher than in 2020. The difference in
years from the point of view of this attribute should be considered due to the difference in atmospheric parameters in
these two years. Remobilization of dry matter to seed and current photosynthesis of the plant are two important
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components of the final yield of the plant, and investigating their role as components of seed yield is one of the goals of
this experiment. The highest share of seed yield was obtained from remobilization of plant dry matter from the Yaghout
cultivar and with the application of NPK fertilizer in 2019 (39.69%) and in 2020 (34.3%). However, the highest share of
seed yield from current photosynthesis was assigned to the Yaghout cultivar with the use of NPK fertilizer in both years
of the experiment. The share of seed yield from current photosynthesis of the plant is the result of the remobilization of
dry matter to the seed as well as the current photosynthesis of the plant. The highest capacity to accumulate
photosynthetic materials was obtained in Yaghout cultivar under drip irrigation. while the lowest amount was observed
in the Akhtar cultivar with furrow irrigation. Akhtar and Yaghout cultivars in drip irrigation showed capacity to
accumulate photosynthetic materials more than furrow irrigation. Therefore, it can be concluded that the physiological
parameter of capacity to accumulate photosynthetic materials had the most significant correlation with seed yield in this
experiment. The highest seed yield was obtained from the Yaghout cultivar with the application of bio-chemical
fertilizers, and the lowest seed yield was of Akhtar cultivar with the application NPK fertilizer. Moreover, the
correlation between the variables suggests that the high capacity for assimilating substances in the storage of seeds is
the most critical factor influencing the increase in seed yield per unit area.

Conclusions

Correlation coefficients between traits showed that seed yield had the most positive and significant correlation with the
share of seed yield from current photosynthesis of the plant and the accumulation capacity of photosynthetic materials.
In other words, the two-year results of this experiment showed that the seed yield is mainly the final result of the current
photosynthesis of the plant and the capacity for material accumulation in the seeds. Considering the persistent
challenges of drought, significant depletion of groundwater, and the escalating costs of chemical fertilizers in recent
years, coupled with their adverse impacts on agricultural soils, alongside the genotypic diversity of red beans, there
exists a potential to markedly enhance seed yield. This can be achieved by reducing reliance on chemical fertilizers and
adopting a combination of biochemical fertilizers and the drip irrigation method in conjunction with the use of
genetically modified cultivars of red beans. Strengthening these physiological components emerges as a key pathway to
realizing this improvement.

Keywords: Beans, Fertilizer, Irrigation, Physiological traits, Source-sink relationship
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Table 1- Soil analysis results of the tested land

SR o ly Jlado S sy Jlado
Trait Unit Amount Trait Unit Amount
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PH oc %
Sesdlaolae e g e (wd 0.35 039, o) 0.02
EC dS.m? N %
Jsle dalr dlse 2S5l pp Sl o0 e ol PSS neSske 4
TDS mg.kg? P mg.kg?
el SRR S NS ST
TNV mg.kg?! K mg.kg?
Sl il 3 ol PIAS eSSk g
Texture - Loam Fe mg.kg?
o) Qo0 208 S f;?l"s bl ("}fgsl"‘ 1.22
Clay % Zn mg.kg™
w‘J»w Qo0 44.4 (S ol (")?51‘5)’(";&51"“ 2.65
Silt % Cu mg.kg™
o KW 348 FR PSS meSsks 1556
Sand % Mn mg.kg®
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Table 2- Average minimum and maximum monthly temperature (planting to harvest) and growing day degree during growth
season in 2019-2020

Y44 a4
2019 2020
olo Slaz oSl > Sl 20 (el Flaz Sl > uSbe 420 eSSl
Month  (ovgemde) Lo (gamdu) Lod iy 39) (o gamd) Lod (o gad) Lod iy 39)
minimum maximum (GDD) Average minimum maximum (GDD) Average
average average growing degree average average growing degree
temperature (°C) temperature (°C) day temperature (°C) temperature (°C) day
e 12.96 30.75 11.85 12.46 30.46 11.46
June
= 16.98 34.30 15.72 16.9 31.72 14.37
July
e 17.81 34.46 15.95 16.81 34.32 15.92
August
AN 13.52 31.13 12.32 13.10 30.21 12.22
September
Sl
o 15.32 32.66 13.96 14.82 31.68 13.49
Average
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AM 5 (a0 yo o p,5) bails 4 S oole saoxe Jlisl
Lol (o ,0) ails 4y Sz oole duze Jlail LIS

Aoles 3,k 3l baasls 4y Sz oole saze Jlasl ol
(Barlog & Grzebisz, 2004) x5,5 acwlxa ¥ 5 )
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0,5 Ao Vg ) dolee 35,k
AM (%) = [DM (g.m?)/ DM max] x 100 (V) doles
DM (@.m?) = (DM max- DM mat) (V) dolze
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The share of seed yield of Plant current photosynthesis
=(GY -DM)/GY x 100
The share of seed yield of Plant current <1 5 45
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The share of seed yield from remobilization of plant dry
matter = (DM/GY) X 100
The share of seed yield from
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The capacity to accumulate photosynthetic materials =
(Seed weight/Seed number per m?)
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Furrow irrigation
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Fig. 1- Two-way interaction effect (year x irrigation) on the efficiency of remobilization of dry matter to the bean seed
il e o sixe (bl glis w3 LSD gal bl 2 (i 2 53 S e B9y gl s Sl
Means in each column followed by the same letters are not significantly different when using the LSD test.

Table 3- The Loyl a5 g GoS Olawo 50 (90 G5 ) edi )b o,.nﬂ 3 eolawl b "i»g.LojT sblas il lg SKod a3 i -Y Jouo
results of homogeneity analysis of variance of experimental errors using Bartlett's test (Chi-square) in quantitative and
gualitative traits of bean

ool daxo JUl Iyl JLS! 51 ails & pSloe g 3l ails o Slos g Slgo zozi Cud b oS
als & S olS S o0bo duxo oS gl youwgid (S i g8 i
Chi-square . . . g
The efficiency of The share of seed yield The share of seed The capacity to Seed
remobilization of dry ~ from remobilization of yield from plant accumulate ield
matter to the seed plant dry matter current photosynthes photosynthetic materials y
59 S a5
Chi-square 0.17" 3.73™ 0.26™ 3.76™ 0.075"
test

az 0 ol 50 Jgoz 90 Gl Jlade a5 0 SO Ll i )b (yge;T (6l dase (g0l3T az o o ools lid g0 SIS & jgods 4S5 Cli )b (Ken Gaesl il

b ge YA sol3]
The results of Bartlett's homogeneity test, which were shown as chi-square. The degree of freedom of environments for Bartlett's test
was equal to one, and the chi-square value of table in this degree of freedom is 3.84.
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Table4- Analysis of variance of experimental treatments on quantitative and qualitative traits of bean

4 S ook vuse JU! o)

oolo duzmo JLEG! 31 4l 8 ,Slos e

Pl
Ol i @lo T als olS s
S.0.Vv 3] ici ilizati i
eV df The efficiency of remobilization The share of seed yield from
' of dry matter to the see remobilization of plant dry matter
fd h d bilization of plant d
;JL"’ 1 12830.02°* 3021.37"
ear
(e 155 4 405.136 32.45
Replication (year )
k! 1 5058.001° 656.85™
Irrigation
sl Jl 4 2670.709* 1.58"
Year x irrigation
b Jlls 2 32236 2073
Replication (year x irrigation)
3 1 9273452 2045.30"
Fertilizer
“’é_’ 2 52340.68* 7355.03"
Cultivar
w5 % 255 2 11121.76% 182.31"
Fertilizer x cultivar
ekl 2 38.142" 69.7™
Irrigation x fertilizer
. ‘°5_) oL . 1 561.739" 1.96M
Irrigation x cultivar
el 2 293.405" 8.52m
Irrigation x fertilizer x cultivar
25 JL‘_"_ 2 1527.052" 152.15™
Year x fertilizer
ke JLf’ 1 53009.31" 3.53™
Year x cultivar
x gkl x
°9_5 oo “JL”_ . 2 165.069 ™ 11.79"
Year x irrigation x fertilizer
w8 ol Jl 1 1.611" 106.02"
Year x irrigation x cultivar
w28 Je 2 11020.85™ 340.39™
Year x fertilizer x cultivar
el 335.313™ 25.37™
Year x irrigation x fertilizer x cultivar
ialesl sl 40 242.718 23.18
Error
(20,2) Syl e 2 4.97 3.61

CV (%)

o,z 5 S Jliol mhaw jo o pire 5 39 0 S nf o S

Fg** 4ns

ns, ** and *: are respectively non-significant and significant at the probability level of 1% and %5
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Table 4- Analysis of variance of experimental treatments on quantitative and qualitative traits of bean, Continued

W 31 ails & Slos i ;o .
i @il g oLS ol jimgid SRS e goad )b s s Ses
SOV wol3! ) The capacity to accumulate Seed vield
eV df The share of seed yield from photosynthetic materials y
) plant current photosynthes
Lo .
;J 1 878.238 57496™ 580.84™
ear
L) S
(e 155 4 77.676 178 176.76
Replication (year )
‘_S’L"“'_l 1 7849.251™ 24482™ 24857
Irrigation
‘5’l’“_‘ X_JL"f 4 292.731™ 65" 75.77"™
Year x irrigation
eteb Jlls 2 224.231 174 158.95
Replication (year x irrigation)
°_’S. 1 20729.219™ 118334™ 1204.88™
Fertilizer
“’3_“ 2 3660.228" 68743™ 629.90""
Cultivar
. _“’3’ thed . 2 24.168™ 6103 525.62"
Fertilizer x cultivar
ekl 2 997.488™ 857" 112.39"
Irrigation x fertilizer
. “"q'_’ oL . 1 152.665" 1498™ 97.69"
Irrigation x cultivar
ke T 2 155.264" 22 1,718
Irrigation x fertilizer x cultivar
25 x Jl 2 691.904 3160™ 271.31"
Year x fertilizer
ke JL‘f’ 1 520.257" 1168 62.23"
Year x cultivar
355 lalx b 2 28.593" 339n 79.89"
Year x irrigation x fertilizer
w8 $olalx Jl 1 319.110" 10 63.51"
Year x irrigation x cultivar
o5, x 595 x Jlu 2 709.665" 59ns 87.02"
Year x fertilizer x cultivar
o8, x 3% (5 Ll x Lo 2 212.903" 24ns 84.11m
Year x irrigation x fertilizer x cultivar
silesl slbas
£ 40 114.93 203.05 129.44
rror
(20,2) Sl g 02 162 5.15 411
CV (%)

Aoy gy 5 o Jleiml g [0 jlo e g (09 o e e o Sy K9 FF g NS
ns, ** and *: are respectively non-significant and significant at the probability level of 1% and 5 %
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Table 5- Correlation coefficients between the examined traits of bean

Suzxe JUl 1,15 B CRCL I PVPWIWES ¢

ails 5 ySlos e - Y 2o Cad b -F

K -0
o ylouis 4l 4 s oobo olS SLis oolo dumo JUl (g4l iwgnd ) & e gid g0 ;\::
Number  1- Theefficiency of  2- The share of seed yield 3- The share of seed 4- The capacity to 5- Seed
remobilization of dry ~ from remobilization of  yield from current accumulate :
matter to the seed plant dry matter photosynthes photosynthetic materials yield

1 1

2 0.37™ 1

3 0.31™ 0.77" 1

4 0. 03" 0.01" 0.60™ 1

5 0.27" 0.28" 0.60™ 0.99" 1

S @y 9 So Lol mh ;o o s 5 (09 IS st et e kg 7K 9 NS
ns, ** and *: are respectively non-significant and significant at the probability level of 1% and 5 %

oS 4 Sz oole vazme Jlal 51 asly o Shee g (5 L]
ez (V S) 20 8 Ll @il o3, coils s 5L
31 elS Sz ools sasme Jlal 5l asls o, Slas g (42 55 i
Y2 VYAA Jlow ;0 NPK 055 55 LS L g &gdly o3,
AIYA) S (as,d YEIY) WA Jlw j0 g (0—o)0
S Sloas g dgy ¢ Jol Sl jo (F Jguz) ael Cawsds (o0
A S g8l 08, 50 oS Sis oole suze Jlaul 1 wls
5355 la ot o & Core NPK 355 5,105 251 o3,
A o Jol Jlw jo o ool el anils ool asg,
2l 4 Ce i NPK 535S 50,5 L g 03, 99 0 )0 pgs JLo
(7 Jgaz) cntls (mal¥l s LSy (89, 6995 slalecs
Hokmalipour & Seyed Sharifi, ) & i oo 5 jsule oS>
e A di Bl Gl paS (g9, 99> 3w 40 (2015
6leass 5,5 L SCis oole duzme Jam!l 5l ails o Slas
OhlSes 5 paze (izpn il 28l olerd =S
345 By uli 8l L as wuxsl ,o (Majdam et al., 2009)
salS Sz oole vazee Jlaul 1 ails o, Slos g <359 50
5 ool g Lel oz ols cisllas iolejl amii b oS w0
3,5 ,0 355 |38 o (Pourhadian et al., 2022) |, Ken
dazme Jlasl 5l asls o Sl g a5 asilos bl 50,8 Luol
o33l oland - gas ) 065 Jla Hil Cow olS S ools
Slasils oy Slas g dools  Siar bl 4 azgs L.l
o 4l 3, e L oS STl ool e JLal

(O Jauz) cunls (¢IYA) o sine

ol SLis ool duzxe JU! 31 &ils o \Slos i
532 90wl (g,l> jiiwgid g ails 4 iz oole dusxe Jlaxl
Olsrean ol GRE (o) 5 widlioo obS (2led o Slos o
ool ) G il ialesT cpl Glaal 51 ails o Slee <l
Ydsaz) Jlo 59 50 galejl lallas il jly (Koo (905
slojlos Lol ol Shas ol s (il ylg 4300 s «
5 (p8y x 095) alfgs Jlie il 5 o8 5 055 g lal ol
s Cdo Sy S et s 10 (055 x JL)
ol o e oS Sis osle e Jlal 1 ails o Sles
JL) 5 (08, x s kel x Jlo) ailfaw blie ol 31 (F Jgaz)
S oole dazme JLail 5l ails o, Sles g 2 (08, x 395 x
SIS g Mo 0SS gty gy Jleix | s (o ol ey oL
Al Jolane 51 Slw aslin gl (¥ Jau)
ol 45 0l (LS 39 o (98 % 55kl X JLo)
=8, 3l ol iz oole vazme JLauil 5 als o Slae g
VUM YA s jo Glaiy 5 592> G)L.h’—‘ S g g8l
9 sl Loy, 90 51 <o o 50 (oplpedle ol Cawds (dwo 0
Sl lomme 5 8l 08y ctalojl Jlo g0 51 Sy 0
Jlow o (¥ JSo) casls w5l 08, b wbd o caw ool i
oLS Sz oole duzme JLal 5l ails o ,Slos g gy < Jo
095 95 2 40 Slidy 5 S5 hay & S slojkad ) 5
Ujl—"-’ Sy 0 ‘u_v‘).sLu RSLRY u,_ajl.a...‘o X9, g O¢ UL.....SJ
ghw 93 2 Sl 1) 08, S Olges By oole Sl o gne
0393 asline W9, 5w pgd Jlw 10 (i 3,5 bl (,Lo]
Lyl g0 0 Jlow 90 ;2 50 068l o8, 45 ol o] 5l ool



V¥ 93 Ao oY 5,led V8 Al oyl pl Sligus Gl gid g &1 o 1V

19.5

19

18.5

18

17.5

The share of seed yield from
remobilization of plant dry matter (%)

Yaghout

H Drip irrigation

B Furrow irrigation

2019 2020
Yaghout

obS s oolo sazme JUil 31 Lagl 4ils 0 ,Slos miew §9) 2 (85 x 6yl x Jlw) Al Jilio 1Y JsCis
Fig. 2- Three-way interaction effect (year x irrigation x cultivar) on the share of bean seed yield from remobilization of plant
dry matter
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Means in each column followed by the same letters are not significantly different when using LSD test.
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Table 6- Comparing the means of the physiological traits of bean under Three-way interaction effect (year x fertilizer x
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* Means in each column followed by the same letters are not significantly different when using the LSD test.
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Table 7- Comparing the means of the characteristics of physiologic and bean seed yield under the influence of fertilizer and
irrigation method
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* Means in each column followed by the same letters are not significantly different when using the LSD test.
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Table 8- Comparing the means of the characteristics of the capacity to accumulate photosynthetic
materials and bean seed yield the influence of cultivar and irrigation method
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* Means in each column followed by the same letters are not significantly different when using the LSD test.
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Table 9- Comparing the means of the characteristics of the capacity photosynthetic materials and bean

seed yield under the influence of fertilizer and cultivar
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* Means in each column followed by the same letters are not significantly different when using the LSD test.
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Table 10- Comparing the means of the characteristics of the capacity to accumulate photosynthetic
materials and bean seed yield under the influence of fertilizer and year
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* Means in each column followed by the same letters are not significantly different when using the LSD test.
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Introduction

Chickpea (Cicer arietinum L.) is a plant from the legume family, which is usually cultivated under rainfed conditions.
This crop is mostly cultivated in late winter or early spring. In these conditions, there is a high probability of heavy
rains (short or long term) and there is a possibility of waterlogging in early spring and during the early growing stages
of chickpea. In waterlogged conditions, due to the lack or absence of oxygen in the plant roots occur anaerobic
conditions and greatly reduced the amount of energy production in the roots. In this case, the root does not have the
necessary energy to transport materials from the cell membrane, and plants face ionic stress, reduced hydraulic
conductivity, and reduced water absorption. Reduced and disrupted root growth leads to diminished shoot growth,
impaired water and nutrient absorption, and ultimately lower grain yield. In general, the extent of damage caused by
oxygen deficiency depends on the plant species, variety, growth stage, soil type, and environmental conditions.
Therefore, the purpose of this experiment was to investigate the effects of waterlogging on chickpea cultivars (Desi and
Kabuli), physiological characteristics, root growth and yield.

Materials and Methods

This experiment was carried out as factorial based on completely randomized design (CRD) in three replications in the
research farm via pot of the Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran in 2013-
2014. Factors included chickpea cultivars ILC482 and Azad (from Kabuli type) and Kaka and Pirooz (from Desi type)
and duration of waterlogging including no waterlogging (control), 4, 8 and 12 days at 30 days after planting (vegetative
stage). Physiological traits (relative water content, membrane stability and pigments) as well as total root length, root
dry weight, number of nodes, main root length and root volume in a destructive way in the pod setting stage, as well as
in the ripening stage, root traits, remobilization, relative water content, membrane stability, pigments, seed protein,
biological yield, seed yield, 100-seed weight and plant height were investigated. Planting was done in the first year on
March 11, 2013 and in the second year on March 15, 2014. The size of plastic pots was 30 x 30 cm. 30 days after
planting were applied treatments. Compound analysis of data was done with SAS software and means comparisons
were performed using the least significant difference (LSD) at the 5% level.

Results and Discussion

The results of compound analysis showed that there were significant differences between the two years in seed yield
and the number of seeds per plant. In the second year, the seed yield and the number of seeds per plant compared to the
first year increased by 16.9% and 12.1%, respectively. In the second year, the ambient temperature was lower. At a
lower temperature, the waterlogging damage is more severe to plants. The total dry matter yield of chickpea cultivars in
waterlogged conditions was significantly different and Kaka, Pirooz, ILC482 and Azad cultivars were 4.42, 3.19, 2.99
and 2.54 g.plant?, respectively. The highest damage to seed yield in waterlogging in 12 days was related to Azad
variety (71% compared to the control). In waterlogged conditions, the seed yield was in Kaka (1.51 g.plant), Pirooz
(1.16 g.plant?), ILC482 (0.95 g.plant™) and Azad (0.97 g.plant?). There was a significant difference between Kabuli
type and Desi type, however, grain yield in Desi type was 28.3% higher than Kabuli type. In the pod setting stage, the
Pirooz cultivar in the control treatment had the highest total root length with 7741 cm (in the first year) and 7432 cm (in
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the second year), but the lowest was in the second year at the Kaka cultivar and 12 days with 440 cm. In general, with
the increase of the duration of flooding in chickpea cultivars, the total root length decreased significantly and between 4
days, 48.4 to 60.4 percent, 8 days to 8.8 to 70.8 percent, and 1.12 days from 81 to 89.4 percent. In all treatments, the
control treatment (without waterlogging) had the highest chlorophyll a, and the amount of chlorophyll a decreased in
other treatments. However, no reduction was observed in Pirooz in 4, 8 and 12-day treatment. Chlorophyll b had a
different response to waterlogging levels and cultivar. Chlorophyll b was the highest in ILC482 in control treatment,
while in Azad, Kaka and Pirooz treatments, chlorophyll b increased with increasing duration of waterlogging. Pigment
carotenoids in 1LC482 and Azad significantly decreased with increasing duration of waterlogging, but it was not
significant in Kaka and Pirooz cultivars. Overall, carotenoids were less fluctuating in the desi type.

Conclusions

Waterlogging in the vegetative stage even for 4 days with a decreasing effect on total root length, number of nitrogen
fixing nodes, plant height, total dry matter, chlorophyll and carotenoids content, membrane stability index, relative leaf
water content, biological yield, seed protein, the number of seeds per plant and the weight of 100 seeds and finally
caused a decrease in seed yield. Among the components of seed yield, the amount of damage was higher on the number
of seeds per plant. In general, the seed yield of ILC482 and Azad (Kabuli type) was lower than that of Kaka and Pirooz
(Desi type). In the second year, due to the lower air temperature compared to the first year, the damage to the total root
length and total dry matter decreased. This experiment provides valuable results on the response mechanisms of
chickpea to waterlogging stress and can help develop strategies to improve its performance in waterlogged
environments, which are expected to waterlogging increase due to climate change. However, more research is needed to
investigate the response of different chickpea species to short-term and long-term waterlogging conditions.

Keywords: Photosynthetic pigments, Leaf relative water content, Remobilization, Total root length
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Table 1- Temperature and rainfall during 2012-2013 and 2013-2014

Jls b ol Sduol 90598 Cadigad,l Sy
Year Parameters Mar.  May Apr. Jun  July
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Rainfall (mm)

15 ol Sl sle
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AARAER R Maximum temperature (°C)
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O3 5l 4> )0) hwgin sles
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Rainfall (mm)
CLS Gl a9 Sl sl g 197 284 352 386
y¥ay -yvay Maximum temperature (°C)
2014 ClS b ams) Fhsls 50 46 9.0 151 192
Minimum temperature (°C)
ClFE a9 boge glos 00 g5 g 187 2515 289

Average temperature (°C)
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Table 2- Some physical and chemical characteristics of soil in pots
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Texture (00 (wepd) (wey0) (eSS peShe)  (p ek xS ) (w2,9)
Clay (%) Silt (%) Sand (%) Potassium (mg.kg') Phosphorus (mg.kg!) Nitrogen (%)
Loam 22 35 43 173 5.3 0.09 7.6
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Table 3- Comparison of grain yield and grain number per plant of chickpea cultivars under waterlogged in two-years

Jw (4599 30 p,5) aild o ,Sloc gy yo Al dlawy
Year Grain yield (g.plant™) Seed number per plant
ﬁb' 1.06%" +0.21 6.630 +1.23
First
£9° 1.242+£0.17 7.432+£1.17
Second
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* means in each column followed by the same letters are not significantly different at 5% probability level using Isd test.
+: Standard error
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Fig. 1- Comparison of biological yield (a), grain yield (b) and 100-grain weight (c) under duration of waterlogging of chickpea
cultivars



VB 599 doud ¥ 6,lous V0 wlo oyl pl Sligus b sidgs 4 28d VAS

A Cowd Jo, FY L VY S Sz oolo 0,8ee g do 0
e a0 oo lis a5 (Hasani et al., 2019) s4 aal i
Sob o az gy BB wils 5 IS S oole o Sae 4y o]

5 agy gl il S SR L ol ilegl o
3 GRSl 0Bl LS a5 (2D e
Al o 5l ey g Dglaie Jlow g0 40 e liee slaed,
ol 38l olasle aan sl lews o dsg glas )l poddle
Jol Jlw jo elsile cov slajle 5 Lol celilas (g )lo sine
slos Gialidl fdoas sy oo S5 a4 a5 cuils el )...;b
.A&ng]dLAéQTé:.}d.gs.laﬁm

Sas g oy SEIA> & 0 (2O Al jo 0 Ygona
Ll o Lol sl () 2l 5 il 0 3 090 o1 5
b Lol i, gl ol 5 ey aleye 5 laiks
Blico 15 ] 6 o e S5 oot (s <055 0n 450
e 03, V0 3l gy 53 e oo S5 98 (50dgen
Vigna) (b mizr Lugl sy Ve azalS ad alo s 5o
el o olasle i1y a5 cewl ouls oawline (Unguiculata L.
Gl i als 2ol S Suseten s Slio plw g aSs
cllas iolaes! ol mls b as” (Olorunwa et al., 2022)
Sl

o) (Fyalyz ad> e )3 plaile Sl (ow)n o
azalS 5 Gy St g Codn (D iy Gl e 93 (S
(Vigna radiata L.) olew (ole sB)) 5 (5o, VF 5 A (Y (2)
ol bl WS Lyl 5 js (Vigna mungo L) e ilo o
Ay al> el i Jiale a0 Oyl e a5 ol
FePO 39, AV laon (0 jew (ole 40 09 azalS
Foookw Ale )3 g aia) 5 (2lp plasl S (359 20
«(Kyu et al,, 2021) el ails rals aald 4 das as o
Al @lize Jole ol plasl o o)l coenl aS
oalS cely olasle s (S 50 aes oo olis lalS
o aS 3gdi o (mila slaain; adei g ady; 0l S e
Daniel & ) oS oo S5 plasile 4y Jozs 5 ol
.(Hartman, 2023

5 Jol Jlo 5 sl YO« 53 o3, 4, JS s
Jsb 5 Oliee Grrten 4 p9o Jlo )0 e gl A -
g 8l rals sl ass o Slaile ley ue Giulidl b oas,
A, Gl o ey canls jlade o eS¢ olabe 59, VY o
29 ILCAB2 15 )1 10 S 5 55,m 8 40 4l

Olymean |y aia ) (1S Jsb o ytin ol )5 5950 o3,
Jlws ,9) e sl VEYY o (Jgl Jluw j0) yie il YVFY
s LS o8) 4 b pe pgd Jlo o (T (a8 Ll il (pgo
Sae Galidl b o S jebas g0 yie cle T L5e, VY o
G2l )l g jobay 4y JS Job w0955 pB)] o (oluile
VoINS AN o, Ao, 805 L YAIT o, § g L
(F Jaoz) cusle mals as 0 AT B AY/Y 59, VY a0

sbess 50 pgd g Jol Jbw po 5 Sis oole op i
=5 0% 2 o (n teS 9 ILCABZ (3, )3 5 (olaile (g
Ol g aal oy vals a cas Jlo g0 ,0 ILCA482
doys Feosgas dald 4 Cad 09, VY plaibe o ol
ILC482 o os SYsb olasle o olali (S )0 .09
d any Camd Sl (P o) 05 o) plos 51 i
99 ;0 w9, VY gl Sas jo s3I sled jo olge sl
99 0 SIS jo iy, an oleo alal cons Ol s 0 Jlu
595 VY Do 3 Jlow 58 58 59, 08y 50 9 oS Sl
(F Jguz) 09 Jlade o yiin olaibe

s LSE pB)1 )o Jlo 93 )3 iy al> o j0 59 eS|
99 30 (0 Jgaz) o9 ke oy e 10 (e gl YY) walss
ase glar )l ol ales jo plaile o Job ioldl b L
So il elasile ladas e abls (ghlo mre ralS
o8y )0 e il cui g Jol Jlo ;0 ILCA82 jo o il
OtmnS o AS jaban lils 0g>g WS pg Jlo ;o SIS
LS 0B, 50 (i 9 ILCAB2 o3 jo gy elay | 3]
(B Jgoz) ob o

Gore 9 LS) (o o 50 00958 g ilo 0 Slae
Slacss wsd s 09 (o151 9 ILCAB2) LIS o5 )y
@) JSii) anals (g yeS wls Voo g Lol sins slaails
adls slass guli8l Lo 2s e b ias Jasl i o (€Y 9 b)Y
Snldy Joa o)y DY gazme ST s alls Ve (59 i o
(Ghobadi et al., 2017) el azsl alS aigs oyg,0

ool 5, Slas (y:Silie (1S (e lalejl 0l o
Gl 039, VY (plosle Lylys jo Jlu g0 jo wig IS S
YY LS coo,0 OF ol3] o8, oo ,0 YA ILCA82 slags,
Pigeon ) so—w aJd olS 10 .09 0o )0 FO jg,m 0, 9 do )
hasle 4 Jeeow b 5l e, o (5)lo sxe glay o(pea
=, s (Krishnamurthy et al., 2012) coul ouus sanlie
S (S5 Ol o g (2l 4 o slacads)
PANV L ¥ /8 asls o, Slae jmals « olosile 59,10 Lalyo



VAY (Cicer arietinum L.) sg50 o8, aki y ooy g (o2lop ploil gy al o 10 Sluilo Tyl on g (5 w050 buuw

30 @laibe glacse ;5 3950 syl 4o aly ) 4y (2gp Il Cumnd g S5 SS9 Al y S5 Job cdigr gL (uSles A lio —F Jgu

PO al> o
Table 4- Means comparison of plant height, total root length, total dry matter and shoot.root™ ratio of chickpea cultivars
under different duration of waterlogging at pod setting stage

oSN
Pod setting

Juo e GadasbShe g, g sy otls el e
Year Chlckpea Waterlogging duration e L ; B s o
cultivar (Day) (%0 L) (%0 L) (ag2 35 055) )
Plant height ~ Total root  Total dry matter Shoot.root*
length (cm) (g.plant?) ratio
o Jl! Control 28.60" £0.72 5925b +195 3.00¢+0.06 2.129+0.03
4 25.6°+1.12 28384 +97 2.82¢+0.07 2.307+0.01
FAY 8 23394056 22530435 2.051+0.01 1.79"+0.01
ILC482 12 2339+0.75 1094 +58 1.819+0.06 2.019 +0.02
Control 26.5¢+0.75 3933¢+19 2.95¢4+0.09 2.8649+0.06
o5 4 26.6¢+0.45 28059 +43 2.368+0.02 2.619+0.07
Azad 8 24.69+0.17 1579¢ +20 1.629 +0.01 2.16¢ +0.03
ITAY -V v 12 23.59+0.62 756f +3.5 1.00" +0.10 1.47"+0.07
2013 Control 30.724+0.70 63520 +92 3.45240.10 2.979+0.01
15 4 28.3°+0.45 1357¢ +20 2.679+0.05 3.46¢+0.08
Kaka 8 28.50+0.25 8707 £31 2.167+0.04 2.649+0.05
12 26.3¢+0.32 4807 +2.8 2.147+0.02 3.47°+0.04
Control 25.1¢+0.18 77412 +91 3.17° +0.04 2.75¢+0.03
Sope 4 252¢+0.85  1707°+66 2.719£0.02 2.56¢ £0.02
Pirooz 8 24.69+0.32 1418¢ £23 2.06f+0.05 2.9594+0.09
12 24.54+0.09 854 +23 1.05"+0.03 2.049 +0.01
s Control 27.1¢+0.25 60710 +98 3.14° +0.02 2.207+0.03
4 27.5¢+0.40 3059¢ +44 2.90¢+0.02 2.337+£0.06
FAY 8 259¢4075 22199413 2.23°+0.02 2.009 +0.03
ILC482 12 24594025  1146°+35 1.94f £0.02 2.70440.01
Control 26.6¢+0.14 3867°+13 3.00¢ +0.02 2.91¢+0.07
S 4 25.3¢+0.25 26919 £52 2.26¢ +0.01 2.51¢ +0.06
Azad 8 24.39+0.30 1427¢ +23 1.869 +0.01 2.53¢ +0.06
1Ty -y YAy 12 23.39+0.17 568 +£15 1.13"40.02 1.884 +0.10
2014 Control 28.9° +£0.25 56820 +57 3.552 +0.01 4.102+0.03
15 4 28.0°+0.75 1284¢ +18 2.90¢ +0.01 3.932+0.06
Kaka 8 26.6¢ +0.48 8647 £12 2.539+0.01 3.730+0.01
12 23.2940.31 440 +18 2.33¢+0.02 3.810+0.01
Control 26.2¢+0.70  74322+118 3.523+0.04 2.82¢+0.01
39 4 26.4¢+0.38 1659¢ +26 2.90¢+0.01 2.83¢+0.01
Pirooz 8 25.7¢+0.30 1398¢ +34 2.13¢+0.02 3.38¢+0.01
12 24.3¢+0.17 7877 23 1.289+0.01 2.48° +0.01
5l a0 iy Jlexsl mlaw j0 (g)lo ire <glas (LSD) jlo e B! JBlaz fyaesl ululy ot 10 40 ailie g, b slopuSiloo 5

5 yailiul slas =
* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
+: Standard Error
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Table 5- Means comparison of plant height, total root length and remobilization of chickpea cultivars under different
duration of waterlogging at maturity stage

9599 5 (S y al> o

L ) o Physiological maturity stage Just ol
Jls e’.’u 2 (39 dmu.uu Ay el alny 5 b duzme JUGI e (duoy0) duzo
Year Chlc!<pea wate_rlogglng o L ) _ o
cultivar duration (day) (o Hlw) (s L) (&g 9 p,5)  Remobilization
Plant Total root Remobilization  €fficiency (%)
height (cm) length (cm) (g.plant?)

Control 28.5¢" +£0.50 66019 £347 0.514£0.005 33.99+1.10

FAY o Jl ! 4 28.4¢+0.29 41289 +152 0.21"+0.008 16.4' +1.05

ILC482 8 27.9% 10,50 2253 £35 0.101 +0.020 15.5'+1.93

12 27.7% +0.40 1796} £104 0.08% +0.020 11.10+1.93

Control 31.1°+0.47 4559 £56 0.62° +0.020 37.3°+0.67

ols 4 30.5° +0.66 3229" 53 0.772+0.015 35.7¢+0.76

Azad 8 28.2¢+0.29 18321 +62 0.18'+0.003 15.31+£2.74

1Y v 12 26.4¢ +0.57 15331 £22 0.131+0.028 14.8'+1.10
2013 Control 31.9°+0.16 7178¢+13 0.289+0.006 25.174+0.40
s 4 26.8°+0.33 3060" +67 0.19' +0.003 15.21+1.14

Kaka 8 26.8¢+£1.23 18091 +31 0.081 +£0.003 10.31+1.61

12 24 .47 +£0.07 13141 £38 0.101 +0.006 8.0k+0.70

Control 28.5¢+0.42 7905 £85 0.46¢° £0.025 31.1+5.10

3902 4 24.47+0.15 3278"+119 0.45¢ +0.025 26.9+£5.48

Pirooz 8 23.9F+£0.42 2020' £55 0.499+£0.020 21.89+1.26

12 22.59+0.10 12841 +20 0.407£0.003 18.0M +4.85

Control 30.8°+0.28 79445 £81 0.57¢+0.018 40.92 +0.26

FAY o J ! 4 28.6°+0.16 6098° +47 0.18'+0.015 14.11+0.76

ILC482 8 28.4°+0.30 3771M+£32 0.12i +0.003 16.9'+0.29

12 28.1°+0.57 2399 £22 0.06% +0.003 13.21+0.22

Control 30.7°+0.43 42347 +46 0.792+0.006 36.3°+2.17

al5l 4 29.7%+0.35 27301 £36 0.339+0.001 26.27+5.48

Azad 8 27.4% +0.23 14531 £14 0.23"+0.005 24.174+5.49

yray -yyay 12 25.9¢+0.14 938k +7.0 0.19' +£0.006 24,0f+£1.82
2014 Control 33.82+0.20 6121° +42 0.309 +0.006 21.39+0.35
s 4 31.1°+0.92 2790' £29 0.24"+£0.012 18.5"+£1.00

Kaka 8 31.8°+0.45 2039 £12 0.101 +0.008 10.41 +0.88

12 25.5¢ +0.55 10391 +26 0.121 +£0.001 10.41 £0.35

Control 30.3°+0.35 81952 +£122 0.494+£0.005 30.1+0.39

395 4 28.59+£0.50 4552f £37 0.329 +£0.005 20.09 +£1.50

Pirooz 8 27.5% +0.15 19781 £32 0.329+0.023 17.2" £3.50

12 27.5% +0.26 11891 +21 0.23"+0.020 15.21 +3.08

5,15 a0 i Jleis ! mhans j0 (5500 sme glas (LSD) jls e M| JBlaz 503 bl gt 10 50 aoline g, b slapSileo 3

o)..\jL‘:.M:l slas =+

* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.

S0 sine glds Lol g 090 jlade (1 52eS 58 39, VY g A
g A ¥ lacas ;o g Jol Jlow jo dain; e . ublas 0429
5 00,0 YA g YOIF £EIF o ias vali 4y cad 39, VY

g duo,d Yo g FAA DV/T pgo Jlu jo

+: Standard Error
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Fig. 2- The effect of waterlogging on root volume at pod setting in two years
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Table 6- Means comparison of main root length, root dry weight and of nodule numbers (at the pod setting) and root length,
root dry weight, root volume and nodule numbers (at the maturity stage) affected by durations of waterlogging on chickpea

cultivars
= I al> po 23998 (S Al p0
§ Pod setting stage Physiological maturity stage
§ g — — A
= v 1 g § N = @ § 7 b= 3% g
. O = - ~— . : R 1. ~—" . . 1o
188 32 358 s32-34928 3583 o ,.48 198
R EE y o oo 2 g s 5 ¥ E 33 2 ;*—*%%“’T) =
g\ £35S Y 2 ; ;{3 S ", = ) 2 ; ;‘3 5] X = 1S ) 2
63 45 1 = 3 c2E My g g 2 7228 745 mgc&
A8 I 48 32523532 4388 d°s2349%c 53¢
Ko=) ) "o o 8 =] ) - > 5 =]
s b - 38T 0cE {47t 87 35 vocg
& S A4 z s < @ g =
= p s 9

Control  28.64°"+1.21  1.40%+0.04 57.9%0.08 29.74°+0.62 1.83%£0.005 12.2+0.17 42.2+0.2
FAY o Jl ! 4 23549033  1.21°+0.03 52.4°+0.65 26.43%+0.33  1.29°+0.06 10.0°:0.10  38.4°+0.2
ILC482 8 18.90%0.36  1.11°+0.02  39.5¢+0.17 20.78%£0.51 0.79%+0.04 5.2+0.10  26.3°+0.32
12 12.81%+0.32  0.90°+0.04  33.89+0.54 14.67"+0.26  0.71%+0.01  2.2+0.20  16.8%+0.18
Control  31.73"+0.27  1.00%0.04  35.79+0.16 33.62°+0.78  0.90%£0.05 10.1%£0.12  28.4%+0.52
al5l 4 27.68°+0.27  0.89°0.04  30.2"+0.08 28.26+3.13  0.80%£0.11  9.0%+0.50  24.8°+0.50
Azad 8 221294213 0.75%+0.04  25.6+0.50 22.04%£2.42  0.69%+0.03  5.4°+0.20  17.09+0.32
12 19.66°+0.04  0.68°+0.06  19.01+0.54 21.33+1.00 0.49%+0.04 2.37+0.26  12.8-+0.17
Control  23.65%3.63  1.17°+0.04 47.5°+1.16 35.48%+0.45 1.25°+0.03 11.2’+0.11 27.7°+0.06
s 4 24.73%2.15  0.69%+0.04  43.19+0.52 33.99°+1.03 0.59°%£0.04  5.2°+0.50  25.7%+0.05
Kaka 8 18.24%+0.40  0.53°+0.03  38.0+0.29 20.627£0.40 0.44°+0.01 2.5+0.40 14.3"+0.92
12 17.7440.76  0.60+0.03  36.1%+0.57 22.20%£0.62 0.259+0.02  1.2M40.20  9.740.25
Control  36.59%1.00  1.17°+0.04  51.5°+0.25 36.43*%1.35 1.21°+0.03 10.3°:0.20 30.0°+0.08
395w 4 21.96%£0.13  0.99°0.03  44.99+0.62 25.06%0.05 0.91%£0.03  3.3%+0.19  22.0%+0.44
Pirooz 8 18.89°+0.48  0.63%+0.01  41.0°+0.17 21.30+0.24 0.41°+0.01 2.2%+0.45 13.8"+0.82
12 17.66°£0.48  0.53*£0.01  39.6°+0.08 19.69%£0.76  0.25%£0.05 1.2"+0.30  5.29%:0.35

35l a0 i Jlei ! o j0 (5500 sme glas (LSD) jlo sme s JBlaz 5031 bl gt 58 50 aoline g, b (slap Sileo 3
a)xt;....»l sl =+
* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
+: Standard Error
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Fig. 3- Means comparison of the membrane stability (a), the leaf relative water content of leaves (b), chlorophyll a (c),

chlorophyll b (d) and carotenoids (e) in pod setting and seed protein (f) traits under the effect of waterlogging stress on
chickpea cultivars
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Introduction

Drought is one of the most important abiotic stresses that has an undesirable effect on crop production and their quality
and leads to osmotic, ionic, and nutritional limitations as well as growth delay, metabolic disorders and oxidative stress
in plants. Iran has a dry and semi-arid climate. Due to this problem, there is a possibility of drought stress during the
growth period of plants. Presently, the production of legumes in the country is mostly under rainfed conditions and
drought stress is one of the main factors reducing the yield of legumes. Mung bean is a small grain of valuable legume.
Evaluation of the performance of different cultivars is considered a starting point in identifying drought-resistant
cultivars. Cycocel is one of the most important growth retarders for tampering with growth and performance. Therefore,
the present study was conducted to investigate the effect of foliar application of cycocel on morphophysiological and
biochemical characteristics of mung bean (Vigna radiata L.) genotypes under water deficit conditions.

Materials and Methods

This study was conducted in order to investigate the effect of foliar application of cycocel on the morpho-physiological
and biochemical characteristics of mung bean (Vigna radiata L.) genotypes under water deficit conditions, split-split
plots based on a randomized complete block design with three replications, in the research farm of Ferdowsi University
of Mashhad. Experimental factors included 3 levels of drought (non-stress, mild stress, and severe stress), 3 levels of
cycocel foliar spraying (0, 400, and 800 mg.IY), and 2 levels of mung bean cultivars (Hendi landrace and Zarbakhsh).
Statistical analysis was performed using SAS 9.4 and comparing the means was based on the LSD method at a 5%
probability level.

Results and Discussion

The experimental results showed that the effect of drought stress, cycocel, genotype, and the interaction of drought
stress and cycocel as well as drought stress and genotype on height, stem diameter, relative water content, stomatal
conductance, leakage of electrolytes, greenness and chlorophyll content were significant. Severe stress, compared to
non-stress conditions, caused a decrease in height (53%), stem diameter (30%), relative water leaf content (29%),
stomatal conductance (68%), greenness (37%), chlorophyll a content (25%) and chlorophyll b content (30%) and
leakage of electrolytes increased (60%). The results showed that both drought stress and cycocel caused a decrease in
the height of the plant. At all levels of drought stress, the Hendi genotype had a higher plant height. Drought stress
caused a decrease in the diameter of the stem, while the application of cycocel reduced the decrease in the diameter of
the stem due to drought stress. Drought stress caused a decrease in the relative content of leaf water, while the
application of cycocel reduced this decrease. Also, Drought stress reduced the stomatal conductance, while the
application of cycocel slightly compensated this reduction. At all levels of drought stress, Zarbakhsh genotype had
higher stomatal conductance, but the difference between the two genotypes in the treatment of non-stress was not
significant. Drought stress increased the leakage of membrane electrolytes, and the use of cycocel reduced the increase
in electrolyte leakage due to drought stress, and it was also found that the increase in electrolyte leakage due to drought
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stress was more intense in the Hendi genotype. Drought stress reduced the greenness of the leaf, while the application of
cycocel slightly compensated this reduction. Also, at all levels of drought stress, the Zarbakhsh genotype had higher
leaf greenness, but the difference between the two genotypes in the treatment of 100% crop water requirement was not
significant. The chlorophyll a content of leaves decreased due to drought stress, while the application of cycocel
reduced the severity of this decrease. Also, at all levels of drought stress, the Hendi genotype had lower leaf chlorophyll
a content.

Conclusions

The results of this study showed that under drought stress, there was a decrease in plant height, stem diameter, relative
water content, stomatal conductance, greenness, chlorophyll a and b content, along with an increase in electrolyte
leakage. Among mung bean cultivars, the Zarbakhsh cultivar showed superiority in tolerance to water shortage
conditions compared to another one. The use of cycocel reduced the negative effects of drought stress on the plant. It
appeared that the use of cycocel under drought stress conditions is effective for improving plant performance.

Keywords: Chlorophyll content; Drought; Electrolyte leakage; Relative leaf water content
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Table 2- Analysis of variance for the height and diameter of mung bean genotypes at different levels of
drought stress and foliar application with cycocel
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Fig. 1- Plant height mung bean in the interactions of drought stress and genotype (right) and drought stress and cycocel (left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant
difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Fig. 2- Stem diameter mung bean in the interactions of drought stress and genotype (right) and drought stress and cycocel
(left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant
difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Table 3- Analysis of variance for the relative leaf water content (RWC), stomatal conductance and leaf electrolyte
leakage of mung bean genotypes at different levels of drought stress and foliar application with cycocel

Ola yo (525keo
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S.0.V df Sy O (o (5lgsmo Slijey Calan Leudg psIl et
RwWC Stomatal conductance Electrolyte leakage
Sk 2 8.17 56.5 M 9.5%
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S B 2 1960.95%** 113823.02%** 1916.65%*
Drought (D)
ol Uas
= 4 2.33 154.42 0.66
Error A
Jossol 2 334.04°** 15221.55 143.27%
Cycocel (C)
CxD 4 25.67* 827.89* 24.75*
o 4 1.72 81.14 1.65
Error B
7% 1 134.57%* 6469.60°* 8.79™
Genotype (G)
GxD 2 30.42% 920.33** 75,044
GxC 2 2.29 ™ 16.56 ™ 7.52
DxCxG 4 129 26052 " 10.97*
= 26 4.74 111.35 2.56
Error
(20,2) Sl g 02 6.9 5.3 3.8
CV (%)

ek #% % NS
¢ o«

oo g oo ) oo 8 Jlaist mahan j3 s e g I e b s S
ns, * **and ***: non-significant and significant respectively at the probability levels of 0.05, 0.01 and 0.001
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Fig. 3- The relative content of leaf water mung bean in the interactions of drought stress and genotype (right) and drought
stress and cycocel (left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant
difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Fig. 4- The stomatal conduction mung bean in the interactions of drought stress and genotype (right) and drought stress and
cycocel (left)
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In each figure, means with a common letter do not show a significant difference at the 5% probability level using the least significant

difference (LSD) test. Abbreviation CWR and CCC are Crop Water Requirement and ChloroCholine Chloride (cycocel),
respectively.
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Table 4- Leakage of leaf electrolytes (%) of mung bean in the interaction of drought stress, cycocel and genotype

L D)
S s (520 39 5 ) JonsSale Genotype
Drought Cycocel (mg.IY) G A)
Hendi Zarbakhsh
_ 0 59.1 @ 54.3°b
oS 15ls M
W )L?OM)° o 400 51.7 b 50.6 o
CWR%50 800 48.6 % 475¢
- 0 47.2 ¢ 44,71
LS [ .
(0L S )L:-‘OMP Vo 400 4369 38.7!
CWR%75 800 416N 3651
o 0 3051 34.0
oS 2l sl 400 251 33.2X
CWR 800 313K 31.8X

oles (LSD) o sine st 8l yg05T 51 sl b dusys gy Jloil grlaws 40 (g lo cme BN oS e B> sl sl Silo 5
2L oo Crop Water Requirement caasee CWR .o o

* The averages with a common letter do not show a significant difference at the 5% probability level using the least
significant difference (LSD) test. Abbreviation CWR is Crop Water Requirement.
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Table 5- Analysis of variance for the spad, chlorophyll a, chlorophyll b and leaf carotenoid of mung bean genotypes at
different levels of drought stress and foliar application with cycocel

Olapo (1lo
O paati 2bo &9l azy0 Mean of squares
SOV df (5 a Judg )5 b Judg ks S g,
Spad Chlorophyll a Chlorophyll b Carotenoid
<
o 2 1.63™ 0.007 ™ 0.0003 " 0.06 *
Block
S S 2 1013.39 ** 1.46 *+* 0.46 ™ 5.98
Drought (D)
ol Uas-
= 4 1.23 0.003 0.0003 0.01
Error A
Lo - _—
Jos 2 136.93 0.35** 0.072 0.04 "
Cycocel (C)
CxD 4 9.38 ™ 0.05 ** 0.006 ™~ 0.26 "
- b= 4 0.35 0.002 0.00003 0.02
Error B
e 1 58.36 ** 0.10 ** 0.021"" 037
Genotype (G)
GxD 2 17.44 1 0.01 ns 0.005 ™ 0.37 ™
GxC 2 0.44"s 0.001 ns 0.0002 ™ 0.03 ™
D xC xG 4 1.61m™ 0.003 ns 0.001 ™ 0.06 *
= 26 0.78 0.01 0.001 0.02
Error
(22,2) Syl oo 2 6.2 4.2 7.1 8.0
CV (%)
clee N geleN eofod Jlaiml molaw 1o o pixe g lo pixe ;€ oS Sy s g sk NS

ns, *, ** and ***: are non-significant and significant respectively at the probability levels of 0.05, 0.01 and 0.001
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Table 6- Spad, chlorophyll a and chlorophyll b in the interactions of drought stress and cycocel and drought stress and
mung bean genotype

(5 o (30 0339 5 0 pSskeo) @ Judg s (03U (339 05 50 o5 o) b Judg 5
L Spad Chlorophyll a (mg.g* fw) Chlorophyll b (mg.g™* fw)
Drou “;: (5 5 o5 ko) JugSoluo () 39 5 o) JogSa Lo Gl 0 55 o) oSy Lo
g Cycocel (mg.I") Cycocel (mg.I") Cycocel (mg.I"Y)
0 400 800 0 400 800 0 400 800
L5 1L . _
: i\,\;éo/u:ga 5 2878 34420 36320 2027  2.33¢ 2.39¢ 0771 0.86N 0.919
0
oL é’\'/\;;y“‘;; VO 38421 4044°c  41.66° 2.47¢ 2.56 ¢ 2.63°¢ 0.96 f 1.01¢ 1.03¢
0
oS o 5L b b b b
e 45.46°¢ 4824b 51512 2.71 2.73 3.032 1.09 ¢ 1.14 1272
S S s =) s =) ERte G
Drought Hendi Zarbakhsh Hendi Zarbakhsh Hendi Zarbakhsh
oLs 1l .
: “év\;éo/“‘;; b 31.20°¢ 35.15¢ 2.19¢ 2.30¢ 0.81¢ 0.88 ¢
0
oS “é\'/\;:o/“‘;sﬁ ve 38.87¢ 41.48% 2.49°¢ 2,615 0.97°¢ 1.02°
()
i\f/k“ 48.472 48342 2.812 2.842 1172 1172

oL (LSD) Slo gime B JBlas (9051 51 ooliiwl b o yd gy Jloil g 48 (5l me WS oS e By sl slonuSil oy (gl
2L oo Crop Water Requirement caasee :CWR azas o

* For each trait, the averages with a common letter do not show a significant difference at the 5% probability level using the least
significant difference (LSD) test. Abbreviation CWR: is Crop Water Requirement.
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Table 7- Leaf carotenoids content (mg.g fw) of mung bean in the interaction of drought stress
and cycocel and genotype

]
NEEVIES () 39 5 ko) JoosSy L Genotype
Drought Cycocel (mg.l 1) G Oy )
Hendi Zarbakhsh
] 0 2.04 d* 220
okS 2l 5l oy O 400 2.09 d 2.59°
CWR%50
800 2.34¢ 2.87°2
’ 0 2.0 1.94 ¢
olS (2l 5l ae s VO 400 1.87 &9 1.69 9"
CWR%75 i
800 1,79 #h 1.58 hi
) 0 1.15k 1.461
oS 2l ks 400 0.83! 1.30¥
CWR )
800 1.18k 1.20 i

O oz 03 51 eolitnl b aoyd gty Jlois] adans ;0 (50 sime M oS e slacd > sl o slocpuSilee
23k oo Crop Water Requirement aasce CWR .sips oo (yLii (LSD) Slo sne

* The averages with a common letter do not show a significant difference at the 5% probability level
using the least significant difference (LSD) test. Abbreviation CWR is Crop Water Requirement.
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Introduction

Guar is a one-year plant from the Fabaceae family and tolerates dry and salty conditions, and therefore can be used as a
high potential for production. The planting date is one of the most critical factors in the cultivation and production of
crops. This is especially important for plants being introduced for cultivation in a region for the first time, as research
on the optimal planting date for that area is essential. Mineral nutrition of agricultural plants is one of the most
important aspects of production, and among the micronutrient elements, zinc has a fundamental role in the catalytic
activities of proteins and enzymes involved in biological processes in growing plants. Facilitating the activity of many
enzymes in the plant depends on the presence of appropriate amounts of zinc. Considering the research gap related to
the effect of planting date and application of zinc sulfate in the study area and in order to compare with other different
regions of the country, as well as the importance and development of new plant cultivation in the country, this research
was carried out.

Materials and Methods

To investigate the response of morphological traits and yield components of guar plant (Cyamopsis tetragonoloba L.)
on different planting dates and zinc sulfate levels in the KhorramAbad region in the 2020 crop year, was carried out.
This experiment was carried out as a split plot in the form of a basic design of randomized complete blocks with three
replications. In the main plots, the planting date factor was set at three levels (including May 1, 20, and June 10), and in
the secondary plots, zinc sulfate foliar treatments were applied at four levels: zero, 20, 40, and 60 kg per hectare of zinc
sulfate applied. The amount of zinc sulfate in each plot was mixed with soil based on the treatment levels and the area
of each plot. According to the test results, the soil was not deficient in phosphorus and potassium elements, so only urea
fertilizer was used.

Results and Discussion

The results showed that the effect of planting date, zinc sulfate, and their interaction on plant height traits, the number
of sub-branches per plant, leaf dry weight, and specific leaf surface area were significant. Also, the effect of planting
date and zinc sulfate on the number of pods per m?, grain yield, and leaf area index were significant. Planting guar on
June 10 resulted in the highest number of pods per m? (1998.6 pods) and the number of seeds per m? (13920 seeds), and
on the other hand, despite the positive correlation between them and seed yield, the highest seed yield on this date,
3889.7 kg per hectare was planted. The highest number of leaves per plant (846.75 leaves) and leaf area index (6.02)
were obtained on the planting date of June 10 and with the application of 60 kg per hectare of zinc sulfate (689.44
leaves and 5.43, respectively). The highest amount of dry weight of leaves per plant in the treatment of application of 20
kg.ha! of zinc sulfate was 21.08 grams and the highest specific surface area of guar leaf was obtained on the planting
date of May 20 and in the treatment of no application of zinc sulfate (0.47). The presence of a positive correlation
between growth characteristics, yield components, and leaf characteristics with grain yield also indicated the positive
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effect of zinc sulfate application and planting date of 10 June in increasing these characteristics and as a result
increasing grain yield.

Conclusions

With the delay in planting and the application of zinc sulfate fertilizer, which led to an increase in the grain yield
components in the guar plant, the grain yield also increased. According to the results of this study, it can be said that to
achieve the maximum seed yield in the guar plant in the Khorramabad region, this plant can be cultivated on the
planting date of 10 Khordad. Also, considering that there was no significant difference in terms of grain yield among
the different levels of zinc sulfate application, in order to achieve the highest grain yield with the lowest amount of cost,
it is possible to use 20 kg of zinc sulfate per hectare.

Keywords: Chlorophyll, Grain performance, Leaf surface index, Spraying
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Table 4- Average specific surface area of guar leaf under the mutual influence of planting date and zinc sulfate treatments
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S T 0.472 0.36° 0.40 0.28¢
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Sz 0.26° 0.26° 0.29¢ 0.33%
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* Means that have at least one similar letter have no significant difference based on Duncan's statistical test at the 5 percent level.
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Table 5- The average dry weight of guar leaves under the mutual influence of planting date and zinc sulfate treatments
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b)) 8.350 10.86° 10.52¢ 11.220
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. a |y.
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* Means that have at least one similar letter have no significant difference based on Duncan's statistical test at the 5 percent level.
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Table 6- Average plant height (cm) of guar under the mutual influence of planting date and zinc sulfate treatments
$9) ©lguw 0,18 lude

cls &b Application amount zinc sulfate
Plantlng date RV-{W) )m )O P;# Y. )m )é ﬁ;# f’ )m )O ﬁ;# 7o
Control 20 kg per hectare 40 kg per hectare 60 kg per hectare
o)) 99¢ 113.33° 103¢* 111.33°
April 20
) T 104.33¢ 106.66° 1120 110.66°
May 20
N
b 120.66° 120.33? 120.66° 120°
June 10
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* Means that have at least one similar letter have no significant difference based on Duncan's statistical test at the 5 percent level.
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Table 7- The average number of sub-branches in guar plant under the mutual influence of planting date and zinc sulfate
treatments

clls & ,0 Application amount zinc sulfate
Planting date ol HLS jo p FelS Ve S jo 0,54l Fe LS yo 0,59l e
Control 20 kg per hectare 40 kg per hectare 60 kg per hectare
we2) | 9.66%" 120 10%* 13.66°
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~) T 10¢ 12b¢ 11.33¢ 13°
May 20
o 17.33 18 18 18
June 10
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* Means that have at least one similar letter have no significant difference based on Duncan’s statistical test at the 5 percent level.
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Fig. 3- The average number of guar pods per m? under the influence of different planting dates
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Fig. 4- The average number of guar pods per m? under the influence of different amounts of zinc sulfate application

16000
14000
12000
10000
8000
6000
4000

Number of seeds .m-2

2000

0

20--April

May--20
Date

June--10

Cdls dlizo gy U il coni @m0 4o lgF Al slus il -0 S
Fig. 5- The average number of guar seeds per m? under the influence of different planting dates

i gl cpl Gk g isres alid cdslin (gl e
3,,LS pae jlend j0 BMLE jo alils dlawi 1y ,eS A5 Wl
JSs) ol sy B o ails FIAR slows 4 (g9, Slalgu
polas o p,lS J.ul.a Co e olS o ey ails ol (F
3,8 pae Jlad 4y G (59, Slddgu l mdaw a2 0,8

SME o ailo slaay
S35 Sl o o3l ST aS ols (las (willy 4528 gls
Jguz) oy )\osm A o dild slaw s 0 & g o
il T LS mace d Cas M o aly olaas a5 ol
Froomls e o e o adily slass o sV g ail
AL Ho Al BV Gl (59, Olafgw LS jo 0,5 5LS



YYV ... ,o (Cyamopsis tetragonoloba L.) ;155 LS o ;Slos 51321 9 (S0 59089550 Wlao Jordl S oy )50 g 2igfy 50 juo

g > dallle o 50 lddse (Shah et al., 2016) cowl ouls
‘) S99y uwﬁ_..u aﬁ)l_f )_>| o ) B asls slass U’“"‘)J‘
3 Jeol> slaazsl L as (Sunil et al., 2017) woges 5,158

udls Cinllas dsllas oyl

Number of seeds in a pod

SO e o adle olass iulidl ogn o xe (55, Oladgu
aS Cowloads 3,155 Glizee Sllllas (o bapsS 51 S0 &
5 =iy slaasly slows molidl o pate ool ST Lo
olg=e Loplasl tul 4 (g 5tmgid olge JUS] Gl iz

Control 20 Kg/h

40 Kg/h 60 Kg/h

Zinc sulfate application rate

695 OWgw 3,555 polie il coni HIg8 BME yo &l oluay (il —F S
Fig. 6- The average number of seeds in guar pods under the influence of zinc sulfate application rates

g asly Al 0,90 i Bolas fpizme 5 (60 ,Slas
cllS sloge U K0 a4 cond aign slsn sboos o Soww,
il L, e adly o) Slee ialial LYo 5l Ko (S 0y
59 a5l ge &5 Cenlond o (i ye oS 092 coglhan
Heydarzade et ) wg— ably Sgo (goud o> Oliais 0>
.@l., 2020

solie 8,5, JLews 55U cosw e olS ails o Shee
Ao @l (nl Bk s <85 8 g, g i
@ lizes polae 0,,LS Lo jo asly o, Slae e a5 0
Slo lis gyle e ialidl aall 4 Cos (59, Sldgu
Oliedm o gam als 0y Shee (i (0 eS g O i
o & bgypo st ity LS 1o 0,5 5hS VAFAIY 5 YAVV/S
S8 pae g 59y Sllg LS 3 0 Se LS Feo0 LS
S g0 plS pace sl e aiz e 09 (59, Slige
odalin (5 o mme AW (59, Dliguw 055 alises yolin
A S w

aild o Slos
bl bl cole Slas ols las ol slg 5o gl
9o gy gl )3 ) Sl 5 200 S gl 50
s as ols las ol (V Jguz) 09 Hlo gxe ails o ,Slas
Wby Gralidlasle o, Slae 5 45 0l caw SBlS o
YANAIY ledn aile o, Slae lie o0 5V 4S5 9boay
omlgad Joloolsyz Ve cldls &)l jo S )3 0 kS
eild (6l e BMS] ,S0 il &, g0 L les
Zayls 90 o adls o, Slee e a5 oy lis bl yioren
V29210 g VFEVIY Cospa oo apuo)l Ve g ) o ils
ool i 5l sl gl 90 cal g 092 S8 o 0 SolS
dsllas ol jo (Y JSCD) ais ssalin (gl cxe S
g il Lilidl ecsls o 3L b leS olS o ails o Shes
G =S adils & Slas ole Cutguud )| Vo gV S slogu b
59 5o Yb o Slas aszilo olo 3 Ve il A )b 4y s
Sli=l g st laally gogm Yo Jdsas ol 20 -



VB 599 doud ¥ 8ylous V0 wlo oyl ol Slgus (Wi 4 pid YYA

Jsie 55 09,59 (2l 5 095 Sl Sl ool s
oS S5 slaplal plprear Labs)gelp (55—l
ke 392098 (=l eiare g 009 oS (ol e
= ily sl 4 lagl polaisl 5 (s jamgs olge
sl 3 Shes GRalp 8l an i ool Ao o g andls onge
(Ram & Katiyar, 2013) 5,5 s LS

450U
4000
3500
3000
2500
2000
1500
1000
500
0

Seed yield (kg.hal)

pas hw 4 o 59, Sllgw 028 a4 52

o sl g wsals golially asls o Slee (59, Slalguw o, )15
oS (g9, aline glaslllan ;o .04 jlo g walld b o 4w
pas jlosd & S (59 Slilgu 005 A5 D asie oS
ols ol ], 168 oLS wlo & Slae lie (59, Sladgus o 5,1
39 oot a5 shyls (59, y—aie (Sunil et al., 2017)

3500

3000

2500

2000

1500

1000

Seed yield (kg.ha'l)

500

0

June--10

Date

il Gliseo glage U il coni Hlg8 ailo & ,Shoe (pSlo -V S5
Fig. 7- The average yield of guar seed under the influence of different planting dates
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1 2 4 5 6 7 8 9
By S B olaws 1
Number of pods per m?
AME o wils ol_x.u 0.75%* 1
Number of seeds in a pod
B oy 53 Al slass 0.92%%  0.91**
Number of seeds per m?
o o Sles 0.77%%  0.83** 086** 1
Seed yield
U 2 80 2Ll Sl 0.68**  0.85%* 0.82% 1
Number of sub-branches per plant
S glas )|

“2 € I 0.55**  0.64** 0.56** 0.65** 0.79** 1

Plant height

435_" 2SS s 0.75** 0.78** 0.83** 0.73** 0.89** 0.77** 1
Dry weight of leaves per plant
S Lo
2 ghe o2 0.73** 0.64** 0.81** 0.68** 0.78**  0.68** 0.86** 1

Leaf area index

= 2 oy gl 019 041
Specific surface area

-0.3 -0.42*  -0.36* -0.52** -0.06 1
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*

*and **: significant at the 5% and 1% level, respectively
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Introduction

Pulses, including red beans, are a significant source of protein in human nutrition. Increasing yield per unit area is one
of the most important factors for increasing crop production. Todays the increase in crop yield occurred by the
excessive use of chemical fertilizers, including nitrogen fertilizers, which caused environmental hazards and
consequently human health. Humic acid is a natural organic polymer compound that results from the decay of soil
organic matter, peat, lignin, etc., which can be used to increase the product and its quality. One of the important benefits
of using humic acid is the ability to chelate various nutrients such as potassium and magnesium and other elements to
overcome the lack of nutrients. Humic acid also creates more space for water to penetrate through physical modification
and improved soil granulation. Plant density is another important agronomic factor that manipulates micro- environment
and affects growth, development and yield of plants. Within certain limits, increase of plant population density declines
the growth and yield per plant but the reverse occurs for yield per unit area. The optimum plant density to attain highest
yield may vary with the genotype and agronomic factor. Therefore, the purpose of this research was to investigate the
effect of sulphurous humic acid and plant density on growth and yield of red beans (Phaseolus vulgaris L.) cultivars
(Ofogh, Dadfar and Yaghoot).

Materials and Methods

The experiment was conducted as a factorial based on a randomized complete blocks design with three replications in
the Bojnord city located in north east of Iran during the year 2022. The experimental factors were: plant density at three
levels (18, 25, and 40 plants per m?, sulfur-containing humic acid (0 (no application humic acid) 4 and 6 liters per
hectare) and red bean (Phaseolus vulgaris L.) cultivars (Ofogh, Dadfar and Yaghoot). Humic acid treatments were
applied in the stages of two to four leaves, before flowering and after pod formation, depending on the level of
treatment.

Results and Discussion

The results showed that Yaghoot cultivar had the highest plant height (71 cm) while, Dadfar had the lowest plant height
(40 cm) at all three plant densities. Yaghoot cultivar also had the highest seed number per pod (4.1) and seed yield
(4450 kg.ha) with application of 6L per hectare humic acid while, Dadfar cultivar had the lowest seed per pot (2) and
seed yield (766 kg.hac™?). Results showed the best cultivar was Yaghoot and then Ofogh due to growth traits. The best
plant density was 40 plants per m? and among the humic acid levels, application of 6 lit per hectare had the best results.
In the absence of fertilization, the amount of total chlorophyll of cultivars Yaghoot and Ofogh was not affected by the
density, However, increasing of humic acid significantly increased the amount of total chlorophyll in all three cultivars
and the highest amount of chlorophyll obtained at the highest level of humic acid and plant densities 18 and 25 for
Yaghoot and the density of 18 plants for Dadfar.
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Conclusions

In general, it was concluded that humic acid and plant density have been able to have a positive effect on most of the
growth traits and photosynthetic pigments of red bean plant. The best cultivar was Yaghoot variety and then Ofogh
variety and the best plant density was 40 plants per square meter. Among the humic acid levels, the consumption of 6
liters per hectare had the best result. By observing the appropriate level of density, variety and humic acid, we will be
able to harvest the maximum yield of red bean (Phaseolus vulgaris L.) cultivars (Ofogh, Dadfar and Yaghoot) in
Bojnord region.

Keywords: Biological yield, Chlorophyll, Harvest index, Legumes, Seed yield
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Fig. 1- Mean comparison of interaction effect of plant density and cultivar on plant height of red bean
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Fig. 2- Mean comparison of interaction effect of humic acid and variety on the number of leaves of red bean cultivars
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Fig. 3- Interaction effect of a) humic acid and plant density and b) humic acid and variety on seed yield of red bean



V¥ 093 Ao oY 8,leds N0 wl ooyl ol Sligus slo b g}y & pi YT

J5gb @ Judg,ls
oalw 5l as ol slas rolesl ol 5 odel Cawsas slaosls
S 89,5 b @ b ls Slio  Seaged el 5 o515
S S 89,5 98 d)lS (rizren 0gy lo pxe
Mo mme o ol o b by IS (Jg s )5 1,8 o8, )-*-'l*
2 50 000,595 Seeged sl g SBT3 S e ot
58 L alisee ol JS 39,5 g b @ Jd )5 Sl
o515 Jelite 51 eSilee aglie (V) Jgaz) wisgr jlo sine
S5 295 9 b @ L3 k5 Glie p Sagen el g cBS
D98 o3, 50 a5 ol pLas (F Jgaz) o8 Lugl o6 S5 5
lis Sidgr 00 lard Saagad sl by ol 45 olSin
Dol adize bt 50 J5 Jde)lS ga S35 15
OLRLS 4 Soged dnsl jlas (289 (Jg taiiilad (5,10 sixe
IS J255 9D @ Ju2g)lS o515 (e (Rl Lk 03933
Ot o8, (nl 5o &5 (s (6)l0 sme RalS 58l o3,
2 a5 Y0 5 VA lapSTs 4 bayye JS g Judg )57 lee
D S 50 ) A Seged el Lo ol ey 150 ke
958 J=39)l5 (i Cnyiion daed) (ooled G 5S eizren
E—ame )3 (T J9i2) 992 03, 5 olaw (nl 0 bgye 55 S
Soged Sl @ryo e ;0 &9 VA 0515 50 008, aw j2 5o
S5 3915 Gl (n s a9 o SR 0 )
3 Srn @S98 adg lle DsBl o) o o0l 50
5 J=89,85 Oliae 2uBlo (oo yte 50 552 YO) VL o515
A5 o515 8l o 008 pae 0 (33l 5 Dsdly slagd,
7250 Ol Gl Seaged Sl (e R L Jg 08,5
Vb 58 Oliee (i 5 SuBlo (6 )lo dre (il 03 4
5 8Ly 08, 459 YO 5 VA slanS13 5 Soged Sl rlas
s Sogad Sl (P Jgo2) 09 8018 08, 590 VA S5
Gk Sl g eand oS pwgnd slacdl o Bule (A58
sladobs pudglin 5 il alor 5 So3sler b e 2l ik
Naderi et al., ) 0¢85 o0 el 1) S py Judg IS yiol3dl ( alS
SLaosS s aS wisged pdlel slaslllas o oyliize (2002
350 Lats! b5 SlaS 5o sl wdys (al¥l s T
e Jslge S0 B, b 5l (Astaraei & lvani, 2008)
L o)l onel comsty Jpamo Sk 5 EoneS g1 (il S
9 s Il Jslse ol JlS S Sl
Bban |y (ame S5l (alaby, Sl eslatul b ol e
1) 293 (2Ulys Slas aulpd jo cod ol S a5 0,5 o o
o515 Sl oSS Gl (o etes alox 5l a8 0w 59

(Ibrahim, 2012) ¢l gllae LS

S5l g 0 ,Slos

5 0515 08, ,eS1E s ,o oole Sl as ols las ialesl s
= ooy SO Jlasl ma s jo jlos F6 5 Swgan aul
Ladoline 5151 S gen (Js g sl cine Sojglm o Shos
S8 vy 50 SUSelam o Slas a5 ol lis Glas (1Sl
L 381 08, 092 LS 5o 0,55k VOAD) (e (0 5L syl
oolw 313,58 1,8 gam 4, o LS ;0 6,555 #A90
Sl Se5slses ,Shoe uSTy5 il L o ol ol o1
U Sngud Sl OB me a5 0l ovoline «pizmen . Subilo
O Sy 5eam o, Slas Zio (55, ,LS2 0 2] > mlaw
30 =] b e (g el B ae pas b g g
Al OB ypan pas 4 Cd (g0, ANY ]38l s (LS
el aagh jo Hlaise (Y Jgaz) ol o055 Sogun
o Slas g ails o, Shoe asls 5o 59 o s 45 Widged
Sl S5 53 0SSN0 SBrae jlade ;o paiS (So5el
590 lasdllas ;o (Anwar et al., 2016) oi Jol> Swgun
Sl Sage LS 50 2 ez LB sle a5 00 318
Lol cois paS asg elay )l g asls Jlia 5 oli8l el
3o aliw Job g S5elan o Sloe il o,Sloe (o i
A odplive Sl Sngad [LSe 1o ] g0 L3l Jeloe Lo
ad 30 ala sy Smgad 9wl (Manal et al., 2016)
Oiars @3z Gl 5o (Jobe e plbis 090 9 (S90598
olie iz (Joho las 6 dides p UL g oo a5
Iy Soielgm o Sos g oy (IS Loyl 8 conls ol5al 1y olae
O alold o153 L (Safaee et al., 2016) auisy co Sgups
cdb o 8l olS Bl o iy glasd oleol Jdoas dadss
SBLS & S g 00l ol B i Swgid Az )0 g )y
Bakry et) ol coslive (6 yigo o) cdiiwd S SO0 o 4 aS
Aol s o5 L Lislesl ol o a5 Jl> o .(al., 2011
o=l Ol ee el a8l ol 8l ol SG5elgn o, Sles cllS
S PVEREEN I ERERIS RNIRPT I PICIRE
ol olade (S asdlas ol ol 00,5 ol 1) als
(599 o Slas ils o, Sloe Lyl o515 iul38l L as” ols
(Farajee et al., 2010)



YD .. joyB slug) ol 0 Shac g oy o S 15145 9 100,555 Sngad dunns!l il sy 1 31y 02 9 59500 (5 5Lx

08 Lugd pB)1 S S Jud9 k5 9D @ Judg IS (e 2 Seooged ol 9 S o515 Jiliio ST -F Jounr
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Introduction

Considering the limitation of arable land, the most effective factor in increasing the production of beans is to conduct
research in the field of agronomic and breeding in order to increase the yield per unit area. In order to determine the
effect of genetic or environmental factors on a trait, different genotypes should be studied in multiple environments.
The varying responses of genotypes in different environments, coupled with the interaction effects of genotype in the
environment, render the selection of genotypes from one environment to another challenging. Therefore, examining
genotypes in diverse environments holds significant importance in determining the appropriate breeding strategy for the
release of adapted cultivars to the target environments. Considering the role of genetic diversity in the advancement of
breeding programs, the study of morphological and phenological characteristics that determine yield is a suitable
method to achieve selection criteria for improving yield and improving and introducing compatible and high-yielding
cultivars. Seed yield is a complex trait that is controlled by a large number of genes, and selection based on yield alone
is often not successful. For this reason, one of the ways to identify high-yielding genotypes is to study traits that have a
significant relationship with seed yield, so that by selecting or removing them, the accumulation of desirable genes in
improved cultivars can be done. Considering the climatic conditions of different regions of Iran, this research was
conducted in order to investigate the yield and yield components of red beans (Phaseolus vulgaris L.) in 4 major bean
growing regions in the country.

Materials and Methods

14 red bean genotypes along with Yaghout, Ofogh and Dadfar varieties (Controls) were studied in randomized complete
block design with three replications in four research stations of Khomein, Broujerd, Shahrekord and Zanjan for 2 crop
years (2018-2019). At the time of harvest, each plot was harvested separately and the yield of each plot was weighed
after threshing. After collecting data related to yield and its components, combined variance analysis, simple variance
analysis related to each location and mean comparisons were performed. Also, correlation analysis and step-by-step
regression were used to investigate the relationship between yield and its components.
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Results and Discussion

The results showed that there is a significant statistical difference between the studied locations, years and genotypes in
terms of all traits at the probability level of 1%. The significance of genotype x location interaction for all traits made it
necessary to analyze the variance separately in each investigated location. The significance of double interactions
indicates the relative instability of the traits of different genotypes in different times and places. The highest seed yield
was observed at Khomein station in G12, Yaghot and G4 genotypes, Borujerd in G14 and G13 genotypes, Zanjan in
Yaghot and G12 genotypes and Shahrekord in G12 and G16 genotypes. Based on the days to maturity the Ofogh
variety, G9, G16 and to some extent G4 genotypes, and based on its yield and yield components, the G12 genotype and
Yaghuot and Dadfar varieties were introduced as desirable genotypes. Correlation analysis showed that there is a
positive but non-significant correlation between seed yield and number of pods per plant, number of seeds per pod and
number of seeds per plant. Regression analysis showed that the traits of number of seeds per pod, days to maturity,
number of pods per plant and 100 grain weight are included in the regression model as effective traits and among these
traits, days to maturity with a negative coefficient and the number of pods per plant with a positive coefficient were
more effective in seed yield.

Conclusions

This study showed that according to the yield and its components in red beans, it is better to introduce a specific variety
for each region. Based on the number of days to maturity, Ofogh (check) and G9, G16, and to some extent G4
genotypes, and based on its yield and components, genotypes G12 and G5 can be reported as favorable genotypes.
Besides the seed yield, the yield components including the number of pods per plant, the number of seeds per plant, and
the 100 grain weight also played a role in selecting better lines; therefore, indirect selection through the selection of
these traits can be effective in increasing seed yield. Finally, it can be concluded that apart from seed vyield, yield
components including the number of pods per plant, the number of seeds per plant, and the weight of 100 seeds can also
be effective in selecting superior genotypes; therefore, indirect selection through these traits can be effective in
increasing grain yield

Keywords: Cluster analysis, Indirect selection, Legumes, Regression analysis
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Table 1- Red bean genotypes studied in different areas
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Code Genotype Code Genotype
Gl KS31361 G10 Ofogh
G2 KS31360 Gl1 KS31148
G3 KS31362 G12 KS31253
G4 KS31359 G13 KS31264
G5 Yaghot G14 KS31340
G6 KS31358 G15 KS31363
G7 KS31336 G16 KS31339
G8 KS31338 G17 Dadfar
G9 KS31353
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Table 2- Variance of experimental errors in investigated locations and two crop years and Fmax Hartley and Bartlett's
tests to evaluate the uniformity of variances

Jbw oo oy Uiey W WDl o L e sl O o yh ol oplee V00
Years Locations Days to Plant Pod per plant Seed per pod Yield 100-grain
maturity height perp perp weight
o ~_ 217 6.74 123.69 0.124 344880 1.38
Khomein
> 5 1.37 6.42 96.07 0.206 217348 1.43
2020 Bro&grd
o 1.38 5.22 198.43 0.164 174007.5 2.65
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25 A 257 431 139.16 0.143 191245.2 1.437
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o b, 2.07 4,78 97.86 0.127 368087.1 1.51
Khomein
Ba)?'jﬁd 2.61 5.15 162.26 0.213 177651 1.67
2021 el
o 1.95 4.74 124.72 0.211 2083.61 1.28
Zanjan
25 A 1.67 3.77 141.84 0.239 6979.8 1.74
Shahre kord
Fbola -5l 1.87 1.79 2.03 1.88 186.3™ 2.07
Frmax Hartley
b )b s . wx wox . wox
34.69 58.42 50.23 27.82 11.98 19.48

Bartlets test

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

R T NS VI SV (ST PRGN - EVE )
“and ": significant at the level of 1 and 5 percent, respectively

*:

d=lae 51050 B,k 5l aiS o vl )8 pB)1 s Slas (5,l0k
Gl oo x Jlaw x cuigh) dilfaw ¢ )50 x Cuigiy 4o
4\5.)5_3 )‘Q@M R u_i_> JL@.&‘ C.E.M:).) Slho )M.».:
2 ey Oy slacaiel Gglate yii STy osimo s
J=le Ol sl g jlo cxe 05 u‘;;.ilnﬂ sl g blas
@ lizes glacaig) Slae owd (6,lubl snolas wilS s
G55 8= IS Sre a5 (5 by ciunl i sla Sk o
aS s g lis (;J.:._.w) b 3g, olaw Caw glp o6 4o
Iy 090 Job cadize slaple o el lacuis)
X gy bl Sl og o goe 4 axe b laily Slss
437 sy )90 QS po y0 Slie (eles sl e
plonil LS o 53 Lacisiy cabad (s 4T il g
ol ylg eolw Jolaz) (mliie ol B canslls 4 550) <é,8
eSile sloaslio ‘QT e 3 5 (Gl oais ools lis

b bl 55 B e 50 Sdo e ol

* Kk

OO e (28 b (ol dal Sl il g 4325 (905
@l b plal cdgl o cali g (e g loj S
15 oo x Jlos iz 51 a8 ol lts 8y il lg 4320
(Y Jouz) conl o gime lao solad (gl 2o )0 S o
aalllae 090 Slao galed S5l 2b5)) 0590 sloceSs) om
T 5o (gylo mre BT (BIL jo alils sloss j>a)
O BB s o pxe Sl 0929 wo 0 SO Jleis]
ol acbyy jo an¥ a) Vb (S 555 Sk b
5 heze 2Bl oo J5 3 90 Slacais) 5 el e 4o (S
4525 pladl 1 ey (Mohammadi et al., 2017) l,LSCen
J=B g o me Sglds ) slacaies) 50 <5 po bl
OIS Sl i lp pB)l g lacassly om0 ) ey
sy @YU g5 (Becker & Leon, 1988) (ysa) g ;S0 20,5
9 955,535 Lacadssy e 5o aslllas 3550 Slao oS
SleMbl cdae x Cuigsy blite Sl dalllas a5 aiisls Lol
u;’l—’))‘ 50, o 1o Lo e calizie OISl oL, (g



YOD... 3055 Lg) (Kb G5 41 pglio (hckaisl (slbiasipig o, Khae (61321 5 9 ,Khae STy (o3 ey l5od 3 (suka

iy 950 gL huso )0 (1)) Jlw 90 (b 30,8 Lugd slocadisi] 5o (ow)p 9590 Glo 8 o (il jlg 4y 328 -V Jgum
Table 3- Combined variance analysis of investigated traits in red bean genotypes during two cropping years in the
investigated environments

Ola yo (52keo
Mean of squares
I e L M olaay wlooluwi ailo olaws
i @l s Slass o 1 Yoo s
S.0.V ddf’ Oy U o BY Ay o S Gl ,Shee YN0
D Number of ~ Number — Number  Grainvield  100-9rain
ays to y weight
- pods per of seeds of seeds 9
maturity
plant per plant  per pods
L
\;Jear 1 88.48 588.79 26298 1.414 10413572.2 1243.03
o . . - .
. 3 6701.99* 1789.7¢ 24303.6 64.31 19581820.5 1359.5°
Location
JuX e o o o o - .
. 3 884.87 384.77 11559.9 2.076 13432928.5 15141
Year x location
Uas
16 6.9 13.32 206.6 0.167 175740.3 3.82
Errorl
N 16 887.09"  290.37™ 78266~  2.309 6010926.6™  1254.14"
Genotype
eigX Jl . .
16 63.72 16.33 442.7 0.463 1344081.1 26.23
Genotype x year
G gX ol o - - -
. 48 185.66 88 2458.2 1.08 2332715.6 32.95
Genotype x location
eeigiX Jlo X oS " " o x
. . 48 46.47 24.63 677.6 0.242 960888.8 33.45
Genotype x year x location
Uas
256 10.16 10.34 263.1 0.283 313380 7.452
Error2
(1) Ol pss o po
3.14 20.33 294 14.95 23.57 7.87

CV%

doyo a9 S Jlaiol mhaw jo Sl gee cudgay T

L2

**and *: significant at the probability level of 1 and 5%, respectively
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Table 5- Average comparisons between red bean genotypes in number of days to maturity at the investigated stations

g e Sy ol S 55 pheid
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 98.17 > 116.17 < 102.67 % 100.2 bed
G2 93.17 ¢ 107 95.5 ik 99.33 «
G3 106.332 113.5 % 1115¢ 110.832
G4 77.67° 118h ¢ 93.8 97 of
Yaghot 82.33 111.5¢ 100.17 fo 100.33 bed
G6 99° 1205 116.67 b 109.83 2
G7 98.5" 111.17¢ 104.3 ¢ 96.33
G8 98.3° 1115¢ 1222 96.33
G9 84.6 % 100.67 9 95.5 ik 111172
Ofogh 78.67 93.67N 90.8! 99.33 cd
G11 89 104 f 97 hii 101.33 be
G12 84.6 % 1210 99.5 fon 9g de
G13 90 o 105 f 96.8 hiik 96.67 f
Gl4 99.17° 112.17°¢ 101.17 ¢ 100.2 bed
G15 985" 1125¢ 108.8°¢ 101.67 "
G16 84.1 de 100.8 9 94.8 ik 99 de
Dadfar 85.17 d 12452 98 9 111.332

Al o gire Sglds wo s iy e H0 il e By > (sl Sl Kl
* Means with different letters are significantly different at the 5% level

e [ el oo Lagd 5o 0 ,Shee (2l381 50 5 Lol
(Bennett et al., 1977) cwl ools Lid o, Sae b (5 i
19955 g Cyayiwg g (Duarte & Adams, 1972) jalol 4 <ljg0
O Sode alayly addllas ,o (Westermann & Crother, 1977)
Oy A4S a5 S sdaline Lo (o 0 ,Sles slizl g o Slas
50 AL olawi |y Code g o 31 o s o Sloe 32!
(Dimova & Svetleva, 1992) lgligul g lgg—ass .09 1)l aig
yebd asly )59 (59, Ag ,o D slaws S wisgad pdlel §s
o, Slhee 50 ;}_?-;50 D, (g0l y il e b g oo
Cde g peinne 530 50 BME jo ails slaad g ails 39 (g

(Zimmermann & waines, 1984) aj,ls 5 ,Sles (59,
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Table 4- Average comparisons between red bean genotypes in number of pods per plant at the investigated stations

G395 O Sy ol 355 e
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 9.85 cd 10n 19.77° 13.87 %
G2 10« 20.67 14,53 bede 13.68 %
G3 10.7 « 25.67 b 15.92 bed 16.95 ¢
G4 20.032 20 ¢f 16.37 bed 18.18 2
Yaghot 15.8" 25.67 bed 17.53 ¢ 13.68 %
G6 11.08 < 29 @ 35.8¢ 16.98 a¢
G7 10.93 21.3 def 9.7 ¢f 11.05f
G8 8¢ 149 8.97f 16.52 ac
G9 8.524d 18f0 10.4 ¢f 9.28 9
Ofogh 7.8¢ 17.33 19 9.3 ¢f 15.5 bed
Gl1 9.93 ¢« 24 cde 14.03 cdef 14.6 cde
G12 16.7® 24 cde 18.83 ¢ 153«
G13 13.1 ¢ 31672 18.07 ¢ 18.05*
G14 9.6 21 ¢f 9.9¢f 16.92 abe
G15 9.55« 21,3 def 11.27 e 15.35 «
G16 7.17¢ 1719 9.37 ¢f 12.52 ¢
Dadfar 16.95® 26 ¢ 16.23 b 18.982

Ayls e pixe Solas s ys gy a0 wilive e By > sl sl ko
* Means with different letters are significantly different at the 5% level
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Table 6- Average comparisons between red bean genotypes in number of seeds per plant at the investigated stations

St RO Sy9y ol 3,5 e
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 22.03%™ 37.23 fah 96.99° 45,01 fon
G2 26.03 °f 46 defh 60.42 cdef 49,73 cdfg
G3 30.61d ¢f 43,83 defah 81.64 bed 55.37 cdfg
G4 5290 34,3 fon 82.93 bed 61.07 bedf
Yaghot 52.37° 60.1 91.15bc 52.68 cdfg
G6 36.33 cde 108.6 2 11292 65.77 &c
G7 41.65 bed 51.33 def 48.01 ¢ 39.87 9"
G8 28.28 ©f 31.27 9" 36.38f 60.99 bedf
G9 26.33 ¢f 28.37"h 4393f 33.57h
Ofogh 25.73 ¢ 45,27 defgh 40.41°F 55.56 cdfg
Gl1 30.6 def 71,53 be 54,67 def 47 .56 dfah
G12 65.57 @ 72.27 be 97.11°" 63.48 abcd
G13 37.53 cde 85.13° 90.91 be 75.57 ®
Gl4 29.7 def 47.8 defg 43.25f 52.45 cdfg
G15 32.13 oef 57.5 cde 50.38 def 51.75 cdfg
Gl6 24.45 ¢ 415 efoh 41.75fF 51.46 cdfg
Dadfar 48.25 be 81.43° 79.6 bede 77444
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* Means with different letters are significantly different at the 5% level
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Table 7- Average comparisons between red bean genotypes in number of grains per pods at the investigated stations

i 95 e 0yz9y obd; 855 yeld
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 2327 2.94 dbed 4,53 bede 3.25¢

G2 269 2.58 bed 4.13 de 3,63 abode
G3 2.827 €0 2,24 cde 4.83 bed 3.27 def
G4 2,665 fon 157¢ 5 be 3,37 ccef
Yaghot 3.345 2.47 bede 517" 3.85 ot
G6 3.24 e 3.762 612 3,87 e
G7 3.797 @ 3.01 @ 4.8 bed 3,62 abecef
G8 3.49 be 2.46 bede 407¢ 3,72 abede
G9 3.078 ccef 1.95 ¢ 4.17 % 3,62 abecef
Ofogh 3.39 cd 2. abed 4.3 cde 3 5g bodef
Gll 3.09 e 3.76° 3.87¢ 3.2
G12 3.905 2 3.05 e 4.97 be 4,02
G13 2.858 €0 3.43 5 be 4182
Gl4 3.041 df 2,66 bed 4.3 e 3.1f
G15 3.38 331 4.5 bede 3.35 odef
G16 3.37 2.96 abed 4.47 bece 4.08
Dadfar 2.848 °fo 3.17 ac 4.8 bed 4.05 @

Gyl Sl cre Dol doys gy w0 alive e By > sl sl Sk
*Means with different letters are significantly different at the 5% level

5 43g 4o alls olass (Bennett et al., 1997; Adams, 1982)
5o adls o, Sles 59y YL Cuiie s Pl Zlblo Ll
9 9yl o adxs o (Sadeghi et al., 2011) wsjls Lool
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Table 8- Average comparisons between red bean genotypes in grain yield (kg.h™) at the investigated stations

i) R Sy29y ol 355 el
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 1641.7 ¢fo* 1366.67 2275 def 1968.8 9
G2 1378.3 ¢ 2316.67 cde 2845 bedef 117351
G3 1293.3 9 2208.33 d 2902.8 bede 812.17 %
G4 3190.8 1583.33 ¢f 3540 abc 13955
Yaghot 388252 2308.33 cde 4290 @ 2063
G6 22325 cdef 2866.67 2bcd 2133.3 df 637.17 "'
G7 2535 bed 2333.3 e 2940 bed 1558.3 1
G8 1329.2 9 1861.67 ¢ 1981.7 ¢f 1624 N
G9 1435.8 fo 2783.33 bed 2269.5 def 142211
Ofogh 1713.3 ¢fo 2821.67 bed 1911.7f 2502.7 ¢
G11 22942 cdef 2956.33 abcd 3008.3 bed 2615.5¢
G12 39252 2810b ° 4156.67 @ 296432
G13 1797.5 defo 3108.33 abc 28417 bodef 2286.8 ¢
Gl14 2805.8 b 3200 @ 2751.7 cdef 1608.3"
G15 2320.8 cde 3666.67 2610 cdef 864.67 k
G16 1619.2 ¢f9 2958.33 abed 2078.3 def 28485°P
Dadfar 2921.7 be 2716.67 bed 3755 ® 2682.7 ¢
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* Means with different letters are significantly different at the 5% level
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Table 9- Average comparisons between red bean genotypes in 100 grain weight (g) at the investigated stations

T3] R Sy9y o) 355 phes
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 26.03 " 32.07¢ 2953 f 25539
G2 28.1°¢f 38.47 ¢ 36.06 9 28.17f
G3 29¢ 38.41 ¢ 40.61 ¢ 35.53¢
G4 28.93¢ 27549 31.93¢ 43,05
Yaghot 26.28 28.85 ¢h 3127 27.72f
G6 36.67 bc 238" 24.03h 24.78 9
G7 383" 44,78 be 43.87° 19.95h
G8 37.22bc 41.75 ¢ 43.72" 38.7¢
G9 36.23 bc 43.25 ce 44.21" 36.254
Ofogh 41852 50.9 @ 40.44° 39.15¢
Gl1 27.87 ¢ 32.98f 49792 36.034
G12 23589 31579 31.75¢ 45022
G13 4182 4957 @ 26.39 ¢ 24.79
Gl14 35.08°¢ 49.85 @ 50.37 @ 20.93"
G15 31.884 40.82 c 44.91° 29.92°¢
G16 21589 30.75¢ 39.18°¢ 36.034
Dadfar 29.65 % 40.58 ¢ 33.07°¢ 27.037
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* Means with different letters are significantly different at the 5% level
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Table 10- Results of correlation analysis for different traits

.. L A 0 e slow gy o Al Sl M jo wilo olawi aild Ver (39
Oy B 59, oluws _
- Number of pods  Number of seeds ~ Number of seeds ~ 100-grain
Days to maturity :
per plant per plant per pods weight
Oy B 59, olaas 1
Days to maturity
dgr 0 BIE slass 031 1
Number of pods per plant '
gt o 4l ol 0.371 0.935™ 1
Number of seeds per plant
S o il slass 0.197 0.532" 0.722™ 1
Number of seeds per pods
I Yoo o
o oo -0.162 072" -0.755™ 0418 1
100-grain weight
o & ,Sles
N -0.285 0.381 0.325 0.409 -0.104
Grain yield

e

Soyd gy g we s S Jleisl w55 o gee o e T
** and *: Significant at the probability level of 1% and 5%, respectively
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Table 11- Results of stepwise regression for grain yield, as dependent variable, and other traits as independent variable

i 2l ol a0 Olry yo (uSSleo ouls Jydn (e g 0
S.0.V df Means of square R? Adjust
095 4 48591.07* 0.327
Regression
aajl.né_'él;'
. 13 158740.6
Residual
do A ol O,ylg wlhe - . a0 ylastawl ¢ 5 5 H O i Jole
Juo 4 0 3,19 © Oy 5 3 e 0l 9, Qg yS ) o g owillg pyed Jo

Attributes entered into

Regression coefficient

Standardized regression Variance inflation

5 G16 B9 (sl olyad & 38l 18, ccyums, b s, s

5 G12 i oyl szl g 0, Skes olulys § G4 (390>
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Table 12- F values and Wilkes Lambda statistics for different grouping modes based on traits measured in genotypes
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Fig. 1- Cluster analysis of red bean genotypes based on yield traits and its components



YEY... 3055 Lg! Sl AT & plin ickpnnsl (sloiasi 335 9 ,5hae (61321 9 9, 5Khae (iSTy (o5l co 50 3 (guka

References

Abebe, A., Brick, M. A. & Kirkby, R. A. (1998). Comparison of selection indices to identify productive dry
bean lines under diverse environmental conditions. Field Crop Research, 58, 15-23.
https://doi.org/10.1016/S0378-4290(98)00082-3

Adams, M. W. (1982). Plant architecture and yield breeding. lowa State Journal of Research, 56(3), 225-
254.

Ahmed, S. (2013). Correlation and path analysis for agro-morphological traits in Rajmash beans under
Baramulla-Kashmir  region.  African Journal of Agricultural Research, 8, 2027-2032.
https://doi.org/10.5897/AJAR2012.0014

Akhshi, N., Firouzabadi, F. N., Cheghamirza, K., & Dorri, H. (2015). Coefficient analysis and association
between morpho-agronomical characters in common bean (Phaseolus vulgaris L.). Cercetari Agronomice
in Moldova, 48, 29-37. https://doi.org/10.1515/cerce-2015-0050

Amini, A., Ghanadha, M. R., & Abd-mishani, C. (2002). Genetic diversity and correlation between different
traits in common bean (Phaseolus vulgaris L.). Iranian Journal of Agricultural Science, 33, 605-615.
https://doi.org/10.22092/SP1J.2017.111161

Asadi, B., Vaeazi S. H., & Fathi Haftshjani, A. (2015). Genetic diversity and classification of chitti bean
genotypes using multivariate analysis methods. Seed and Plant Improvement Journal, 4(1), 641-652 (In
Persian with English Abstract). https://doi.org/10.22092/SP1J.2017.111281

Bakhshi, B., Pouresmaeil, M., & Keshtgar Khajedad, M. (2021). Assessment of agromorphological traits
diversity in cowpea landraces originated from arid and warm regions of Iran. Iranian Journal of Pulses
Research, 12(2), 85-103. (In Persian with English Abstract). https://doi.org/10.22067/ijpr.v12i2.87704

Becker, H. C., & Leon, J. (1988). Stability analysis in plant breeding. Plant Breeding, 101, 1-25,
https://doi.org/10.1111/j.1439-0523.1988.th00261.x

Beebe, S. & Mc Clafferty, B. (2006). Biofortified Bean. Centro Agronomico Tropical (CIAT)-Cali,
Colombia. 2 p. In: www.harvestplus.org/pdfs/bean.pdf

Bennett, J. P., Adams, M. W., & Burga, C. (1997). Pod yield component variation and inter correlation in
(Phaseolus vulgaris L.) as affected by planting density. Crop Science, 17, 73-75.
https://doi.org/10.2135/cropscil977.0011183X001700010021x

Broughton, W. J., Hernandez, G., Blair, M., Beebe, S., Gepts, P., & Vanderleyden, J. (2003). Beans
(Phaseolus spp.): Model food legumes. Plant Soil, 252, 55-128.
https://doi.org/10.1023/A:1024146710611

Cokkizgin, A., Colkesen, M., Idikut, L., Ozsisli, B., & Girgel, U. (2013). Determination of relationships
between yield components in bean by using path coefficient analysis. Greener Journal of Agricultural
Sciences, 3, 085-089. https://doi.org/10.1023/A:1024146710611

Dimova, D., & Svetleva, D. (1992). Inheritance and correlation of some quantitative characters in 348rench
bean in relation to increasing the effectiveness of selection. Abstract Plant Breeding, 63(3), 344.
https://doi.org/10.3390/agronomy11040682

Duarte, R. A., & Adams, M. W. (1972). A Path coefficient analysis of some yield component Interrelations
in field bean (Phaseolus vulgaris L.). Crop Science, 12, 579-582.
https://doi.org/10.2135/cropscil972.0011183X001200050009x

Fageria, N. K., & Santos, A. B. (2008). Yield physiology of dry bean. Journal of Plant Nutrition, 31, 983-
1004. https://doi.org/10.1080/01904160802096815

Farshadfar, E. (2000). Application of Biometrical Genetics in Plant Breeding. Razi University Press,
Kermanshah, Iran. 396 pp. (In Persian). (In Persian with English Abstract)

Ghanbari, A. A., Mozafari, H., & Hassanpour Darvishi, H. (2017). Identification of effective traits on the
yield in bean genotypes using multivariate statistical methods, Journal of Crop Breeding, 9(22), 53-62.
Gomez, O. J., Blair, M. W., Frankow-lindberg, B. E., & Gullberg, U. (2004). Molecular and phenotypic
diversity of common bean landraces from Nicaragua. Crop Science, 44, 1412-1418.

https://doi.org/10.2135/cropsci2004.1412

Hashemi Jezi, S. M. (2014). Investigation and Comparison of Performance and Determination of
Compatibility of White Bean Cultivars in Chaharmahal and Bakhtiari Province. the First National
Legume Conference, Mashhad, Iran. (In Persian). http://dx.doi.org/10.1080/03235408.2013.772351

Hosseinpour, T., Ahmadi, A., Mohammadi, F., & Drikvand, R. (2012). The effect of seed rate on grain yield
and its components of wheat cultivars in rain fed conditions. Agronomy Journal, 104, 101-110.
http://dx.doi.org/10.22092/AJ.2014.103236

Khaghani, S., Bihamta, M. R., & Changizi, M. (2009). Quantitative and qualitative comparison of white and
red beans under normal irrigation and drought stress. Environmental Stress Plant Science, 1(2), 169-182.
https://doi.org/10.3923/ajps.2008.563.568


https://doi.org/10.1016/S0378-4290(98)00082-3
https://doi.org/10.5897/AJAR2012.0014
https://doi.org/10.5897/AJAR2012.0014
https://doi.org/10.5897/AJAR2012.0014
https://doi.org/10.22092/spij.2017.111161
https://doi.org/10.22092/SPIJ.2017.111281
https://doi.org/10.22067/ijpr.v12i2.87704
https://doi.org/10.1111/j.1439-0523.1988.tb00261.x
file:///C:/Users/User/AppData/Roaming/Microsoft/Word/www.harvestplus.org/pdfs/bean.pdf
https://doi.org/10.2135/cropsci1977.0011183X001700010021x
https://doi.org/10.1023/A:1024146710611
https://doi.org/10.1023/A:1024146710611
https://doi.org/10.3390/agronomy11040682
https://doi.org/10.2135/cropsci1972.0011183X001200050009x
https://doi.org/10.1080/01904160802096815
https://doi.org/10.2135/cropsci2004.1412
http://dx.doi.org/10.1080/03235408.2013.772351
http://dx.doi.org/10.22092/AJ.2014.103236
https://doi.org/10.3923/ajps.2008.563.568

VB 599 doud ¥ 8ylous V0 wlo oyl ) Slgus sl ipgly 41 pid YFE

Kooshki, M. H., & Marzooghian, A. (2020). The evaluation of elite lines obtained from red common bean
(Phaseolus vulgaris L.) local populations. Iranian Journal of Pulses Research, 10(2), 77-89. (In Persian
with English Abstract). https://doi.org/10.22067/ijpr.v10i2.66654

Laing, D. R., Kretchmer, P. J., Zuluaga, S., & Jones, P. G. (1983). Field bean. In: Potential productivity of
field crops under different environments, Ed. International Rice Research Institute, 227-248. Los Banos,
Philippines: International Rice Research Institute.

Liebman, M., Corson, S., Rowe, R. J., & Halteman, W. A. (1995). Dry bean response to nitrogen fertilizer in
two tillage and residue management systems. Agronomy Journal, 87, 538-546.
https://doi.org/10.2134/agronj1995.00021962008700030024x

Mohammadi, A., Bihamta, M. R., & Dorri, H., (2017). Determination of phenotypic correlation coefficients
and causality analysis of some traits of broad bean (Phaseolus vulgaris L.) under non-stress and drought
stress conditions. Journal of Agriculture, Water, Soil and Plant Research, 8(2), 135-144. (In Persian with
English Abstract)

Mohammadi, H., Ahmadi, A., Moradi, F., Abbasi, A., Poustini, K., Joudi, M., & Fatehi, F. (2011).
Evaluation of critical traits for improving wheat yield under drought stress, Iranian Journal of Field Crop

_Science, 42(2), 373-385. (In Persian)

Onder, M., Kahraman, A., & Ceyhan, E. (2013). Correlation and path analysis for yield and yield
components in common bean genotypes (Phaseolus vulgaris L.). Ratarstvo i Povrtarstvo, 50, 14-19.
http://dx.doi.org/10.5937/ratpov50-3958

Rahimi, H., Eshghizadeh, H. R., Razmjoo, J., Zahedi, M., Ghadiri, A., & Asadi, M. (2023). Evaluation of
yield and some morpho-physiological characteristics of pinto bean (Phaseolus vulgaris L.) genotypes
under different irrigation regimes. Iranian Journal of Pulses Research, 14(1), 19-33. (In Persian with
English abstract). http://dx.doi.org/10.22067/ijpr.v14i1.2206-1026

Rai, N., Singh, P., Verma, A., Yadav, P., & Choubey, T. (2010). Hierarchical analysis for genetic variability
in pole type French bean. Indian Journal of Horticulture, 67, 150-153.

Rharrabti, S., Elhani, V., Martos, N., & Garcia, L. Del Moral. F. (1998). Relationship between some quality
traits and yield of durum wheat under southern Spain conditions. CIHEAM-Option Mediterranean, 40,
529-531.

Sabokdast, M., & Khyalparast, F. A. (2008). Study of relationship between grain yield and yield component
in common bean cultivars (Phaseolus vulgaris L.). Journal of Crop Production and Processing, 11(42),
123-133.

Sadeghi, A., Cheghamirza, K., & Dorri, H. R. (2011). The study of morphoagronomic traits relationship in
common bean (Phaseolus vulgaris L.). Biharean Biologist, 5, 102-108.

Sainju, U. M., Whitehead, W. F., & Singh, B. P. (2005). Biculture legume—cereal cover crops for enhanced
biomass  yield, carbon, and nitrogen. Agronomy  Journal, 97(5), 1403-1412.
https://doi.org/10.2134/agronj2004.0274

Salehi, M., & Saeidi, G. H. (2011). Genetic variation of some agronomic traits and yield component in
breeding lines of sesame. Journal of Crop Breeding, 4(9), 77-92. (In Persian with English Abstract)

Salehi, M., Akbari, R., & KHorshidi Benam, M. A. (2008). Study on response of yield and seed yield
components of red bean (Phaseolus vulgaris L.) genotypes to delay in planting in Miyaneh region.
Journal of Crop Production and Processing, 12(43), 105-115.

Sharifi, P., Astereki, H., & Safari Motlagh, M. R. (2014). Evaluation of genotype, environment and genotype
X environment interaction effects on some of important quantitative traits of faba bean (Vicia faba L.),
Journal of Crop Breeding, 6(13), 73-88. (In Persian with English Abstract)

Singh, S. P., Teran, H., Munoz, C. G., & Takegami, J. C. (1999). Two cycles of recurrent selection for seed
yield in common bean. Crop Science, 39, 391-397.
https://doi.org/10.2135/cropscil999.0011183X0039000200015x

Sofi, P., Zargar, M., Debouck, D., & Graner, A. (2011). Evaluation of common bean (Phaseolus vulgaris L.)
germplasm under temperate conditions of Kashmir valley. Journal of Phytology, 3, 47-52.

Vlizadeh, M., & Moghadam, M. (2010). Experimental Designs in Agriculture. Fourth Ed. Privar Publishers,
Iran.

Westermann, D. T., & Crother, S. S. E. (1977). Plant population effects on the seed yield components of
beans. Crop Science, 17, 493-496. https://doi.org/10.2135/cropscil977.0011183X001700040002x

Zimmermann, M. J. O., & Waines, J. G. (1984). Heritability of gain yield of common bean on sloe crop and
intercrop with maize. Crop Science, 25(4), 641-644.
https://doi.org/10.2135/cropscil984.0011183X002400040004x


https://doi.org/10.22067/ijpr.v10i2.66654
https://doi.org/10.2134/agronj1995.00021962008700030024x
http://dx.doi.org/10.5937/ratpov50-3958
http://dx.doi.org/10.22067/ijpr.v14i1.2206-1026
https://doi.org/10.2134/agronj2004.0274
https://doi.org/10.2135/cropsci1999.0011183X0039000200015x
https://doi.org/10.2135/cropsci1977.0011183X001700040002x
https://doi.org/10.2135/cropsci1984.0011183X002400040004x

Iranian Journal of Pulses Research Ol Clge (g yigss 4y i

Vol. 15, No. 2, December 2024, pp. 265-278

. A-Q%ﬁ}’g;, Yo-YYA 8 4 NEY ,39540-35“’ b)w do -\13-
Original Research Homepage: https://ijpr.um.ac.ir iRy o o3

g https://doi.org/10.22067/ijpr.2024.86819.1083

The Effect of Nitrogen Fertilizer Application and Planting Pattern on Yield
and Competition Indices of Chickpea (Cicer arietinum L.) and Quinoa
(Chenopodium quinoa Willd)

Elham Raftari®©", Ali Nakhzari Moghaddam®2, Mehdi Mollashahi®?2, Ebrahim Gholamalipour Alamdari®?3

Cite this article:

Raftari, E., Nakhzari Moghaddam, A., Mollashahi, M., & Gholamalipour
Alamdari, E. (2024). The effect of nitrogen fertilizer application and planting
pattern on yield and competition indices of chickpea (Cicer arietinum L.) and
quinoa (Chenopodium quinoa Willd). Iranian Journal of Pulses Research, 15(2),
265-278. (In Persian with English Abstract).
https://doi.org/10.22067/ijpr.2024.86819.1083

Received: 11-02-2024
Revised: 18-04-2024
Accepted: 18-05-2024
Available Online: 03-11-2024

Introduction

Intercropping, the agricultural practice of cultivating two or more crops in the same space at the same time, is an old
and commonly used cropping practice which aims to match efficiently crop demands to the available growth resources.
The practice of growing two or more crops simultaneously in the same field is called intercropping and it is a common
feature in traditional farming of small landholders. It provides farmers with a variety of returns from land and labour,
often increases the efficiency with which scarce resources are used and reduces the failure risk of a single crop that is
susceptible to environmental and economic fluctuation. Intercropping of chickpea with linseed reduced the chickpea
yield by 60.3%, although linseed occupied only 33% of the total area. The loss of chickpea yield was compensated by
the additional yield of linseed, and thus the system productivity of chickpea + linseed intercropping was increased by
43.4% compared with sole chickpea. Of this increase in system productivity, 65.3 and 34.7% were contributed by
higher seed yield and higher minimum prices of linseed, respectively as compared to chickpea. The objectives of the
present study were to study the competition indices of chickpea and quinoa intercropping such as land equivalent ratio,
relative crowding coefficient, aggressivity, chickpea equivalent yield and effects of nitrogen and different intercropping
arrangements on yield of sole chickpea, sole quinoa and intercropping yield of two plants. The objectives of the present
study was to determine the best appropriate treatment of sole cropped, replacement and additive series of chickpea and
quinoa in terms of yield and investigation of competition indices in intercropping replacement and additive chickpea
and quinoa.

Materials and Methods

In order to study the effect of planting pattern and nitrogen application on yield and competitive indicators of chickpea
and quinoa, a factorial experiment based on randomized complete block design (RCBD) was conducted with three
replications at Gonbad Kavous University farm during the 2020-2021 growing season. Nitrogen factor was included
three levels of non-application and application of 25 and 50 kg N.ha* and the treatments of intercropping were included
9 levels of sole cropped of chickpea and quinoa, 67% chickpea + 33% quinoa, 50% chickpea + 50% quinoa, 33%
chickpea + 67% quinoa, 100% chickpea + 33% quinoa, 100% chickpea + 50% quinoa, 100% chickpea + 67% quinoa
and 100% chickpea + 100% quinoa. For analysis variance of data software of SAS Ver. 9.4 was used and treatment
mean differences were separated by the least significant difference (LSD) test at the 0.05 probability level.

Results and Discussion

Results showed that the effects of planting pattern and nitrogen consumption on yield were significant at confidence
level of 1%. The maximum total yield belonged to the treatment sole cropped of chickpea with 3529 kg.ha*, which was
not significantly different from the 67% chickpea + 33% quinoa treatment. With increase of nitrogen fertilizer
consumption, total yield was increased. The lowest chickpea crop equivalent yield related to the treatment sole cropped
of chickpea and mixed crop was 33% increase of quinoa to chickpea crop with 3529 and 3551 kg.ha™t, respectively, and

1, 2 and 3- Ph.D. Student, Assistant Professors and Associate Professor, Department of Plant Production, Faculty of
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the highest was related to sole cropped of quinoa with 8876 kg.ha. Land equivalent ratio was higher than one in all the
additive mixed cropping treatments and alternative mixed cropping treatments. The maximum proportion of land
belonging to the treatment of 100% chickpeas + 67% quinoa was 1.10. The relative coefficient of total density in all
treatments was more than one, which indicates the desirability of mixed cultivation of chickpea and quinoa. The
examination of the aggressivity index showed that quinoa was dominant in the mixed cropping treatments, increasing
and replacing the plant. As a result, the dominance index of quinoa was positive despite the favorable yield of both
plants.

Conclusions

Of the two plants of chickpea and quinoa, quinoa plant produced more yield than chickpea plant. The maximum total
yield belonged to the treatment sole cropped of chickpea with 3529 kg.ha*, which was not significantly different from
the 67% chickpea + 33% quinoa treatment. With increasing of nitrogen fertilizer consumption, yield was increased.
According to the results, it seems that it is not possible to increase the density of two plants in mixed cultivation to
obtain the maximum vyield.

Keywords: Aggressivity, Intercropping, Land equivalent ratio, Chickpea equivalent yield



Iranian Journal of Pulses Research
Vol. 15, No. 2, December 2024, pp. 265-278
Original Research

A.Q%,j},gfz
Homepage: https://ijpr.um.ac.ir

Olnl Slgs slaings 4 puls
YUO-YVYA .00 V0¥ 293 doui ¥ bjlows 10 ala

ipgiy e goi

g https://doi.org/10.22067/ijpr.2024.86819.1083

Sl slagad Ll 9 3,5 51 ()59 5k 395 32,18 5 CudlS (5581 3G
(Chenopodium quinoa Willd) IguS’ ¢ (Cicer arietinum L.) 1, ;395w

O G slole g1 dmodME mul ol FO aLEMo (gago TP pudo 55588 e MO 6,8, plol!
VECYNVVIYY sl s o
VETI YT b

oSz

O ygmoty sialol doiS g ely50550 by sloasls 5 0 Shae (3 ClS oSl ST (o) 2 sbiiony
WAV F e ol o o sl olSeils as 5o o )5 dw b ol alS slacSsh =,k B s Jy )5S
BV 50 Y 3Sls bele CoiS ool 30950 5 g (Al cotS ol oy & o cols 555 Jale ays 5 1,
s 3 st Jole 5 sly305 4I5S Ve 5 BY Do T Gl Lglie iS50 (sl Ipn oo
alo o Sl mSTas a5 ols lis gl 0 LS o alls 55,008 p,55kS 00 5 YO B rae idyas pas Jold mhaus
Aoy YV + el 50050 0o )0 PV L L oS clils 3lai LiSe )0 0,56l S YOYA L el )09 alle catS Jlag o
#3395 Jolno 3,Shoe 508 2l il S 5 Sat o555 o Gial38l L B (5 o ghne IS Iy
s YOVA L s e (2550956 4 IS 0o 0 VY (8] bglone cuiS g (o) j0950 alls oSl 4 g e
Sy S 09 LS )3 0,55 LS ANV L IsS el iS4 by o )1 0 5t 9,558 ) p,5'5LS YOO)
390 S 5 VL (3Rl bglie et (sl los 5 (o2l boliee cuiS sla Lo plod 13 o515 (s i p2 5 ()
235 el ol (3l 5 (sl bgle cuiS slalars ) 19 05 bglde i (109 wgllas odias lis oS
3955 Lalls SiS Lo ggemme 0 ad Sole olS 90 58 3 Slee (139 gllas 3925 L 19SS ez (aS L s
g K00 slayled ) 5 p (s2l)50958 Jolae 8 Shee Jai jlsnS (ale cuiS e g ails 0 See Jai Sl el

O Gl Camd bgliie S ol Je (el 50950 Jolas o, Slas (g9l saeilg

033La 5 (R, SISl o (BB, ad Jd 5l el malex o
Oliass gmls anlio Sl § auS oS 3oz 4 ooy
S (Lithourgidis et al., 2011) w3l pal,8 1, calixs
9 ol a0 gl b 5l ool STas cely Lol
CeiS 00lgd e 3l (Gao et al,, 2009) 59 oo S
S ST A o mhaw aaly 0wy ilidl doglie
Slgs g ol ;95 aile e Julse 51 i eolal Jdoa
Slgs (=l); ollS Hle o .cal S j0 09290 olde
@ lizee cils glasSl jo g0l 6,85k <ol 5 Llgs
Banik et al., ) wws oli8l ], ades cud b ailes o g ai)lo
yodle Glogs e lalS b Slgs bolxe cuis (2006
(55)_..53 ) J.u@ (:)Luo )I asYole 9 &g 9 T oolaiul
S50t Smgi g haw 92lg )0 (9000 IRl Sl IS
(Najafi & Keshtegar, 2014) o oyloj g o axlg ,o JS

doddio
SAS ST (65 )glaS DAl it S, b w3l el o
g s palS Geizres s S o (Sogdl adex
g ol B 4 iy Sl e liis a2 g5 25 slags
Sl ot By lane (55,085 adss slepllas (559,10
Jg 5l o le bglxe cuiS (Bedoussac & Justes, 2010)
Jbo o 53 (o) ankad S o plej o jebar olS iz b 5o
Jg—ame Glalidl (he) So Ol (ol ) (ol sadliee
a2l Sk Gl 005 wol8 Gln Cone 5 slaysiS o
bole cns allaips 4o (Agegneh et al., 2006) ol oo
wline b (St @b 5l 6510 00 00 T (AL Cumoz 93 50
o ol oo (=2b ) pealie (ogmas (im0 )l B
Slocul) mls gt 5 jad (oo )0 plidn

(BLS Ol 09,5 olily g jbokial (655 (codily g ¥ 5 ¥ )
O (998 25 ¢ ogls 45 oSS (b @lio g (55y9LiS paSutsls

(raftari.elham@gonbad.ac.ir (s o X g —3)


https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2024.86819.1083
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Bedoussac,%20L.,%20and%20Justes,%20E.%202010.%20Dynamic%20analysis%20of%20competition%20and%20complementarity%20for%20light%20and%20N%20use%20to%20understand%20the%20yield%20and%20the%20protein%20content%20of%20a%20durum%20wheat–winter%20pea%20intercrop.%20Plant%20and%20Soil%20330:%2037-54
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/مقاله%20دوم%20حبوبات%201402.10.25/داوران/1.Agegnehu,%20G.,%20Ghizaw,%20A.,%20and%20Sinebo,%20W.%202006.%20Yield%20performance%20and%20land-use%20efficiency%20of%20barley%20and%20faba%20bean%20mixed%20cropping%20in%20Ethiopian%20highlands.%20European%20Journal%20of%20Agronomy%2025(3):%20202-207.
mailto:raftari.elham@gonbad.ac.ir
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/مقاله%20دوم%20حبوبات%201402.10.25/داوران/17.Lithourgidis,%20A.S.,%20Vlachostergios,%20D.N.,%20Dordasc,%20C.A.,%20and%20Damalas,%20C.A.%202011.%20Dry%20matter%20yield,%20nitrogen%20content,%20and%20competition%20in%20pea–cereal%20intercropping%20systems.%20European%20Journal%20of%20Agronomy%2034(4):%20287-294.
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Gao,%20Y.,%20Duan,%20A.,%20Sun,%20J.,%20Li,%20F.,%20Liu,%20H.,%20and%20Liu,%20Zh.%202009.%20Crop%20coefficient%20and%20water-use%20efficiency%20of%20winter%20wheat/spring%20maize%20strip%20intercropping.%20Field%20Crops%20Research%20111(1-2):%2065-73
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Banik,%20P.,%20Midya,%20A.,%20Sarkar,%20B.K.,%20and%20Ghosh,%20S.S.%202006.%20Wheat%20and%20chickpea%20intercropping%20systems%20in%20an%20additive%20series%20experiment:%20Advantages%20and%20weeds%20mothering.%20European%20Journal%20of%20Agronomy%2024:%20325-332
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Banik,%20P.,%20Midya,%20A.,%20Sarkar,%20B.K.,%20and%20Ghosh,%20S.S.%202006.%20Wheat%20and%20chickpea%20intercropping%20systems%20in%20an%20additive%20series%20experiment:%20Advantages%20and%20weeds%20mothering.%20European%20Journal%20of%20Agronomy%2024:%20325-332
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Najafi,%20S.,%20and%20Keshtehgar,%20A.%202014.%20Effect%20of%20intercropping%20on%20increase%20yield.%20International%20Research%20Journal%20of%20Applied%20and%20Basic%20Sciences%208(5):%20549-552
https://orcid.org/0009-0001-3217-9493
https://orcid.org/0000-0003-2282-6973
https://orcid.org/0000-0002-6358-9065
https://orcid.org/0000-0003-2832-4413

VBT 095 Ao oY 5,Leds 3O ol oyl il Sligus o idgls & pidd YFA

39 0LS 93 e B, abal, o lé as L 5l eslial b
iy Ot 51 (Willey, 1979) 55 o (et bglne oS
SHLE) gt 4555 99 e 45 des oo (LS L o
0dupd il ol a (e g S laidle 1,0 392
plos yo .(Mazaheri, 1998) cuul aaisS 09 wolie 9 LI
(Viciavillosa L.) gla_igs |5 Sile bglsre oS slagXl
Sl e ezl (Triticum aestivum L) po5
Altis et ) 05 shie paiS Codlé azli g Cude gladiss IS
A oLF ((3,) 5 pS 5 «,3) S )y o @, 2012
S9mr bglie CiS w50 wglie oS (e plols
.(Ghosh, 2004)

sl 5 0515 (o s b gllie 5 (B Cs
Dhima) cewl L3 cold, oblg s 6l g i i
YL ¢ S j0s 50 Ly by Le caiiS 5 o> (et al., 2007
$N80935 b aglie o g3 jolie Qi 6l 2l ol
5 8, s arls ow,n L .(Banik etal., 2006) cuils |1,
s (Brassica napus L.) I3 1S by e S (golazil
3 ol sles e (Pisum sativum L) (S5 ,80450
(28l a8 s 1o Sl aS al ooy (yLid 59,00 Zolaw
o Sure Jold golaidl o asll 5 g adgs (2> ls
Gl S 5 0l Colie Lo dan (sl bglore Cuje g
3l G bgliee slacns plos gl 0515 (oo 22 5 e
Ao S bgle S (65 p odio )Ll a5 del Cawods S
AL ol (o5 Cale 09y oS 90 51 Sy e LSS
oS sl Sl S polie (3390 S5l SS9 Sl
o3kl Ly (5,905 4 S IS 8, 55 s 515
(Fallah et al., 2014) o4 bgloxe S ;o laoslys 5l yipe

S8, 5 plalS slases 9 5 093 Sl s sl
(Soedg L) (2l 5l bodoee SlS gl )3 45 52
Sledbl (asll ol 0ed co colaiwl g 28ly o Slae
e Glaarld 4y Cod o) )90 50 (65 M (i
5 =3lg o, Slos yiol38l saims i (udie Cadle 020 oo
Lyl cotS adly o Shoe 2olS onimslis o e coadle
25 L) 55555 (oradly o, Shas Bl o SLESSS &
S doy Ve v (0956 5 Lugd) peS) w0 B bgle S
59956 doyd B bglie eSS o aS Jb o ol las ualS
sy 0, Shas o ioli8l )3 aly o Slas )3 0o )0 O
(Yimaz et al., 2008) cdl ol sz

Alis Cdie Cdle cbgline CllS guied gyt (0
oxims il e Codle g bolse oS solaidl saiesgu
e il e bglie coiS soladl gaiasg L2alS

&l 00l Bras s1ogS [0 39250 (oldé yolic dan
95255 158 ooliiwl 5550 olS 0 0590 Jsb )o el (S
bgs o mls SoglT 039,00l 45 s ,5boay (Fallah, 2011)
SLodsS (6,5 e 500,08 slacel); 5l Jool> ol s
Cgare Lo juli p 58 oen Sl (IS lgreds 4359 503
Achakzai ) 13155 5 ;51T .(Choi et al., 2007) s¢ oo
Do YO io polie ;50U ow,» L (& Bangulzai., 2006
3> e wdgs S )3 (e oSl ITO 5 Ve VO
A 45 W8S IS (S jhoy s dilise slacys
Syman jlad 5l LS 0 0,5l IV 5 e 5 Sles
ol Cewday )L )0 (55 o, SokS N -

S e g3l gaiedg 9 o) i p25
s S S oee) Sln S 097 oAty byl
msdly LS T S, e T M e TS,
g Y Jolae o, Sloe Flog e cisS (s3indg Lo, Shas
18 oolawl 5,5 (Dhima et al., 2007)* gicew (5,50 542
25 (o0

) G285 ln oY ey S ey Sl S
Gl G 51 S o Ciogs bgliee caiS L anglie o
S NORAEELE VNS SREINE 95 RS,
P55 055 on ols o (AllS SIS Bl Sl S 5]
ilge Gy (225 S5 L byl cnS sl Sy g5l
Oy ol belse ciS w0 (Mazaheri, 1998)
= 2> s, (Vigna radiata) je. il 5 (Z€a mays)
S o Ll wlas olis ey 6 plp o S 5l alls conS
S92 Sl Ghem ) Sl S (ol Bl by e
.(Nakhzari Moghaddam et al., 2009)

70 0lS 1y ol SO o ke (o515 e o
»S1.(Banik et al., 2006) s a3 o jlii bglse cis o
Aiedgw bglore TS Wil SOl s @515 ol po
Se =l 55T s S dedgs Bl G5 58 ST el
ol 8 ol U ajlge ol bglies catS s wnily
.(Dhima et al., 2007)

1- Land Equivalent Ratio (LER)

2- Relative Crowding Coefficient (RCC)
3- Aggressivity (A)

4- Competitive Ratio (CR)

5- Actual Yield Loss (AYL)

6- Intercropping Advantage (1A)

7- Equivalent Yield (EY)

8- System productivity index (SPI)
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Table 1- Soil characteristics of Gonbad Kavous University farm in the range of test
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Depth of sample  Organic matter EC pH K P N
(cm) (%) (dS.m™) - (mgkg™) (mgkg?) (%)
0-30 0.78 0.77 7.94 409 11 0.08
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Table 2- Competition indices and their equations in intercropping

aloleo el
Equation Index
LER= (Yab/ Yaa) + (Yba/ Ybb) ) Splp S
Land Equivalent Ratio
K =Ka x Kb w15 o
Ka=_ (YabxZba) Relative Crowding Coefficient
(Yaa - Yab)(Zab) aolS sl
el
Aa= (Yab / Yaa x Zab) — (Yba/ Ybb x Zba) Aggressivity -
a ol ly el
Aa
=By o
Competitive Ratio
CRa = (LERa/ LERDb) x (Zba / Zab) a ol o
CRb = (LERb / LERa) (Zab / Zba) CRa
b b, cuus
CRb
8ly 0 Skas uiedgu b alS
AYL =AYLa+AYLb Actual Yield Loss
AYLa=((Yab/Zab)/(Yaa/l Zaa)) -1 a LS ol
AYLa
bolxes cuiS saindguw
IA=1Aa + IAb Intercropping Advantage
IAa=AYLax Pa a oS ol
1Aa
Joleo o Slos
EYb = Yb + Yaa x (Pa/ Pb) Equivalent Yield
b oL Jobee o,Slee
EYb
SPI = (Sa/Sh) x Yb + Ya e 290 % oA LS

System productivity index
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Zab: The ratio of plant a in mixed crop, Zba: The ratio of plant b in mixed crop, Za: The ratio

of plant a in sole crop, Zbb: The ratio of plant b in sole crop, P: Plant product price a, Sa:

Average yield of planta in sole crop, Ya: Average yield of plant ain mixed crop, Yab: The

yield of plant a in mixed crop, Yaa: The yield of plant a in sole crop, Yba: The yield of plant

a in mixed crop, Ybb: The yield of plant b in sole crop, Pb: Plant product price b, Sh:
Average yield of plant b in sole crop and Yb: Average yield of plant b in mixed crop
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Table 3- Analysis of variance (mean of squares) of grain yield and pea
equivalent yield under planting pattern and nitrogen

4> 40
ol oo ;1)’7 WlooySlas  oelyiosns Joles 5 ,Shas
SYOAY) ‘Sdf) Seed yield Chickpea equivalent yield
‘ .
)_‘SJ . 2 135994 1077308
Replication
“”‘U 55 8 3526393 32607117
Planting pattern (P)
Ok 2 5063809" 24287811
Nitrogen (N)
R o C T 47640 193393
PxN
Uas
52 123893 550445
Error
(20, Sl o2 . 13.03 11.86
CV (%)

*k * NS
9 f3

Ao 0 S g iy Jiol e jo jle pxe g o gxe Dglas 9525 pas o Sy
ns)*and **: Non significant, significant at 5 and 1% probability levels, respectively
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Table 4- Mean comparison for yield and chickpea equivalent yield under planting pattern

Traits S ySlos =ly30e56 Jolro o Sloc
cbls 551 (LS 59 0,5 5ls) (LS 5o 0,5 5bs)
Planting pattern Yield (kg.hat) Chickpea equivalent yield (kg.hat)

=iz Al WS 35202 3529
Sole cropped of chickpea
55 1T+ el o 7Y 3316 6346¢
67% chickpea + 33% quinoa
S 10 s el jos 0 30710 7342
50% chickpea + 50% quinoa
lgxS /-.?V + <ly09%0 \"\t’/. 2857¢ 8126
33% chickpea + 67% quinoa
lgS ‘/.\i\“ + =ly39856 ) / 1532f 3551
100% chickpea + 33%quinoa
IS 100w elypegi 2113¢ 5088°
100% chickpea + 50% quinoa
IS 1PV el 24739 6063
100% chickpea + 67% quinoa
s ) el jegs ) e 2979¢ 7386¢
100% chickpea +100% quinoa
IS alls s 2441% 8876
Sole cropped of quinoa
LSD (s) 333 701.8
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* Different alphabet in yield and equivalent yield columns indicate significant difference at
p=<0.05 based on LSD.
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Table 5- The mean comparisons for effect of nitrogen on total yield and equivalent chickpea yield
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Table 6- Comparison of land equivalent ratio, relative crowding coefficient and aggressivity of chickpea and quinoa
under different intercropping arrangements

Sle 03 Sy o ®S 15 (o o cadlé
Index Land equivalent ratio Relative crowding coefficient Aggressivity
sloss Ehiveds eSS ehioem TS U5 elioe IguS
Treatment Chickpea Quinoa Total Chickpea Quinoa Total Chickpea  Quinoa
ly=eS XY+ el 5095 PV 0.63 0.47 1.0 0.84 1.77 1.48 -0.47 0.47
67% chickpea + 33% quinoa
Iy 0+ g£l,095 B 0.42 0.66 1.09 0.73 1.97 1.45 -0.48 0.48
50% chickpea + 50% quinoa
lgS . 50955 VY.
5= / PV elsoem V‘_ﬂ/ 0.25 0.82 1.07 0.68 2.28 1.55 -0.47 0.47
33% chickpea + 67% quinoa
Iy TV - ey ) o 0.69 0.31 1.01 0.74 1.35 1.00 -0.32 0.32
100% chickpea + 33% quinoa
Iy B geljogi 0.60 0.46 1.06 0.75 1.74 131 -0.50 0.50
100% chickpea+ 50% quinoa
S /. [)59956 Vv 7.
S PV seljogi ) 0.54 056 110 078 191 150  -050 0.50
100% chickpea + 67% quinoa
lginS /N oo+ ely50958 Ve o
100% chickpea + 100% 0.41 0.68 1.09 0.69 2.17 1.49 -0.56 0.56
quinoa
2le Sl 05l oy slym lalS cuils el 50450 By S

ol ol plals plw b el Jl o pglae jsboas
Sy ay b sl p oS a5 Sgd oo Cucly orb jgboay
3l laphail ;50 g iy arwgs @ polie jsbay s
g olge g pl 8 Jdody 0556 ol 03100 oldE Slge
S5 Ol 0dS Lo (5L Hpa> dlaulgay 4ty LS 0

_x_.a)o\H)Lﬁsjllj_;;gbg_g)ﬁs’gu)qu;wg
Jgoz) el Cwoay VPA L 1gS oy Vev + el 50450
s aS ol lisleiS g el 50950 (0B Connd gy (Y
A S (6 s ol By a8 1505 Lo leg slos


file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Banik,%20P.,%20Midya,%20A.,%20Sarkar,%20B.K.,%20and%20Ghosh,%20S.S.%202006.%20Wheat%20and%20chickpea%20intercropping%20systems%20in%20an%20additive%20series%20experiment:%20Advantages%20and%20weeds%20mothering.%20European%20Journal%20of%20Agronomy%2024:%20325-332
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Roaming/Microsoft/Word/Nakhzari%20Moghaddam,%20A.,%20Dehghanpour%20Inchehbron,%20O.,%20and%20%20%20Rahemi%20Karizaki,%20A.%202016.%20The%20effects%20of%20nitrogen%20levels%20and%20intercropping%20pattern%20on%20forage%20%20yield%20and%20competition%20indices%20of%20barley%20and%20pea.%20Electronic%20Journal%20of%20Crop%20Production%209(1):%20199-214.%20(I
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Roaming/Microsoft/Word/Nakhzari%20Moghaddam,%20A.,%20Dehghanpour%20Inchehbron,%20O.,%20and%20%20%20Rahemi%20Karizaki,%20A.%202016.%20The%20effects%20of%20nitrogen%20levels%20and%20intercropping%20pattern%20on%20forage%20%20yield%20and%20competition%20indices%20of%20barley%20and%20pea.%20Electronic%20Journal%20of%20Crop%20Production%209(1):%20199-214.%20(I
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Roaming/Microsoft/Word/Raftari,%20E.,%20Nakhzari%20Moghaddam,%20A.,%20Mollashahi,%20M.,%20and%20Hosseini%20Moghaddam,%20H.%202018.%20The%20effect%20of%20nitrogen%20fertilizer%20and%20planting%20pattern%20on%20yield%20and%20competition%20indices%20of%20pea%20(Pisum%20sativum%20L.)%20and%20lettuce%20(Lactuca%20sativa%20L.).%20Journal%20of%20Agroecology.
file:///I:/User/AppData/Roaming/Microsoft/Word/جدول%207-%20مقايسه%20نسبت%20رقابتي،%20كاهش%20عملكرد%20واقعي%20و%20سودمندي%20كشت%20مخلوط%20نخودزراعی%20و%20کینوا%20در%20آرايش‌هاي%20مختلف%20كشت
file:///I:/User/AppData/Roaming/Microsoft/Word/جدول%207-%20مقايسه%20نسبت%20رقابتي،%20كاهش%20عملكرد%20واقعي%20و%20سودمندي%20كشت%20مخلوط%20نخودزراعی%20و%20کینوا%20در%20آرايش‌هاي%20مختلف%20كشت

TVA .. o21)50958 culd) glaas i g 0,50es 2 (3595 995 91,15 9 bl (5981 1Sl (] )0 g (53,

50 olalS ol (Bly Jeame 45 ol )] sasmsylis 4
Ot et 999 00D (i Jgaze l i bglie coiS

uﬂS)LM)‘dSOy)i?oL.fc\JJoyjnsd‘gb)ﬂosw&ls
=NV Jaseds ;15 00,0 VO 5 6> 00,0 YO byl

el Casddy
b gloo S’ gusodgw

.‘05_1m KA c\ju\_n))f PRV IR uaDLM: u_a‘ oL Lu
ciS golaidl suiesgw Giulidl cel 1S g el 50450
by e oS (gola8l guindgmw (p 5 i 20,5 Lol
oL_...\f 4 .‘09_)).9 UT u"’)“"f“59 VEEAY LJ ‘9,4.5 oL:f LY Joy,c
ol byle oS Jlag 5l as 09 VPOV L 250450
(VY Jgoz) ol Jol> 1605 aoy0 #Y + el 0950 a0 YY
ol 3l Wgd oo S K0S O jglxe ;0 olS g0 a5 K
5 £lyi0e50 ol g0 .0 uS oo oolainl pgllae jobbay olde
Slgo 3l ailgy g0 alidee gud; NI il fdoay laiS
Sg—3t .auS ool wl S G lizs loges o Slie
Sl Bas alo, gllo 198 g 0500 (g0l b sloaisy,
3 Sl ol ).,.,L, bolo ctS (gaedguw yo yol cplaS
Ghodg—w sla asll g0 Slae ol jelaieay oS ‘5,.’;,;“&)’1
oyl3S il plil glaigs 5 SCils g 92 bglie i
R iy oy (golaxl (gaiedgu bglie cuiS 45 wyo S
=38l e an 3laie byl ciS (gaindgw 5

(Ahmadi et al., 2010) 5o F/FY LY+ -:V0

s (6390 e 25 Lo

YL i )90 A= LS cbglie ciS sl o plos o
Aoy Ve il by e S e jo asli pl og
Sgm VAMYT ol g sSlas g i8S s o0 Y + clyj0050
Loy e 28 Jlass & a3l (ol e 0508 (Y Ja2)
YOY/Y L lgmeS ooy o VY + el 50950 o yo Voo Laslidl
byl cciS oYL aiedgw S0l yol oplcails slas
S50 AL el i8S Cod l jo 1S (ol 50950
o boye gladiie Jlio )0 Jparme adsi ol ooty oo
S8kes 5 il Mg Gladi e 4z 52 005 o0 Bl oy
Sgr dale> YL i (5,90 50 a>Ls il YL Jgaxe
3l ool ClS g olasd az a2 190 g 3950 bgle S (o
sl 5V oa ole 3 Slae i 3 3l ke p9o olS
S (Lamei Heravani, 2013) glye oxo¥ cw)pm ;0 09
S et 152 30,0 YO g (gladgle 0g5 wuo 0 YO bl
Sl 1 YIAY b e (5590 40 L laie

3 Lelojlas plals Ks b culd; g ads) anwgs 4 Sl
e e G0l Jdsan TS oS Jolie 3, b
il dLa‘nL.\_ﬂ e Sl dalsl gl wb (60,84 pamis
lginS 45 0 g0 el jal ol ams dnsgi |, ld& olge
o 5 95 B, alS 1l Ly (55,550 p5bs il
S 50 Oglds il 4 Bls 0556 4y s 6 3L OB,
(Banik et al., 2006) ., San 3 Sl lawgs bS8,
SB35 (B S (o) Sal 00l (3155
Ol g (K80950 4 S 92 P (B, Ul Sl
3950 Ao,0 YO g 92 duo,o VO bgle cuisS jled jo S
VO 5l Sham (5,8 9555 40,0 00 g 92 200 B0 5 ()8
Nakhzari ) sg— 55,8 9556 30,0 YO 5 9> a0 )0
N 30e30 ol Cowd ow, » (Moghaddam et al., 2016
PY 3l jlasd g (ol sloslans jo aS ols )lis 5alS
olB) Coud 9alS ol S uo 0 YY 5 5,809 0o o
G (YL Cpmizman Sy (5,80950 4y Cond (65 i
Voo (K895 woy0 Vet les 5l 9alS 4 bgype (1B,

(Raftari et al., 2018) ol s VOV L galS 0o jo

@5‘3 éﬂo& (SO0 g L uu.blf
aS ols las a8l o Slee ((gaiwdgw) oS jasll cw)p
a0 Y 5l L jo hgd sdly o, Slee ol s
Lo jlos 4l ;0 5 09 bt a5 a0 )0 PV 5 2l)50450
iyl ool Cowoas i azg L (Y Jguz) og i
S8l 50,51 Cemodsy gl bolse caiS jo olS g0 o515
Ol 8l L as oo cplay ca ) ged a4y Cgllas o Slos
4 0SS oo log Gali 8l o] ol Ladd oS g0 o515
ool 4y p oo mhaw asly o oST5 iliEl e o le
Lé)_»o L,;;LQJ OJS.L‘;& ‘uaJl} C;‘.&S)Q W) g o 40 QJSJA.C
M‘Md&dwbgw‘owuwﬁbyﬁ
(HSes das o 5 bl alex 5l sl Jelse b cos
S 81 Jalge ) 3,5 1,5 Jalse J5a5 5 Sl e
5l aS el jlas asales ol o,Slee malS Gl wigis
Dol [ usS b calizes lalS jo hoslus Jelge 5 olae
Ked g .\4‘9;64 usLQ...A OJBJL’; 9o )l OL: 9o %ALY = ‘o)lo
oo S8 hYs 4 lalS 51 S 51 aS O jae cpl 40l
‘¢9>. g_:j.ua,o QJSJ.A.C l.! Jd‘936.4 O‘J\.o.b olﬁf ‘«59.453 &_J)L-D )L?.)
Lamei ) Sl oY 0uS s 1) 6,550 0 Sles jials
92> > by lxe S ), L (Heravani, 2012
bglie ciS lo les adS o aS wis,S el A 5
Sgm Cote Al g 57 QlalS (eadly o Sles 1alS ol


file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Banik,%20P.,%20Midya,%20A.,%20Sarkar,%20B.K.,%20and%20Ghosh,%20S.S.%202006.%20Wheat%20and%20chickpea%20intercropping%20systems%20in%20an%20additive%20series%20experiment:%20Advantages%20and%20weeds%20mothering.%20European%20Journal%20of%20Agronomy%2024:%20325-332
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Roaming/Microsoft/Word/Nakhzari%20Moghaddam,%20A.,%20Dehghanpour%20Inchehbron,%20O.,%20and%20%20%20Rahemi%20Karizaki,%20A.%202016.%20The%20effects%20of%20nitrogen%20levels%20and%20intercropping%20pattern%20on%20forage%20%20yield%20and%20competition%20indices%20of%20barley%20and%20pea.%20Electronic%20Journal%20of%20Crop%20Production%209(1):%20199-214.%20(I
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Roaming/Microsoft/Word/Nakhzari%20Moghaddam,%20A.,%20Dehghanpour%20Inchehbron,%20O.,%20and%20%20%20Rahemi%20Karizaki,%20A.%202016.%20The%20effects%20of%20nitrogen%20levels%20and%20intercropping%20pattern%20on%20forage%20%20yield%20and%20competition%20indices%20of%20barley%20and%20pea.%20Electronic%20Journal%20of%20Crop%20Production%209(1):%20199-214.%20(I
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Roaming/Microsoft/Word/Raftari,%20E.,%20Nakhzari%20Moghaddam,%20A.,%20Mollashahi,%20M.,%20and%20Hosseini%20Moghaddam,%20H.%202018.%20The%20effect%20of%20nitrogen%20fertilizer%20and%20planting%20pattern%20on%20yield%20and%20competition%20indices%20of%20pea%20(Pisum%20sativum%20L.)%20and%20lettuce%20(Lactuca%20sativa%20L.).%20Journal%20of%20Agroecology.
file:///I:/User/AppData/Roaming/Microsoft/Word/جدول%207-%20مقايسه%20نسبت%20رقابتي،%20كاهش%20عملكرد%20واقعي%20و%20سودمندي%20كشت%20مخلوط%20نخودزراعی%20و%20کینوا%20در%20آرايش‌هاي%20مختلف%20كشت
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Lamei%20Heravani,%20J.%202012.%20Technical%20and%20economical%20evaluation%20of%20mixed%20cropping%20Lathyrus%20with%20barley%20and%20triticale%20under%20dryland%20conditions%20in%20Zanjan%20province.%20Journal%20of%20Crop%20Production%20and%20Processing%202(4):%2093-103
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Lamei%20Heravani,%20J.%202012.%20Technical%20and%20economical%20evaluation%20of%20mixed%20cropping%20Lathyrus%20with%20barley%20and%20triticale%20under%20dryland%20conditions%20in%20Zanjan%20province.%20Journal%20of%20Crop%20Production%20and%20Processing%202(4):%2093-103
file:///I:/User/AppData/Roaming/Microsoft/Word/جدول%207-%20مقايسه%20نسبت%20رقابتي،%20كاهش%20عملكرد%20واقعي%20و%20سودمندي%20كشت%20مخلوط%20نخودزراعی%20و%20کینوا%20در%20آرايش‌هاي%20مختلف%20كشت
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Ahmadi,%20A.,%20Dabbagh%20Mohammdi%20Nasab,%20A.,%20Zehtab%20Salmasi,%20S.,%20Amini,%20R.,%20and%20Janmohammadi,%20H.%202010.%20Evaluation%20of%20yield%20and%20advantage%20indices%20in%20barley%20and%20vetch%20intercropping.%20Journal%20of%20Agricultural%20and%20sustainable%20production%20%2020(4):%2077-87.
file:///I:/User/AppData/Roaming/Microsoft/Word/جدول%207-%20مقايسه%20نسبت%20رقابتي،%20كاهش%20عملكرد%20واقعي%20و%20سودمندي%20كشت%20مخلوط%20نخودزراعی%20و%20کینوا%20در%20آرايش‌هاي%20مختلف%20كشت
file:///I:/../../User/AppData/Roaming/Microsoft/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/AppData/Local/Microsoft/Windows/INetCache/IE/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/AppData/Local/Microsoft/Windows/INetCache/IE/Downloads/Lamei%20Heravani,%20J.%202013.%20Assessment%20of%20dry%20forage%20and%20crude%20protein%20yields,%20competition%20and%20advantage%20indices%20in%20mixed%20cropping%20of%20annual%20forage%20legume%20crops%20with%20barley%20in%20rainfed%20conditions%20of%20Zanjan.%20Seed%20and%20Plant%20Production%20Journal%2029(2):169-184.

VFLY £90 doud (F 5 Lo VO wde () ol Wlhgus GRS 4 i YVF

souInb 94001 + BadY21Yd %001

£'68¢ §eLTl 6Lyl 9t0T- 8I'0 LE0 610 89°1 6570 ooy nehelG 4 Ly S
) . ) . . . eounb o/ 9 + eadso1y2 94001
'88¢ 6LovI 0L091 1601- 0t0 oo o1°0- 9¢'1 ¥9°0 Te oy aebel0s™ 4 gy 76
) . . . . . routnb 9405 + Bad}21Y2 %4001
gELt 9zovl 97091 6601 0t0 oo 0ro 9%l 970 g ooy 2cbels® gy 57|
) . . . . . zowmb o, ¢¢ + eadyond 94001
343 1€88 LOL6 OL8 910 1Z4)] 800 Ce'l L0 Yooy Akl 4 L1y oo
voutnb 9,/9 + eadyo1Yd % e
9°8L¢ ¥or9 P16 1592- 10°0- €20 ¥T0- (28| 290 1 05T 4 pgy &
. . . . . . vouinb %0¢ + €AY %405
$'¢8¢ POPIL  880E1  ¥89I LI €£°0 SI'0 LS'] v9°0 )@ ol + g £
. . . . ) ] eoutnb o4c¢ + vadyoIyd %19
$'98E STRSI L8P91 £99 §E'0 10 90°0 08’1 L90 TAd PR 5 + 4y §56)
e10], g0,  eoumn) eadydny) [ejo], eound) eadyny) vomind) Py JUAWPBAL],
s s 56 acfolle™ s 576 kel 57 ncbeltye® Ll
xapu1 Aianonpoad maysis advyueape Fmddoadiajug SSO| PI3IA [EM)IY onel aanpnadwo)) Xapuy
T RS v rloureS gorm vyl £ Forshe fe” e (i ek
SjuAWISuUeLIE

Fuiddosaiayun Jusaappp Jopun vournb pue vadyoryd xapm Ayapanpoad wasss pue aSeyueape Jmddossau ssof a4 [enjae ‘onea aapnadwoes jo uosiiedwo)) -2 aqe],
rb[? p- iy et i e sorste bgr® € mboorrS g oxeréer kol (o § gk of | (S




YVY . ooly50955 oy slaas s g 0 5Slos p (3595 095 0 )18 5 <ol 5981 13l (%0 5 (553,

deoyo Ve jlan dn Gl (e 5l S S Tas & S Al
Sxlp S 5l enlpls g lgiST wo 0 PV 4 el 50950 oS 1) 9, Shos (St oS 5 (51550950 obS 99 (e
ot D9 b IS g 2l 50950 bole ciS oy Iy 0556 bawg Slas adys ol plasl sy 5 4 0450
45 39 Sl e Lajles ploed 50 57 0515 (o g 3ly— iz 3 oS Uy 5 (S sla SRy @ e
IS5 (2399508 bodie ciS o9 osllas snsmslis sl 4 JS 0 Shae fiSTas ol Cod (g0 (55950 Jelse
Sl logi 5 58 a5 ol Lt Cudle Laslis sy o s Y e L a5 el gl el o550 Lalls s
LS ils byle oS jlag g (oljdl byl et il (gl e AW S g S o 0 YY 4 el 0950
OO wothae 0929 LI5S (S ez Sedle vt 0 00 0 slales 5l caifan IS5 o0, Shes (0505 5 RO
il Cwody @l 4 azgi b ol Cude olS g0 0 0 Slas L el Cmsty (39550 355 0 )5 pae g LS )3 0 FolS
S aials 503 ol sl Cwelie g (9% 9B oLS 9 Gl oS 90 ;2 )3 3 Shas (39 355 Bran S
Oy (Sl akbl aible (95 adgi ol T 90 e wad el SuiS e 4 bgrye (2150955 Jolao 0 Shos (n S 2L
50515 L olailol ol ¥ i S L mlE & a1y s T il bglie 55 5 sl g5 alls

S5 18 bl oyee Dolite (39548 355 g s S palls S @ bgye (1 e 5 (815095
References

Agegnehu, G., Ghizaw, A., & Sinebo, W. (2006). Yield performance and land-use efficiency of barley and
faba bean mixed cropping in Ethiopian highlands. European Journal of Agronomy, 25(3), 202-207.
https://doi.org/10.1016/j.eja.2006.05.002

Atis, 1., Kotgen, K., Hatipoglu, R., Yilmaz, S., Atak, M., & Can, E. (2012). Plant density and mixture ratio
effects the competition between vetch and wheat. Australian Journal of Crop Science, 6(3), 498-505.

Awal, M. A, Pramanik, M. H. R., & Hossen, M. A. (2007). Interspecies competition growth and yield in
barley  peanut intercropping. Asian Journal of Plant Science, 6(4), 577-584.
https://doi.org/10.3923/ajps.2007.577.584

Banik, P., Midya, A., Sarkar, B. K., & Ghosh, S. S. (2006). Wheat and chickpea intercropping systems in an
additive series experiment: Advantages and weeds mothering. European Journal of Agronomy, 24, 325-
332. https://doi.org/10.1016/j.eja.2005.10.010

Baser Kouchebagh, S., Mirshekari, B., & farahvash, F. (2012). Improvement of corn yield by seed
biofertilization and urea application. World Applied Sciences Journal, 16(9), 1239-1242.

Bedoussac, L., & Justes, E. (2010). Dynamic analysis of competition and complementarity for light and N
use to understand the yield and the protein content of a durum wheat—winter pea intercrop. Plant and Soil,
330, 37-54. https://doi.org/10.1007/s11104-010-0303-8

Choi, W. J., Han, G. H., Lee, S. M., Lee, G. T., Yoon, K. S,, Choi, S. M., & Ro, H. M. (2007). Impact of
land-use types on nitrate concentration and N*° in unconfined groundwater in rural areas of Korea.
Agriculture, Ecosystems and Environment, 120(2-4), 259-268. https://doi.org/10.1016/j.agee.2006.10.002

Dhima, K. V., Lithourgidis, A. S., Vasilakoglou, I. B., & Dordas, C. A. (2007). Competition indices of
common vetch and cereal intercrops in two seeding ratio. Field Crops Research, 100(2-3),: 249-256.
https://doi.org/10.1016/j.fcr.2006.07.008

Fallah, S. A. (2011). Recovery of nitrogen residue by the canola (Brassica napus) in rotation forage maize —
canola. Journal of Agroecology, 1(2), 83-75. (In Persian with English Abstract)

Fallah, S. A., Baharlouie, S., & Abbasi Suraki, A. (2014). Evaluation of competitive and economic indices in
canola and pea intercropping at different rates of nitrogen fertilizer. Journal of Agroecology, 6(3), 571-
581. (In Persian with English Abstract). https://doi.org/10.22067/JAG.V613.23941

Gao, Y., Duan, A, Sun, J,, Li, F., Liu, H., & Liu, Zh. (2009). Crop coefficient and water-use efficiency of
winter wheat/spring maize strip intercropping. Field Crops Research, 111(1-2), 65-73.

Ghosh, P. K. (2004). Growth, yield, competition and economics of groundnut/cereal fodder intercropping
systems in the semi-arid tropics of India. Field Crops Research, 88, 227-237.

Hosseini, S. M. B., Mazaheri, D., Jahansouz, M. R., & Yazdi Samadi, B. (2003). The effects of nitrogen
levels on yield and yield components of forage millet (Pennisetum americanum) and cowpea (Vigna
unguiculata) in intercropping system. Journal of Pajouhesh Va Sazandegi, 16(2), 60-67. (In Persian with
English Abstract)


https://doi.org/10.1016/j.eja.2006.05.002
https://doi.org/10.3923/ajps.2007.577.584
http://dx.doi.org/10.1016/j.eja.2005.10.010
http://dx.doi.org/10.1007/s11104-010-0303-8
https://doi.org/10.1016/j.fcr.2006.07.008
https://doi.org/10.22067/jag.v6i3.23941

VB 099 doud ¥ 8,lous V0 wlo oyl )l Slgus b ip gy 41 283 YVA

Lamei Heravani, J. (2012). Technical and economical evaluation of mixed cropping Lathyrus with barley
and triticale under dryland conditions in Zanjan province. Journal of Crop Production and Processing
2(4): 93-103.

Lamei Heravani, J. (2013). Assessment of dry forage and crude protein yields, competition and advantage
indices in mixed cropping of annual forage legume crops with barley in rainfed conditions of Zanjan.
Seed and Plant Production Journal 29(2):169-184. (In Persian with English Abstract)

Lithourgidis, A. S., Vlachostergios, D. N., Dordasc, C. A., & Damalas, C. A. (2011). Dry matter yield,
nitrogen content, and competition in pea—cereal intercropping systems. European Journal of Agronomy
34(4): 287-294. https://doi.org/10.1016/j.eja.2011.02.007

Morgado, L., & Willey, R. W. (2003). Effects of plant population and nitrogen fertillizer on yield and
efficiency of maize-bean intercropping. Pesquisa Agropecuaria Brasileira 38(11): 1257-1264.

Najafi, S., & Keshtehgar, A. (2014). Effect of intercropping on increase yield. International Research
Journal of Applied and Basic Sciences 8(5): 549-552.

Nakhzari Moghaddam, A., Dehghanpour Inchehbron, O., & Rahemi Karizaki, A. (2016). The effects of
nitrogen levels and intercropping pattern on forage yield and competition indices of barley and pea.
Electronic Journal of Crop Production 9(1): 199-214. (In Persian with English Abstract).
https://doi.org/10.22069/EJCP.2016.2964

Raftari, E., Nakhzari Moghaddam, A., Mollashahi, M., & Hosseini Moghaddam, H. (2018). The effect of
nitrogen fertilizer and planting pattern on yield and competition indices of pea (Pisum sativum L.) and
lettuce (Lactuca sativa L.). Journal of Agroecology. 10(2): 504-515. (In Persian with English Abstract).
https://doi.org/10.22067/JAG.V1012.61305

Rastgoo, S., Aynehband, A., & Fateh, E. (2015). Competitiveness of sesame and mung bean crops in both
monocropping and intercropping systems. Journal of Agroecology 7(3): 356-367. (In Persian with
English Abstract). https://doi.org/110.22067/JAG.V713.31213

Willey, R. M. (1979). Intercropping, its importance and research needs, competition and yield advantages.
Journal of Crop Science 32: 1-10.

Yilmaz, S., Atak, M., & Erayman, M. (2008). Identification of advantages of maize legume intercropping
over solitary cropping through competition incides in the east Mediterranean region. Turkish Journal of
Agriculture and Forestry 32: 111-1109.


https://ui.adsabs.harvard.edu/link_gateway/2011EuJAg..34..287L/doi:10.1016/j.eja.2011.02.007
https://doi.org/10.22069/ejcp.2016.2964
https://doi.org/10.22067/jag.v10i2.61305
https://doi.org/10.22067/jag.v7i3.31213

Olnl Slgs slaings 4 puls
TYA-Yoo 5o VEYF 093 Qo ¥ bylowd (10 als

Iranian Journal of Pulses Research
Vol. 15, No. 2, December 2024, pp. 279-300

. A.Qf-fjﬁ}ag;:
Original Research Homepage: https:/ijpr.um.ac.ir g iy il £oi

g https://doi.org/10.22067/ijpr.2024.86972.1084

Effect of Growth Period Duration on Faba Bean (Vicia faba L.) Varieties
with Conventional and Multivariate Methods and Sensory Evaluation of
Green Seed Quality

Arman Kazemi®?, Peyman Sharifi®?2", Nosaibeh Nezamdust©?

Cite this article:

Received: 23-02-2024 Kazemi, A., Sharifi, P., & Nezamdust, N. (2024). Effect of growth period
Revised: 24-04-2024 duration on faba bean varieties with conventional and multivariate methods and
Accepted: 06-05-2024 sensory evaluation of green seed quality. Iranian Journal of Pulses Research,

Available Online: 03-11-2024 15(2), 279-300. (In Persian with English Abstract).
https://doi.org/10.22067/ijpr.2024.86972.1084

Introduction

Faba bean (Vicia faba L.) is one of the oldest cultivated legumes, widely grown in temperate regions and at high
altitudes in tropical areas. This crop thrives in wet and cool conditions, while hot and dry weather can severely damage
its yield. Therefore, the sowing date must be carefully selected to avoid excessive heat, particularly during the flowering
period. In field data analysis, the 'environment' refers to any recommended management practice for producers, such as
sowing date, planting density, or fertilizer application. GGE biplot (Genotype plus Genotype-by-Environment biplot)
and PLSR (Partial Least Squares Regression) can be used to analyze these datasets. The purpose of this study is to
evaluate the interaction between variety and sowing date by multiplicative models such as SREG and GGE biplot and to
evaluate the quality of varieties using a sensory panel.

Materials and Methods

The present experiment was carried out in a split plot based on randomized complete block design with three
replications in Soamesera, Gilan province. The main factor in this experiment was sowing date (11 November, 11
December, 10 January and 9 February) and the split factor was faba bean varieties (Guilan landrace, Barakat, Feiz,
Shadan and Mahta). Evaluation of the effect of sowing date was caried out by analysis of variance, mean comparison,
GGE biplot and PLSR methods by GEA-R software. A sensory panel was used to evaluate the quality of taste in the
fresh seeds of bean varieties obtained from the first sowing date by Kruskal-Wallis and Mann-Whitney U using SPSS
software.

Results and Discussion

Analysis of variance showed that the effect of variety were significant on all traits including days to emergence, days to
pod formation, plant height, green pod length, stems per plant, seeds per pod, pods per plant, hundred seed weight,
green pod yield, biological yield and harvest index. The effect of sowing date was significant on all traits except stems
per plant. The interaction effect of two factors was also significant on all traits except days to emergence and stems per
plant. For traits with significant interaction between two factors, the mean comparison of variety (sub factor) was
carried out at each level of sowing date (main factor). Days to pod formation, plant height and pods per plant in all
varieties had a downward trend from the first to the fourth sowing date. Feiz had the longest length of green pods and
the highest number of seeds per pod in all of sowing dates. Mahta and Shadan with smaller seed size had more pods per
plant than other varieties. Shadan and Faiz had more hundred seed weight compared to other varieties in the late sowing
dates. The highest seed yield was obtained in Shadan (431.65 g.m) on 11 November and the lowest yield was obtained
in the Guilan landrace (75.65 g.m2) on 9 February. With the delay in sowing, the seed yield decreased in Barkat, Feiz
and Guilan landrace, but in Mahta and Shadan, with the delay in sowing, the seed yield decreased until the third sowing
date, and again increased on the fourth sowing date. GGE biplot analysis showed that Barkat, Feiz and Shadan had the
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highest; and Mahta and Guilan landrace had the lowest seed yield. Also, Faiz and Guilan landrace had more stable yield
in different sowing dates. Based on another view of GGE biplot, the best genotype for first sowing date was Guilan
landrace; for second sowing date, Feiz; for third sowing date, Barket; and for fourth sowing date, Shadan and Faiz. In
PLSR approach was investigated the relationship between the dependent variable (seed yield, Y) and the climatic
explanatory variables (X variables). The results showed that the genotypes had different responses to different sowing
dates and also their climatic needs were different, so that Mahta, Shadan and Barkat were more under the influence of
temperature factors at the end of the growing season, and Faiz and Guilan landrace were more under the influence of
temperature factors at the beginning of the growing season, as well as the amount of precipitation and evaporation in
whole period of growth. Wide temperature range (difference between high and low temperature) at the end of the
growing season has a negative effect on the yield of Feiz and Guilan landrace, while low temperature at the beginning
of the growing season has a positive effect on these genotypes. Evaluation of the quality of taste with a sensory panel in
the fresh seeds showed that Feiz had the highest rank of taste among the varieties.

Conclusions

In conclusion, although Guilan landrace and Feiz had more stability of yield in comparison with other varieties,
considering the higher yield of Faiz compared to Guilan landrace and also its superiority in the sensory panel, this
variety can be considered as a substitute for Guilan landrace faba bean in Guilan province. Also, the results of this study
show the significant reaction of the seed yield of all five varieties to the sowing date and the necessity of timely sowing
to achieve high yield. According to the results of this study, the best time to sowing broad beans in all five varieties was
on the 11 November and 11 December; and in case of delay in sowing, Feiz are more recommendable than other
varieties.

Keywords: GGE biplot, Partial least squares regression, Performance, Sensory panel, Sowing delay
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1- Multi-trial

2- Multi-trait

3- Partial least squares regression, PLSR
4- Sensory Panel

5- Sensory evaluation
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1- Genotype - Environment Analysis with R
2- Scoring

3- Kruskal-Wallis

4- Mann-Whitney U
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Table 1- Meteorological data from 22 September to 20 June of Soamesera (2022-2023)

b oS Loddiodin Lo (nfilie oo glod diues  Sbod diien
ole Air Air Air Grand Kooy &S Wb Hladke
Month minimum  maximum average minimum Grand Precipitation
temperatue temperatue temperatue temperatue maximum (mm)
O () (9] (0 temperatue ("C)
% 16.96 25.92 21.44 16.09 27.67 120.40
22 Septembere - 21 October
ot 10.29 19.90 15.10 9.26 21.47 102.50
22 October - 20 Novembr
3
» 7.54 14.09 10.82 6.96 15.08 108.80
21 Novembr - 20 December
@2 2.76 11.80 7.28 2.03 12.46 77.10
21 December - 19 January.
ook 1.95 11.36 6.66 1.04 11.99 109.40
20 January - 18 February
— 7.22 18.61 1291 6.68 18.20 76.10
19 February - 19 March
292 . 9.32 20.37 14.85 9.01 20.57 53.90
20 March - 19 April
e )| 13.24 23.03 18.13 12.17 23.37 116.20
20 April - 20 May
s
e 19.26 29.33 24.29 17.98 30.50 62.80

21 May - 20 June
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Table 3- Mean comparison of days to emergence in faba bean varieties atdifferent sowing date

ells F b O e U395 Slowy
Sowing date Days to emergence
oLl Y- 100
11 November
AR 20.66"
11 December
s T 24.22
10 January
ooV 21b
9 February

il e 100 Jloil o 4o o sire (5 )l] BT 0Bl (S i By gl sl Kilie (g B 0 %
* In each column, means with common letter are not significant difference at 0.05 probability level.
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Table 4- Mean comparison analysis of days to emergence and stems per plant in different faba
bean varieties

) O e G 59, olosy Agr 3o ddluw olosy
Variety Days to emergence Stems per plant
LS slome 035 18.25* 3.518
Guilan landrace
= 18.25" 2.78
Barakat
oA 17.33 2.86b
Feiz
oot 21.75° 2.5
Shadan
e 21.75? 2.50
Mahta

Wil oo 100 Jleil s (o o sire (5 lel B 0Bl (S e B> s ls gl Kile g o 0 s
* In each column, means with common letter are not significant difference at 0.05 probability level.
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Table 7- Mean rank of genotypes and Kruskal-Wallis test to evaluate the significance of
differences between faba bean varieties
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Table 8- Difference between evaluations sensory of faba bean varieties by Mann-Whitney U test
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Introduction

Legumes are one of the rich sources of plant protein after cereals and the second most important food source for
humans. The most important biotic stresses that lead to reduced growth, performance, and sometimes the death of plants
are pests, diseases, and weeds. The two-spotted spider mite, due to its extensive host range, rapid population growth,
and ability to develop resistance to pesticides, is one of the key pests. Therefore, the use of tolerant varieties for damage
control is considered as most reliable, healthy, and cost-effective method in an integrated management system. The
feeding of this mite on bean (Phaseolus vulgaris Linnaeus) leaves leads to the formation of yellow spots on the leaf
surface (Dorri et al., 2015). The activity of two-spotted spider mite Tetranychus urticae Koch, is mainly associated with
webbing, which leads to the accumulation of dust, decreasing of the photosynthesis and increasing the pest damage
(Hosseini, 2018). Therefore, due to the importance of this pest, this research was conducted to identify resistant
genotypes of beans among promising bean genotypes.

Materials and Methods

For the experiments, Type 1 promising bean genotypes (KS-21216, KS-21181, KS-21538, KS-21565, KS-21563, KS-
21602, KS-21500, KS-21601, KS-21600, and KS-21607), Type 2 genotypes (KS-21573, KS-21597 and KS-21606),
and Type 3 genotypes (KS-21255 and KS-21574) along with a susceptible genotype Sadri were cultivated in a field at
Khomein National Bean Research Station in a randomized complete block design with three replications during 2022-
03. Sampling for damage assessment was carried out weekly from the third leaf stage until the end of the season. From
each plot, 10 plants were selected randomly. Two leaves, one from the bottom and the other from the top of each plant,
were selected and scored (on a scale of 1-6). To assess performance and its components, field cultivation was conducted
under the specified conditions in two separate plots. One plot was treated with pesticide spraying, while the other
remained untreated. Characteristics such as pod number per plant, seed number per pod, plant height, and weight of one
hundred seeds were measured under both mite-infested and non-infested conditions. Based on the performance of the
genotypes under T. urticae mite-infested and non-infested conditions, productivity indices, geometric mean
productivity, stress tolerance, and stress sensitivity were calculated.

Results and Discussion

The yield and yield components of the genotypes under the presence and absence of T. urticae were evaluated.
Genotype KS-21538 had the highest (2166.67 kg.ha') and the sensitive check had the lowest performance (995.17
kg.ha'). The highest (16.24) and lowest (4.88) percentage of yield reduction were related to the sensitive check and
genotype KS-21538, respectively. The highest and lowest number of pods per plant were observed in genotype KS-
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21538 and Sadri cultivar with 17.95 and 8.87 pods, respectively. The highest and lowest damage scores under
unsprayed conditions were 3.06 and 4.56 in genotype KS-21538 and Sadri respectively. The results of calculating the
indices showed that the highest efficiency index, average geometric efficiency index, and stress tolerance index were
observed in genotypes KS-21538 and KS-21216, respectively, and the lowest observed in the Sadri and genotype KS-
21607. The lowest stress sensitivity index was observed in genotypes KS-21538 and KS-21216, respectively, and the
highest observed in Sadri and genotype KS-21607. Researchers examined how planting density and different bean
varieties (Akhtar, Derakhshan, and 285) affect the population of two-spotted spider mites. They discovered that the pest
density on the Akhtar variety is higher than on Derakhshan and 285. Due to the differences in the bean varieties studied
in this research and the current study, the results do not show similarities. The results of this study also showed that pest
density is significantly influenced by the bean variety (Karimi et al., 2019). In a study, it was revealed that the
Derakhshan, Akhtar, and local Khomein (Sadri) varieties were sensitive to T. urticae, while Dorsa and Kousha varieties
and lines 21191 and 31169 showed greater resistance to the two-spotted spider mite and also had acceptable yield
compared to other varieties (Kazemi et al., 2019). In the present study, the Sadri variety was also identified as sensitive
to damage by the two-spotted spider mite, which is consistent with these results.

Conclusions
According to the results genotypes KS-21538 and KS-21216 are recommended as the first and second priority for
cultivation in the region due to the higher yield, lower percentage of yield reduction, and the lower damage scale.

Keywords: Damage scale, Indices, Population changes, Yield
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YoV .. o0 a5 & (Phaseolus vulgaris Linnaeus) gus bugd iduasol sbacpw¥ Joxi ol 5l ool S0n g gyl

&9, (Tetranychus urticae Koch) slasd go (4 ;b a8 calizo Jol o Coosr 8 o 4 325 ) Joo

(FY 91F)) Jlo 90 50 (ux Lagd slagny
(Tetranychus urticae Table 1- Compound analysis of different stages of two-spotted mite
Koch) on different pinto bean lines in two years of project implementation (2022 and 2023)

Ol yds’ 29l 6*"}7 a0 e 3] AL Jbd al> 1o b
S.0.vV df Egg Immature active stage Adult
Ju 1 125.28 ™ 82.10 " 57.28 "
Year
1,5 % Jlw * ok ok
2 5 . J 20 49398.94 8346.66 745.05
Replication x year
e aox . o
15 21768.98 4432.68 681.12
Treatment
Jbo s 15 8144 42.19 ™ 42.63 ™
Treatment x year
o> 351 847.22 267.78 29.16
Error
Sl ey - 51.97 77.13 7771
cVv

oy S g duoys gy Jliol mhaw (o s se oS 5a FFD o F s e e NS
ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

Tetranychus ) glasd g0 oy ;b a5 Gliso Jolpo ooz &5 5o 9 3207 (yufileo dono o -Y Jou
(OVF+Y 91F+)) Jlw 90 0 sz Lugd sbow (g9 (Urticae Koch

Table 2- Mean comparison of compound analysis of different stages of two-spotted mite
(Tetranychus urticae Koch) on different pinto bean lines in two in two years (2022 and 2023)

Gy, w559 Y 3 S Jisb al> 5o &

Row Genotypes and cultivar Egg Immature active stage Adult
1 KS-21216 23.77% 6.049 1.68f
2 KS-21184 27.007 6.959 2.18f
3 KS-21538 39.27¢f 12.77¢f 4.04f
4 KS-21565 44.91° 17.509%f 4.41f
5 KS-21563 35.86¢ 11.64¢f 4,04
6 KS-21602 31.64¢f 9.14f 3.23f
7 KS-21500 55.504€ 23.68¢de 6.54df
8 KS-21601 51.59d€ 21.68cdef 5.50¢f
9 KS-21600 43.27¢f 17.77%f9 4,361
10 KS-21607 107.042 45.45® 15.50°
11 KS-21573 88.000¢ 35.14b¢ 12.18%
12 KS-21597 82.09¢ 32.5b¢ 10.45%
13 KS-21255 29.68¢f 8.007 2.547
14 KS-21574 74.68% 29.59¢d 9.47]cde
15 KS-21606 31.95¢f 9.45¢f9 3.41f
16 Sadri 129.822 52.142 21.682

gy b a5 o Sile ol o o lailiul glas £ 1SS 1 Sla b polys (e 12 (gl odel sy dae 3
Al Sl gre S ilonys F aseine Dglae

* The number obtained for each column is equal mean+SE. means in a column followed by
different letters are significantly different.
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(Tetranychus urticae Koch) slasd g0 o3 U a5 4 (SS9 Ll s 50 Sz Lugd sacm ¥ o 5Shos cl321 5 8 ySlos 8 po 4935 -V Jgir
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Table 3- Compound analysis of yield and its components of different pinto bean lines in condition of infestation to two-
spotted mite (Tetranychus urticae Koch) in two years (2022 and 2023)

Ol yo (ko
Mean of squares
axy®
Ol i 2bio _ ag glas,l PEREHIES ailo o Shos als Ve 39 oobdio
oyl _ S5 i _ _
S.0V o (o L) oS SRR W (s 1 0T 5ks) () @5l
Height of Pod per ~ Seed.pod Seed yield 100-seed Damage
plant (cm) plant (kg.ha™) weight (g) scale
L
J 1 12.83 0.19 " 0.005 " 907.43 ™ 0.47 s 0.07 "
Year
’_l’ﬁ_x Ju 4 36.21 " 177" 0.03 19749.53 ™ 6.50 " 0.07 "
Replication x year
st 15 3254.23 ™ 51.83 ™ 0.58 ™ 945007.60 ™ 162.12 ™ 0.86 ™
Treatment
Jlle 15 1.34m™ 0.19 " 0.02 " 1564.25 ™ 0.66 " 0.04 s
Treatment x year
Uas-
60 32.17 1.28 0.10 14361.99 3.85 0.06
Error
¢"’~’*§V"‘*~’* - 10.02 8.53 10.73 8.21 5.67 6.88

Aoy S gt i Jlisl mhas (ol gme oS Ay FF g s Jee nf NS
ns :Non-significant; * and **: significant at 5% and 1% probability levels, respectively

(Tetranychus urticae Koch ) slasd g8 o U a5 ay o9l Ll pds 10 sz Lugd sbacw¥ 8 55los £l 9 5 3Sdos 5 po 4 325 —F Jgu
(F+Y 51F41) Jlo 90 5o

Table 4- Mean comparison of compound analysis yield and its components of different pinto bean lines in condition of
infestation to two-spotted mite (Tetranychus urticae Koch) in two years (2022 and 2023)

Ws) 3 W}’) 445.3 eLﬂJ)| ) I N alo alo J)&L&C u&l: oy Yoo Q)’ wLa-ﬂ-o
<23 Genotype (%0 L) ok G (LS 58 0,5 9bs) S Slos (p) &l wlus
Row and Heightof  Podper o ., o .1 Seed yield Yield 100-seed  Damage

cultivar plant (cm) plant eed.po (kg.ha'®) reduction (%)  weight (g)  scale
1 KS-21216 31.33f0 17.462 2.96abcde 2027.722 5.31 38.13bcd 3.14%
2 KS-21184 41.48° 17.062 2.97abcde 1998.332 6.03 39.624¢ 3.20fd
3 KS-21538 29.45f9 17.952 3.030bcde 2060.952 4.88 28.68" 3.06"
4 KS-21565 26.38¢ 12.56% 3.41% 1460.03¢ 6.54 35.23¢%f 3.49¢defg
5 KS-21563 36.87¢f 13.92bc 3.330%¢ 1518.40°¢ 6.46 27.53" 3.43¢efgh
6 KS-21602 52.67¢ 16.322 3.002bcde 1727.45P 6.23 28.57" 3.33¢fuh
7 KS-21500 40.62° 11.340ef 3.33qc 1348.30° 7.65 42472 3.63bcde
8 KS-21601 50.83¢ 11.85% 2.68¢f 1358.52¢ 7.10 27.98" 3.58¢def
9 KS-21600 53.08¢ 12,330de 3.29abcd 1433.17°¢ 6.64 37.650cde 3.5]cdefg
10 KS-21607 41.42° 9.88f0 2.75%f 938.52¢ 11.67 34.20f 4,020
11 KS-21573 78.100¢ 10.52¢f9 3.478 1032.83¢ 9.09 37.27¢def 3.91°¢
12 KS-21597 85.25° 10.920ef 3.22abcde 1052.90¢ 8.44 28.31" 3.765d
13 KS-21255 81.77b¢ 16.262 2.82¢def 1748.90° 6.18 40.58% 3.28¢fah
14 KS-21574 86.33° 11.159%f 2.86bedef 1095.87¢ 7.97 31.739 3.69bcde
15 KS-21606 74.00°¢ 14.49b 2.84bedef 1709.38P 6.28 40.93% 3.36dfh
16 Sadri 96.332 8.87¢ 2.33f 833.53¢° 16.24 34,57¢f 4.56%

oy gty g 50 Wiloayd S asiie Ciglite g b 4 ole il il o o lailinl sllas E 1 ST Sl b gl e o gl ool Casody das
500l sixe IS LSD RIS
* The number obtained for each column is equal mean+SE. means in a column followed by different letters are significantly different
using LSD test.
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Tetranychus urticae ) glas g0 o5, a5 4 (FogIT ¢ygus bl 10 (suzr Lugl sLaep ¥ 0, hos sl g 8 ,Shos 5 o 43 3215 —0 Jgu
(F+Y 51F+)) Jlw 95 , (Koch

Table 5- Compound analysis yield and its components of different pinto bean lines in condition without infestation to two-
spotted mite (Tetranychus urticae Koch) in two years (2022 and 2023)

Ola o (ko
Mean of squares
e
Ol i’ 29bo _ Qg glas,l PYREHIS ailo o Shos ald Ve 39 wvbdio
6o|}| _ Sy il _ _

S0V of Ol els LR Eb (e 0550 (#5) s
Height of Pod per ~ Seed.pod- Seed yield 100-seed Damage
plant (cm) plant (kg.hat) weight (g) scale

Ju 1 0.72"m 0.06 " 0.001 " 346.37 "M 0.01ms 0.002 "
Year
1S5 x o
’_’SJ_ J 4 4925 1.56 ™ 0.005 " 56862.11 ™ 7.48 " 0.70 ™
Replication x year
st 15 3380.80 ™ 48.93™ 0.57™ 936746.14 ™ 193.38 ™ 051"
Treatment
Jlless 15 0.21m 0.17 s 0.01m 1192.69 ™ 0.10"m 0.004
Treatment x year
Uas
60 30.06 2.48 0.09 11617.57 7.35 0.007
Error
)‘.-:(-:V. ) p& - 9.41 10.99 8.97 6.86 7.23 4.10

Aoy S gt iy el mas (ol e oS Ay FF g F s Jee e NS
ns :Non-significant; * and **: significant at 5% and 1% probability levels, respectively
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14 90 (31 a5 4 (Fogll (ygas bl 30 (S bugd oY 0 ;las sl g 0 ,Shos 8 yo 432 (reSilno dunnyliio 5 Jgur
(VF+Y 91F+)) JLw g0 4o (Tetranychus urticae Koch)

Table 6- Mean comparison of compound analysis yield and its components of different pinto bean lines in condition of
without infestation to two-spotted mite (Tetranychus urticae Koch) in two years (2022 and 2023)

) o &g sl o A Al o Shos AldVer 39 ol
oy FOIEES L i) s PR (e sasle) () ojled
Row Gegﬁ%f’,gf nd Height of Pod per Seed.pod Seed yield 100-seed Damage

plant (cm) plant (kg.ha) weight(g) scale
1 KS-21216 33.25f" 18.428 3,13cdef 2141.502 40.30° 1.81°
2 KS-21184 43.33¢ 18.172 3, 16Pcdef 2126.672 42,17%c 1.83¢
3 KS-21538 30.929" 18.852 3,1 7Pcdef 2166.672 30.18¢f 1.61¢
4 KS-21565 27.25" 13.43cde 3.65% 1562.17¢ 37.68¢ 2.00°
5 KS-21563 38.08¢f 14.88° 3,553 1623.33° 29.40f 1.98b
6 KS-21602 54.08¢ 17.40° 3,27 bodef 1842.33° 30.42¢f 1.96°
7 KS-21500 41.50¢f 12.28¢%f 3.623bc 1460.00°¢ 45.882 2.02b
8 KS-21601 51.82¢ 12.77%f 2.89f 1462.33¢ 30.18¢f 2.01b
9 KS-21600 54.73¢ 13.23cdef 3.54zabede 1535.17¢ 40.37b¢ 1.98b
10 KS-21607 42.50¢ 11.18°f 3,1cdef 1062.50% 38.67¢ 2.07°
11 KS-21573 79.67% 11.58¢f 3.842 1136.17% 40.98" 2.05°
12 KS-21597 87.08° 11.92¢f 3.502bcde 1150.00de 30.90¢f 2.03°
13 KS-21255 83.92% 17.25P 3.02¢f 1864.17° 43.58% 1.93¢
14 KS-21574 88.17° 12.12¢f 3.10¢cdef 1190.81¢ 34.45% 2.03°
15 KS-21606 76.40° 15.50% 3.03¢f 1823.97° 43.73% 1.96°
16 Sadri 99.682 10.58f 2.76f 995.17¢ 40.70 3.022

e M mhass cilonys 5 atuiie Ciglite By, b 4T SlapSilee ail oo 8 ailil glas £ 1S5 . Slie b il et 10 (sl ool Cowsdy sae

sl ls

* The number obtained for each column is equal mean+SE. means in a columns followed by different letters are significantly
different using LSD test.
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Table 7- The calculated values of indexes based on the relevant formulas

o L oSbe el Jaeld Coles 5L

dys, MIINEH) G pslh , i . i

R(;W Genotype Productivity 3 0% o o

and cultivar index Geometric mean Stress Stress

productivity index  tolerance index  sensitivity index

1 KS-21216 2084.61 2083.83 1.76 0.74
2 KS-21184 2062.50 2061.50 1.72 0.84
3 KS-21538 2113.81 2113.14 1.81 0.68
4 KS-21565 1511.10 1510.23 0.92 0.91
5 KS-21563 1570.86 1569.98 0.99 0.90
6 KS-21602 1784.89 1783.96 1.29 0.87
7 KS-21500 1404.15 1403.03 0.79 1.07
8 KS-21601 1410.42 1409.47 0.80 0.99
9 KS-21600 1484.17 1483.29 0.89 0.93
10 KS-21607 1000.51 998.58 0.40 1.63
11 KS-21573 1084.50 1083.26 0.47 1.27
12 KS-21597 1101.45 1100.37 0.49 1.18
13 KS-21255 1806.53 1805.61 1.32 0.86
14 KS-21574 1143.34 1142.35 0.53 111
15 KS-21606 1766.67 1765.74 1.26 0.88
16 Sadri 914.35 910.77 0.33 2.27
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Introduction

Documenting the production process in agriculture includes gathering all the information and activities that show the
production process of a product from the stage of seed bed preparation to harvesting. In this view, the farm is
considered as a production unit, and all processes from the time of preparation of this production unit for cultivation
until the product leaves the farm after harvesting are included in the scope of documentation. Considering that the
management of the production process in agricultural systems has a significant effect on the quantity of yield,
production efficiency, the efficiency of input consumption and finally the environmental effects of production,
monitoring and improving the processes leading to the production of agricultural products in order to reduce the
challenges associated with agricultural management in Agricultural systems are inevitable. From a scientific point of
view, it is possible to improve such management processes by using various techniques, among which continuous
improvement and re-engineering of processes are among the most important ones. Golestan province is considered one
of the most important areas for the production of faba bean (Vicia faba L.) in the country due to the climate and soil
conditions, therefore, without a comprehensive understanding of the agricultural operations, it is difficult to take steps
to meet the needs of farmers and eliminate production obstacles. In this study, it is tried that all the researchers and
farmers become familiar with the production process of faba bean in Golestan province in an integrated and
documented manner and this research is a basis for effective planning to meet the needs of farmers, reduce the
consumption of inputs and reduce the environmental effects by changing the method it will be farm management.

Materials and Methods

This research was carried out in two crop years 2019-2020 and 2020-2021 in Golestan province and in Gorgan, Aliabad
Katul and Agqola cities. To document the production and analyze the performance gap, 445 farms that had sufficient
diversity in different aspects, including farm management, were selected, and all information related to the farm and
production management was collected using questionnaires, observations and measurements. In each region, every year,
different fields were examined in terms of agricultural management factors, and observations related to the field,
planting, planting and harvesting were recorded. In order to analyze the data, absolute and cumulative frequency
distribution was used. In these investigations, the scope of changes and the method of performing each management
operation performed in the bean farms and also the proportion of farmers who used different methods of each of these
management operations were determined.

Results and Discussion

The results showed that soybeans are cultivated more than other crops (41%) before faba bean. Faba bean is planted in
these areas between 14 October and 25 November. In these areas, 97% of farmers use reversible plows (one to two
times) to prepare the bean planting bed. The amount of seed used is in the range of 60 to 100 kg.ha™, and in 56% of the
fields it is planted with a linear machine, in 43% with a row machine, and in 2% by hand spraying and then mixing the
seeds with the soil using a disc. According to the distribution of rainfall in the region, 92% of faba bean cultivation is
carried out under rainfed condition. Farmers use 0 to 115 kg.ha of pure nitrogen fertilizers, 0 to 96 kg ha™* of pure
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phosphorus and 0 to 72 kg.ha™ of pure potassium fertilizers to meet their fertilizer needs. Investigations showed that
pesticides were used in 338 out of 445 farms, herbicides were used in 356 farms, and fungicides were used in 293
farms, and the number of times pesticides, herbicides, and fungicides were used varied between 1 and 3 times. Faba
bean is harvested in these areas from late April to early June, depending on weather conditions, planting date and
variety. The yield of faba bean varied from 780 to 4187 kg.ha™.

Conclusions

The results of this research can clarify the details of the faba bean production process for students and researchers to
carry out future projects and also provide information on the common consumption of inputs to those interested and be
useful in the implementation of growth and yield simulation plans under common conditions by means of average crop
plants.

Keywords: Function, Nitrogen, Pesticides, Planting date, Potassium
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Introduction

In contemporary agriculture, the monoculture system of cereal crops is prevalent. Legumes are the most important plant
family for crop rotation and sustainable agriculture due to their nitrogen fixing capabilities. Rainfed agricultural
ecosystems are the largest food-producing biomes globally, with water scarcity and fluctuating rainfall being the most
significant limiting factors for crop production. The growing demand for freshwater resources will increase the
agricultural sector's vulnerability under future climate conditions, restricting production. Kermanshah province, where
78.4% of the land is arid, faces unique weather conditions and is particularly affected by drought stress. In rainfed
farming systems, a suitable solution to conserve water at the farm scale is to create a suitable planting bed. The most
common method of seed bed preparation among farmers is the normal flat planting method. The flat planting method,
which is easy to prepare, is associated with a series of basic problems, such as reducing the efficiency of water use,
reducing the efficiency of nitrogen fertilizer use, reducing plant establishment, and the soil capping. Preparing the
planting bed by changing the physical conditions of the seed bed, i.e. the thermal, humidity, ventilation and resistance
characteristics of the soil, can affect the seedling emergence and the growth of the plant. By creating a ridge and furrow
bed and nylon mulch, the soil moisture can be saved for different stages of plant growth.

Materials and Methods

The current research was carried out in the research Farm, Campus of Agriculture and Natural Resources, Razi
University during the cropping years of 2019 and 2020 as a factorial design based on randomized complete blocks with
three replications. The treatments included nylon mulch (without nylon, nylon on the plant and nylon on the soil) and
the method of planting in the bed (flat planting, planting in a 50 cm furrow, planting in a 100 cm furrow). The
dimensions of each of the experimental plots were 2 m x 2m. In each plot, there were four rows of cultivation at a
distance of half a meter, and the distance between the plants on each row was 10 cm. The distance between the
experimental plots was one and a half meters. The traits studied included nitrogen use efficiency, leaf specific weight,
leaf area index, stem dry weight, leaf dry weight, number of leaves per plant, plant height, dry weight of broadleaf
weed, dry weight of narrow leaf weed, crude protein of green seed, and leaf greenness index. After Bartlett's test, the
results showed that the dry weight of broad-leaved weeds, the dry weight of narrow-leaved weeds, seed protein and leaf
greenness can be analyzed as a combined analysis of variance over two years, and the rest of the traits can be analyzed
separately in each year. The data were analyzed using SAS software version 9.1 and the mean of the treatments were
compared with the LSD method at a probability level of 5%.

Results and Discussion

According to the results of analysis of variance per year, plant height, number of leaves per plant, leaf area index,
specific leaf weight and nitrogen consumption efficiency (first year) and specific weight leaf (second year) were
affected by the double interaction of nylon and planting bed. The combined analysis of variance showed that broadleaf
weed dry weight and leaf greenness were affected by the triple interaction effect of year, nylon and planting bed.
According to the mean comparison results (first year), the highest and lowest leaf area index values were obtained in the
treatment of nylon on the plant with planting in a 50 cm furrow (3.82) and treatment without nylon with planting in a 50
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cm furrow (3.26), respectively. The highest and lowest efficiency of nitrogen use were related to the treatment of nylon
on soil with planting in a 50 cm furrow (152 kg.kg?) and treatment of without nylon and flat planting (81 kg.kg™),
respectively. According to the comparison of the mean of the combined analysis of variance, the highest dry weight of
broadleaf weeds was obtained in the treatment of the first year, nylon on the plant and flat planting (489 kg.ha), and
the lowest in the treatment of the first year, nylon on soil and planting in a 100 cm furrow (71 kg.ha?).

Conclusions

In this study, the plastic cover on the soil had the highest nitrogen use efficiency and the lowest weed growth due to
weed suppresion. These two factors are acceptable reasons for increasing the growth under treatment of plastic cover on
the soil. In line with the report of various studies, the treatment of planting in the 50 cm furrow floor reduced the
drought stress and increased the growth of the plant by affecting the available water, and this drought stress reduction
was more evident in the second year due to the low amount of rainfall.

Keywords: Dry weight, Mulch, Nitrogen use efficiency, Ridge and furrow, Specific leaf weight
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Table 1- Some physical and chemical properties of experimental field soil

Depth - Electrical Organic Total
Year (cm) Texture Acidity conductivity (dS.m™) carbon (%) nitrogen (%)
2019 020 SETem 79 17 1.2 0.11
clay-silty
2020 020 e gy 1.8 11 0.13
clay-silty

- & .H).P. .

93 095 4c )30 50 S (59, (SFohl @lo g ekl ) ks ) KB

Fig. 1- Cultivation under nylon and nylon mulch on the soil in pea field
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Table 2- Weather characteristics of Kermanshah region in 2019 and 2020
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Table 3- Analysis of variance (mean of squaress) of effect of plastic application and planting bed on pea studied traits in the

first year (2019)
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o ki aolie >) ) A 50 S olows _ . _ _ )
el g e Sy L Sy Sy 039
syl Number of . .
S.0V df Plant  |eaves per plant ~ Leafdry Stemdry Leafarea  Specific leaf  Nitrogen use
height weight weight index weight efficiency
S e -
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*and **: Significant at 5% and 1% probability levels, respectively. ns: non significant
OFlatbed @Bed 0.5m @Bed1m A OFlatbed OBed0.5m BBedlm B
70 a o 100
£ 65 Tt a. = 80
= b 3
5, 60 1 2
'S B s | e [<5)
e I s 1 Q2 40
+~ b5 e S
c 1p= b S
50 : &
Nylon on soil  Nylon on -
lant
P plant
Nylon x bed Bed x nylon
OFlatbed @Bed0.5m C OFlatbed ©OBed0.5m EBedlm D
~ 800 4
S—E. 2 3.8 i
g 60 5
= 1 T 36
< o £
2 400 2 © 3.4 bc
> i S 32 i
< 200 ) g it
e | 3 e
= i i3
] ey ri
n 0 i 2.8

Nylon x bed
‘;4)5.)9.79 (D)Jﬁﬁ.‘aw&éubg(C) ASLMIM‘))S «(B) &gy jo S olowi ((A) iy eLﬁS)x&.&Sdeglg.UJgLﬁl.o;‘—T Js<%

Nylon on soil Nylon on plant

(FAA) Jol Jlw 5o

No nylon

Nylon x bed

Fig. 2- Interaction effect of nylon x planting bed on plant height (A), number of leaves per plant (B), stem dry weight (C) and
leaf area index (D) in pea in the first year (2019)
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Table 4- Analysis of variance (mean of squares) of effect of plastic application and planting bed on pea studied traits in the
second year (2020)
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*and **: Significant at 5% and 1% probability levels, respectively. ns: non significant
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Table 5- Comparison of the average main effect of nylon on some pea traits in the first and second year (2019 and 2020)
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Treatment rl;lﬁr;]tt Number of Lv?/Zif (::;y Stem dry weight =T ot Lv?/iz‘{ ?;(y
(cm) (kg.ha™) index efficiency (kg.ha™)
O9kb 092 52.76"* 49.55¢ 699.38° 195.69° 3.02b 59.72° 803.7¢
No nylon
S s Q’J*jb 56.93? 64.60° 923.322 245.56° 3.11%® 86.08? 1627.12
Nylon on soil
oS bl
5 $59) Osk 55.50? 62.04° 856.972 290.072 3.232 56.48° 1351.6°

Nylon on plant

sl lo ime (OEST 0BL ss o gy mhaws j0 (SIS (g0l Gl S e By S JBlas gl slanSile gty )0
* In each column, averages with at least one letter in common have no significant difference at the five percent level according to
Duncan's test.
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Table 6- Comparison of the average main effect of planting bed on some pea traits in the second year (2020)

Hlows g el PEPUBT R JUIIRTS| S oSS 43
Treatment Plant height (cm) Number of leaf per plant Leaf dry weight (kg.ha')
Gl 225 53.73b" 56.01° 70552
Flat planting

S el Azsz 2 S 57.912 60.24° 825.25%

Planting in a 50 cm furrow
S Sy gz 2 LS 53,540 59,942 948.89°
Planting in a 100 cm furrow
o ime (BB 0Bl ws o ity e j0 SOl (ygej] B g S pie By S JBlas lls gla il et po 40
* In each column, averages with at least one letter in common have no significant difference at the five percent
level according to Duncan's test.
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Fig. 3- The interaction effect of nylon x bed planting on pea specific leaf weight in 2019 (A) and 2020 (B)
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cile LS (339 dile SS9 Pl g p sle
Chefabe @llaze sy e RIS o il S
S.OV df Dry weight of Dry weight of Crude protein ~ Greenness
broadleaf weed narrow leaf weed  of green beans index
Ju 5776.0" 781.2" 0.188" 5.52"
Year (Y)
Wby S5k 4 3947.2" 227.5™ 0.371" 6.15M
Block (year)
okl 2 269398.9" 6687.9" 0.102m 25.62™
Nylon (N)
s 2 30442.9™ 467.0" 0.483" 24,14
Bed (B)
Y x N 2 13622.8™ 141" 0.001"s 6.97™
Y xB 2 9897.3" 135.3™ 0.486" 8.77m
N x B 2 2660.0" 616.5™ 0.228" 16.12™
Y xNxB 4 7397.0 165.8m 0.126" 11.53"
o> 32 1995.0 89.5 0.247 3.64
Error
St w2 - 231 26.16 101 3.53
CV (%)

SO s e NS o )5 S g oy iy Jlediol s [0 o Sme o iy KK gF
*and **: Significant at 5% and 1% probability levels, respectively. ns: non significant

OFlatbed BBed05m BEBedlm
- 180
(&) a
c 160 ___ab
(<]
S 140 be o
Sg o
g 2 100 d [l A
S o 80 T o] [
cZ i | [
S 60 b w1
o 40 kit s FER
- _'-:-._'-: o _'-:-.-
'Z 20 Ty o 1
0 . s L s B
No nylon Nylon on soil
Nylon x bed

OTAA) Jsl Lo 5 (55559 9955 3585 Byt 28 52 S i X o5l Blia 51 -F Jsi

.Fig. 4- The interaction effect of nylon x planting bed on pea nitrogen use efficiency in the first year (2019)



FPO... K558 3955 5,0 sladile 3 0 3algs judgd 0 Sluoguas y il 092 5 (ol 1) <ol il ()50 5 93 s

A e S L plse it g it 0, Sles 0y
o @llo 3157 45 Ll 51 g a0 ol S Slolis g (St jm
3R (50 a8 0 S 09d o0 SISl s
SUFCJOUNINT JPSUMPSII SO T TR A
00l s peizmen (Kazemi & Jozay, 2021) ol gJls
5 S s, Se Crmoz Sialidl Gk 5l @lls 4 e
S-S S p yd Jg S Sl Sl (39 s @i A8
cel Aty g doug> s o S,k 5l (Helaly et al., 2017)
s a4 (Wang & Xing, 2016) o5 oo SB Ol (5 )l
e il G el L aiygazmsr leg 4 s o0
Sgugo cd o j0 g Jlad sla ST ol o olS Laas>

Sgbos oS by )5

EBBed 0.5 m

OFlat bed

2 600
o a
2 500 il
- ;
© b
[<5)
= 400 e
s I
52 300 SR
— ef :“: .
O:\‘/ fg S ] s
E 200 S ] s
> S AL Sl
q;) 100 e S e e

e I I e Sl
= ke e 1L
5 L IR | | Ak

No nylon

Nylon on soil Nylon on plant

Year 2019

Sp S 2L
sl ol Laosls 8 pe (il ly 42525 Jgoor 5l Jol> mls
5 o9kl (b Plie 31 b co Sy (Shpjem a3t &5
St Ol e (Y J9uz) 85 )13 2uiS
e Ay 9 A Y 9 SLS 65, sk (Jl Jlo 5o
Tl s 5 05k Gs Jsl Jbo Ol (S 9 e
Bl 5l oolaiwl opl plo (V JS8) ocs Jeol> (sl JLo)
9 Fiwgid Bd> ccl (S Cgb ) Lds Jdoay S5kl
sles (Sarkara, 2019) o anlys o155, 4 ol _zals
Sy ool o) muiete Sz s Lo o oyl
slos Li ol by ams oo jl,8 il o 1) (b IS
Sl e sl dea los 4 Sop Aty Lame

EBed1lm

d.-f fq
: h
T L
O R | e
L T
No nylon Nylon on soil Nylon on plant

Year 2020

Nylon x bedx year

S5 90955 S g 5yp e S (359 3 CedS pm x 9l Jlo il 51— S
Fig. 5- Interaction effect of year x nylon x planting bed on dry weight of broadleaf weed in pea

OFlat bed

G

@ 80
z_ 70
S 60
g5 50
540
;_—‘;ﬁ 30
‘S ";’ 20
=7 10
>

5 0

ﬁdd

Nylon on soil  Nylon on plant
Nylon x bed

0Bed 0.5 m BBed1m

a

O 0 4135 53 (558 3955 5y S, 55k e S (339 32 CobS i x (3l Jolie 17 S
Fig. 6- The interaction effect of nylon x planting bed on the dry weight of narrow leaf weeds in pea in combined analysis



V¥ 093 o oY 8,leds N0 o oyl Sligus sla i} 41 pid VFS

OFlat bed EBed 0.5m EBed1lm

=)
c 60 a
S ab a-d
< 58 == a-c ___
I+ S )
o 56 b-e [+ = ]
\U_)/ S '_-.l_'_- RN =
5 54 gl |
g 52 e g
[ . 0] mt,n
S 50 e B |

RS AR - s et
S 48 T B e e
§ 46 ol 1 S S i R o 12
- Nylon on soil Nylon on plant| No nylon Nylon on soil Nylon on plant|

No nylon
Year 2019

Year 2020

Nylon x bed xyear

(S5 58 3955 S 1 (K o g2 ol s x (39 x Jlo Blie 51—V JSC
Fig. 7- The interaction effect of year x nylon x planting bed on pea leaf greenness

Selg 998 90 Dloogas s el S (59, ogaza
wb g el g Sl (9 Spas (2L ke oLS
Jedsan 5 slacade ab) o 5eS o cul eizren
S8 B e Jole g0 (plclils ol o 4y (] 05 aas
b g ol SI- (55, ity Hles Cod by Bl sl
S o Az &S 50 CiS jlad il Sldllae 318
) o, g ools (2alS | i olS Luyiws yo ol 5 b L
L ceaS pgo Jlw jo G sals cpl g conl osls o33l

el 009y Fogin )b o5 (e 4 a2

OEM‘ "9.; &.’J)Lam
plosl dlaosls 6)9—‘ iy =1t gl oxenn oo
Al adgl asens 5K s(_;)LoT/‘_g)‘)’é"a)j R NES

JrAsS alie ol g (ol g qoloial) 1090 odiums od

Alie e (a3l coygline 1o g 00 g3

References

o dilo ol a9y

Sl ol Laosls 8 5o (il ly 42325 Jgaor 5l Jol> gl
Ly ode glgn als (V Jsoz) cd,55 )18 cialejl slalos
Lyl o 1y els cas (a5) ¢y 35w ojlail Cusgass «
Gmb ol eiwgd Slgs 1 cidu olS (y3Pe Cudgus
asils Slass 5 ytee 08 il Bro Sge e slaas]
ol alie slo ), ;o (Alasti et al., 2020) oS’
Lﬁ_’)'b )l ‘) als u..\.i.:s)_: sOL.Q_MJ @51;[_: CJLA FLOW PR
S Al uigp duo 0 g oly iulidl st o Slae il
(Abbasi etal., 2017) 3,5 1,3 @b L5

Lol 8 sl 0ol ol 3 &jgots ciS Sl 4 a9 L
80 et wllls 3L Logase lsag0]
2 ok g Jol Jlo po il Jpame ol Sliogas
Jlo 4 G aslllas 5550 Slao g 009y SYL al;y Lad Job
ekl Sids aslllas (nl )5 Wlesg Fogllae s 3 pgo

Abbasi, H., AghaAlikhani, M., & Hamzei, J. (2017). Effect of irrigation intervals, black plastic mulch and
biofertilizers on quantitative and qualitative characteristics of pumpkin (Cucurbita pepo L.). lranian

Journal of Field Crops Research, 15(2),

https://doi.org/10.22067/gsc.v15i2.51667

399-412. (In Persian with English abstract).

Akbia, H., Elahifard, E., Siahpoosh, A., & Zare, A. (2020). Evaluation of sowing method and soil applied
herbicides on weed control and yield of sesame. Journal of Crops Improvement, 22(4), 543-556. (In
Persian with English abstract). https://doi.org/10.22059/jci.2020.295527.2333

Alagbo, O., Spaeth, M., Saile, M., Schumacher, M., & Gerhards, R. (2022). Weed management in ridge
tillage systems-A review. Agronomy, 12(4), 910. https://doi.org/10.3390/agronomy12040910


https://www.researchgate.net/journal/Agronomy-2073-4395

PPV 55,8 0955 50 slocile § S 5algs judgd g0 Sluoguas y CullS 092 g ookl ) cuiS 1S ()50 5 y93. 9

Alasti, O., Zeinali, E., Soltani, A., & Torabi, B. (2020). Estimation of yield gap and the potential of rainfed
barley production increase in Iran. Journal of Crop Production, 13(3), 41-60.
https://doi.org/10.22069/ejcp.2021.16896.2250

Ashrafuzzaman, M., Abdul Halim, M., Razi Ismail, M., Shahidullah, S. M., & Alamgir Hossain, M. (2011).
Effect of plastic mulch on growth and yield of chilli (Capsicum annuum L.). Brazilian Archives of
Biology and Technology, 4(2), 321-330. http://dx.doi.org/10.1590/S1516-89132011000200014

Dashadi, M. (2022). Effect of tillage treatments and different amounts of crop residues on rainfed chickpea
yield in Kermanshah conditions. Iranian Dryland Agronomy Journal, 11(1), 75-93. (In Persian with
English abstract). https://doi.org/10.22092/idaj.2022.354522.335

Dayo-Olagbende, G. O., Ewulo, B. S., & Akingbola, O. O. (2019). Combined effects of tithonia mulch and
urea fertilizer on soil physico-chemical properties and maize performance. Journal of Sustainable
Technology, 10(1), 86-93.

Dedi, M., Chen, L., Qu, H., Wang, Y., Misselbrook, T., & Jiang, R. (2018). Impacts of plastic film mulching
on crop yields, soil water, nitrate, and organic carbon in Northwestern China: A meta-analysis.
Agricultural Water Management, 202(1), 166-173. https://doi.org/10.1016/j.agwat.2018.02.001

Fahong, W., Xuging, W., & Sayre, K. (2004). Comparison of conventional, flood irrigated, flat planting with
furrow irrigated, raised bed planting for winter wheat in China. Field Crops Research, 87, 35-42.
https://doi.org/10.1016/j.fcr.2003.09.003

Garshasebi, M., Rajab Larijani, H. R., & Nasri, M. (2014). Effect of plastic mulch and bed system on maize
(zea mays) yield and weeds suppression. Agronomic Research in Semi Desert Regions, 1(4), 327-336. (In
Persian with English abstract).

Ghaemi, M., Zare, Z., & Nasiri, Y. M. (2019). Effect of drought stress on some morphological characteristics
and essential oil production levels of Ocimum basilicum in different stages of growth. Journal of
Developmental Biology, 11(1), 15-27.

Gu, Y. J, Han, C. L., Fan, J. W., Shi, X. P., Kong, M., Shi, X. Y., Siddique, K. H. M., Zhao, Y. Y., & Li, F.
M. (2018). Alfalfa forage yield, soil water and P availability in response to plastic film mulch and P
fertilization in a semiarid environment. Field Crops Reserch, 215(1), 94-103.
https://doi.org/10.1016/j.fcr.2017.10.010

Hamzei, J., Abbasi, A., & Vaziri Amjad, Z. (2017). Effect of different mulches on yield, yield components of
grain maize and weeds dry weight. Journal of Crops Improvement, 19(1), 105-117. (In Persian with
English abstract). https://doi.org/10.22059/jci.2017.60400

Hashemi Dezfuli, A. (1998). Physiology of supplementary crop plants. M.Sc. Thesis in Agriculture, Faculty
of Agriculture, Shahid Chamran University, Ahvaz, Iran.

Heidari, H. (2012). Effect of irrigation by contaminated water with cloth detergent on plant germination
traits of maize (Zea mays). Life Science Journal, 9(4), 1587-1590.

Helaly, A. A., Goda, Y., EI-Rehim, A. A. S., Mohamed, A. A., & El-Zeiny, O. A. H. (2017). Effect of
polyethylene mulching type on the growth, yield and fruits quality of Physalis pubescens. Advance Plants
Agricultur Reserch, 6(5), 229-237. http://dx.doi.org/10.15406/apar.2017.06.00229

Huggins, D. R., & Pan, W. L. (1993). Nitrogen efficiency component analysis: An evaluation of cropping
system differences in productivity. Agronomy Journal, 85(4), 898-905.
https://doi.org/10.2134/agronj1993.00021962008500040022x

Javaid, M. M., AlGwaiz, H. I. M., Waheed, H., Ashraf, M., Mahmood, A., Li, F. M., Attia, K. A., Nadeem,
M. A., AlKahtani, M. D. F., & Fiaz, S. (2022). Ridge-furrow mulching enhances capture and utilization
of rainfall for improved maize production under rain-fed. Journal Agronomy, 12(5), 211-230.
https://doi.org/10.3390/agronomy12051187

Jiang, R., Li, X., Zhou, M., Jie Li, H., Zhao, Y., & Yi, J. (2016). Plastic film mulching on soil water and
maize (Zea mays L.) yield in a ridge cultivation system on Loess Plateau of China. Soil Science and Plant
Nutrition, 62(1), 1-12. https://doi.org/10.1080/00380768.2015.1104642

Johnson, W. C., Davis, R. F., & Mullinix Jr., B. G. (2007). An integrated system of summer solarization and
fallow tillage for Cyperus esculentus and nematode management in the southeastern coastal plain. Crop
Protection, 26(11), 1660-1666. https://doi.org/10.1016/j.cropro.2007.02.005

Karimi, M., & Jolaini, M. (2017). Evaluation of agricultural water productivity indices in major field crops
in Mashhad plain (Technical note). Journal of Water and Sustainable Development, 4(1), 133-138. (In
Persian with English abstract). https://doi.org/10.22067/jwsd.v4i1.52783

Kasirajan, S., & Ngouajio, M. (2012). Polyethylene and biodegradable mulches for agricultural applications:
A review. Agronomy Sustainable Development, 32(1), 501-529. https://doi.org/10.1007/s13593-011-
0068-3


https://doi.org/10.22069/ejcp.2021.16896.2250
http://dx.doi.org/10.1590/S1516-89132011000200014
https://doi.org/10.22092/idaj.2022.354522.335
https://doi.org/10.1016/j.agwat.2018.02.001
https://doi.org/10.1016/j.fcr.2003.09.003
https://doi.org/10.1016/j.fcr.2017.10.010
https://doi.org/10.22059/jci.2017.60400
http://dx.doi.org/10.15406/apar.2017.06.00229
https://doi.org/10.2134/agronj1993.00021962008500040022x
https://doi.org/10.3390/agronomy12051187
https://www.tandfonline.com/journals/tssp20
https://www.tandfonline.com/journals/tssp20
https://doi.org/10.1080/00380768.2015.1104642
https://www.sciencedirect.com/journal/crop-protection
https://www.sciencedirect.com/journal/crop-protection
https://doi.org/10.1016/j.cropro.2007.02.005
https://doi.org/10.22067/jwsd.v4i1.52783
https://doi.org/10.1007/s13593-011-0068-3
https://doi.org/10.1007/s13593-011-0068-3

V¥ 093 Ao oY 8,leds N0 o ooyl pl Sligu Gla g} s pid FFA

Kazemi, F., & Jozay, M. (2021). Characteristics of ornamental-medicinal species of balanketflower
(Gaillardia aristata) under different mulch treatments in an arid climate region. Journal of Crop Science
Research in  Arid Regions, 2(2), 267-279 (In Persian with  English  abstract).
https://doi.org/10.22034/csrar.2021.208943.1062

Koocheki, A. R., Bakhshaie, S., Tabarraei, A., & Jafari, L. (2014). Effect of plant density and planting
pattern on quantitative and qualitative characteristics of balangu (Lallenamntia royleana Benth.). Journal
of Agroecology, 6(2), 229-237. (In Persian with English abstract). https://doi.org/10.22067/jag.v6i2.39365

Lamont, W. J., & Bartol, J.W. (2004). Production of vegetables, strawberries, and cut flowers using plastic
culture.  Natural Resource, Agriculture, and Engineering Service (NRAES). Ithaca.
https://ecommons.cornell.edu/items/9bc5402e-70bf-4a06-b045-01430f135eef

Li, Q. Q., Chen, Y. H., Liu, M. Y., Zhou, X. B., Dong, B. D., & Yu, S. L. (2010). Effects of irrigation and
planting patterns on radiation use efficiency and yield of winter wheat in North China. Agricultural Water
Management, 95(4), 469-476. https://doi.org/10.1016/j.agwat.2007.11.010

Liaghat, A., Pourgholam Amiji, M., & Mashhouri Nejad, P. (2018). The Effect of surface and subsurface
irrigation with saline water and mulch on corn yield, water productivity and solute distribution in the soil.
Journal of Water and Soil, 32(4), 661-674. (In Persian with English abstract).
https://doi.org/10.22067/jsw.v32i4.69323

Majeed, A., Muhmood, M., Niaz, A., Javid, S., Ashfag Ahmad, Z., Shahid Hussain Shah, S., &
Hussain Shah, A. (2015). Bed planting of wheat (Triticum aestivum L.) improves nitrogen use efficiency
and grain yield compared to flat planting. Crop Journal, 3(2), 118-124.
https://doi.org/10.1016/j.cj.2015.01.003

Moazzezi, F., Yavari, G. R., Mosavi, S. H., & Bagheri, M. (2020). Assessing the impact of climate change
on agriculture in Hamedan-bahar plain with emphasis on water productivity and food security. Journal of
Agricultural Economics and Development, 34(3), 305-323. (In Persian with English abstract).
https://doi.org/10.22067/jead.2020.17793.0

Moradian, A., Yousefi, A., Jamshidi, K., & Andalibi, B. (2017). Evaluation of the effect of wheat mulch and
nitrogen fertilizer on weed growth and some agronomic traits of Dracocephalum moldavica. Iranian
Journal of Field Crop Science, 48(4), 1055-1068. (In Persian with English abstract).
https://doi.org/10.22059/ijfcs.2017.128781.653911

Pahlevani, A., Ebrahimia, H., & Abbasi, F. (2022). Effect of plastic mulch placement in furrow irrigation on
water productivity of fodder corn. Journal of Water Research in Agriculture, 36(1), 93-104. (In Persian
with English abstract). https://doi.org/10.22092/jwra.2022.356212.894

Patley, V., Das Sahu, G. H., Singh Paikra, P., & Kumar Chandraka, Y. (2023). Impact of fertigation and
plastic mulch on pusedostem and physio-chemical characters of tissue cultured grand naine banana (Musa
paradisiaca L.) grown in high density planting system. The Pharma Innovation Journal, 12(7), 3301-
3304.

Peksen, E., Peksen, A., Bozoglu, H., & Gulumser, A. (2004). Comparison of fresh pod yield and pod related
characteristics in pea (Pisum sativum L.) cultivars sown in autumn and spring under samssun ecological
conditions. Turkish Journal Agriculture and Forestry, 28, 363-370.

Pol Shekan-e Pahlavan, M. R., Movahedi Naeini, S. A. R., Eatesam, G. R., & Keykha, G. (2008). Wheat
plant growth and yield with different planting systems and irrigation frequency 2-soil and plant nutrients.
Journal of Agricultural Sciences and Natural Resources, 14(5), 23-34. (In Persian with English abstract).

Ranjbar, A., Rahimikhoob, A., Ebrahimian, H., & Varavipour, M. (2018). Monitoring nitrogen nutrition
index to improve fertilizer use efficiency. Iranian Journal of Soil and Water Reserch, 49(5), 1189-1200.
(In Persian with English abstract). https://doi.org/10.22059/ijswr.2018.249911.667830

Salehi, A., & Monjezi, N. (2023). Field evaluation of mechanized wheat planters in saline lands of Shadegan
city. Journal of Agricultural Science and Sustainable Production, 33(2), 273-296. (In Persian with
English abstract). https://doi.org/10.22034/saps.2022.50563.2836

Sarkara, D., Muhammad Solaimana, H., Shah Jahana, M., Rojobi, N. R., Kabira, K., & Hasanuzzamanc, M.
(2019). Soil parameters, onion growth, physiology, biochemical and mineral nutrient composition in
response to colored polythene film mulches. Annals of Agricultural Sciences, 64, 63-70.
https://doi.org/10.1016/j.a0as.2019.05.003

Shahabi, N. (2017). Effect of geographical direction of planting row and population on quantitative and
qualitative yield of chamomile medicinal plant (Matricaria chamomilla L.). M.Sc. Thesis, Khuzestan
University of Agricultural Sciences and Natural Resources, Ahvaz, Iran. 69 pp.


https://doi.org/10.22034/csrar.2021.208943.1062
https://agry.um.ac.ir/?_action=article&au=17707&_au=AliReza++Koocheki&lang=en
https://agry.um.ac.ir/?_action=article&au=24527&_au=Sara++Bakhshaie&lang=en
https://agry.um.ac.ir/?_action=article&au=87307&_au=Ali++Tabarraei&lang=en
https://agry.um.ac.ir/?_action=article&au=23512&_au=Leyla++Jafari&lang=en
https://agry.um.ac.ir/article_33564_6312a300fd9a36513370799c17b9b9aa.pdf?lang=en
https://agry.um.ac.ir/article_33564_6312a300fd9a36513370799c17b9b9aa.pdf?lang=en
https://doi.org/10.22067/jag.v6i2.39365
https://doi.org/10.1016/j.agwat.2007.11.010
https://doi.org/10.22067/jsw.v32i4.69323
https://www.sciencedirect.com/journal/the-crop-journal
https://doi.org/10.1016/j.cj.2015.01.003
https://doi.org/10.22067/jead.2020.17793.0
https://doi.org/10.22059/ijfcs.2017.128781.653911
https://doi.org/10.22092/jwra.2022.356212.894
https://doi.org/10.22059/ijswr.2018.249911.667830
https://doi.org/10.22034/saps.2022.50563.2836
https://doi.org/10.1016/j.aoas.2019.05.003

FPALL (K558 0955 yb slaile 5 S jals juded o0 Sluogas p CoblS 092 5 ol 5 ol il ) Ken 5 5033

Sharma, S., & Sharma, D. P. (2019). Weed management in stone fruit nectarine orchard with inorganic
mulches and herbicides. Journal of Indian Weed Science, 51(1), 45-49. https://doi.org/10.5958/0974-
8164.2019.00010.8

Silva, P. R. F., Strieder, M. L., Silva Coser, R. P., Rambo, L., Sangoi, L., Argenta, G., Forsthofer; E. L., &
Silva, A. A. (2005). Grain yield and kernel crude protein content increases of maize hybrids with late
nitrogen side-dressing. Soils and Plant Nutrition Science Agriculture, 62(5), 487-492.
https://doi.org/10.1590/S0103-90162005000500014

Solhjou, A., & Javadi, A. (2015). The effect of tillage and planting methods in raised bed planting system on
irrigated wheat yield. Applied Field Crops Research, 110, 68-74. (In Persian with English abstract).
https://doi.org/10.22092/3j.2016.109331

Wang, X. K., & Xing, Y. Y.(2016). Effects of mulching and nitrogen on soil nitrate-N distribution, leaching
and nitrogen use efficiency of maize (Zea mays L.). National Center for Biotechnology Information,
11(8), 1-18. https://doi.org/10.1371/journal.pone.0161612

Wei, Q., Hu, C., & Oenema, O. (2015). Soil mulching significantly enhances yields and water and nitrogen
use efficiencies of maize and wheat: A meta-analysis. Scientific Reportes, 5, 16210.
https://doi.org/10.1038/srep16210

Weiner, J., Griepentorg, H. W., & Kristensen, L. (2001). Suppression of weed by spring wheat (Triticum
aestivum) increases with crop density and spatial uniformity. Journal of Applied Ecology, 38(4), 784-790.

Zhang, X. D., Yang, L. C., Xue, X. K., Kamran, M., Ahmad, I., Dong, Z. Y., Liu, T. N., Jia, Z. K., Zhang, P.,
& Han, Q. F. (2019). Plastic film mulching stimulates soil wet-dry alternation and stomatal behavior to
improve maize yield and resource use efficiency in a semi-arid region. Field Crops Research, 233, 101-
113. https://doi.org/10.1016/j.fcr.2019.01.002


https://doi.org/10.5958/0974-8164.2019.00010.8
https://doi.org/10.5958/0974-8164.2019.00010.8
https://doi.org/10.1590/S0103-90162005000500014
https://doi.org/10.22092/aj.2016.109331
https://doi.org/10.1371/journal.pone.0161612
https://doi.org/10.1038/srep16210
https://doi.org/10.1016/j.fcr.2019.01.002

Contents

Research Articles Page
The Effect of Planting Density and Supplementary Irrigation on the Agricultural Traits of 129
Lentil (Lens culinaris Medik.) in Dry Conditions

Mehdi Kakaei

Grouping of Candidate Drought Tolerant Genotypes of Chickpea (Cicer arietinum L.) 141
based on Yield and Yield Components in Different Planting Dates in Water Deficit
Conditions

Mehrdad Saeedian, Morteza Goldani, Mehdi Parsa, Saeedreza Vessal

The yield and Physiological Traits of Two Red Bean Cultivars (Phaseolus vulgaris) under 159
the Influence of Management and Genotypic Factors

Tahere Rahmani, Mashaalla Daneshvar, Omidali Akbarpour, Majid Sharifipour

The Effect of Waterlogging at the Vegetative Stage on Shoot and Root Growth of Chickpea 179
Cultivars (Cicer arietinum L.)

Leila Siahkamary, Mohammad Eghbal Ghobadi, Mokhtar Ghobadi, Saeid Jalali Honarmand

The effect of Application of Cycocel on Morphophysiological and Biochemical 197
Characteristics of Mung Bean (Vigna radiata L.) Genotypes under Water Deficit
Conditions

Elahe Danaei Rad, Gholamreza Zamani, Hamid-Reza Fallahi

Reaction of Morphological Traits and Yield Components of Guar Plant (Cyamopsis 215
tetragonoloba L.) in Different Planting Dates and Zinc Sulfate Levels in Khorramabad
region

Behrooz Mirderigvand, Seyedeh Hadis Shahrokhi, Masoumeh Amini

The Effect of Sulphurous Humic Acid and Plant Density on the Growth and Yield of Red 233
Beans (Phaseolus vulgaris L.) Cultivars

Zeinab Jabbari Badkhor, Alireza Dadkhah, Reza Rezvani

Evaluation of Yield Response and Yield Components of Promising Red Bean (Phaseolus 249
vulgaris L.) Genotypes Resistant to Drought Stress

Behrouz Asadi, Seyedeh Soudabeh Shobeiri, Ali Akbar Asadi, Hossein Astaraki, Foroud Salehi

The Effect of Nitrogen Fertilizer Application and Planting Pattern on Yield and 265
Competition Indices of Chickpea (Cicer arietinum L.) and Quinoa (Chenopodium quinoa
Willd)

Elham Raftari, Ali Nakhzari Moghaddam, Mehdi Mollashahi, Ebrahim Gholamalipour Alamdari

Effect of Growth Period Duration on Faba Bean (Vicia faba L.) Varieties with 279
Conventional and Multivariate Methods and Sensory Evaluation of Green Seed Quality

Arman Kazemi, Peyman Sharifi, Nosaibeh Nezamdust

Evaluation of the Tolerance of Promising Genotype of Bean (Phaseolus vulgaris Linnaeus) 301
to Two-Spotted Mite (Tetranychus urticae Koch (Acari: Tetranychidae)) in Field
Conditions

Sedighe Ashtari, Behrouz Asadi, Hamid Reza Dorri

Documenting the Production Process of Faba bean (Vicia faba L.) in Gorgan, Ali 317
Abadkatol and Aqgola Regions

Mohammad Reza Mansouri Vajari, Ebrahim Zeinali, Afshin Soltani, Benjamin Torabi, Alireza
Nehbandani

Effect of Plasticulture and Planting Method on Morpho-Physiological Characteristics and 333

Weeds of Pea (Pisum sativum L.)
Maryam Valipour, Hassan Heidari, Sohbat Bahraminejad




lramiam Journal of
Puises lResearciy

A Biannually Scientifiic Journal

Research Center for Plant Sciences, Ferdowsi University of Mashhad
Vol. 15, No. 2, 2024, S. No.: 30

Published by: Ferdowsi University of Mashhad
Editor in Charge: Dr. Mohammad Kafi
Editor in Chief: Dr. Ahmad Nezami

Executive Director: Hassan Porsa (M.Sc.)
Editorial Board:

Alireza Afsharifar
Professor, Shiraz University
Ahmad Arzani
Professor, College of Agriculture, Isfahan University of Technology (IUT)
Nadeali Babaeian Jelodar
Professor, Sari Agricultural Sciences and Natural Resources University

Abdolreza Bagheri
Professor, College of Agriculture, Ferdowsi University of Mashhad (FUM)
Mohammad Galavi
Professor, Zabol University

Serrollah Galeshi
Professor, Gorgan University of Agricultural Sciences and Natural Resources
Ali Ganjeali
Professor, College of Sciences, Ferdowsi University of Mashhad (FUM)
Ali Izadi Darbandi
Associate Professor, Tehran University

Mohammad Kafi

Professor, College of Agriculture, Ferdowsi University of Mashhad (FUM)

Saeid Malekzadeh Shafaroudi
Professor, College of Agriculture, Ferdowsi University of Mashhad (FUM)
Nasser Majnoun Hosseini
Professor, College of Agriculture & Natural Resources, University of Tehran, Karaj
Hossain Massumi
Professor, University of Shahid Bahonar Kerman

Ahmad Nezami
Professor, College of Agriculture, Ferdowsi University of Mashhad (FUM)

Hadi Ostovan
Professor, College of Agricultural Sciences, Shiraz Branch, Islamic Azad University

Sayyed Hossain Sabaghpour
Professor, Agricultural and Natural Resources Research Center, Hamadan

Editor: Hassan Porsa (M.Sc.); Dr. Mohammad Bannayan Avval
Assistant: Fahimeh Feyzi (M.Sc.)

This journal has the “Scholarly Grade” issued by the Ministry of Sciences, Research &
Technology (No. 3/11/3785 dated 07/06/2010) and is published based on a Memorandum of
Cooperation between Mashhad Ferdowsi University and the following universities: Isfahan

University of Technology; Tarbiat Modares University; University of Shahid Bahonar Kerman;
Gorgan University of Agricultural Sciences and Natural Resources; Shiraz Branch, Islamic
Azad University; Sari Agricultural Sciences and Natural Resources University.

This journal is indexed in: (ISC) Islamic World Science Citation Center (http://www.isc.gov.ir);
(magiran) Iranian Journals Database (http:/mww.magiran.com); (SID) Scientific Information
Database (www.SID.ir); Google Scholar (http://scholar.google.com); and...

Address:
Research Center for Plant Sciences, Ferdowsi University of Mashhad, Azadi Square, Mashhad- Iran
ZIP Code: 9177948974; Tel.: +98-51-38804653; Fax: +98-51-430-38787
E-mail: ijpr@um.ac.ir; Web Site: http://ijpr.um.ac.ir


mailto:ijpr@um.ac.ir

Iranian Journal of

Pulses Research

A Biannually Scientific Journal ISSN (print): 2980-793X
ISSN (online): 2783-5367

e The Effect of Planting Density and Supplementary Irrigation on the Agricultural Traits of

Lentil (Lens culinaris Medik.) in Dry Conditions 129
Mehdi Kakaei

¢ Grouping of Candidate Drought Tolerant Genotypes of Chickpea (Cicer arietinum L.) based on
Yield and Yield Components in Different Planting Dates in Water Deficit Conditions ........................... 141

Mehrdad Saeedian, Morteza Goldani, Mehdi Parsa, Saeedreza Vessal

¢ The yield and Physiological Traits of Two Red Bean Cultivars (Phaseolus vulgaris) under the Influence of
Management and Genotypic Factors 159
Tahere Rahmani, Mashaalla Daneshvar, Omidali Akbarpour, Majid Sharifipour

e The Effect of Waterlogging at the Vegetative Stage on Shoot and Root Growth of Chickpea
Cultivars (Cicer arietinum L.) 179
Leila Siahkamary, Mohammad Eghbal Ghobadi, Mokhtar Ghobadi, Saeid Jalali Honarmand

e The effect of Application of Cycocel on Morphophysiological and Biochemical Characteristics of
Mung Bean (Vigna radiata L.) Genotypes under Water Deficit Conditions 197
Elahe Danaei Rad, Gholamreza Zamani, Hamid-Reza Fallahi

¢ Reaction of Morphological Traits and Yield Components of Guar Plant (Cyamopsis tetragonoloba
L.) in Different Planting Dates and Zinc Sulfate Levels in Khorramabad region 215
Behrooz Mirderigvand, Seyedeh Hadis Shahrokhi, Masoumeh Amini

e The Effect of Sulphurous Humic Acid and Plant Density on the Growth and Yield of Red Beans
(Phaseolus vulgaris L.) Cultivars 233
Zeinab Jabbari Badkhor, Alireza Dadkhah, Reza Rezvani

¢ Evaluation of Yield Response and Yield Components of Promising Red Bean (Phaseolus vulgaris
L.) Genotypes Resistant to Drought Stress 249
Behrouz Asadi, Seyedeh Soudabeh Shobeiri, Ali Akbar Asadi, Hossein Astaraki, Foroud Salehi

e The Effect of Nitrogen Fertilizer Application and Planting Pattern on Yield and Competition
Indices of Chickpea (Cicer arietinum L.) and Quinoa (Chenopodium quinoa Willd) ................ccueue.... 265
Elham Raftari, Ali Nakhzari Moghaddam, Mehdi Mollashahi, Ebrahim Gholamalipour Alamdari

¢ Effect of Growth Period Duration on Faba Bean (Vicia faba L.) Varieties with Conventional and
Multivariate Methods and Sensory Evaluation of Green Seed Quality 279
Arman Kazemi, Peyman Sharifi, Nosaibeh Nezamdust

¢ Evaluation of the Tolerance of Promising Genotype of Bean (Phaseolus vulgaris Linnaeus) to
Two-Spotted Mite (Tetranychus urticae Koch (Acari: Tetranychidae)) in Field Conditions ................. 301
Sedighe Ashtari, Behrouz Asadi, Hamid Reza Dorri

¢ Documenting the Production Process of Faba bean (Vicia faba L.) in Gorgan, Ali Abadkatol and
Aqqola Regions 317
Mohammad Reza Mansouri Vajari, Ebrahim Zeinali, Afshin Soltani, Benjamin Torabi, Alireza Nehbandani

¢ Effect of Plasticulture and Planting Method on Morpho-Physiological Characteristics and Weeds

of Pea (Pisum sativum L.) 331

Maryam Valipour, Hassan Heidari, Sohbat Bahraminejadini




	01- 2307-1062 Kakai.pdf (p.1-11)
	02- 2308-1063 Saeedian.pdf (p.12-29)
	03- 2309-1065 Rahmani.pdf (p.30-48)
	04 2310-1069 Siahkamary1.pdf (p.49-65)
	05- 2310-1071 Danaei Rad.pdf (p.66-82)
	06- 2310-1067 mirderigvand.pdf (p.83-99)
	07- 2311-1074 Jabbari.pdf (p.100-114)
	08- 2311-1075 Asadi.pdf (p.115-130)
	9- 2402-1083 raftari.pdf (p.131-144)
	12- 2403-1087 Mansouri Vajari.pdf (p.182-197)
	13- 2408-1095 Valipour.pdf (p.198-214)

