A S

ISSN 2008-725X

D9t 1,5 pld ué)g)aw‘nfolbal.pﬁb a5 6951 s Byl dxlllas ©
(Cicer arietinum L.)

pies, 35 e led Loz o yiio (9 3b 3l (Cicer arietinum L) 5950 5 Sloe 51321 g 9,5 ae gy ®
il aezme 9 (525 (ool e calido Cubls’ (g U 90 (5958 (s ) 9 (stlanasd O95

Skt ez Gnéls fwdpw 29 ,5ae (gl521 53,5 hoe  di3g i oaloasdd 9 S Jalen B35S B puao 5l o
hlls, La) 5 ooos plB)f

Dl Sedgnpal (a5l 9 020 bl b 50 3935 035 aw 0T Bas TS 5 0 Ko dnlis

G g o sl (Phaseolus vulgaris L.) Lug) 5 ,Slos 5321 3.0 ,5loe 550l 3 5o Sl 556 @
Sl Jeelal 5 S G e ol o3,

g g Lojle (suinme ogllie dgeme  BLLS Gl g ild yolie 9 0,Khae p (LuaST (5lal 315059500 (G jab T
okl Pl (Cicer arietinum L.) 595

(et e e (58l Lol (pn bl 029y 43995 ol 43 Ll CCL21 oS j5gh (puliig py cBgo (st oyt ®
ol Slols ailidl 5 LS ooome QHIMQS;T

550y el 5 S8 (Cicer arietinum L.) 5955 goowisi) 5 » (€13 3 5 59093590 Ol b3l @

5 S5 e (S aze (gyuill e (o longd pL8,1 0509 5u8 9 S0 59dsd590 (ST (B 1 SIS T 0
&bls e (Phaseolus vulgaris L.)

(ot 5 o Lol sy g 8)



AT,

R

n o hy s
M"/UJ”) ap s .L‘J r}“u}_/:{

oMt Oy g S 3 04139 SN IFAA/SA/YD &390 AA/FAYE 5 lodi 39200
29U 3 Sl (pole & 39 S\TA/SY/NY 550 ¥/1N/TYAD B 3lods ) g asols 4239 5

14 2 by 6led —VFAA B 2awi o) slosd ¢+ >

Slers! crie oKl (bLs Mol § Sy sl

s oy oDl ol5T ol&itils ol pi Sl

3l oBils (2l slas Lo ol

Ol gl a0 (0l oA (S (pmiige 5 (Jge S5y Lesils
Gl (srmb mlo 5 (55,9l psle olBiils (bls FMlol § S5 ol
Ao (o958 ol8aily (LS Mol ¢ Sasy sbiul

Sgeine (wgd 8 olKiily ¢ pwlin S sl

Olies b ailio 5 (55,9l Slados 55 e (bl ol sl
Men (o908 oLl (aLS (555l 5 ol

B (b @l 9. 55,9l pole olSils wedl; sl

Dby olBsls ccel 5 ol

Mpee (o908 oLl (LS (§5e)g 5 Ll

Oy o&Raily b milie 9 (65,5LiS oy «ULs Mol g el 5 sl
OleyS ol duped olRidls o S0l ol

e (o999 olSails (25 (lalS (559050 55 Sl

RV gN ol
PRIV PRC O

ol ol x50

Sl s

&‘5:&0‘ 6&[#5

25 i L e
Gy gl e
Sogle bl ool
(68 L e

(s> (g0 ol

(oode 9 (59 sLewlp9) Lw ) o (wiieo
(w1 b guso 5S> jLiwl 3.9) Jgl (LLs dezxo 557
ol ol»a) —ol,gy.b ol

Sob sk qlie 5 65,588 pole g 5l axly (Dl ST ST sril mlio 5 (55,5LES psle
Dol e piie EBgh 5 sele Slas, e NS Saa L

g o alod pj el o pis

magiran

sl

Spansored and Indexed by
We Respect the Sciance

A1D

PLS pale 5uSlidg Sy o (w9 S SLUGIS oy (6331 oo cdgeiinn

IVYAFARYF 1 iy o5 AIVYANFBY : any Bosio oyl il Sligus Gl iy & o b3

GO YAAYYE :los OV YAAFA) g YAAFAIY :als

ijprOum.ac.ir : g Sl Cand
http://ijpr.um.ac.ir :l,U

23l > lo
3 gmo ko
0 g

] JE L YR VY
4 9 R S

:)t’w‘ﬁs

:e)l.of» "3‘ u‘)m

OloyS ol duped ¢ yde Can i olerel Srio slaollils b agie g8 oKy L (6, San dobpales CIB jo oy i oyl



mailto:rcps@um.ac.ir

AT Sy

Vol s OYAJY 2 Nl N ol

©poe Jole g 503 (g

dzxduo (oB)odiuns o Ao oylgie
w BB e (=155 pB)l (B 50 (BT Olho b dils (g p 9 Gy bl axdllan
(Cicer arietinum L.) gz
YA pdie s, 550 e o Sleo Loy 8 &b 31 (Cicer arietinum L.) o9z o Shos gl321 g 0 ,Sbos (w0
Elaze 5 ( Sp)5 (o2l) Je cilizeo cblS gz )b 5o (359 7 (o) 9 (stloa 965 Co e
f- o> néleo i 61521 9 0,5 kos 51 & i oo Looid 9 S Selgm SO b pan 53T
ilels; Lo 5 5let ooie Bl 50 8 Slos
oY Dl Kisgr el o)lal g 030 Ll pd 10 3955 py A O B puan (91,15 9 8 yShos duns Lo
141 S Olyge s Ghglaw Phaseolus ) Lugd o ,Shos sl321 9 0 ,Shos 39 oL g jdo Seosl ).JL
S5l Jaclonl STeS G e plyolw oy (Vulgaris L.
A Losele isuioon cagllan sgoma (Gliliy g il polic 95 Shos i (hroST (g kel 5 1525950 (st o !
Ol P g 015 5 (Cicer arietinum) sgzs oLS
BV Bl (i bl gy 41995 obS 53 Sl CCL21 S yigi (g 1 g0 bt (o) 2
9 ObSw (oo e o Ol il 5T

ol 8 Slolu asludl

) 25585 ply 9 LS8l Mg Cicer ) 0950 eaish (& 2 (£1)) 3 I 9dr90 ©lio (2L)5))
(arietinum
WP (o850 o B oo (5,08 o pB,I SSglgr a8 9 399 90 GBS 319 (B 3 1 (S i ]
&8L Lo e 5 Slals (Phaseolus vulgaris L.) guzlag
W& e ol Lo joemme o ligd yu el o (Phaseolus vulgaris L.) Loyl udei (5 4091 2 )




1A g

100

W

VAY

ARYA

o] plas ¢ g3 0] alal,
WL...J; 9 OO‘}M L@)w
By

125 c sz dabls ¢ yLLy demxe
Ty gl 9 S,

pade (5,570 (e 5,8, ploll
EISHESNE P () PRV
e

oalygolo sgls ( wlidlos Lo e

G g Aadld desxa (5 2
osljmlie

9 Gbuﬁb @lﬂi ke
Sz S S

SIS 5T b )b g (S 5elgn jud Slooguas p CawgpeS 395 13T
&1 i e (Lens culinaris Medik) was oS

0395 (519080 9 8 ,5has Sl gl3al g 359 ilisee polie i
S s 0 99

(53955 bgliue CuS Sanad § (3395 Tabms 318 il o
(Lactuca sativa) gals’ ¢ (Pisum sativum)

8 8 dos Il g o Sdos 50 05155 g cdlS b 51 (b))
a2 Bl 5 3 9955 (S o3

(Cicer arietinum L.) 35 5455 & 5|30 5,8 sbcile  Gudli Co poo oy




IO s (yPRw

Sletidy e Sl ey sl (08 s @te e (g ) (8 (LS @l (r St 5 S Ol Slg
Slge )l S (g idol Son ;9 (495,55 )0 R (9 S S Sl Al b lalS cul g e
WME (e S laplls 4 (LBSuEgS b il i g Wgdoe B9t (ely; (bS5l gyl b gl o
=y slepla o CiS (glp g 00g &BgieS (LS (pl ailesls plaisl s 4 laul (65,0laS o lotg ol
ol degerme ifhe S Gl I 6pSel> p0 i cids GlalS Sjpe 4 pizes aiilioe camlio 03leeS
el ools 18 gyl oGl 5o (Jaimacans g (S Lldps (o) sloan I ) Slg> do S

S oga haw aVle lol bl oz [l 1) s ) mlaw G i (M 5 ol o Sl
Jyame o5 )l5aY e sga 4Vl el (pl 5l a5 wb oo pelaisl Dlga CiS @y j5iS 0 LS lie e 509y gele
ol Sl T b 0T alie 5 ol 5 S¥pame ol iS5 s 5 oy T & ol 2l e ooy
3 sidu wiz e Sl ol pen (gauall Sllugi b ol g 009 3l Jlws o ;9S00 OV gaste ol adsi 003l A was oo
ol S e Ll aoendls bgsye 1588 oorldl s (nnb 8325 Comdg @ Olie ) DY 5ame (ol wdsi o3l 0500l
e ot 565 () 85 s Sloge i 8 ety g b e slas i elor & (a0 b
s 2] 0 Slgs ciS Sl (slanad SYgamme g O wile ol DY game can CuilS B Cwl oo
Sl L) Son iy wunds Gal 0sd oudl) 00jleS 5 lacile gble 4 Gl e Sl ClS W g ad
el 0ls J1 3 108 0 Slgas ladze 1 g o))l Canlaws o150 ya0li 1o de gocxe

WS o lonl oo laplliipg Lai> 5 5 088 (s Sl el S 5l 039 wVsame oul (Sl Coes
Oygods iz sbils 4 o5l jslated (Y gaze (pl ag i slaaizr (gel iy Jloasels glatagh el 40 b
1955 il )3l a5 e o lges wb Slge lidiss slaasly gl g (b 3 45 age £ 055 a5l (Slodug
Sk b s Lulyd o b y9aS )3 She 0dgs 5l w0 5l i oS ek sol SAS (ol g (anb Condg
ke Jsol 5 (e Ol il odgs gl Las pes o SiS Lalyd nl b Gl ool Sy 99 oo plol Sl s
0,50 )13 e «lga b alaly jo Sliiss la ciedas g lacuslos 3l g pgas (o

o) g Sledbl Jols g (Sladod 5 cele 3STh0 G plrasl 5 (Siolon wxly o0l So s (o 00

Sob Slgr Slidod Goeasds Blaal 4 Hogw) o 1) b oS aitis Jelse i STy j0 (liase (o saslaawog

35 o 5 A 35150 (5)l5n s i gy b olSails LS psle 3aSiagy il ol 3 0,5 sl

Sl eas ol Kimgh Olge wladss 5l Jol> glas jsliws [l Baa L 1) «ilpl Glgas sla pdgi» ole & i

ao,e oyl Hliise glacollE wi) ¢ ade Jolu glad 6,5 Ko cya 1) clin yny pladl ) sl ol sl 00 )
SRV




4 s G j gl

el T Jguol Culey as ageio 9 (COPE) jLicsl o aMS1  Modl iy dioS guas 4y w3

=1 COPE jLics! 351 &S Lawsgs oulsddl)] slassein, slie p «ylpl Olgas s pdgh & by DB jsice

LSLQ)LJ) ).vl...u Lgsolsuﬂ).u d.v;).m w‘ SQJ;.\J ML' J.u.aL )BSM ‘_g)L>| J}.a‘d.aésj‘sa )Ua...a‘ uL..bL‘}LA:\.oib)‘5w‘ W)

A g T Coad 9 Dy

WS S SeS Ly pe e (Jlo )l Vs 3, b B pdy S el ST e 4785 0 p 1Yo (o dy
Gy el bl g 5 Olhels wopdle rizres 08 5 (sole S8 i)l S B2 4 Lo Pl 853 L
Aled o Ao

6)5)4....5 la (5)‘”}19 9 J.ul.u 9 .))Lb 0dpE GQJL ‘;A-MA—'LAAJ bl )‘ TSJ..a ‘) oYl Sy90 4O usLaS C\.Q.Jog €Sy edloe
Ol 5l f oS Gl b)) 5 ogls dle po 1y lie 4y bgpe Sledbl wls 4y 25 kel gy o 1y 9243 ko y2mo
CeSe Culd, caS e wls wilbais paiie a5 Jlo)l cVlEe Llas )l ise ] i oasei solawl g sLiSI pus
SYe LS‘L‘))‘ LB")‘I" )‘ as dJLo)m (SLDO\.\J‘ l; 9 uLC)Ua‘ ..\_sﬁ.w ool AJ)J).?U [T l.s 9 Oy ‘SM..J w&sf e ‘OM}:
gl oolainl pased mdle Sy ;0 g digd Laas aile e jabay Bl clond oS

obs‘é

Girb 5l 5 00503 S allie 3, L5 Sindy e peeal ST yo a0 cin lasl g s e 4 gl oWl pdy
bl s s ] Ui Gl )| 50 (F a5 4 4ol L)

S Gl Sl p3¥ 5 65950 watdga b g oy ey Allie o Dbl CnlgS 5D, 5 gl i dy pus g gLl §o
S glial alie 3,0 51 aul S e hgy Alie o 50 0 islisd sl IS Cemdlo pae el

C5iSe ojll g |y dlie 4 by o Sledbol sl g 23 3K el b3yl a8 ogaile e a0 al oylyels i g0 gsdilo yxo
RS e 5l e el LS s nis

2 ward oS Sl ak Ol S bl aVole 5 Bibg s jsbar ) SVlEe Wb Glsls i S gw pus
S Oliin] 055 glacglas 5 laaroy;

i 45 o b 6 S A s aiylad oyt 5 bl wools £lonl layT & aiuyys 45 |, nlis azibige oyl saslia
SLogren b Calid 68 )a saaliv Ojge 0 wiibse l)gld (izres 098 S5 ate b olen Wbl oud zrkae (nl
A Ml 1o s 4 1) il G0 slllas g (Jlo)l STy

Sisles ool cass gdle gz ;o wWiles gl cawsas Sbj,lanld b a slaeasl b Sledbl 5l auls o ygls :adleo slai
Ly gasd o Glojle (Jbo I it gl 5l pel cadlio slas Jyatio Lol s 5l a8 (Vi b)) 51l olgls (nizren
S £lal el SVl b Lo o o 31 L laolgs dacS 1 L Koo slovige by bl 436 o


https://publicationethics.org/members/iranian-journal-field-crops-research
https://publicationethics.org/members/iranian-journal-field-crops-research
https://publicationethics.org/members/iranian-journal-field-crops-research
https://publicationethics.org/members/iranian-journal-field-crops-research

RLLS WY

6L®=\..3b Dld Jgrie ulf..\...m.zg.' ..\.wl)‘sn LSIL“")‘ dlas :ﬁ 6‘9,090 @LQ‘J Jj—i—u.uﬁ 54...5&0 Jﬁ.i.w.o o..\.........va.: ZLﬁwL? dﬁ)‘}f
S alie 5 Ol ol b alie ouil atsls oy s lag)] ds 5 laasdl &l 0 5 0isS 5,155 JolS jeboas 1) 095
Mla ails Sg>g w@s).b )1)5_' S ULA-A.ASJ LSLQOO‘Q :\LM aQ u‘)iu&j)) ).aL...J (5...:).....4& ulSA‘ 4565.7944 ‘ML'

WS et | oad 4b 3 IS4 slaosls degesre I G ya clol g Live g 05gei Jol> yliedsl ~canl allie 10 oo L
oy oS 6,500 sl e T 5l e b S oS ) (slallie wilgs ed odiang il ol 5 was ()5 sl alis redbol
ey ol Sl by imgt & i a4 el oad Loyl (6,50 40,5 4 W3 L g cadl

S10,08 5 00,5 o Ll wiloss )Iaf).gi) Ol L S S 50 aS o3l L3S e a4 b B o g i Sl yud g WSl
DS 8 (G158 5550 5 29,5 S i3 ul o g Jle (ol Gl Sge )0 rizres il

Sl @l blae jo g atils 0> (5, 5 Gaclus (iagh I 50 Wb Alae o ziaie (Banuss den :yl b
5 Cdginn Wb Boiig 058 aapes wilisee 331 sladiaclas Cond 4 Wb widb b Saags bl 5 Lol axsl
Lol gt b allie 5l asuns o wb ol oo Jloy) s a0 1) alie a5 a5lSe Jghus odimngs 0S5 1, 157 Ll
A5 S o1 Ll g 4 i 4 dlie Jloyl cga | o] cols; g ooges Jloyl Sad 5 S i 5 0is g5 don 4

Cns] 03g) )ldf).uia Lib:\..ﬁl.a ).....M.{b Lu 9 LQUT U’““'Q5)" :\M » as ‘) Ls:ﬁL».a olas 449)4).6 A...Q.byo (ulf)od...m.vy Iééuo slay
S S8 1) 095 g (ool (Jo gl g bl z5has

A 5 e Ay ey |y il e sl abige gl 355 S50 coge (80 o b olilil axgie slovin g ST iallie Sl
Dles (6,8 dlie ZMlol § sl anl,d jo 5 ools oMbl oyl pl Sy sla g



b5 annly

N Sty
.»Ll“‘;:)—u‘“:/y

/d///:ﬁ 5}; 2!‘5 . Y J/ -'/:.
M"./JJ s/ a& b E«' r}“ Ve

o Jlu 51 5 dngi Sloid! g calliio b 39 Q3! s g ()91 33 (9 yid (B g0

P A g b (b0 8e> SBludl i piS (B yxo — I

1 e g b oKl alE pole 50K amy} Aigts 45 ale 32,0 b el (gl 5 €l Sloges slo iagi
pole OloyS yaband ety Sledel o bRy ol j5aS Rl 54 b o) en Adlipaly LB
55 0leds 93 ol 4y gyl prmbalio 5 (55,5liS pole oKy 5 5l axly oMl 5T (5 S (rbalin 5 (555l
I ogkie WS (o0 piie igh Al ladie; ;o ) She Clided mll (paass 4,8 cnl e jlesl b
b gyl Lasil ol el S5 5 Guae s (K 80550 Ml ile dapg) elil « i w0555 Jalds el s Y5 (Sligus
Peb e piiie S S O g0 § Ll (urdSl by 805

Wlio by bl g ol 8 -0

00— Olzr (67503 &y 50 ;S ey g 009 Slag die 50 ol Slatagim Aot ab SV -V -0
&9 L (Research Article) _—cags & jaodn auley o «Vlie il oois Jluwyl (6,50 & i 4 lojen b g
Slg la iags & pii colasl ol 3,k 5 ] Candy (6,50 g dllie Jlo,l J>1 50 .0l (Review Avticle)
D¢ algz htp//ijpr.um.ac.ir slis & agie owgs,d olliils ale gloa 1id o pae & LSS &lalus jo o5l

|y 5 I J5ol 555 5 gy IS ale i 55 b allio Jlo)| pdlel (o slasbionge (oo (ot Y-
sl 0990 €S Mty sloialy S i Jlo )P (i 50 2585 Solas 5 ol B o5 asbiogas ol aiylas oo 3l
5® 45 (8] Bl 35k 51l 5l g g odmsy clie (B8 Uy 325 5 Jotae Bty slael 4 il
33,5 NSk (oSS Sla bl (5,135 )L 2

g walys Ol ((B)odim g bagedy gole Sl 5l allie s Sudgise V-0

(gl Oy5o )3 5 00D ol ey ctie (6 )LSen L g (4 28 tid) (s 09,8 Abwgay Ve Y-
a5 by 7 5 i LS, )0 485 285wl 13 Ola Cog )0 4585 e Lled el
el Bl Y CIlao

g 938lg3 5 Sl L) & bgee 8008 (g9l «Vlie 5 ol (o) ety 25 Lol L5 -0-0

Wi Lyl 3 s slaialy

G5 bey V-
o V0L § aad 5l e loV/0 dlols L Ad slal L MS-Office Word 2007 I8l 5 dass jo b allie e
oY el ol Agtw Sy Oyeods ¢ V)55l Times New Roman .. IS1 o8 ¢ VY53lail B Nazanin oo )lb o8 b bghs
lie slhaxio don .wgd (Line nUMbering) (s,li5s Lo (CONtINUOUS) loanlsl & goas lio yio sl law ples ol

Nl e @ dly Sygoty 55 Jpa b 5 oz (JSD g0 S el Yo 5l bez 5 T Sl 5 0y o)l (s ls il
b Jla!



Ao gl321-Y-¢
D9 Jlo)l g ags Kallie o bl g €alie Slasive dxao? b1 Jols alflaz LB 9o 0 Wb Jilas « canss dlis »
el 25 s igd Cole; b sl &g po a5 o3 Jgol 5 5 b 5 cnl 51 So o (69,0 slaioy

«lasin axas diged b LB jo o nodSl g ow)lB (L5 90,0 a4y Cdoay Wb 5 0)lse wlasuin dxas LB 0 -V-Y-¢
5 4, o)oK Folgls ol g b callio lgie 0in,F oud € Fainys sloal, Ko alio Jlo P s 45 g joke
S S iy 350 S o oo i it 5 pnS sl S Sloa e 5 405 o gale B0
$9y lo s 22135 L (Corresponding AUthOr) gt 3oim s b aslKe Jotun ol Loyl ol o (al5 g cols (als
mio Bl )5 o9e ol o3 sl psmidls (o) adbnlly 5l (s b acdls s aoliz 355 e ]
lie 2o Bl 5l laz &gty ot oo bl el uSaie g o oKl g Leial) sl ol 0d b Clasis
S5 6 NE b (oSS slo bl (o 38,1 allie Lol ansT 3 clapls o

wioms 5 gl Lo s,y 5 Slye wanie s g0l sLmodly (o ld B S o lsic sla s (gol> il wllin e BB -Y-Y—¢
4595 0 (g Alie plyie o gl )3 Bl (canlSHl bgane 8052 9 @lis gy O30 1) (6Kl o S A
39l 4elSY el g 009 gl E9d9e 8ALS (Lo g (g, g 4ME Wb Dlyie 098 750 ((Bodim i lastin 5 6l S
b lal 0529 b oa S 0ed pdas BISTL S5 0 ] dod g ool diiigh dalSTD. 0 ST ¢ o)l B0S> WSS
S e oty s (g i Sl g UK gz 5l ool cygs |y ol gl (o ptecr 1 5 Alis (slyine

2 s99diall > g lgie j0 45 sgd oolatwl oleesly 5l LS jekate (pl 4 .05 03,51 (GoulS slassly c0auSe I o ~Y-Y-z
il ol st (6,53 Ll 5l allio 805

g &l (954 (oS Blaal 55 9 D9 pd A (Bt Eedge 4 by (9T (Blgm Wb cdende o -F-Vp

Laosls (5 5919,5" o9, ol ety talejl (sl 892 5 Jore Dlasiin (] 13 5 039 (b9, 9 LS MlS L b g, 9 Slge -O-Y—¢
ss-bany adolas (slizl dam il ¢ 2l SYolas 0 1)l5 50 50 09 W) (g ys emlio SEL LT el 5 (33l 5
2 Loms 355 03,451 Cmgm 1 o] Jgmam 8956 d(5)000 )55 Lawgs alslas zl 5l & jgo 10 5 oo iy poi 330
IS4 Jyasp 50 311 29,25 oLl WOT 3105 55 osiJyn bl oolinol L g5 e 1o Jpo b 43550
Lol (i 30 Js 8 o ey alplesns crslio CodeS Ll (yloj )0 (g gl (S Jge,8 09 (50055 & 9.0
Dol At (6 50 e

oy 8,90 Egde b dasi o ale wlio 4 ol b () ragy slaaidl 5 oad &l el ©jpo Wl cou 5 @i #-Y-¢
OF oSl Aoz ks (o)l Ulsie o 5 5 055 035l Ll (s o LS (lsie 5 VL o daJgaer (lgie 0S8
g Jolis |y o3¥ iy e g ledlol Ao g 035y JSA b g 55 0a &l gl oS sbisS il ecngbie 09 2,0 33
(xS0l slaaly g laygin dojlan gl (cwndSil Aoz 5 do ooz )0 SLS allie (e 4y anzlye 4 5L &S 5 5bay
L ol ot ol dav Jga g a JSi 50 laciasen g ol lais ! qoodle g8 10 015 05 )0 Lol (o b &g JLS'L 5 50
5 00 el ooz Sogodr Sl il il S 5 (g )b & e s 50 O S S0 et 0
IS 515 5 (oo 5 Aal e 5 s 5 (sl o SlS o IS5 095 4055 sl 4 L5 (el e slgiomo
2SS 5 Llgs SMelS” dasl o 4854, wBdle 5 cglae wdg o g wail 015 g0 L Jgur g o JSs ntly 8515
el Ll an e JB1s po Lt g ol Jiis oo 5 85led (glylo Jie joboas plaS™ 12 o Jgao g oS3 ausly
D ol S e pis 1 polie g ooty «)ligl lo (gl 08 ool

055 6,51 55 3l ot €5 55l e b e ol ol b s | S5 iz s Dy VT

il 00 aelais Lall (g o o iy S 45 sosonliil ailie 5l o (6,150 Loy G g Sy il iRy o -A-Y—g
ian ol oo aoliiul LT 5l Lagiinns § 009y ooings 1S Lg;_i;_a}s LL5 )| o a5 wgd ;53 al culin s 095 0l
15 adlie 80,5 L a5 (50 lge , g aiigl JalS Slaseine b alie Cosjgd o b ailons S3 e 5 a8 alie
O ygmodn ddlio e 10 mlio 4 gl )l 0920 00 S 3l Sl (ADSIAC) aolS (e pb 51 oy el 009y LS|
5 @lie 990, 5 (g bog 3 alem g9,-8 10 0l,81 6b 2 0 5l WY s il ase Ll 7o )b g ()odin g5 ol



aile o9 oolawl 3" 5l alie (g5l (sl (Nezami, 2007) osle sasg—is al,l 5201y 0 g alen Lyl

4 g ol e ) alox £4,5 40 assli> (Saxena, 2003; Singh et al., 2008; Bagheri & Ganjeali, 2009)

N 0T 1 i 6e 4 qmneds Jlo 5 Y @ Wb 5 oyl olsl Parsa (2007) wsle seis aiisgs (Jlw) pb &0
Dgd (5,0 azas (pl 0 HBaiigsl ool 5 bl SO il Sl bguns 808> ol 31 dran -4-Y—¢
«(Extended Abstract) oSl bguus 50,8 4 -V -V

eSSl g 89S D El (65970 g0y (Rimmpe 5 S slopl s Ceal 4 aog L

A g il dodS Vere JSTas g Voo Bl b oS cplal 5,5 w@lis o slel o (Extended Abstract)

3L ) s sl «SSE

Title

Introduction
Materials & Methods
Results & Discussion
Conclusion
Keywords

Scukhwbdr

&ilio o b ol byxi Y-
o3y Wgd alisl mmlie Cawpgd ,0) V53l Times New Roman o5 b 5 cwcdSSl )b s ¢ quncdSSl g ()8 olie &S
Sole odSl AN il Sygo 40 cade o LF1 50 g edd 05 wdS L 4 cwb il ol
50 gl aldes il Sl s InPersian o)le ( wedSH AN iilas & yse 4o ¢ In Persian with English Summary

B9d (550355 ywd Sl )5 g plie @lie 53 51058 750 JelS &jgoas b pis bl (g5
ol odel 5 50 mlie e g igi B9 3l oo Jle

1Mo -V-Y-£
Anbessa, Y., Warkentin, T., Vandenberg, A., and Ball, R. 2006. Inheritance of time to flowering in chickpea in a
short-season temperate environment. Journal of Heredity 97(1): 55-61.
road Gl olis -Y-Y-¢
James, E.K., Sprent, J.I., and Newton, W.E. 2008. Nitrogen-Fixing Leguminous Symbioses. Kluwer Academic
Publishers.
(Edited book) suiscp gui Gl 31 Juad S b Ao -Y-Y-2
Mettam, G.R., and Adams, L.B. 1999. How to prepare an electronic version of your article. In: B.S. Jones and
R.Z. Smith (Eds.). Introduction to the Electronic Age. E-Publishing Inc., New York, p. 281-304.

(ON-ling) bs p & wis yo dlio -F-Y-¢
Mantri, N.L., Ford, R., Coram, T.E., and Pang, E.C.K. 2010. Evidence of unique and shared responses to major

biotic and abiotic stresses in chickpea. Environmental and Experimental Botany 69(3): 286-292. Available at
Web site http://www.sciencedirect.com/ (verified 1 August 2010).

tobosle b sliils S 4y bgsyo b iyl 5 adgs b Ao —O-Y—¢
International Center for Agricultural Research in the Dry Areas (ICARDA). 2010. Crops varieties released, 1977-

2007, cereal and legume varieties released by national programs: Kabuli chickpea. Awvailable at
Web site http://www.icarda.org/Crops_Varieties_KC.htm (verified 1 August 2010).

M ‘5%4"..») —9—‘"—5
Bagheri, A. 1994. Boron tolerance in grain legumes with particular reference to the genetics of boron tolerance in
peas. Ph.D. Thesis. University of Adelaide, South Australia.

toode Gla il s —V-Y-¢
Porsa, H., Nezami, A., Gholami, M., and Bagheri, A. 2010. Evaluation of chickpea (Cicer arietinum L.)
germplasms for cold tolerance at fall sowing in highland and cold areas of Iran. (abstract). In: Abstract Book
of the 3rd Iranian Pulse Crops Symposium, May 19-20, 2010. Kermanshah Agricultural Jahad Organization.

p. 49. (In Persian).

il glaylble p -A-Y-z
SAS Institute. 1999. SAS/Stat User’s Guide, Version 8.0. SAS Institute, Cary, NC.

MSTAT-C. Version 1.42. Freed, R.D. and Eisensmith, S.P. Crop and Soil Sciences Department. Michigan State
University.


http://www.bestwebbuys.com/Euan-K-James-author.html?isrc=b-compare-author

Ao 551815 SLeMD] unSS
LS‘)" a«C«.w)o 9 e sJ.elS» O ygod ‘JLw)‘ r:lf ORge yO «dlas éolab.é» Sleds! el 6)5)’é PRy 19 J;LQ 6)‘.&?)[.’ )‘ o=

Joiaus 8308 11 «(699,5 slrosly s g Lo g oty cui i Culey 005 eSS g o GHUK.I 9 @ (OB A g Ao
ol DS

g o0 dslod ) el o 4 yid (!

no
CVILICA magiran 41D
(I1SC) ! e pole (golowl oGL @
(SID) Eiils slga oode ledbl 35 0 oL @
(Magiran) jeins &b i oledbl SSL @

Google Scholar
CIVILICA o

i

0

K 24 g ilod Sl MDA \

Ol Sl Syl & pii 5130 ( BLS pole BuSLidg}) oo (owgd 8 SRS usd 3 (83151 (lohao chgino
VYVAPAIYY & a5
CONYAAYYE ki (+OY) YAAFAY g FYAAFAIY :yals
1S S g
ijpr@um.ac.ir
Lo))b

K http://ijpr.um.ac.ir j



https://isc.gov.ir/fa/news/1186/%DA%A9%D8%A7%D8%B1%DA%AF%D8%A7%D9%87-%D8%B1%D9%88%DB%8C%D8%AA-%D9%BE%D8%B0%DB%8C%D8%B1%DB%8C-%D8%B9%D9%84%D9%85%DB%8C-%D8%AF%DA%A9%D8%AA%D8%B1-%D8%AD%D9%85%D8%B2%D9%87-%D9%86%D9%88%D8%B1%D9%85%D8%AD%D9%85%D8%AF%DB%8C-%D8%B2%D9%85%D8%A7%D9%86-%D8%A8%D8%B1%DA%AF%D8%B2%D8%A7%D8%B1%DB%8C-%DA%86%D9%87%D8%A7%D8%B1%D8%B4%D9%86%D8%A8%D9%87-%D8%B3%D8%A7%D8%B9%D8%AA-%DB%B1%DB%B5-%DB%B3%DB%B0-%D9%85%DA%A9%D8%A7%D9%86-%D9%BE%D8%A7%DB%8C%DA%AF%D8%A7%D9%87-%D8%A7%D8%B3%D8%AA%D9%86%D8%A7%D8%AF%DB%8C-%D8%B9%D9%84%D9%88%D9%85-%D8%AC%D9%87%D8%A7%D9%86-%D8%A7%D8%B3%D9%84%D8%A7%D9%85-%D8%B3%D8%A7%D9%84%D9%86-%D9%87%D9%85%D8%A7%DB%8C%D8%B4-%D8%B7%D8%A8%D9%82%D9%87-%DB%B8
mailto:rcps@um.ac.ir

Iranian Journal of Pulses Research
Vol. 10, No. 1, 2019, p. 12-27 (Research Article)
DOI: 10.22067/ijpr.v10i1.57457

Ol @l Gl ,.slb._’:ubgjg
WYY domio AFAA J3 o 16 lacs 1o il

kg e £oi
5133 P (B 5 30 (o5 Slho b A18 g 9 (5951 o Bl Y axdliae
(Cicer arietinum L.) s¢5
%E‘sg'lSlS S0
sPpby oL (S5 9 lilizdel) (5559l (cwaigen 09,5 Hb ot
VWA/ FIYD bl s s
VWAFYNY i s pdy fub
PR

29 SLaieE 5589 7SI (g 5l esliiul (LS SladisS (loe (SuBiEss 3529 aslllae sla ) alex |

G- sl e (218 el e S lgaeds 0g5u s8] gilulas jo g (sl LSl eolanl il o
o=l 8l i oy 2 SDS-PAGE 39, L (l31  ILC-482 (oinla oylo,1) 9956 o8, ,lez (slopusd (slopiiy
S 90 L8| g (593 Dglas aS ols L 689 5501 gl Lay0 )5 colail ..\,JJJ)SIGL Qo VYO 5 5l skake
=8 Ois b e n sl jeam oS alulid eillagkSY e BT sgaoe o o g WLYAVD (S0l
9 i o A odle 55 9 Loyl 9 ILC-482 03, g0 aisds (Syme (ol o8, (sl olloghSVF (ntig il
Al 0lad o o .o samlive (ylo,l ¢ ILC-482 o8| 0 Sty abold oy s g asiilo 1) wb slaws o 1S
aials gl oS L (650l S5, 50 08,5 all UPGMA ig, 4 oS> alis o o (oleol o (glaings a2 4
Jpla- Jbe g3l 5l J5Sge g ely; Dlio o (Sod (pnd S 090 iite <JAY B+ IVA 5l alis ol
L eSS oylol Lyl i g (St s bald o el); Slao o  Sed 5 o oolanwl (Mantel-Hansel)
oleyl o8, DL 5l ol mls g (Sis 25 sloasls cwy 0 b (P<U5) 0y 5 ovalie J5SUse slaosls
o S VL 0 Shee (5 (g 5 (S8 55 e Lalyh 93 g0 50 5 0l Bl o8 0 S Jete (lyed
J—ez sl alis o g HAM 4 Y1 sl aslis a5 ol lis @Dl b 4y 500 cpioren 0l 595 095 51 o181 ol

LYV G2V

0,1 oo o iy Sl b sb ( Jile (yg05] ¢ oSS (5 Lol 1 gudS (sWojlg

ol jaeg,S glol ao ) 0f U 0. pl> iy wo  oYAN b
S 2l Sand g BB ke g (189, w0 poF Ly
O 53 (2l g 52 lyedn il slagslig g
Sl 395 A€ 025 CoheS & a5 ablarwys loygiS
l, 5555 .(Gupta & Agrawal, 1977) coul #,las o o
©o99> L aS] > ciloa el «l )28 llgS» (yuae aile 4
@i el S o ) Sl i Js gl il oo
B3y SeaS L (g sl Sl (65 S ol
=<ly; a5l 5 baseS daan ly olulis cq> SDS-PAGE
el 43,5 13 a3 590 ol awgs Galisee LS o
5o adllas gl 5 ol 1 G ails Slops3d slacns
(Ehsanporet ) ey ,io ;b nge 21,5 plalS 5 (>
(Abozaryghazafroodi et al.,
(Kakael Jbo, g Sas oo byl b cos 1S S5, 2006)

oy sy al., 2009

\Y

dodilo
w5095 0,5 51 (Cicer arientinum L.) _el,; sg30
Ll 1 0950 Olhgs (pm jo el LS g (25 095 oL
3 pem 4y )o e 5 Lagd 5l e i 5 S ) whan
aab ol o 51 bl ,- (Shobeiri et al., 2007) s s
i gy e Log s ol o (OVAY-AF el )5 JL)
CiS Gl gy R 5Ll OV adgi 5 LSe VAY -
Iran's Agricultural ) ol osls olaisl 045 a1, Slbge
sg Ol 31 coadplonl Clalllas 45 445 L (Statistics, 2017
= Ol b opbs slapmalag 5 e S9eeS Sl Jl>
VVIE oglilo b ogou 0,5 el 0950 doz 5l Sligas oS

598 09,5 blawl 35 10 jgiply olSils wblowl (ylaen 1 gl o 93"
VAFAB-FFAY ¢ i Ggaio e MTTVIVIFY il bl 5550 gl oKl
mehdikakaei37@gmail.com


http://dx.doi.org/10.22067/ijpr.v8i2.48451

WAA ol o 15 )l vl /o1 30 ©Ugu> SBGB Y H /..o bLS ) axlllae £ H 1S

o2 |y sy 0, Slos a5 glaceisis (F 5 (C og)5) ws
Gemzed (Do, 5) a2 e w9 25 s o
&l ol Jlae (g0 a5 8,5 51l Fernandez (1992)
Loosy 5wl 51 A o5, 5 alsit a8 el (s, Lome (55
locciss alulis sladl, alllas 5 55 0ms anseds
e 1, GMP 5 ST o a4y Jood gl a3 Ll Aoy S
o8, S5 5l STl s GMP sla asls polie o5Vl 0,5
o YL ogilly o ,Slas o (S 4y S Yl Joow 51 Lt
slocisis 1 A 05,5 lacaiss wlgi oo 5 anils o8,
Fernandez, ) ool SCSi5 5 olwlis C 5B slasy, §
Sl el wolaiwl 0,50 , Koo a3l i (1992
Heogthe il 35,5 a3ls (pl jadz e cul Sse e
ol axLs (Mohammadi, et al., 2005) g, salgs
|l Fischer & Maurer (1978) g (SSI) o an
Sobas il 1eS pasld ol lade jadz e oS w8
L (MP) (5550 42 dawgite (a3l o)l pl8)1 iy Joos
Lol aS 050 8,20 ROSIEIlE & Hamblin (1981)
= O3 G (g g W5 Jazee 90 0 ) 08, G 0y
ey bl ;58 m (asld Gl goae jlade 4z pe aas
Rosielle & Hamblin, ) 55 aalgs 5 oo (o) p 3,90
gy aS pl Jdoas STH o5 a4 Joss a5l (1981
Lo 38 50 15 YLy 3, Shos o5 WS oo a3 Iy (olo
"o S Sl el Sl s (AT e 5 55
el pgmas (o el oals (B (SiS 4 aglas sl
S T YL ppolie 45 5.5 ol i (TOL) Jos
AP LE (ol ol polie g osg (SAS @ i Senles
s Ladle ;o (Sl s & azgi b ool wosllas Lo sl
el Gl (S a4y o BlolS Gl il gble
oo Slio bLs | aslle ;o Valizadeh et al, (2011)
S wisged Sl Lisgl 4o (glo,ed (sl et b ool
slie 5 1555 el L (5 Sl LS| oy
5 omboly 4 i L Lajlys cal w3 5 azlg 095 50 (nS0lee
B 5 352 o 45 0ol Lt il T o peitioniz ool
ls) e« 039 alox 5l Dlho (B 50 (g n la)ly 992
- s S pls g ails sl Ty plo g pls ;o ails sl
5 sl goladl conl ay a g3 Lo ol 552 o
=iy edlllae ol 5l Bais wesu (alises plB)| aseis
olasD) o8, Sz 4l gloysd slagntisy ke 55!
=By ol Byme jelate 4 (o315 ILC-482 (pila
9 50 Sl eyl ol S8 5 ol ol S0 plieas
el SDS-PAGE s, Ly osd &30 4 Bider o] S

wloyw slapss, s e I35 5, et al., 2012)
(Fareghi ) =g ,3 3 5, Beyranvand et al., 2006)

Igbal et al., 2005; Hameed et ) 455 ,4 €t al., 2007
,9o 5 (Sadia et al., 2009) 1,15 sleaiss ,d «(@l., 2009
asleas eolal (Abd El-Zaher & Mustafa, 2007) ML
sloosls ulul  Cicer slaaisS ol o (Sisokd Laly,
et al., L.y SDS-PAGE g, L ;5,589 xS 5l ol
I, Cicer reticulantum g oo oLl (1992) Slinkard
@S Lo 35 cnl aisgas (Byme 955 o)1 Lty sl
Slatamer o (S5EsS 23l 50, Caatts Ales
Jdodn g ,Slas aS ool las g 00ges ounl oalS
SeosipaSl DL oo Ll 5 51 (6 ey il o
«(SalehiShanjani et al., 2013) sl o w23 |, sosto
aS Cowl 380 g 0ol o l5)) so9, SDS-PAGE oS5
= ol oslil 050 @udlyp 5 (SKeig sl 5IUT cqr
@ S5 b, Gl )3 lo S Glaetign 505
5 0800 ey aluold SIUT ) g B so ey e oz
gl 31 ebliz 5 Lol (LS (3,5 ol -Y wslaigS s
angd Slp Glabews Glyiear (F 5 (S cul 8 -Y o (S5
Slo 33 slacutig, (Ghafoor et al., 2002) &Y game
Sl g it Jae Ollug 3l Jdius g0l 090> b ails
29y SLaoes 5l ostlae (S5 slagss asllls
Gepts, 1989; Razavizadeh & Ehsanpour, ) aws
S9—239,51 slagSl 5l sana il Slalas 4o (2013
laasl 5l S e 09 oo ooliiul (glo S slagtiy
s s lime (Fho plgred 55589 2SIl 5 )3 oadolxl
89, a5 ,o (Raeesilelri et al., 2015) & .5 1,8
L I, = » o, Abozaryghazafroodi et al, (2006) .z »
sleniis s SDS-PAGE (55,599 xSUl slaosls 51 solawl
3=l 9 00,5 (gauog,S oS Slas slaosls g ails gl 3
A on dile g slaail bl (gaiseg S as aails
SESE ;0B ook dgu U (oly5 Do sl slatiss>
3l el sloosls (rizmen g 09 o)1 plo 5l (o092 B
slsosls JoSs allss ool Olse 4 5)939 25Vl
bl a2l oo JoSo ailgs oo g anils 1) (So3els8 )50
0, Shoe Fuly bl p lacwssss Fernandez (1992) L
Wyt sl 055 ez & il o 55 bulyd o]
g QS ll b 50 YL o Sles &5 placssi; (O
oS 2logadss (7 dA o5)5) ail adls (55 (g Ll
(F Bog, 3) aijlo (15 ey bl o s 1) (oYL o Shee
Lls s dayl,s o Les |, oYU o, Shee a5 glacasess



WAA ol o 15 )l vl /o1 30 ©Ugu> SBGB Y H /..o bLS ) axlllae £ H 1S

999 S 3l aie a8l aalol 5 sl an [Silas S,
Cled 53 5 00t Jled (6 Sy Jolore b 5 e 5 ol
TV ' I B- UL & PN | X G IO G | S-S |
g Igl ((=IloglSEE) (695 rng T (((ygilloglSYA)
s (I LSY ) oS o(y5—logLST0)
(O3=JI0gkSNVE) w2595 9 (La—UloghSVA) (dgglS S
Jdod g i jglate 450505 eolal 5 50,5,k (lsieas
D005 ase e ool sl sl o Sy slaail g k!
&S > plie (et b aslllas 590 SloinSyn (JoNge 039

20,5 et J9Sse (39 9t

=13 Oldes 5 holojl Z b Sluoguas

o Jod sloat b (el G jslaie @
WA-AR elys o o GalosT s o8 Loz o (Sis
99 50 9,1, a0 Bolal oS slaSol 7,k CJB o
As)io )0 eSS Solnl bl S G
55y sspla oSl (55,5188 0,8 olRtalesl 5 ales]
Y Jsb 4 sl st ol 8 ja ay0,8 1ol sl
iy S35 59 i3 ot bl 5 n ot bglas Jolsh
5 S et Jold (e angd Slios sy e SULWF
&0 cledianl (B9l o Sl O jgeay CllS 09y 5,18 ol
oo 33 a5 (sl s 55 5 iy
S i 3 a5 Il 5 b g a3 S bl
03,k 28,55 Bj50 55kl (20T Slel Al ye o (St
23S 5l JB Al e 135 (s Do 4 e sladile L
2 o555 2 5l gl pradlasl plxl gl 2 pd &)50
Cdo dlore gl 00,8 Ol Golas 4y aigd LIS 2
Cgz D0 S Cildy O3S e 5l mu e e S iy o Sles
Bolas an pls i sl als B, 9 Job (5 S ojlal
So e o yin 53 dS gy ol Cao (5 S0kl (gl g ol
DS e ol clly b 4 Sl S e 5l e e
35 S5y Lapls o )08l i 45 285 &g (A
Hl B slie j g wisg a8 095 4 (sloged 4 hleis
05 elol 0 g GJ Slaolesl 5l plas ja o glasl>

' Relative factor

ez Ly p5iS 5o oleS bulps 6513 el oo
(3o alog ol 0 Sl s )0 0950 Cuonl 4
Ol glwlid Al )0 5 w5 Dlao axllae
Lls)l g 550 gl )0 (S ay Jooui (a3l ulul 2 o8
Slacal alox 3l pld )| izigy Wb 68l g o5 Slao

Aoy pols dsllas Koo

) 9 dlge

qile slapl b ol)5 0950 03, Jlezr jl addllas cnl o
c\_........u;o v‘_vjl.am )‘ 00— 4—*-€H ‘olj 9 ILC'482 5QLA)T
G-l adllas cg oliils )5 04,0 sy pmo Oliass
adbio ;o (Sid 4 Jodo o) (alulid 5 ,d lasiyy
S0 s play ol Sliboi= o dgel d)50) (BodoS
o S slacntis gl Sl jelate au o solitwl (sblow!
9 9l 0dsS (o> A > sl o bayd s ozl
Lot b by 2 3l osalowsay 35 5l 0,5 e s s
..\—»a)o\‘ 9 NP'4OJ—@)¢‘/Y s)y5—n
o Jol> bl 4 .0y0 5 Lol (2-Mercaptoethanol
OF—l 2 hes 99 Jladie @ Jlrdu )3 (6l el g0
Celw 90 5l oy g 00 a8LSI TCAY wis o)+ (sgl> o
a5l VT e X 10 da 8oV Soe 4 3,8 40 (5,lS
55929 55| Cg codalwsdn duhw L».».».») BRYTI RV 4
Al oan b dinghuiet al., 2006)) o ool

SeSS 5l aalllas oyl 5o 135989 Sl J5 (53 lwoslo]

e 5325 s 0l e 51l 5 U 5,585 5500) SDS-PAGE
{ol s S L (Laemmli, 1970)} (wlidgw Jows 90
Ogy 5l el wl Ly 5d g 5 Sl e a0 )5 colai
(b J5) oaisSlaz sl 5 .0 b, Bradford (1976)
9 \Y/0 6Lmv_b.b L) u_.u): 4 (YL_J J)) o;&._...\smsb_.ucj
ool cwlin SCS& (gl Ladaud (9 e s ,00
cdale gl as gy 3ol ols aseis gy
g 3l g Seel + g i (e 50 05 (e
21 50 pgbeels S5 L 55989 580l Cgr (25
Sl dshe Gz Sal b )99 2SIl 5 )8 Sl
SV Be gl g (Celws I0) YU 5 )0 lagnSy n &S >
Oy U (CelaV/0) sasSTas 5 j0 bipdign &S > sl y

' Tricolor acetic acid



WAA ol o 15 )l vl /o1 30 ©Ugu> SBGB Y H /..o bLS ) axlllae £ H 1S

G5 alS o Sles (Sl IYP (25 Lamme o oS
o Dol Sl e e o o
@olol 5UT 5 slaisgs 4y 525

i i 0 jeiioniz (6lel slajll 5 aalllas cqx
a0l lads b (VaS) sl gy bl 5 diges jo j0 (gladgs
B9y sl g oad (BouS (g p Wb e (- 0S)
A e Oldllas jlasal a8 3 b o a5 Slas lgica
SDS-PAGE ;o otgy ol o Cadgo (opnd pslaie
o LS le Colid (e Guesd Cqz 0D colil
Sy bl 50085 solaiwl Vo Sl wlas cu o 5l eas
Sneath & ) UPGMA gla_igs s U g laasl ls 4
pL8 1 gaigliugs lasly, co ol eolaul 4 (SoOKal, 1973
9900, oLl NTSYS, SPC2 ,l58ls 5 51 oolaxul b g5
lpodls 5 oS Slio ey (Saran Jilo (5051 oS |
235 )18 2bl osee (g n Sk 6Nl Jol>) (S
S8l 5l gamas JBAT s DALl (v ey S
MSTAT-C J53la 5 5l oo Ls drwloe 5 SPSS Ver. 16
0,5 solazwl

Az ils 092 8Bl 51 (6 by o laaily 31 (g, lny ax )3T

P B0 50 loasl (mam (g o515 Ol 0
Blas slls Bl 1 Slo jobas s bl 5 .04 Oglaie
3 pdile o8 a50gs (98 g caxs Wb Jeld) WLYA/VO
plw 4 Cod o Wb S sl Seidlogl ST oogasce
L1y =gy sl cpl o8l ol g 09y 00gaze ol 4o o3
oyl pB 1 ¢ S5dloslSVY s0g0me 1o axiils (g iy Do
e8! plw 4 Cas s SufSepn 2l slls ILC-482
5o Lacglar ol o, oo i 4y 45 Wogs 00gase (ped 4o
Gladlas ;o .0l Sogedie (G290 5,599 xS Ll alas
Lgl—“bu'“i"ﬁj" ‘;55.‘940 L))j oojm Hameed et al, (2009)
SDS-PAGE 5 ,o I, LS 0556 slacuisis jdu slopusd
LYo ) ool olass g (cmwyy odlogh SV A L YO o
Igbal et al, (2005) glaallas ;o .055,5 (5,135 asLYY
S5 L 0956 slway jly yd gloymd slaniy
O))9 099—xe l_i ‘) Hs).s ~.\_:L>\Y ‘_gA_suuj_: ))Hj}dﬁ‘
Oliass gl 00,5 (0,55 ellagh S U VY JeSUge
J-B Kot Sglay gy o) [0 aS oy lis LQQT
..\_wla(ro (_r")} )L_w.: l.@..\_>l.| o g.)ﬁl_Q.n 9 S ool

'+ Jaccard Coefficient

2oels &yl

29 laesie ooyl 4 azgi b 5 (giglsed Cio ()l
S5y ;000,85 dwle Laadg 2opls duo 00wl
Loyl jo pls ol ¢ olsul olal Ojg0ds aTg Sl
2L 3w (gl A dmslma lay] (5Silie 5 00,8 b Lo
o] 5eSiles § il (ol &j50a dip: Cutn (08 glo
Sl 5 e 5T B e e ) £l ] o Al
Jsb 3,5 S oWl oS e 3 Hlai s 00 g i (g1
b pls JeSeis oloy e 3l 59, (led b 5 als a3 0590
8 dbre (Sorw) oo

;im”" > & oxs ‘SLbua.&Ub Ao xo
(St i an GaSly il el s jelaie 4
u..._,)b_hw‘bl)_w 9,2 0 adle o Slae yod 5 e
s sla asls dlre a4y pladl ((LooSs 5Ll 5 S25
;Fischer & Maurer, 1978; ) 0,05 55 7,8 & (Sis &

Rosielle & Hamblin, 1981; Bouslama &
Fernandez Schapaugh, 1984; Hossein et al., 1990

(& 1992
TOL=YP-YS (TOL") Sz asLlim)

SSI") Jits 45 Sl a3l ¥
SSI=1-(YS/YP)/SI
SI=1-v& /YP
sl oo 25 Dal SIT (Jge 3 ol 5o
Seige e Sl
HAM=2(YP*YS)/(YP+YS)(HAM")
YI=YS/ 5 (VI o Slas sl §
S92 s (2Sikee als -0
GMP=(YS*YP)1/2(GMP?)
YSI=(YSIYP) (YSIY) s Slos (s lul asls —¢
STI=(YP*YS)YP (STI" 5 4y Josss a5l -Y
MP=(YS+YP)/2 (MP?) s Slae slus . Sile-A
YS (i e bame )0 gy o 0, Slas :YP
45 o Shoe (xS0l YS (5 bazms 50 Godsi 2 0 ,Shae

' TOL: Tolerance

¥ SSI: Stress Susceptibility Index

¥ SI: Stress Intensity

*HAM: Harmonic Mean

5YI: Yield Index

* GMP: Geometric Mean Productivity
Y'YSI: Yield Stability Index

A STI: Stress Tolerance Index

* MP: Mean Productivity
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Fig. 1. Chickpea protein banding patterns using SDS-PAGE
(1) ILC-482, (2) Azad, (3) Arman, (4) Hashem
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Table 1. Jaccard’s similarity matrix based on protein marker (Molecular Data)

ILC-482 Azad Arman Hashem
ILC-482 1
Azad 0.8 1

Arman 0.78 0.83 1

Hashem 0.87 0.87 0.84 1
|-C1
e
[ e
3

T T T T : . T T T : T T T : : T !
.83 O.84 .85 0.86 .87
Coefficient

UPGMA (59, b 9955 o8 dild (slo jusd (slacruiig py sail (bl 2 (555989 5 (sbrodls oo I Juolo ol g 50 - ¥ S
(w5lo o3, (F) g olo,] o8, (F) 151 (V) JLC-482 3, (V)

Fig. 2. Dendrogram for Cicer aretinum cultivars based on SDS-PAGE markers via UPGMA method
(1) ILC-482, (2) Azad, (3) Arman, (4) Hashem

S i by 0 0955 eyl o£1)5 sredld wlul )1 ldS u ilo =Y Jgu
Table 2. Jaccard’s similarity matrix of chickpea cultivars based on agronomy data in drought stress condition

ILC-482
ILC-482 1
Azad 0.30
Arman 0.0
Hashem 0.143

1

0.20

Azad Arman Hashem
1
0.166 1

1

oS (63l bl 50 0955 el o1y (grools bl 0,6l ALLS (puy Jlo =Y Jouir
Table 3. Jaccard’s similarity matrix of chickpea cultivars based on agronomy data in supplementary irrigation

1LC-482
ILC-482 1
Azad 0.166
Arman 0.0
Hashem 0.2

1
0.25
0.55

Azad Arman Hashem
1
0.143 1

bz 4l o ployl o8y o oo LS 1) s Lyl
wilie oS ke 5 Jgl ailie GYL lade g ls a5 o s 1,8
el S9piin 55 ¥ gur )0 Coogas (ol ST ABb e pgo
Vb liee il a8 0l 18 Bl S Al o ol 3,
AL 8590 50 Jlie plgieas a5 wlyoo p9o 5 Jsl adlse
aal) @YU Ol adlie 93 0 bl 2 ¥ Jgozr s HAM
2 aS ILC-482 5, poas 0 .lwlosls plaisl sgs

St a4 Joxi sl as L e sl
L3l o Sis 4 Jooo sloasls Ol (o o
Ao Sai 331 g eyl )l g 35 ls alold § g9 o0 4 s
o Joos glaasls jglowe Ly i ILC-482 5 pils o3, 50
g Lagl o Slos i 5l Gl aS(¥ JS5) il )5 (Ko
oS s 0y polie F Joar ol (Sis 45 bylyl
39 59 0y Shae 5 (Sis & Jor slo a3l os slo)o s 5
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Fig. 3. View Biplot indices in chickpea cultivars based on main elements of the first and second
(HAM: Harmonic Mean; YI: Yield Index; GMP: Geometric Mean Productivity; YSI: Yield Stability Index; STI: Stress Tolerance
Index; TOL: Tolerance; YS: Yield Stress; YP: Yield Potential; SSI: Stress Susceptibility Index; MP: Mean productivity)

oo byl pls 99 50 9 Sdos 9 (SiS @ Jooxd g asliiofug )10 2 g (oaxd e 0529 R0l —F Jguor
Table 4. Eigen values and eigenvectors cumulative share index of drought tolerance and yield in both conditions

s ojg polie SR e
¥ Eigen Eigenvectors SSI MP HAM Yl STI YSI GMP TOL YS YP
Component .
values cumulative
1 61.709 0.617 0.115 0.397 0.375 0.344 0401 -0.115 0.399 0.106 0.344 0.328
2 38.274 0.383 -0.490 -0.088 0.184 0.265  0.046 0.490 0.068 -0.493 0265  -0.297
3 0.0017 0 -0.156  0.305 -0.691 0.261  0.145 0.156 -0.390 0.085 0.261 0.254
(HAM: Harmonic Mean; Y1: Yield Index; GMP: Geometric Mean Productivity; YSI: Yield Stability Index; STI: Stress Tolerance Index; TOL: Tolerance;
YS: Yield Stress; YP: Yield Potential; SSI: Stress Susceptibility Index; MP: Mean productivity)
Iy eSS gyl Ll g nas Loyl o lacadedy o Slas S & Joxi g p s Swsod
a=>¢ L .(Blum, 1988; Ganjeali et al., 2008) wilos ges e HAM 3 Y1 sla a3 li a2 o olis 5080
5 e Siod HAM 5 Y1 sla asli aS ol a4 wylo il ol j0 0, Sdae b C/AAY ) il 5 a) e
5ol e eiols plas i bl o o Shee b oYUl 00, Slee b e Ko HAM (23l (o xon
555 G 6l cmlie sloylre Glsieas o asli oy S SSI a3l (+1AF) ojls (St s Lyl

Blum, 1988; )MJ; - L,’S_Mo A oo gla
(Elshazly & Warboys, 1989

s MP gar b YSI L aie Sieeon g TOL L e
(s by Sl 0l STl GMPL i Koz
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Table 5. Correlation coefficient drought stress tolerance index

YP YS TOL GMP YSI STI Yl HAM MP SSI
YP 1
YS 0.394 1
TOL 0.775 -0.275 1
GMP 0.730 0.916 0.134 1
YSI -0.790 0.252 el -0.157 1
STI 0.758 0.898 0.175 0.999* -0.199 1
YI 0.394 1** -0.275 0.916 0.252 0.898 1
HAM 0.549 0.984* -0.102 0.972* 0.078 0.961* -0.984* 1
MP 0.902 0.753 0.425 0.953* -0.447 0.966* 0.753 0.856 1
SSI 0.790 -0.252 1** 0.157 -1 0.199 -0.252 -0.078 0.447 1

*, **: Significant at 0.05 and 0.01 levels, respectively

R B g O T K e WL

(HAM: Harmonic Mean; Y1: Yield Index; GMP: Geometric Mean Productivity; YSI: Yield Stability Index; STI: Stress Tolerance Index; TOL: Tolerance;
YS: Yield Stress; YP: Yield Potential; SSI: Stress Susceptibility Index; MP: Mean productivity)
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Fig. 4. Selection of genotypes based on Fernandez method the index Y
1- Arman, 2- Azad, 3- ILC-482 and 4- Hashem
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Table 6. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in
drought stress condition

Pod Pod Width 100 Seed Percent of Number of
width length canopy weight pod null 2seed pod
i psh el wblegy SR e
pls Sahgd
Lulps 5o ails o Shes Seed yield in drought stress
Sed condition
8 asls olass Number of sub branch
oS yo el olass Number of pod in plant
ol el Plant height
forerte o olS slass Number of plant.m™
als o ,e Pod width 1
el Jsb Pod length 0.441 1
=3l o Width canopy -0.963* 0.236 1
Ao+ - s 100 Seed weight -0.405 -0.943 -0.266 1
pls (Ssy 2o Percent of pod null 0.233 -0.013 0.089 0.336 1
Saduge el slass Number of 2seed pod 0.104 0.865 -0.025 -0.951* -0.474 1
JelS 226l b 5, Day to complete podding 0.441 -0.143 0.641 -0.130 -0.634 0.024

* & **: Significant at 0.05 and 0.01 levels, respectively.
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Continue the Table 6. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in
drought stress condition

Seed yield in drought Number of Number of Plant
stress condition sub branch  pod in plant height
o bl pl yo il 8 Slos asL slawy 30 pls ooy
. _ ol gl
S =P obs
Lulp o als 5 ,Slas Seed yield in drought stress 1
S s condition
=P L olass Number of sub branch -0.189 1
olS 5o pls olas Number of pod in plant 0.424 0.678 1
LS glas)| Plant height 0.609 -0.875 -0.421 1
&oyaye o oS olass Number of plant.m? -0.154 -0.689 -0.945 0.587
el oye Pod width 0.438 -0.943 -0.395 0.910
pls Jsb Pod length 0.159 -0.228 0.370 0.086
28 oe Width canopy 0.278 -0.996** -0.625 0.913
PSR 100 Seed weight 0.155 0.289 -0.126 0.004
PIRRE PRRWS Percent of pod null -0.973* 0.002 0.495 0.469
Sodgs pls olass Number of 2seed pod -0.344 -0.009 0.240 -0.313
JolS 20pl b 5, Day to complete podding -0.524 -0.705 -0.965* 0.355

doy3) g oo, Jlaisl mhaw (o ls cre cud g4y g

#*

* & **: Significant at 0.05 and 0.01 levels, respectively.

(oSS 55T Jlasl) J oS bagl oo 53 3955 o8l 30 andllae 3590 (1)) Sl (s 00l (Siwnod <y —Y oo
Table 7. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in control condition

Pod Pod Width 100 Seed  Percent of Number of
width length canopy weight pod null 2seed pod
- . e : S wey Pl slas
plipye plidsb  ePl e dildheysy . .
el S 99
Lalys o als o Sles Seed Yield in supplementary
oS5 5] irrigationcondition
S8 4L slaws Number of sub branch
olS )5 pls slass Number of pod in plant
oS glas )| Height plant
Eayayio o olS olass Number of plant
el oy Pod width 1
pls Jsb Pod length 0.637 1
ol e Width canopy 0.771 0.073 1
als o 39 Hundred seed weight -0.840 -0.664 -0.729 1
ol (So aoye Percent of pod null -0.145 -0.709 0.127 0.556 1
g pls olass Number of 2seed pod 0.732 0.280 0.483 -0.247 0.458 1
ol 206l5 b 5, Day to complete poding -0.385 -0.831 -0.060 0.721 0.696** 0.235

* & **: Significant at 0.05 and 0.01 levels, respectively.
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Continue the Table 7. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in
control condition

Seed yield in
Number Number
supplementary . Plant Number of Pod
L of sub of pod in - 2 .
irrigation branch lant height plant.m width
condition P
S il o Slos
e Sliolas el olas oS ola e
skl kalpd . s oS gl G
; o= oL o ey ol
oS
Lalpl yo ails o ,Slas Seed yield in supplementary 1
PN irrigation condition
£ 58 a3l olass Number of sub branch -0.155 1
ol o pls sloss Number of pod in plant 0.675 0.789 1
oL glis)| Plant height -0.846 0.378 -0.625 1
e e s oS laws Number of plant 0.008 -0.127 0.345 0.428 1
els oye Pod width -0.895 0.533 -0.830 0.951* 0.140 1
ols Jgbo Pod length -0.676 -0.154 -0.100 0.831 0.712 0.637
2P e Width canopy -0.758 0.574 -0.948 0.539 -0.522 0.771
alol e y5g 100 Seed weight 0.994** -0.056 0.615 -0.794 0.043 -0.840
ol (Se a0 Percent of pod null 0.487 0.757 -0.313 -0.310 -0.333 -0.145
Gdugs pls slows Number of 2seed pod 0.352 0.897 -0.731 0.692 0.271 0.732
ol mols b 5, Day to complete podding 0.671 0.570 -0.093 -0.533 -0.368 -0.385

doyo) g ao,0l Jlasl mhaw (o jls Je o gy *F g F
* & **: Significant at 0.05 and 0.01 levels, respectively.
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Fig. 5. Seed yield in drought and non-drought stress (supplementary irrigation) condition
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Introduction

Abiotic stress limits crop productivity, and plays a major role in determining the distribution of plant
species across different types of environments. Chickpea (Cicer arietinum L.) is an important legume crop in
Iran. Genetic diversity information is crucial for the choice of proper parents to establish new breeding
programs. A number of molecular techniques have been developed to unveil the genetic potentials of plant
materials. One of the most important methods for studying genetic diversity is using of Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) analysis of seed protein.SDS-PAGE seems to be a
reliable molecular marker to investigate the genetic diversity of chickpea genotypes in IRAN. SDS-PAGE is
practically a reliable method because seed storage proteins are largely independent of environmental
fluctuation. The main objectives of present research was: (1) to investigate the power of SDS-PAGE markers
for estimation of genetic diversity among some chickpea genotypes in west of Iran, (2) to investigate the
genetic relationships between chickpea genotypes and (3) to determine and studying main drought indexes in
chickpea genotypes could be selected main cultivars in drought and non-drought condition. This information
will be useful to improve techniques for sampling chickpea genetic variation which might increase efficiency
of conservation of germplasm.

Materials & Methods

Field experiment was carried out with four chickpea cultivars, based on randomized complete blocks
design (RCBD) with three replications at the research farm of the Payame Noor University center of
Asadabad in two different conditions (Drought conditions and supplementary irrigation) during 2010
cropping season. The cultivars were taken from Dryland Agricultural Research Institute, Sararood. In this
study, seed protein profile of four chickpea cultivars include Arman, Hashem, Azad and ILC-482, were
analyzed by Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE using 12/5%
polyacrylamide). Protein extraction and gel electrophoresis was done By Laemmle (1970) Method. The
seeds were powdered separately by liquid nitrogen. Cultivars seed protein were extracted by extraction
buffer. At end of electrophoresis, protein bands were revealed by Coomassie Brilliant Blue R-250 staining.
Biplot, 3D Plot, coefficient jaccard, cluster analysis and other analyses were done using the statistical
software MSTAT-C, NTSYS and SPSS. The data for each cultivar was collected on a plot basis.

Results & Discussion

SDS-PAGE analysis showed significant differences between four cultivars chickpea at 17 and 25 kilo
Dalton (kDa) bands. There are strong and weak proteins bands differences between cultivars. On the basis of
SDS-PAGE results, 28.75 protein bands were observed with the Molecular Weight (MW) of 14 to 100 kDa.
The presence of protein bands about 17 (kDa) in protein pattern of ILC-482, Hashem and Azad Cultivars and
the absence of protein bands with approximate molecular weight 14 (kDa) in protein pattern of Arman
cultivar can be used as protein markers for these chickpea cultivars. The specific proteins bands of seed may
be used as markers for identification of the genotypes. Correlation between agronomic and molecular traits
was assessed using Mantel test and significant positive correlation was observed between them. The results
of drought stress indices and Biplot analysis suggested Arman genotype was the most tolerant. Biplot
analysis also showed HAM and Y1 selection indices were the best to identify drought tolerant genotypes.
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Conclusion

In most cases, an intermediate level of polymorphism have been reported with SDS-PAGE markers, and
this study showed a considerable amount of polymorphism. We recommend further studies to be conducted
by using number of chickpea genotypes as well as bigger and DNA molecular markers. Results of this study
can be used in germplasm management practices, developing plant geneticist and breeders for planning
future explorations, and crop improvement purposes.

Keywords: Biplot, Jaccard coefficient, Mantel test, Protein Marker, Supplementary irrigation

Yy



Iranian Journal of Pulses Research
Vol. 10, No. 1, 2019, p. 28-39 (Research Article)
DOI: 10.22067/ijpr.v10i1.60084

Ol @l Gl ,.slb._’:ubgjg
VA=A o AFAA 3 o 15 ko 1+ l>

gy allio £ i

o 995 Cu oo @3 ,b 31 (Cicer arietinum L.) g5 o JShos 51521 9 8 yShos (w3 9

s ® -

CwlS SR 4 5 59 5 (S ) 9

T o o 7 (32,18 (ooly (e T pudogy 350 e M Sled Loy
935 9SSl (o215 HALS (559l55T (555 aas gol il -
a_nakhzari@yah00.com . .ely; obbS 55155« wesls’ oS olKiils cole i guac -
alirahemi@yah00.com . .c1); LS (5599 b «wagls wusS olSiiils sole ciud guac -V
(5591955 30) (5ol 32lS (3l pilo (s 2alin 9 (63381 (3901 9 (3,9l Colidions 35y ol Cipd guas - F
m_aldaghi@yahoo.com

VRO [+ F il s g
VAFYNY 5y fo

CRWAE

Cicer arietinum ) sssu cilises cuils slag,b 50 (igrs ) 3 bionds 955 156 cwyp olaiods
PSS b Bolay S Sl )b LB o b)eS & yeoa \WAF-0 el Jlo o GQLQ)‘T ol31 3, (L.
3 995 (olocrog )V g (63V0) zhaw 90 j0 CllilS Fu b .ol plol LugslSas oRKiils (g5,5liS oaSiisls ac e
i) gl Jlaz 5 0395 (oot 995 5 (el pos 5 pamgirhsse (S 995 b el gl 99 50 psinlis e
slaed gy glay )| 1y C S 7o )b Jole a5 ols ylis gl og (o,5) Lice b LS 1o )5 508 p,5 sl SF 4 F- (V-
60 7, o Lagl lacie g0 )I.\f,..tb Soielgm 0 Slas g alo o Slas gy ;o ails g B dlows gy 4o adlw
et 395 5 3 355 Jale iU oo Syl 3 Sha 5 4ls o, Shac iy 3 IE shai oy ity
Syan glajles Bl I8 505 cosd 1) gy alls M mpugiigie () 95 85 15 mps )i
asls pelatsl og 2 an | wlive jladie (n yiien pavgifigie (Stan) 995 b il 9 LS 3 (3955 0, olS7
S8 50 gt p,S 9 lST e Bian Lo ole e\ Y 5l iy ao j 0V FIA oloe0V B lilS Fu b o alls o Sles
le Gl las wVIFA L, als o, Slee (655 b uals .8l ]38l B pae pas 4y Cond 0o )08/0Y &ils o Sloc
Sl 059 9 herme wlie Sl oslital sl (s e S b Sogy SlS 5 (6L L el (g i 5l eslinul Gl i
b alls 3 Shos o JLds & g (g, 08 Gl cage a5 sk 0,5 @l 3 ol

pomgilgie 3095 ClS «Soiglen o Sloe iy glas | o lguads

Sy eulnl Glaicds a5 008 oo oolainl Glawds sloogS
T mhw o ly ;0 0, Slee iSTa s> a4 olowo
355 5l a3l st colai vl 039 ,sl 4S5 90,0 aiil oo
iS55, Shae 2ol wile IS g el liand
Chen, ) cewl soo 3 S 5 ol mlie Fogll 5 Y gams
Iy LoosS ol Byman wlgiy a5 olaSoly o STay (2006
Sl loolaiwl o) o - bas 4 (59,0 s yialS
CJ) ool 51 So 2y slapllips ;o Se3lsST (s555La8
ool ol B il oo Ol b ol rals o i oyl
5 85,98 slaallbn )l 4 wls (b slajls
S5l 952 sy 995 5l oolaiul 0l e j5 Ddejl e

Al e Slaal fplay Slws
e 3l i b pled i p3L8 GlalS Sl (o5

A 5 st st S G 3l 053 s

YA

dodlo

slopsS o eee 5l S (Cicer arietinum L) sg50

Ay Cenl S5 51 gl g bl oz )0 (Slgo) (slails
5,854 3 9 (Phaseolus vulgaris L) ;L oyl 5
Lgsas oS ol 0,00 1,8 sgu a5, ,o (Pisum sativum L.)
Al o dute b S Ceodle (gl oSl sl cedl (6l
E55 4 6ok o> b Jsaxe Liul58l (Ahmad et al., 2005)
&5l il atinly 0,5 o 1,8 oolainl 350 45 (535S
Sglite () 5 (Al olod glaogs 5l 132 oly s
el coles 5 Lilie slls 395 g5 8 e Jinl b siilon
S pidosl> 5 Jyame ol cozge a5 Wil o0 09>
5 OLalS 5L 955 39555 mal sl 059l S9dis0

farima_doaei @yah00.com :J giume odduws g5*


http://dx.doi.org/10.22067/ijpr.v8i2.48451
file:///E:/phd/chickpea%20%20%20PHD/analysis%20%202/مقاله/95%20%208%2010.docx%23چنن
file:///E:/phd/chickpea%20%20%20PHD/analysis%20%202/مقاله/95%20%208%2010.docx%23چنن

WAA sl dowi 15 )lois Aol 191 1 Glge> SRS /.0 Shos oy 10y 502 g Sleo

(Horn et al., 1996) o 5456 oL ;0 ails o Slee ¢ S5
5o e sl a5 ol oLas Naseri et al, (2011) m s
o s ccile y as s g asls o Slae cslo) v+ 59 iy
Sl xe yeoas oloyage )V an Cnd olo (LIVA cotS
J—ad laul ) o9y ol g il el cpl cde oy i
aelne Lyl 51 iy ool s 45 0l Glgie 0,
Jead 52131 58 Sl 5 sk 25 b ualS 5 e
A D,
039 Supde 9 Slge> )3 9958 Sl 4y LS
Sl LS 3955 e jlateds (el)5 SlapianmsST 50
Ggwdn S > g adly CiS g 0, Slas ¢ Joame 0
3 s 955 ool i solitl Ly il s55e5
395 Capide oy S b ey (nl (sl 055 alex
it Sl slagn )b o Gio s S 9 bt
o35 A ailaie 3 8,5 555 3,5 Los (glin 5 o Shes
i all

b9 9 9lge

) 9 leor 995 Lo pde (o p pylateds
Cicer ) o556 1 aliee cils slag,Ls o (59,20
acyie 0 VA2 cly; Jls o isbesT @@rietinum L.
b ooslS i olSils (g5,5LeS ouSitils Siliiow 5 _dj90]
@z oy 9 (B0 Ak SN 5 az 200 oLl e Jsb
shaglhie sl )l aelys ol a Jlb 438510 g ax 0¥V
(015 o 5 Ol Gt ool 2 5 2FF s s
ialesT ] Sttt 5 o5 (gl 2o weddl ol
o by (Bobal Jol5 Sob g5l B o )95 o500
BN

35 Sl ol g eslil 550 955 Sl3T 8, 4,
)b ooyl ol )0 000 3 g (ugglia S Dlaios
) 395 oloyog V¥ g olo gV o g0 jo il
9 poarligpe (e 995 b gedli o 99 50 ogug )90
o Jobd mh ez 50 039 (pled 355 5 il puae
090 Lo Ly JLiSa o alls (5955 p SoksPe 5 B2 Y-
.09:1

SWRILA 0sis sl alls 4w Gk 4o
005 ap Glnl Ol 5 S Sligios ansis 3l pamgilgjo
39) gy e 4 6L (SIS Gl 090 g 2SS jelaieds
a0 YAEY Gles b L,elusSSl o YAM! ciiS s o

1 Yeast Mannitol Agar

Y4

OLalS (gy0mlil S 5als Cens e slas L b Jelss
5l oS i il lalS 4 Cad (5958 ediiS S
Ladhaetal., 2000;) ol o jlo )55 5 s0lB, 5,5 5Ll
W o Lo 5SUs a Lo 51 (Franche et al., 2009
S L ogu oS e ()0 a5 sl oo Lopgg ),
Laranjo ) oS o 1,85 e jo2 alayl, Mesorhizobium
Lyl ogccwliol 4 a9 L Jb 04 (et al., 2012
Cmoxr o pSide g pgos sl oolitnl 5 (onldl  aome
Ahemad & ) el 4l zalS g,a wyp, slagSL
L 0536 oS j00 ey ) ,o (Saghir Khan, 2010
aS 0l 555 Os s et $BsS Brac g pas i),
308l p S e SY e L0 s (5950 (ploeed 995 SBras
9 Ay WD) Sgfe & Wl oo 00T g9 Dlgie 4 LS
S S o il 055 JS 5 ,Shes 5 gl b Slio
o re 51 55 sy o (Namvar et al., 2013)
5955 oL 039l g Wigw 0, Shes » g irfig o 5l ool
Kashfi et al, (2011) .(Biabani et al., 2011) oo 5,155
(039 () JS3LET 055 e Gal3il L oS oS ol
Sjalem 0 Slas wasls 3, Slae aiile 3456 Slao Sy
A5g 50 e dlaes g e o dils slaws wils p el
oL ga g 0ty c039 e 2 ogdle S8L ()l e I
S 5 BI85 ade Sl ansme el 53l co
255 o0
9 S0 e o ool Jals 5l (Se eils w6
(Cusho 5 L) ilin e Ly s 5 Jyae Ul
god 9 9Dy 59y (e Ll B 09 85 Jdo @ sl s
o 4,30 50 LS gl cawle S F b ol olS
Sokhtesaraee et al, .Said et al., 2012) il
O3 5 colS b Wit 1 a5 WS 3,55 (2013)
sl o B slasy (ol 8l o Be slaws Slaw 5
s —xe (GlyCing Max) L asg ,o BHE olawi § 2,8
Job JoIs 4 et celS o5 55 45 s S ol lag T s
alo o Shoe w0 ,Shoe lizl (Al 5 sl 503 5 0 0)90
S s 355 Cgh Sy Jilao 0l izmen 5 il Gl
5,155 50 ansl arals ails o ,Shes p Sie ,5b Colys
gl clls lage )b o 950 ails o Slee a5 0l Ly K
Pl edls )l a cad Gl Laulsl g Llsl Gy
Lopez-Bellido et al., ) sgm yrion auojohs GO+ \lins;
il 5 sy Ao (i3 Yokl cal e (2008
Jelgl jo ccnls as ol (lo 58 K0 gy 4o ol el
ool 3, Shos 1alS eel Gl 2ol 42 Coond liass



WAA sl dowi 15 )lois Aol 191 1 Glge> SRS /.0 Shos oy 10y 502 g Sleo

Bos 3l a0 SIS 5l 6 S diges ialesl gl 5l
oeSilae Gl () Jgoz) o plssl e Gl b Lao
b 50 ogglianS S g oS! wilale slos § (S ,b

o 00 oa)ﬁi Y J5A> 3o OL:.? M) 0,99

Oyl gas dgd (gl oD ool a0l L 5 ol
b (g9, Aol SIS il 4l (lgieds paogiigre
cdale e lp og i e 2 50 Joke Vo il 6l
Tk ;0 (R Ogrmmiliwga Az 1a3 5 50

Dy Y dgam a5 w88 egilf e -

99 oAl as ) 50 S (o Loond o0 8 Clpoguas ) Jgu
Table 1. Physicochemical characteristics of farm soil of Gonbad Kavous University

sl colan

iz el (50 1 it pd) (o y0) gsﬂ R ﬁr’)sslf‘) by )fr’)ssiﬁ"))‘w (000,30) JS 359,55 cdb
pH e i O.C. (p Sk (p 5ok Total Nitrogen (7.)
EC %) ; 1 1 ’ Texture
(ds.m?) ( Potassium (mg.kg™) Phosphorous (mg.kg™)
7.92 12 111 504 212 0.11 s w‘l““’
Loam Silty

#9315 S Sy gl ol 50 dilale (FSwijl g @yl a5 (il - Jgu
Table 2. The mean monthly of temperature and rainfall in synoptic stations of Gonbad Kavous
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Table 3. Analysis of variation (mean squares) for effect of plant height, number of branch, number of pod per plant,
number of seed per plant, 100 seed weight, seed yield, biological yield and harvest index in chickpea under planting
date, nitrogen and Mesorhizobium
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Table 4. Comparison of means of plant height, number of branch, number of pod per plant, number of seed per plant,
seed yield and biological yield in chickpea under planting data, nitrogen and Mesorhizobium

&g élf‘as‘)l ol il olisd 3® «_934.: Slaws ° M‘f Slawy ails a)ﬁt.c S iglom
("M"’"%“) Number of “9 Bts b, P_’S’l";) (L2 ,0 p,54LS)
Plant height main branch Number of Number of Seed yield L :
Biological yield (kg/ha)
(cm) pod per plant  seed per plant (kg/ha)
<l &, planting data
eLo
4 35;\]0 64.942 5.102 34912 39.852 3620 101202
Ll“’;;: r 57.28" 485" 29.10° 34.18" 3012° 8687 "
(LS 4o 0,55LS) 59,40 Nitrogen (kg/ha)
0 - - 30.48°¢ - 3146° 9075°
20 - - 30.58 b - 3227 ® 9242°
40 - - 33.18% - 3402¢ 9452
60 - - 33512 - 3479% 9845
s s 50 Mesorhizobium
saLs Control - - 31.11° 35.18° 3186° 9190°
pPoaihofe _ - 32.902 38.842 34452 9617 2

Mesorhizobium

55 (gl sire gl duoyd iy Jlei| o 40 LSD yge3l ulasl S e B S JBlas (slls (sl niSils o5 p2 50
For each column, values marked with the same letter are no significantly different at the P< 0.05 level according LSD.

A ol A e D

pLimog; coiS a5 winiiae Kobrayi et al, (2010)
gk, delos Ll g Juab 3T (Sas 5153 e w3550
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(2011) 4 Lopez-Bellido et al, 2008) ., bl
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Table 5. Correlation coefficients among number of branch, plant height, number of pod per plant, number of seed per
plant, seed yield and biological yield in chickpea

| a8luw Slosy . Ay yo A slowy PYPYRR I HRIREY) . .
e ke RNpSTEN. #) #) &1 5 yShos o) gms 0 ySlac
e Number of Plant height Number of pod per Number of seed Seed yield Biological yield
Traits main branch plant per plant
2 5 6
1 3 4
1 1
2 0.21m™ 1
3 0.33** 0.72%* 1
4 0.24™ 0.65** 0.92** 1
5 0.27"™ 0.72** 0.93** 0.95** 1
6 0.47** 0.72%* 0.88** 0.85** 0.92** 1

aoy8 S gty Jliol s )8 ls gixe o5 lo e pas Gl S ekl ) *ns

ns, * &**: no Significant, significant at 5% and 1% probability levels, respectively
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figl. Regression communication between use of nitrogen fertilizer and seed yield

in different planting dates.
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Introduction

Chickpea (Cicer arietinum L.) is commonly the most important food seed legume in South Asia.
Nitrogen is generally a major limiting nutrient for the growth of many plants in many environments. Some
plants are able to provide all or part of its nitrogen demand through biological nitrogen fixation as a result of
interaction with symbiotic bacteria. Mesorhizobium have a symbiotic association with chickpea. Planting
date is one of the important factors which determine the ability of the crop to stand against different
environmental conditions (air, temperature and humidity) in the field, when environmental conditions are
conductive for growth and development. Results obtained from other studies clearly have indicated that N
application and Rhizobium inoculation had significant effects on yield and yield components. The greatest
values of plant height, number of primary and secondary branches, number of pods per plant, number of
grains per plant, seed yield and biological yield were obtained from the highest level of N fertilizer (100 kg.
ha! urea) and Rhizobium Inoculation. Lépez-Bellido et al, (2008) reported that early planting date improved
chickpea yield.

Materials & Methods

A field experiment was conducted on experimental farm of the Gonbad Kavous University during the
growing season of 2015-2016. The experimental layout was factorial based on RCBD with three replications
and three factors. Nitrogen was in four levels (no application, application of 20, 40 and 60 kg nitrogen ha).
Planting dates was in two levels (4™ of January and 1% of February) and Mesorhizobium biological fertilizer
was in two levels (inoculation with Mesorhizobium and no inoculation). Half of nitrogen was used at
planting and the other half was used during grain filling stage. Seeds in inoculation treatments were
inoculated with Mesorhizobium, strain SWRI14, which were obtained from the Soil and Fertilizer Research
Institute, Tehran. The OD’s were adjusted so that the cell concentration was 109 CFU ml™. Plots (1.5 m x 6
m) were designed as 5 rows per plot. To determine the yield components, 10 plants were selected and traits
like plant height, branch numbers, number of pods per plant, number of seeds per plant, 100-seed weight,
biological yield and harvest index were recorded or calculated. Seed yield was obtained by removing of two
border lines and 0.5 m of each sides of three middle rows. Comparison of means was performed by LSD test
for 5% probability level by using SAS statistical software version 9.1.3.

Results & Discussion

The results showed that planting date had significant effect on traits of number of stems per plant at the
level of 5%, however for plant height, number of pods per plant, number of seeds per plant, seed yield and
biological yield were significant at the level of 1%. These traits were higher planting date of 4 Jan. Number
of pods per plant, seed yield and biological yield were significantly affected by nitrogen at 5% level. The
greatest values of this trait were obtained from application of 60 kg.ha* of nitrogen fertilizer but did not have

*Corresponding Author: farima_doaei@yahoo.com
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significant differences with 40 kg.ha™* of nitrogen fertilizer. Mesorhizobium influenced the number of pods
per plant, number of seeds per plant and seed yield at level of 1% and biological yield at the level of 5%.
Mesorhizobium inoculation increased all traits. The interaction effects of factors were not significant for any
of the traits. It seems that based on the correlation between these traits with seed yield, yield components had
a positive and decisive role on seed yield

Conclusion

The results showed that application of nitrogen fertilizer and Mesorhizobium biofertilizer due to the
supply of part of required nitrogen of plant, and also early planting date due to more growth period, provided
better opportunities for capturing the environmental resources and nitrogen. As a result, first planting date,
use of nitrogen and Mesorhizobium inoculation increased plant growth and seed yield in this study.

Keywords: Biological yield, Early planting date, Mesorhizobium, Plant height
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Table 2. Analysis of variance for using effect of different biological and chemical nitrogen fertilizers on yield and yield
components in lentil cultivar

Mean of squares

Olaypo (u&ileo
Slaws Slaws Slaws 835 L )
O ITRSTY 415 0 Slos
a4l gasls Wgr e e o ails stled plasl
Source of Ol s’ 29l Lateral branches Pod No. Seed No. . 100 seed .
variation df No. plant pod Biomass weight Seed yield
Block Ssb 0.31" 0.64" 0.02" 0.01" 20.56M 20506.84
Fertilizer 395 0.67" 26.04™ 0.01" 0.65™ 4,470 174625.53"
Cultivar o5, 0.06" 7.95™ 0.02" 0.14™ 72.65" 31215.41"
Fecrj'l't'lfgr X B yrosS 0.80% 0.70% 0.017 0.017 1.947 1811.98™
Error Uas 0.42 1.02 0.01 0.02 21.38 5940.31
Coefficient Oyt a2
variation (%) (o) 16.23 8.08 6.46 6.53 8.93 9.79

Ao ,0) g o 00 mdaw (o o gme g I Sixe e oS4y KT R NS

ns, * and **: Non-significant, significant at 5% and 1% probability levels, respectively
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Continue of Table 2. Analysis of variance for using effect of different biological and chemical nitrogen fertilizers on
yield and yield components in lentil cultivar

Mean of squares

e yo 5l
4z b 39, [BTY} (B73) . Sl
- _ . g gl -
&yl SBOSS duoyobe PO Oy adgl srasly
Source of Days to 50% Days to Days to . Main
L 2l yusti Lo : . .
variation S e df flowering podding maturity Plant height branches No.
Block Ssb 3 1.13™ 2.31m™ 6.47" 1.05™ 0.07m
Fertilizer 5g5 4 76.94™ 56.37" 0.29" 14.70" 0.06"
Cultivar 3, 2 8.52" 12.05™ 2.60m 35.94™ 0.05™
Fertilizer x . s ns ns ns ns
cultivar PN 8 0.89 3.36 1.95 1.63 0.04
Error e 42 1.82 211 1.99 1.18 0.07
Coefficient ol e .
Variation Sl oS g o 2.24 217 1.49 5.62 11.70

Qe 0) g e, 00 maw ;o o e g lo pixe e o Say FF R NS

ns, * and **: Non-significant, significant at 5% and 1% probability levels, respectively
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Table 3. Mean comparison for using effect of different biological and chemical nitrogen fertilizers on yield components
in lentil cultivar

B9, - Ry
ks g o e G 39, L dlasy ag gl LHERURES XY LA ERSY)
. PN g 5 (o Hilw) S o 2 e ()
iy
(& 050
Source of Variation Dggj/oto Days_to Pod Ng. Plant height ~ Seed ljo. Biome;ss 10_0 Seed
flowering podding plant (cm) pod (g.m?) weight (g)
Fertilizer 3¢5
Control el 59.33¢ 66.08 ¢ 10.96¢ 17.73¢ 0.99 ® 170°¢ 51.762
Super Nitro Plus ol 9555 pg 58.25°¢ 65.00°¢ 11.14¢ 18.77¢ 1.042 178¢ 51.382
Nitroxin (S g o 64.08 @ 70.50%8 14.10% 20.10% 1.01% 2224 51.72%
Rhizocheck Sz, 61.83° 67.58° 13.892 20.532 1.02%® 219 52.802
20 kg N2/ha S jo Sl SelSY 58.33¢ 65.83°¢ 12.44° 19.28%¢ 097" 197° 51.244
Cultivar o)
Local check e walls 61.10%8 67.802 11.80° 17.92¢ 1.042 188° 53.094
Bilesevar Ngmoakes 60.15° 66.95 2 13.012 20.602 0.99° 2032 52.662
Kimia Less’ 59.85 b 66.25 b 12.70 a 19.33b 0.99b 201a 49.59 b

55 0,00 Jlezs | adas )8 (5 )ls e gl STl Q}n{l bl oS ie B> SO JBlas Gl sle Sl
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Introduction

Excessive application of chemical fertilizers for increasing agricultural production, particularly in the
agricultural sector, causing environmental damage and disturbance in soil fertility. Lentil is one of the most
important pulse crop in rainfed area which is grown on 132,000 hectares in 2014-15 cropping season in Iran.
Major lentil areas (95%) are planted in rain fed condition and are grown in rotation with cereals mainly
wheat and barley. Mean productivity of lentil 558 kg ha™ in 2014-15 cropping season in Iran. One of the
reason for low lentil productivity in Iran, is unfavorable fertilization in lentil farms. Currently biologic
fertilizers as an alternative option for chemical fertilizer to enhance to soil fertility in the stable agricultural
production are considered. Rhizosphere beneficial bacteria are commonly called plant growth promoting
rhizobacteria (PGPR) and have been under researchers focus for many years. PGPRs can stimulate plant
growth through different mechanisms. Solubilization of inorganic phosphate is a characteristic has been
frequently used for screening these bacteria. The objective of present study was to investigate the effect of
biological and chemical nitrogen fertilizers on yield and yield components of lentil (Lens culinaris L.)
cultivars.

Material & Methods

An experiment was carried out in factorial based on randomized complete block design with four
replications and five levels of fertilizer treatments (without consumption the fertilizer, Super Nitro Plus,
Nitroxin, Rhizocheck and 20 kg nutrition fertilizer per hectare) and three lentil varieties (Kimia, Bilesevar
and local check) in Ekbatan Research Station of Hamedan during 2014-2015. During vegetative and
reproductive phases, weeds were controlled and data were recorded on days to flowering, days to podding
days to maturity, plant height, number of primary branches per plant, number of secondary branches per
plant, biomass, number of pods per plant, number of seeds per pod, 100-seed weight, and seed yield. Data
were analyzed using the SAS. Ver. 9.1 and figures drew were prepared by EXCEL and means compared by
using DMRT at the 5% and 1% level.

Results & Discussion

The results of present research showed that fertilizer treatment was significant effects on days to
flowering, days to poding, plant height, pod number per plant, biomass and seed yield. But fertilizer
treatment had not significant effects days to maturity, number of primary branches per plant, number of
secondary branches per plant and number of seeds per pod. Also the results showed that the cultivars had
significant difference on days to flowering, days to poding, plant height, biomass, number of pods per plant,
number of seeds per pod, 100-seed weight, and seed yield. Varieties had not significance different on days to
maturity, number of primary branches per plant, number of secondary branches per plant. Interaction of
fertilizer x variety on all characters was not significant. Mean comparison showed that the highest and lowest
yield belong to Rhizocheck and check respectively. The utilization of Rhizocheck had been in caused 29, 16,
28 and 49 percent higher biomass, plant height, number of pods per plant and seed yield than check
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respectively. Also the results indicated that Bilesevar variety produced the significant and higher grain yield
(832 kg/ha) than check. Bilesevar variety had the highest biomass, plant height, number of seeds per pod,
and grain yield. Most of studies have reported that using biological fertilizers have been affected grain yield
of chickpea, wheat, seasame and bean. According to this study results, it is recommended to inoculate
Rhizocheck on Bilesevar variety for planting under rainfed condition of Hamedan region.

Conclusions

One of the most important factor for soil fertility is microorganism ability for production. The result of
present study showed the highest productivity obtained from Rhizochick application and Bilesevar improved
lentil variety produced the highest grain yield. Rhizochick may enhance photosynthesis and enhancing
availability of nutritional elements. Therefore grain yield have been increased. Generally, PGPR promote
plant growth directly by either facilitating resource acquisition (nitrogen, phosphorus, essential element) or
modulating plant hormone level. The reduction chemical application will affect decreasing environment
contamination which is one of the important factor for stability. Therefore it is recommended to plant
Bilesevar improved lentil variety with Rhizochick inoculation in Hamedan region.

Keywords: Lentil (Lens culinaris L.), Nitroxin, Rhizocheck, Super Nitro Plus
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Table 1. Some physical and chemical properties of the soil in study location

(aoy2) ST olge  amoml S Colan  (aoyd) oy (wop) e (opd) b cdl
0.C (%) pH EC (dS m™) Clay (%) Silt (%) Sand (%) Texture
0.58 7.5 0.5 26 41 33 Clay-Loam

Shalo)T adlaio alluo¥e Lol b dumlin 55wy Juad Job 55 (3l ool mo 9 oo aeniics 9 denoS” Ol ek =Y Jouir

Table 2. The minimum and maximum temperature variations and rainfall rates during the growing season compared
with the 20-year data

(Growth season) o fad

obl BT e e Wl aoyed cldams)l S
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May  June

015 -558 -92 -735 -198 2.14 6.28 9.45 12.82

AloY -+ Lo deS
The minimum temperature for 20 years
g Jl 55 Lo aies
Minimum temperature in the study year
Loy Lo aciog
The maximum temperature for 20 years
oo Jlo yo Les aiion
Maximum temperature in the study year
ALY Gl baste
The average rainfall for 20 years

sk Jlo oo AL bge 87 726 243 102 47 642 29 205 07
Average rainfall in the study year

6.21 -108 -4 -516 -151 -3.12 4 6.88 11.14

1537 818 475 6.45 1347 17.99 23.14 29.1 3227

2301 1294 949 923 1032 1045 17.02 22.3  28.23

489 444 447 534 3419 39.84 15.84 3.65 035

= ek, 5 llh 3 olS ul; 0)90 Jobo hals Epaslholaai g digr gl
elas )| zals gl oylaime 5l (S aS Conl 5,505 (LYo ) 5T o8y 50 e BLLYAIY 5l aigy elis )| ol s asals
J> ;2 4 (Shaban et al., 2013) wilesges o ,Lil o] 4 a5g Solml cog S b ess) oloyl o8, 50 F4/8 B (oo ciS)
(i A5 85 al> o 4 4Bl lis)l p by 5 Sl A e 0 aSs el 4z 51 (F Jaz) 05 i (eSS
ol 8l el b ol ralS es (eSS (g Lol g atils A Comd (eSS glol G SO L autS gy 40 o,
(Patel, 2005) ss 5 o a8l glas )| SO &g glaS ) sS g, 50 0 10 Ll g i mo Lal
sl ooy o LSS skl J,.JL ol Gumghy 4o Oinli8l g lo mre jobo a0 08 90 Ay S oyl o3,
L aoms ol (F Jgoz) 09— Slo sine L5)L<,T Sl o8 ls
ol cel o,lol slales o1 o a8 sla tagh s sla Sy ol oy aig elas | glas ol 5l asu
Shaban et ) o5 cglate i oo £ ,8 a3l olaas g o, Ll oy olae,l o8, el oals lad e o8, 0 40 bgsye
alt_e (ol cde (Goldani & Rezvani, 2007 .al., 2013 dae ol aS Jbo j0 w0og yie Ll 5 Gien £ly5 Jgene
20,5 soy keSS (6)lel Gl 4 Sl e Bl 9 TV s 5 4 pile g 031 08 90 sl
el 0,90 3ol yo (LSS o)kl oyl ’).éL> YT Lyl o 0 0958 c5¢35) ¥ awslie o (Shobeiri, 2014)
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Table 3. Analysis of variance for characteristics of plant height, water use efficiency, harvest index, biological yield,
grain number plant?, pod plant?, 100 seed weight, grain yield and plant m in chickpea plants

Ol s’ 2slio &ol5T a0 g gl g 4o aslh olux 418 5 ySlos

S.0.v df Plant height Branch Plant? Grain yield

Block 5L 3 18.10" 51.1™ 103.11™

Planting manner (A) culs s, 1 90.60" 300.01" 170.40™
Error (a) W 3 9.45 600.01 67.19

Cultivar (B) o3, 2 18.92" 380.1m™ 1311.30™

(AXB) s, xcosls g, 2 22.64" 2453™ 1105.60
Error (b) U> 12 8.15 504.1 120.1
CV %) &l puss oo 16.18 15.45 9.30

RO I o U K x* o )00 e (o ls pxe * o Fxe e NS
ns :Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

AWigy 50 Aild Blasi (K elgus & ySlos (alild y L (0T B pan 1) g Wl Wlao il g 435 —F Jgas aold]
Sg50i oLS ;0 aigy jo ALl dlasi g aild o ,Shoc (aildYer yj9 digy 4o L oy

Continue of Table 3. Analysis of variance for characteristics of plant height, water use efficiency, harvest index,
biological yield, grain number plant?, pod plant?, 100 seed weight, grain yield and plant m in chickpea plants

(MS) et o iseSibea

ag 50 plo oluw ag9yd 4l Bluss cdloy pasls Ss5glgm 0 ySdos &iloYesy39 ol Gy S,
Pod plant’ Grain plant™! Harvest index Biological yield 100 seed weight Water use efficiency

15.13" 0.03™ 1.08™ 124.0™ 14.09™ 127.10™

99.86 ™ 1.04" 96.10" 2670.36 ™ 50.10" 167.19™
10.12 0.007 300.01 1753.02 34.37 71.01
68.01" 1.09" 17.32" 1261.21™ 204.00™ 13.15™
89.1" 1.80™ 11.01™ 1050.40 ™ 270.3™ 56.16 "
5.31 0.008 3.18 1302.1 308. 23 27.14
14.10 13.04 14.07 14.47 1541 12.96

deyo) mhaw jo o g x* o )00 maw (ol pse * o gae e NS
ns :Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

adgi cqgz oS 5l B coles wilgl a5 cncd (sloslal ails o ySlos
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als 8o al33l crge ol 5L S ot el b oS e ol 0 ESe 5 0 SLSARUA 5 £ OV slas Shes
S =l mlie mils Ojgo 50 duy o L 4 ol 0als 99 4 S (5 5YL 0, Shas (ao,00 izl mhaws j0) o
5° Sd Slgidiy (oSS ()Ll ad>yo 99 GlsT 0 (S 55 72 50 Olol 5 wile a1 (F Jguz) oged wdsi 5o 8,
5 52305 (oSS okl Al o 5 ol 3155 51 (5 59l GLis (I3 e gl o Shee Ll cenS” B
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oSG Jl> ,» 4 (Feri & Nemati, 2000) ol oy 5555 S0, 30Y ¢ FFIO FAD Linlidl comge Lol 5 piila
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Vadez ) el ooy ol o ladils (g o+ o ,Slos jial38l o Syl 5l B 5L lade (Soltani et al., 2016)
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(Liuetal., 2003)
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alB)l 1o 059 4 0950 Ay 0,90 Blgl o Sas ps bl ol
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Table 4. Comparison of the effect of interaction between planting methods and cultivar on yield and yield components

s e g glay,l als 3 Sles pls olaxi PHERIREY esle
b 9, ) N (HUS2 50 p,55lS) . . s
Planting manner Cultivar Plalft}: ;ﬂl:') Grain yield g od . ‘u""’ » ’ (M’J)‘ wla):;
ght (cm) (kg ha™!) Pod plant’  Grain pod Harvest index (%)
T
2! 28.2b 605.7a 18.2a 11.1a 34.5a
Azad
2o ‘la
Rainfed ~ 30.5b 526.4b 17.4b 9.7b 33.5ab
Hashem
o, |
o 35.7a 512.9b 17.3b 9.5b 33.2b
Arman
o
2! 30.5b 899.8a 22.5a 14.0a 32.6a
Azad
skl - 32.6b 760.7b 20.6b 12.0b 32.0a
Supplementary irrigation  Hashem
o, T
o 40.6a 785.0b 21.0b 12.1b 32.5a
Arman

(30,30 gl ;5 LSD ) 03 las jls cime iglis (g Lel i 5l aslie By (2ulS gy 0 40 o8l g CilS g, 90 dunlie o
In each planting methods, columns with similar letters are not statistically significant differences (LSD test 5%).
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, (Anjamshoaa et al., 2011) s als s &, 51 o
Py ileleS Blisee gsha gy yslate 4 &5 oy,
asils shls slapls yrals el cugb, (i wil plol g5
S Casb; L la o jo uSally 5 0l 3556 pB)1 o
Eivazi ) <ol aolpsl cisg ails g0 glyls a5 Slapls as o



AN Jgl dous 18 lois Vel 11 31 QU gud> SR 9H /...5 ;Shos dus ito ¢ M

il o Slos

3yShoe o ;0 8) 5 CblS by, piSany Sl
A5 0l 3155 el e g 9903 Slo sine (bl S5 51 Saselsen
o eSlS gy Sl Jeaz) auis samline lo sine Sglis
Sg— Lo g doy0) maw o bl L 5l Sojedgn o Shae
bl L s iS5 sl 8 Shos anlia (¥ Jpuz)
39 (2o, 00 Jolee) Cairo ol o g Giulidl [ Slo  JooSS
ol cie .0 JS8) conl (LS5 s kol Ll s
elas )l g plod yo asils slasy ol olaws o Slae p LesS
Lol 5 Sogglge 0, Shos I ine Gl Y 5l 55y
oSS 5 )ll g S aline ok 4 g LSS (5L
A SO elam 0, Slos o xe Giulidl el 0550 (6l
0,95 Job Lil33l (Tadayyon & Ghorbaninejad, 2012)
Sldandd dz g Sl 5o yee (il (i,
35Shos ial33l ,%e8 oV 51 S s Gl b (s 5ningis
Sl oa b lye g by oo Ll 5 o Sjsls
.(Anjamshoaa et al., 2011)

3000 ~
2500 A

2000 A

1500 A

1000 ~

Bilogical yield (kg)

500 A

Sl asy a5 cal o cpl g oo Ll o clls el
Cod adly o, Sles 5l o bl ol jo (wd, mals) olS
oSS Ll Ll o i alais o ol a3 5 15 5T
3 G (0 SRl lsn (slapladl gy 055 2 (s )kl b
Sl ol cuils y el ol by 5 0ogy ails 8 Shee )] 5k
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S V- IS P B AW KW TS s B> i csaliv
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0590 Sl s g by i da gl 4555 ol yo @l 2011
o Jloel obS" (508 0595 5 p3 <SSy j5b 4 ol 03,
Cgb,y i bl Gilides a5, STy o e 4y o
% L,;:BLO.».A w‘élp ua>L~u "‘"”‘9”6& u,ul.w‘ LJ"‘ 29009 QBLM

(Imran et al., 2015) oozl ails
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Fig. 1. Comparison of biological yield in two methods rainfed and supplemental irrigation plantin
The same letters indicate no significant difference (LSD test 5%).
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(Malhotra & Saxena, 2002) ol o zalS
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Fig. 2. Comparison of 100 seed weight in two methods of rainfed and supplemental irrigation planting
The same letters indicate no significant difference (LSD test 5%)
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Introduction

Chickpea (Cicer arietinum L.) is one of the oldest pulses crops in the world and one of the seven
Neolithic founder crops in the Fertile Crescent of the Near East. Chickpea cultivars are grown mainly in the
Mediterranean area, the Near East, Central Asia and America. In Iran, chickpea seeds are usually consumed
in the form of mature, dry seed after cooking and processing in different ways. A total pulse crop cultivation
area in Iran is nearly 770000 hectares and 61% of this amount is earmarked for chickpea. The chickpea is a
good source of carbohydrates and protein, and 83.9% of the total constituent carbohydrates makeup from
starch. Supplemental irrigation can be practiced to achieve the best yield with the least quantity of water
available during reproductive periods. The effects of supplemental irrigation in chickpea showed that
supplemental irrigation would improve chickpea growth and increase yield especially under dryland
conditions (<500 mm).

Materials & Methods

This field experiment was conducted at the Rozve Experiment Station, at Agriculture and Natural
Resources Research Center (32°50" N, 50°34” E), Esfahan, Islamic Republic of Iran, 17 Km north of Eastern
of Chadegan in one cropping season (2014) on a sandy loam soil (EC=3.78 dS m?, pH=7.7 and
OM=0.55%). In rotation before the chickpea, wheat was cultivated. The experiment was conducted as a split
plot arranged in a randomized complete block design with four replications. Two methods of planting
included of rainfed and one supplemental irrigation were considered as the main plot and three new varieties
of peas (Hashem, Azad, and Arman) and local control varieties were subplots. Before planting the seeds of
all varieties (prepared by the Department of Dryland Research Sara Rud) were sterilized with fungicides
benomyl 2 per 1000. The weed control was done manually in the spring. Based on soil test results, there was
no need for phosphate and potassium fertilizers. Water productivity (based on irrigation (WPI) + rainfall (R)
were computed as: WPI (kgm™) = Grain yield (kg ha ')/Irrigation water applied +Rainfall (m?). The data
were subjected to analysis of variance by SAS and means Fisher’s Protected LSD (5%) was used for mean
comparison.

Results & Discussion

Based on this study, two methods of planting in terms of yield, yield components, and water use
efficiency were significantly different. Plant height ranges changed from 28.2 cm in Azad (rainfed) to 40.6
cm in Arman (supplementary irrigation). Although plant height in all three experimental varieties in
cultivation methods with supplementary irrigation was higher than rainfed conditions, but in both methods of
cultivation, plant height in Arman cultivar significantly increased compared to the other two varieties.
However, the effect of water stress on plant height depends on the stage of water stress. Plants grown with
supplemental irrigation has more height than plants grown under dryland conditions. Azad varieties in
rainfed and supplemental irrigation with 605.7 and 899.8 kg ha™ respectively, had significantly higher yield
than other cultivars (P<5%). Inadequate supply of assimilates required for the development of seeds and
embryos, is the reason for the decline in grain yield under dryland conditions. Number of pods per plant, is
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one of the most important yield components of chickpea. In this study, the number of pods under rainfed
conditions was reduced 19, 15.5 and 17.6 percent in Azad cultivars, Hashem and Arman, respectively in
comparison with supplemental irrigation. Regardless of the variety, harvest index under rain fed conditions
showed a significant increase compared with supplemental irrigation and Azad cultivar with harvest index
equal to 34.5, had the highest harvest index. Three varieties of Azad, Hashem, and Arman, for every
millimeter of supplemental irrigation produced 5.88, 4.86 and 5.44 Kg extra yield (relative to rainfed
conditions), respectively.

Conclusion

Based on the results of this study, chickpea cultivation especially with use of supplemental irrigation can
improve grain yield than dryland conditions. Among the cultivars used in this experiment Azad cultivar both
in rainfed and supplemental irrigation can be recommended.

Keywords: Chickpea, Harvest index, Number of pods, Plant height
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Table 1. Physical and chemical properties of site soil
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Table 2. Results of variance analysis of drought stress and growth regulators effect on some traits of bean
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Table 3. Means comparisons of water deficit effect on studied traits
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The common letters indicate non-significant at 5% level of probability based on Tukey’s test.
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Table 4. Means comparisons of growth regulators effect on studied traits
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The common letters indicate non-significant at 5% level of probability based on Tukey’s test.
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Introduction

Legumes have great nutritional value and are an important source of vegetable protein. Population
growth in recent decades has led to increased consumption of protein, especially red meat. The increase in
cereal production as supplemental protein sources is considered the country's economic development
program. Legumes grain have 18 to 32 percent protein and plays an important role in people's diet. Drought
stress is among the main limiting factors for legumes production, and is able to reduce significantly the
production of grains, in rainfed areas. Stress inhibits the full expression of the genetic potential of crops and
thereby reducing the production. Salicylic acid (SA), a plant phenolic compound is known as a plant
hormone and its role in relation to defense mechanisms against biotic and abiotic stresses, is well known.
Priming seed is a technique which the seeds before dealing with the ecological condition, will gain ability for
better germination in terms of physiological and biochemical functioning. The aim of this study was to
investigate the effect of spraying and priming of beans with salicylic acid on common bean vyield and its
components. It was also tried to determine whether priming or spraying with salicylic acid or both of them
can induce tolerance drought stress to or not.

Materials & Methods

This experiment was performed at Research Station of Agricultural School, Urmia, Iran, during 2015-
2016 growing season. The experiment was conducted as split-plot arrangement based on randomized
complete block design with three replications. Treatments consisted of three levels of drought stress
including severe drought stress (irrigation after 120 mm evaporation by class A pan), moderate drought
stress (irrigation after 90 mm evaporation by class A pan), and control (irrigation after 60 mm evaporation by
class A pan) as the main factor and treatments in five levels (control, priming with distilled water, priming
with salicylic acid, spraying with salicylic acid, spraying and priming with salicylic acid) as subplots. Each
experiment consisted of three replication with 5 plots. The first treatment control: conventional planting
seeds. Second treatment was primed seeds of beans with distilled water. The seeds were primed for 12 hours
in distilled water at room temperature. The third treatment: was seed priming with salicylic acid, so that the
seeds for 12 hours in a solution of 0.5 micromoles salicylic acid was used at room temperature. The fourth
plot: spraying the plants with a solution of 1 micromoles of salicylic acid on the field when the plants
produced about 50 percent pod. Fifth treatment (v) was a combined treatment, priming the seeds before
planting (seed for 12 hours in a solution of 0.5 micromoles of salicylic acid at 25°C temperature) and
spraying the plants of the plot with a solution of 1 micromoles of salicylic acid on the field at 50 percent
poding. After physiological maturity of beans, the crop was harvested and biomass, grain yield, 100 grain
weight, the number of pods per plant, the number of grains per pods and plant height were measured. The
data were analyzed with Tukey’s test at 95 percent probability (P<0.05) using SAS and MSTATC statistical
software.

*Corresponding Author: gholinezhad1358@yahoo.com
vy


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 10, No. 1, 2019, p. 63-74 (Research Article)

Results & Discussion

Analysis of variance showed that grain yield, biological yield, index harvest, the number of pods per
plant, the number of grains per pod, pod and seed weight, 100 grain weight and plant height were
significantly affected by drought stress and growth regulators. Mean comparison showed that the maximum
and minimum of traits were obtained under control (without stress) and severe drought stress, respectively.
The highest and lowest values of studied traits were obtained by spraying and priming with salicylic acid and
control (without priming). The highest (3362 kg ha™) and lowest (1864 kg ha) grain yield were obtained
under control (without stress) and severe drought stress, respectively. Drought stress in comparison with
optimum irrigation (control) reduced grain yield by 45 percent. Treatment spraying and priming with
salicylic acid in comparison with control (without priming) increased grain yield about 50 percent.

Conclusion
According to this research, under Urmia climate conditions, for producing high grain yield of common
bean, using spraying and priming with salicylic acid can be recommended.

Keywords: Bean, Priming, Salicylic acid, Spraying, Water deficit
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Fig. 2. Means comparison of interaction effect ofrain interruptedxmycorrhizaxsupplemental irrigation (A),

yearxmycorrhiza (B) and rain interruptedxyear (C) on the chickpea plant residues yield
Different letters show significant differences at 5% probability level
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Table 2. Means comparison of interaction effect of yearxmycorrhizaxsupplemental irrigationon the chickpea plant
residues ash
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Year Mycorrhiza Rainfed Supplemental irrigation
2014 salz Control 10.04 (g) 12.11 (b)

G. intraradices 11.00 (f) 13.22 (a)
2015 saLzControl 10.97 (f) 11.23 (d)

G. intraradices 11.09 (e) 11.38 (c)

Different letters show significant differences at 5% probability level.
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Table 3. Means comparison of interaction effect of yearxraininterrupted on the Chickpea plant residues ash
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Year 10-May 24-May 07-Jun

2014 11.26 (d) 11.61 (c) 11.91 (8)
2015 10.56 (f) 11.20 () 11.72 (b)

Different letters show significant differences at 5% probability level.

Triticum ) so_5 «Vigna radiata (L.) Wilczk) sl
Lycopersicum )  55,5a__>o5 4 (aestivum L.
Wu & Xia, ) el sow, oS! 4z esculentum L.
b 5l olS el an slice olie JLin! sgme (2004
T8 Slopgrhuce (5yS bavgs ety Qi whw 58
Cialidl a8 815 e S ype SB slaiy b g slad o
(S35 sl sy 0595 (59 pind Qi (e
Boomsma & ) o_s aalys ,mue Of JLatl g o (2]
Loz, 5 porgin; 5L L oS il (VYn, 2008

va

el 02 )00 ozl mhas (o o g Dglas ik aslie pué B9 >

ey el 0555 1S9y e (37 S ol D3

ol il s S 5l 5255800 slog 8 Lasi (59 5y
.(Smith & Read, 2008) ol o (ial3-8l \Ljus oLS a
SLacl )3 39290 (Jase Slgo jlade Sy S wo)s
oS Ll o Aty bagi Slge ul iz g 05 (BLS
o=l o Llay S s o talS asmai s b oo oS
) @iz cdib )5S il ool Jotono jlo Ll
Ol &S aes e Gl BN) s lalS a5 outdu S5
«Saccharum officinarum L.) S_as lals ,o g5o40



WWAA Jol dows 18 leds el [0l 931 Sligud SB[ i 0 (514415502 g sogllin

ols ble pendS (Jlo g0 ;2 0 oa.:sd)L,,fl ols
Gl 5 @20 pea 99 52 53 T3S Z)B L oadmils
Lyls o a5 ol las b (A-Y D) og yiin LeoSS
» e (Swl akd b ol Jlo jo (eSS ()]
Locals 1, oy slla edST oy i olS olosls,=\Y
il Ll aendS 0o woler sl Sk bl o 5
3 el Gl az e cll Jle g0 e 0 gl s
zolhw adS 0 0g o (ialesl Jol Jlo jo 093 slils
el (LSS g5lal ptolejl Jlo g0 5o (glp (Sl alad

(B-Y JS8) 00 SLla medS l5ae il

—

c

3 a g d

g ) fJ hﬁ”?g w4 |
<5} ol -

@ > (2

S S A
B A

g2 v B

= v B

[} o] B

< ] B

@]

t410-May #424-May & 07-Jun

H e

i gga— OLalS a5 (U395 5 el
Lulyd )0 o5 (nlaS 90 5 oo 0ud iy lalS slacdl,
pis day |yl A Cond baaiy y mdaw 2ol381 51 s Sas )l
(Saharan & Nehra, 2011) ol 5 Ko S

Skl Lyl o a8 ol plas osly 1S5l anslie
e cpyiion d5y0Se Z,B L osadmali plalS LSS
S 059l (AT JS) axials Jgl Jlo ,o 1y bl pundS

A

+4 Rainfed % Supplemental irrigation
# a

) dan
cord BE rerd
b o
S I::ﬁ A
P e S
£ LR
R e S
i i
o) BEE eend B
it b
s e
el S errd HHE
I o B
i i
ErEs Sl

Calcium (%) of plant residues

oblxJlo 5 (A) oS (5 5baTx! 52 59500 Sl (s iSan y 33l caomio g5 (i ol (5aSilen dan o —Y S
(B lsoS (5 3LuTx (S i
el 00,00 Jlaziz| mhans )5 lo g Dyl Kl aline e By >
Fig. 3. Means comparison of interaction effect of yearxmycorrhizaxsupplemental irrigation (A) and yearxrain

interrupted (B) on the Chickpea plant residues calcium
Different letters show significant differences at 5% probability level.
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Fig. 4. Means comparison of interaction effect of yearxmycorrhizaxsupplemental irrigation (A) and rain interrupted
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Different letters show significant differences at 5% probability level.
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2014 Control 11.86 (c) 11.74 (c)
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Different letters show significant differences at 5% probability level.
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Fig. 5. Means comparison of interaction effect of yearxrain interruptedxmycorrhiza on the chickpea plant

residues protein percent
Different letters show significant differences at 5% probability level.
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Different letters show significant differences at 5% probability level.
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Fig. 7. Means comparison of interaction effect of yearxrain interruptedx supplemental irrigation (A) and

yearxmycorrhiza (B) on the chickpea grain potassium
Different letters show significant differences at 5% probability level.
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Introduction

As water supplies decline and/or the cost of water increases, it is clear that producers are being driven
toward deficit irrigation management, and some level of plant water stress is inevitable. The challenge is to
define management systems that minimize the negative impact of the expected stress. Chickpea (Cicer
arietinum L., Fabaceae family), a resistant pulse plant to drought and heat, producesan acceptable yield in
poor soils. Chickpea is also used as a low-cost product in semi-arid tropical regions of cropping systems.
Since the chickpea production in most regions is limited caused by lack of moistureparticularly during the
generative growth stage, irrigation can be effective for improving the performance and its stability.
Supplemental irrigation has a key role to reduce tensions in the critical stages of plant growth, and also
compensate the serious yield lost. The occurrence of drought stress in some stages of plant growth could be
irreparable damages. The recognition of the critical stages of plant growth and water stress when they need
to meet in order to obtain maximum yield. West Azerbaijan has a large portion of the area under cultivation
and production of chickpea (66500 ha), especially in rainfed condition. Plant rhizosphere is known to be
preferred ecological niche for soil microorganisms due to rich nutrient availability. Rhizosphere
microorganisms (particularly fungi) can improve plant performance under stress environments and,
consequently, enhance yield. There is considerable evidence to suggest that arbuscular mycorrhizal fungi
have the potential to increase the tolerance of their host plants to water-deficit stress. The mycorrhizal fungi
improve profitability nutritional status of host plant due to water and nutrient (especially P) uptake in
irrigated and rainfed conditions.

Materials & Methods

A two-year (2014-2015) factorial experiment was conducted based on randomized complete block
design with three replications at West Azarbaijan Agricultural and Natural Resources Research Center.
Treatments were rain interrupted (10 May, 24May and 7 June), mycorrhizal symbiosis (non-mycorrhizal
plants and inoculation with Glomus intraradices) and irrigation (rainfed and one supplemental irrigation).
Plant residues (ash, protein, calcium, potassium and phosphorus) and grain (protein, potassium and
phosphorus) quality were respectively determined at podding and seed maturity (Association of Official
Analytical Chemists, 2005; AACC, 2000). Chickpea plant residuesand grain yields were measured by
harvesting of 1 m? of each plot. Data were analyzed using SAS9.1 and means were compared by
Duncan's new multiple range test (MRT) at 5% level of probability.

Results & Discussion

The combined analysis of 2-year data showed a significant effects of year, rain interruption, mycorrhiza
and supplemental irrigation on the forage (plant residues) yield and quality (ash, calcium, phosphorus and
protein), and also significant effect on the grain yield and quality (potassium, phosphorus and protein).
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Significant interaction effects of year, rain interruption, mycorrhiza and supplemental irrigation on quality of
plant residuesand grain exhibited varied response of chickpea to these above studied treatments. Means
comparison indicated that in the studied area one irrigation improved the yield of chickpea grain and plant
residues. In the current study, it was found that the inoculation of chickpea with G. intraradices regardless of
irrigation regimes enhanced theplant residues (phosphorus, calcium, ash and protein) and grain (phosphorus
and protein) quality. Delay in rain (from 10 May to 7 June) increased the performance of chickpea, so the
highest grain and forage (plant residues) yield were obtained from irrigated mycorrizal plants in continuing
rainfall until the 7 June. Chickpea grain yield was more under supplemental irrigation than dryland farming.
The early rain interruption showed a bigger yield loss because of longer stress, but the supplemental
irrigation compensated a part of this negative effect. The yield compensation in mycorrhizal chickpea plants
was better than non-mycorrhizal one. Rainfall continued up to 7 June, increased the plant residues (1451
kag/ha) and grain (602 kg/ha) in irrigated mycorrhizal plants more than earlier rain interruption (10 and 24
May).

Conclusion

Generally, quality of rainfed chickpea plant residues and grain were improved by supplemental
irrigation. Mycorrhizal symbiosis, regardless to rainfall interruption, enhanced the quality of chickpea plant
residues and grain yield (up to 20 % for supplementary irrigation and 24% for rainfed). Results showed that
the supplemental irrigation and mycorrhizal symbiosis are reliable techniques to achieve optimal
performance of rainfed chickpea.

Keywords: Glomus intraradices, Phosphorus, Protein, Rainfed, Rain Interruption
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Fig. 1. pBI121 binary vector harboring ccl21, Nos Promoter: Nopaline synthase Promotor; NPTI1: Neomycin
phosphotransferase gene which confers kanamycin resistance; Nos Terminator: Nopaline synthase Terminator;
CaMV35: Cauliflower mosaic virus promoter; KOZAK sequence: The sequence (GCAACA) that increases the gene
expression level; 6His tag: Histidine Tag; TGA: Stop codon. RB & LB: Right & Left Borders
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Real time PCR sPCR (9031 (5l ooliiuwl 3,90 gl ,5 3T Jlg5 —) Jguor
Table 1. Oligonucleotide primers used to PCR and Real time PCR

9y S5 5LET

9y 55T o3

Riverse Primer Forward Primer Gene
5" CCCTTTCCCTTCTTTCCA 3’ 5" GATGACGCACAATCCCACT & *CaMV-ccl21
5 CTTTCCCTTCTTTCCAGT 3 5 GGGTTCAACAACTTATGC 3 #ccl21
5" TGAAGACCCTGACTGGGAAG3’ 5 CACGGTTCAACAACATCCAG 3 ==ybiquitin
5" TGAAGACCCTGACTGGGAAG3’ 5" CACGGTTCAACAACATCCAG 3’ == nptll

(L cax VY PCR Jyaxs)Real time PCR slo o, (sl osliinl 0,50 551
00l CCI2L 5 (6 s paiigis, gl duglio sl (J5I5 8 )il 5 ecrissS o
(b <> YAA (PCR Jsame) PBI121 36 jo 5 ojle j9a5 (omyp sl ooliial 3,50 5L
* primers used to verify gene constructs (PCR product: 385 bp)

** primers used for Real time PCR assey (PCR product: 103 bp)
*** |nternal standard gene for comparison of ccl21 gene transcription level
*#%% primers used to verify gene constructs into pBI121 vector (PCR product: 798 bp)
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Fig. 2. Digestion of pGH plasmid containing the ccl21 gene and PBI1121 plasmid containing the gus gene with BamH |
and Sac | restriction enzyme.
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Fig. 3. Verification of recombinant Agrobacterium colonies with PCR by ccl21 primers, 1: Negative Control (NT);
2,3,4: clonies that has ccl21 gene; 5: Molecular Marker with Pars Tous
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ladder NT wunptll
798Db

STt g sl 5 i JaSlge LS Y w9950 oS aukio il sloipad 3 3yl clo s ST b sl 3 i gl —F JSCi
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(3b o VAP azkd i) CaMV-CCI21 GL”;}&T 3l oolaiwl b 5 ygua> ..\.uj; 0 (5 3b casVAN azkad 13ST) (Nptll)

Fig. 4. PCR analysis for detection of ccl21 gene in infiltrated leaves of chickpea, 1: 100bp Size marker (parstous);
2: PCR product of wild type plant ((NT); 3 & 4: PCR products of infiltrated plant by nptll primers (798 bp);
5: PCR product of infiltrated leaves by CaMV-CCI21primers (386 bp)
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Fig. 5. ccl21 gene expression assessment, (A): Verification of ccl21 expression in chickpea of infiltrated leaves with semi
quantitative RT-PCR, (B): Amplification of chickpea ubiquitin as internal control
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Fig. 6. ccl21 gene expression assessment, A, B & C: Verification of ccl21 expression in chickpea samples with Real time
PCR; control: ubiquitin as internal control
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Fig. 7. 15% SDS-PAGE gel analysis of protein samples extracted from chickpea leaves (A), ladder: Protein molecular
marker (Parstous); 1, 2 & 3: protein samples from chickpea leaves (15.5 KD band), Western blotting of protein

samples (B), Lane 1 & 2: infiltrated protein samples, (15.5 KD band shows CCL21 molecular weight); pc: positive
control mosaic virus of tobacco
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Fig. 8. (A): Protein dot blot for detection of recombinant protein in transformed leaves of chickpea A, B & C: protein
sample of transgenic plants; pc: positive control; nt: protein sample of non-transgenic plant, B: Quantification of
recombinant CCL21 protein in transgenic plants by ELISA; positive control; protein sample of transgenic plants;
protein sample of non-transgenic plant as negative control and Blank
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Introduction

Chemokine (C-C motif) ligand 21 (CCL21) has anti-tumor efficacy and used for immunotherapy based
on cytokinins against cancer cells. Immune potentiating of CCL21 chemokine via DC and stromal cell-based
approaches for effective recruitment and activation of APC and T cells for promotion of antitumor activity in
lung cancer was evaluated. Plants are now gaining widespread acceptance as a general platform and as
bioreactors for the large scale production of recombinant proteins. However, the technique suffers from
major drawbacks such as low expression level and long time required for the production of the recombinant
protein in plant tissues. The goal of the present study was to investigate the possibility of expressing the
CCL21 protein in Cicer arietinum via agroinfiltration. In agroinfiltration, the suspension of Agrobacterium
tumefaciens harboring the gene(s) of interest is infiltrated into plant leaves using a needle-free syringe. This
technique has been carried out in a variety of plants with different experimental purposes and it was simple,
cost effective and rapid procedure. Chickpea contain several minerals and phytochemicals components for
human health, for example it has selenium, that plays essential roles in liver enzyme function, and helps
detoxify some cancer-causing compounds in the body, Also selenium prevents inflammation and also
decreases tumor growth rates. So cheakpea known as a valuable plant for the production of recombinant
proteins chickpeas also contains folate, which plays a role in DNA synthesis and repair, thus preventing the
formation of cancer cells from mutations in the DNA. Also it has saponins, which are phytochemicals that
prevent cancer cells from multiplying and spreading throughout the body. High-fiber intakes from fruits and
vegetables like chickpeas are associated with a lowered risk of colorectal cancer. Therefore, in this study,
ccl21 gene of human was synthesized and transiently expressed in Cicer arietinum.

Materials & Methods

To examine the possibility of expressing the CCL21 protein in Cicer arietinum, a cDNA fragment
encoding the ccl21 gene was synthesized de novo, modified with a Kozak sequence, a C-terminal hexa-
histidine (6His) tag, and an endoplasmic retention signal (SEKDEL). The construct was subcloned into
vector pBI1121 and Agrobacterium colonies were verificated by PCR test. The resulting ccl21 plasmid was
agro-infiltrated into Cicer arietinum. The relative gene expression of recombinant plant-produced ccl21 was
measured by semi quantitatve RT-PCR and quantitative real-time PCR. Guided by the gene expression
profile, CCL21 protein was extracted after 72 hours. A recombinant CCL21 protein was immunogenically
detected by conjugated polyhistidine antibody in western blot, dot blot and ELISA assay.
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Results & Discussion

The results of PCR assay confirmed presence of the synthetic construct in Agrobacterium clones. Also
PCR test showed that, this construct was integrated in infiltrated leaves but the gene of interest is not
integrated in the nuclear genome of plant cell. So, the transgene in plant tissue is higher than pure plasmid as
control. RT- PCR and Real time PCR assay was also conducted to evaluate the expression of gene. Dot blot
assay showed that, the protein sample obtained from transformed leaves generated a strong signal which is
comparable to that of positive control, whereas wild type plant protein was not detectable. Also enzyme-
linked immunosorbent assay (ELISA) and western blot showed that gene construt of ccl21 was expressed
highly in transcription and translation level. Migration size of protein was detected at 15.5 KD by Western
blotting. ELISA results showed that the CCL21 was expressed in the transfected leaves in high level.

Conclusion

This paper is the first research about the transient expression of the chickpea-made CCL21 protein
where a synthetic sequence was used for its expression. Here, the efficacy of agroinfiltration for expression
of ccl21 gene in chickpea was illustrated. Agroinfiltration expedites the process of recombinant protein
expression in plant tissues. Therefore, using agro-infiltration system in chickpea plant was the appropriate
strategy for ccl21 gene production in the assayed plants. Therefore, this method makes it possible to evaluate
efficacy of a potential recombinant vaccine in a short time.

Keywords: Agro-infiltration, C-C chemokine ligand 21 (CCL21), Chickpea, Transient gene expression
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Table 2. Mean squares (MS) of ANOVA morphological traits in Cicer arietinum
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0.6 111 1.07 0.87 42.21 57782 28 Errori.s
44 Total s
MS las po ailso
oS L als 5 459 awgy b &ils (439 v S slaw 39 0,5 dlasy JS olawi 0 &l dluwi "’?)"— Ay gk
sl Wy S5 olS W T NP FE Ay SO W ol SOV
Biolo ;cal "i.eld Total weight Pod weight Number of Number of Number of Number of Df
gicaly (seed+straw) (seed+shell) one seed pod node/stem pod/plant seed/plant
887183™ 985.8™ 649.08™ 875.3" 11.15™ 1787.7* 646.5" 2 Rep. I,
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Table 3. Path analysis for seed yield trait
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Table 4. Mean comparison for morphological traits of chickpea genotypes

LYPH P IRIREY

Agr yo BME IS sluws Number of adgl as Ll olows Sy glisl RS
Number of total Number of .
pod per plant secondary primary branches Plant height (cm) Genotype
branches
58.7+ 16.1 ¢ 41+1.1% 2.76+0.23 b 45,20+ 3.64 ¢ Gl
38.33+8.09 ¢ 3.36+0.63 % 2.93+0.34 ¢ 42,10+ 1.95% G2
53+ 8.74 ¢ 5.67+0.88 ® 2.53+0.46° 44,30+ 2.5 ¢ G3
55+ 10.2 ¢ 453+ 1.44%® 3.06+ 0.29 ¢ 45,77+ 1,86 ¢ G4
50+ 14,5 ¢ 12.83+6.772 2.96+ 0.88 2° 40.63+ 3.71% Gb
60+ 16. 4 ¢ 5.73+1.44%® 3.1+ 0.66 *© 45,97+ 2.03 2¢ G6
36.67+2.33°¢ 2.67£0.67° 2.3+017°¢ 42,10+ 1.50 ™ G7
76+ 1.732 8.55+0.142 4.02£0.33% 48.65+0.37 % G8
63.7+ 18.7 ¢ 7.17+£1.95¢2 2.73+0.29 40.73+ 6.65 ™ G9
40.7+10.7 437+1.1% 2.96+ 0.2 ¢ 37.20£1.59°¢ G10
45,3+ 10.2 ¢ 4.86+0.94 2.63+0.52 b 40.96+ 0.49 ™ G11
51.3+ 13, 43¢ 4.63£2.02%® 2.96+ 0.2 ¢ 40.30+ 1.15% G12
50.5+ 7.22 ¢ 5.65+0.95 ® 3.15+ 0.08 ¢ 4850+ 5.48 2 G13
48+ 13.7 ¢ 5.3+2.76 % 3.3+ 0%° 40.63+2.23 ™ Gl4
74+ 1,73 % 7.3+017 3.6+ 0 ¢ 52.45+1.072 G15
Continue of Table 4
OMWE dwgy bl o3 . s ) SUE IS olawi 5 ¢ stiss
. PSS Al SLUS ()9 Sy AL IS dlows . aBlw y0 0,5 Slass
Sy Dry weight of stem Number of s Number of node
Pod weight () empty pods Number of per stem
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32,07+ 7.13 8¢ 1533+ 3.54 ® 2.33+0.88 ¢ 48.3+12.1 %¢ 20.43+0.72 %
19.47+ 4,18 ¢ 11.4+1.97° 6+2.52 % 28.33+7.88° 16.03+1.47°
25.53+ 3,78 ¢ 16.57+ 3.06 3.67+2.67 *° 48.33+6.17 ¢ 19.96+ 0.82 ¢
27.63+ 5.89 ¢ 14.9+ 3.06 ® 2.67+0.67 ¢ 45,33+ 5.46 ¢ 20.37+1.21%
225+ 7.21 3¢ 13+ 4.25® 1+0°¢ 41.3+11.2%¢ 18.53+ 3.09 ¢
30.6+ 8.66 ° 18.97£59® 2.67+0.67 ¢ 49.3+ 14.2 ¢ 18.4+0.58 ®
16.97+0.57 ¢ 34.8+19.1%® 2+0.57 " 30.33+2.4 " 20.97+1.66 %
38.7+2.66 2 21.32+0.04 % 6+1.5% 60+ 2.89 2 22.65+1.36°
31.87+6.77 8¢ 17.87£529® 7.33+2.332 60+ 11.6 2 20.87+1.67 %
18.67+4.57 ¢ 12.07+3.42%® 1+0¢ 38+ 10.3 ¢ 20.43+0.86
325+ 16.5 ®¢ 12.2+1.08 ® 3.33+ 1.2 %¢ 38.3+10.7 ®¢ 19.97+ 1.04 ¢
24,9+ 4,13 ¢ 13.27£223% 5.33+1.33% 43,7+ 10.5 *¢ 18.67+0.88 3¢
26.45+ 5, 43¢ 18.3£242+% 4+ ] 8bc 37+ 118%¢ 20.25+ 1,01
18.9+4.32°¢ 13.07+3.06 5.33+1.76 ® 41.7+12. 43¢ 17.73+0.46 ¢
38.25+1.88 24.4% (.34 ®° 2.5+ 0.26 *° 66+ 1.15% 22.65+0.37°
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1308+ 209 ® 716+ 154 2bcd 43.6+6.97® 805+ 96 Gl
1113+ 178° 438+ 75« 37.1£5.92° 9504+ 149% G2
1379+ 90.2 % 589+ 95 abcd 46.57+3.01%® 860+ 219 G3
1385+ 293 ® 611+ 125 abcd 46.17+9.77 % 667+ 149 G4
1283+ 455% 561+ 185« 42.8+15.2%® 634+ 2012 G5
1685+ 424 @ 7004+ 197 2bcd 56.2+14.1%® 716+ 190 G6
1009+ 96.7 © 378+ 26.7¢ 33.63+3.22° 882+83.2% G7
1909.8+ 96.06 2 864.8+53.3% 63.65+3.32¢ 578+ 96.6 G8
1628+ 446 717+ 161 ¢ 54.3+149%® 509+ 122 ° G9
961+ 264 ° 430+ 89.1 32.03+8.78"° 644+ 248 G10
1072+ 205° 434+99.1 @ 35.73+6.84° 902+ 261 * G1l1
1270+ 163% 544+ 1062 42,33+ 5.42% 1011+ 1422 G12
1559+ 216 588+ 95,3 bcd 51.95+7.19 % 705+ 96.1 ® G13
1129+ 198° 433+90.2« 37.63+6.61° 964+ 80.5 ® Gl4
1956+ 22.5° 871.5+ 459 % 65.2+0.752 690+ 0 ® G15
(p5) AJ‘-:\’*G)‘9 bl as 5956 OME sluwy gy 50 il olusy
100- seed weight H . o Number of filled Number of seed
arvest index (%)
pod per plant
23.87+ 5.15 cd 42,08+ 7.27%® 14+ 3.21 % 65+ 18 ¢
14.6+ 2.5% 38.16+ 3.03° 17.67+3.762 42.33+£3.38°
19.63+ 3.17 @cd 39.95+1.34 2 12+ 3.21 ¢ 59.7+ 10.1 ¢
20.37+ 4.18 2cd 42,08+ 3.27%® 5+2¢ 62+ 14 e
18.7+ 6.15° 43.63+3.48 % 6.33+2.19% 56.7+ 17.8%°
23.33+ 6.56 47.2+ 6.68%° 8.67+0.88 ¢ 69.2+ 18 2bc
12.6+0.89 ¢ 40.76+ 3.56 6.67+ 1.2 37t 4°¢
28.83+£1.78° 41.91+4.79 % 10+ 1.53 ¢ 87.5+8.95%®
23.9+ 5,38 a¢ 47.18+2.59 % 5+1.15°¢ 81.3+ 19,5 ®¢
14.33+2.97 4 43.2+254%® 11+ 3.61 ¢ 44.67+8.74 "
14.47+ 3.3 41.05+1.23 % 5.33£1.76 ¢ 53+ 14.4 ¢
18.13+ 3,532 4551+ 3.65 % 6+ 2.520¢ 53.7+ 14.4%
19.6+ 3.18 acd 41.01+ 2.09% 467+1.86°¢ 56+ 4.62 ¢
14.43+3.01 ¢ 40.73£0.33 2 10.67+ 5.7 ¢ 49+ 11.8 2
29.05+ 1.53 ® 51.68+0° 10+ 0" 77+2.89°
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Values within individual columns indicated by at least one equal letter are not significantly different at 0.05 probability level.
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Introduction

Chickpea (Cicer arietinum L.) is a winter crop and mostly self-pollinated with chromosome number
2n=2x=16 that it is known as one of important source of vegetable protein in the world. It is found that 70%
of the total world’s chickpea production belongs to the Asian region. India, Turkey, Pakistan, and Iran are
the major countries in Asia that produce chickpea. Iran is an important center of chickpea diversity but the
productivity of chickpea in Iran is variable and low, which may be related to limiting climatic factors, water
availability, genotype and little breeding work in Iranian chickpea cultivars. The presence of genetic
diversity among genotypes indicates the genotypes are a valuable resource to increase product quality and
productivity. Analysis of genetic diversity can provide practical information for selection of parental material
in plant breeding programs and gene-bank management. The objectives of this study were to evaluate genetic
variation among chickpea genotypes and to determine the relationships among agronomic traits with seed
yield using analysis of variance, comparison of means, correlation coefficient, step-wise regression and path
analysis.

Materials & Methods

The experiment was conducted in the city of Khorramabad 2014-2015, in latitude 33 degrees 36 minutes
north and longitude 47 degrees and 40 minutes east of the Greenwich meridian is located. Its height from sea
level is 1200 meters. Fifteen chickpea genotypes were supplied from Dryland Agricultural Research
Institute, Iran and studied for various yield parameters under field conditions in a randomized complete
block design with three replications. in present study 21 morphological characteristics such as plant height,
number of primary branches, number of secondary branches, number of total pod per plant, number of node
per stem, number of one-seed pod, number of two-seed pod, number of empty pod per plant, pod weight
(seed+shell), seed weight per plant, 100- seed weight, number of filled pod, seed yield, number of seed per
pod, number of seed per plant, biological yield, straw yield, harvest index, total seed weight (seed+straw),
dry weight of stem and productivity effort were evaluated.

Results & Discussion

The analysis of variance showed highly significant variations (p<0.01) among genotypes for seed weight
per plant, 100-seed weight, seed yield and number of pod per plant characters. According to the mean
comparison results, it was found that G8, G9, G1 and G6 genotypes have the highest seed yield respectively
and G8, G9 and G13 genotypes have the highest biological yield. The correlation analysis results revealed
that seed yield has a highly significant relationship with 100-seed weight, seed weight per plant, the number
of pod per plant, the number of one-seed pod, the number of seed per plant and weight of pod (seed+shell)
but there is a negative correlation between seed yield and straw yield. Also, there is positive and significant
correlation between biological yield and total seed weight (seed+straw), 100-seed weight, pod weight
(seed+shell), seed weight per plant, dry weight of stem, plant height, the number of seed per plant, the
number of primary branches and the number of total pod per plant. Results of stepwise regression analysis
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for seed yield as a dependent variable and the other traits as independent variables showed that 100% of total
variation of seed yield justified by the number of one-seed pod, pod weight (seed+shell) and 100-seed weight
traits. The path analysis confirmed that weight of pod (seed+shell) has the maximum positive direct
influence on seed yield plant and 100-seed weight and number of one-seed pod also exhibited a considerable
indirect effect on the seed yield through the weight of pod (seed+shell). Finally, the results of simple
correlation, stepwise regression and path analysis in this experiment showed the 100-seed weight, weight of
pod (seed+shell) and number of one-seed pods had the greatest effect on seed yield.

Conclusion

With regard to the result of mean comparison, it can be concluded that G8 and G9 genotypes from the
studied genotypes are better based on seed yield and biological yield. Also, stepwise regression and path
analysis results showed that pod weight (seed+shell), 100-seed weight and one-seed pod traits would be the
appropriate selection criteria for better seed yield in chickpea.

Keywords: Cicer arietinum, Genetic variation, Morphological characterization, Path analysis, Seed yield
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Table 1. Analysis of variance for height, shoot and root weight and root/shot ratio of bean cultivars in irrigation

regimes
JTIIR SOV @olil azye gl AL ylad olwsld (g Aduy ol ol b adly ) Cond
DF Height  Stem diameter  Shoot weight  Root weight Root/Shoot weight
Skl Irrigation (1) 2 575** 0.14ns 12%* 0.5** 0.04*
o3, Cultivar (C) 2 359* 0.13ns 3.3** 0.09** 0.01ns
NP I*C 4 96ns 0.26ns 0.23ns 0.01ns 0.03*
las Error 18 61 0.2 0.11 0.005 0.009
Ol gy CV (%) 11.7 111 15.6 10.7 14.3
Yo 08y g iy Jloiol gglan o o gine 5 3 cme et i 4 F Y g s
ns,* and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 2. Means of height, shoot and root of bean cultivars and irrigation regimes
&bl Irrigation o5, Cultivar
wlao Traits
FC 75%FC  50%FC Saleh  Talash Khomein
(osilo) glisl Height (cm) 74.1a 68.2b 58.3c 69.1b  71.8a 59.7¢c
(@5 ;0 p,5) o)l 459 Shoot weight (g/plant)  3.29a 2.30b 0.98c 2.84a 2.11b 1.63c
(K92 9 p,5) 4oy B9 Root weight (g/plant)  0.904a  0.462b 0.237¢c 0.704a 0.516b  0.383b

(LSD=0.05) w5 (5 lo o IS i) 50 50 S ie B> gl)ls (slo Kloo oy ;o 50
Means with the same letters in each row are not significantly different, using LSD, p<0.05.
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Fig. 1. Root/shoot ratio of bean cultivars in irrigation regimes
Means with the same letters are not significantly different, using LSD, p<0.05.
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Table 4. Means of chlorophyll, RWC and electrolyte leakage of bean cultivars and irrigation regimes
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Means with the same letters in each row don’t have significant difference, using LSD, p<0.05.
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Fig. 2. Stomatal conductance of bean cultivars and irrigation regimes
Means with the same letters do not have significant difference, using LSD, p<0.05.
Lower case letters indicates cultivars differences and upper case letters indicate irrigation differences.
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Fig. 3. Seed weight of bean cultivars and irrigation regimes
Means with the same letters do not have significant difference, using LSD, p<0.05.
Lower case letters indicates cultivars differences and upper case letters indicate irrigation differences.
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Height ~ Stem diameter Shoot weight Root weight Root/Shoot weight Chlorophyll (pre-flowering)[SPAD]
1 1.00
2 0.33 1.00
3 0.67** 0.15 1.00
4 0.52** 0.07 0.84** 1.00
5 -0.40* -0.08 -0.58** -0.18 1.00
6 0.10 -0.19 0.44* 0.38 -0.29 1.00
7  0.63** 0.25 0.84** 0.75** -0.45* 0.38
8  0.62** 0.23 0.88** 0.73** -0.49* 0.44*
9  -0.52** -0.15 -0.84** -0.86** 0.29 -0.21
10 0.57** 0.11 0.87** 0.85** -0.37 0.28
11 0.68** 0.17 0.93** 0.83** -0.41* 0.36
12 0.42* -0.01 0.72** 0.75** -0.16 0.28
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Chlorophyll (pod filling) RWC Leakage Stomatal conductance Seed yield Biological yield
1
2
3
4
5
6
7 1.00
8 0.74* 1.00
9 -0.78** -0.74** 1.00
10 0.76** 0.81** -0.95** 1.00
11 0.82** 0.9** -0.88** 0.91** 1
12 0.69** 0.66** -0.79** 0.8** 0.86** 1

* and **: Significant at 5% and 1% probability levels, respectively
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Introduction

Common bean (Phaseolus vulgaris L.) is the most important food legume and is an important source of
calories, protein, dietary fiber, and minerals for human nutrition. In addition, it provides an essential source
of protein for more than 300 million people worldwide including Iran. Drought is one of the most important
abiotic stress factors that limits plant growth and results in significant seed yield reductions in around 60% of
global bean production areas. Acclimation to water deficit in crops is the result of a series of integrated
events. Upon exposure to drought stress, plants exhibit a wide range of responses at the whole-plant, cellular
and molecular levels. At the whole-plant level, the effect of drought stress is usually perceived as a decrease
in photosynthesis and growth, which is associated with alterations in carbon and nitrogen metabolisms. The
reduction in the photosynthetic activity is due to several coordinated events, such as stomatal closure,
chlorophylls cleavage and the reduced activity of photosynthetic enzymes. Stomatal closure is probably the
most important factor controlling carbon metabolism, but the relative role of other limitations on
photosynthesis depends on the severity of water deficit. The aim of this experiment was to determine the
effect of different moisture stress levels on morph-physiological attributes of three common bean genotypes.

Materials & Methods

In order to evaluate the effect of moisture stress on some morphological and physiological traits of
common bean genotypes, a greenhouse experiment was conducted as factorial design. The experimental
factors included irrigation (100% FC; as control, 75% FC; as moderate drought stress and 50% FC; as severe
drought stress) and three common bean cultivars (Saleh, Talash and Khomein). The experiment was
performed at FUM (Ferdowsi University of Mashhad) glass house in 2015 with three replications. Pots
(diameter 20 cm, height 30 cm) were filled with ten Kg of loamy soil and five seeds were planted in each of
them. After emergence and establishment of seedlings, two plants were remained in each pot. Irrigation
treatments were started at 4" leaf stage and continued up to the end of experiment. Plant height, stem
diameter, shoot and root weight, root/shoot ratio, greenness, leaf relative water content, electrolyte leakage,
stomatal conductance, biological and seed weight were measured. Data were analyzed using SAS software
and least significant difference test (LSD) was used for mean comparisons at 0.05 level in MSTATC
software.

Results & Discussion

The effect of Irrigation and genotype on plant height, shoot and root weight, chlorophyll at reproductive
stage, relative water content, electrolyte leakage and stomatal conductance were significant. Also the
interaction effect of irrigationxgenotype on root/shoot ratio was significant. Drought stress decreased plant
height by 8% and 21.4% in moderate and severe drought stress respectively. Shoot weight decreased by
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30.1% (moderate drought stress) and 70.1% (severe drought stress) and root weight decreased by 48.9%
(moderate drought stress) and 73.8% (severe drought stress) compared to control. The root/shoot ratio
decreased under moderate drought stress in all genotypes but under severe drought stress, root/shoot ratio
were increased in Talash and Khomein genotypes. Drought stress decreased chlorophyll content, so that
under moderate and severe drought stress chlorophyll content decreased by 12.4% and 31.3%, respectively
compare to control. Among genotypes, Saleh accumulated higher leaf chlorophyll content. The relative water
content and stomatal conductance declined under drought stress treatments but electrolyte leakage was
increased under drought stress treatments. Relative water content decreased by 9.9% and 30.7% under
moderate and severe drought stress conditions, respectively compared to control. Under moderate and severe
drought stress conditions stomatal conductance reduced by 33.3% and 53.3% respectively compared to
control. Electrolyte leakage increased by 24.7% under moderate drought stress condition and 37% under
severe drought stress condition compared to control. Also higher relative water content, stomatal
conductance, and lower electrolyte leakage was observed in Saleh genotype. The highest seed yield among
cultivars was found in Saleh and the highest seed weight was observed in complete irrigation regime.

Conclusion

Based on our results, Saleh genotype produced more seed, biomass, relative water content, chlorophyll,
stomatal conductance and lower electron leakage, therefore, it seems that this genotype is more tolerant to
moisture stress. However, generally, bean plant seems susceptible to drought, and it might not be feasible to
impose high levels of drought stress on this crop.

Keywords: Deficit irrigation, Electrolyte leakage, Relative water content, Stomatal conductance
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Table 1. Location of experimental soil before adding treatments (up to depth of 30 cm)
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Table 2. Quantity of input and farming management in different energy intensity of bean

Cropping systems <l,; ol

b o 00l 0ol i 0ol bwgiio oolginS Sudds S 5eleS
Consumer inputs High input Medium input Low input  Integrated Ecological
Plow (NO.) (slaws) peis 2 1 1 1 1
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Density (Seed M) (&10 50 3 4ils) o515 45 50 45 60 60
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ingle kg haly ssles wlans
Single dkg ha o s 150 100 50 100 -
superphosphate
og5
Fertilizer Potassium sulfate kg ha?y gy lige 15 10 5 10 -
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Weed control Hand weeding (NO.) (slass) (ws o - 1 2 1 3
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Table 3. Energy input types from total energy inputs in different intensity of energy consumption in different bean varieties

Sy olkii ey Laasgin Filaep  odles  Jiaep aal PR s

sirles ) ) -
Type of energy Varieties % of High % of Medium-input % of Low % of Integrated % of Ecological
P total input total total input total total
. | &y Sadri 41 20527 42 15428 45 10617 39 12483 58 7754
s (S5
Direct ene?gy L,» Dorsa 40 20116 41 15099 43 10382 38 12154 53 7520
Ks-31169 39 19887 40 14917 41 10252 36 11972 50 7389
i ) | &y Sadri 59 29611 58 21344 55 13138 61 19602 42 5717
n direcf: ner;; L, Dorsa 60 30159 59 21972 57 13846 62 20230 47 6571
Ks-31169 61 30707 60 22595 59 14545 64 20853 50 7411
s s 53, &y Sadri 6 2820 8 3000 13 3159 9 3026 28 3818
Renewable L, Dorsa 7 3368 10 3627 16 3867 11 3654 33 4671
energy Ks-31169 8 3916 11 4250 18 4565 13 4277 37 5512
il aassgy e Sadr 94 47317 92 33772 87 20596 91 29058 72 9653
Non-renewable L ,» Dorsa 93 46905 90 33443 84 20361 89 28729 67 9418
energy Ks-31169 92 46677 89 33260 82 20230 87 28547 63 9288
oa 3, S o Sadri 100 50138 100 36772 100 23755 100 32086 100 13472
909 Sor
Total energy L,» Dorsa 50274 37071 24228 32384 14091
input Ks-31169 50594 37511 24796 32825 14800
et @S e Sadri 64884 40198 38500 52515 44413
Total energy Dorsa Lu,s 56692 46520 30785 48425 37613
output Ks-31169 60851 52534 32186 53206 38380
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1- Direct energy: Includes human labor, diesel, and electricity; 2- Indirect energy: Includes seeds, fertilizers, manure, chemicals, machinery and irrigation;
3- Renewable energy: Includes human labor, seeds, manure and irrigation; 4- Non-renewable energy: Includes diesel, chemical, fertilizers, machinery.
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Introduction

Reducing dependence on auxiliary energy is the basic objective in all farming systems. Based on
scientific research, potential production of different agricultural ecosystems assists to improve the efficiency
of production. Since energy consumption is one of the most important necessities in different production
systems (ecologic, low-input, medium-input, high-input and integrated), introduction of an efficient system
of agriculture will contribution to the economic cycle of agriculture. So far, a few studies have been
conducted to evaluate energy consumption of different production systems of beans in Iran, therefore this
study examine energy budget of different input intensity for bean varieties. There have been many attempts
to define agricultural sustainability in recent decades; In fact, the concepts of sustainable agriculture have
been common since the late twentieth century. But in the first decades of this century it was used as
synonymous with terms such as organic agriculture, ecological, precision agriculture, biodynamic, organic
and low input agriculture. The main objectives of sustainable agriculture are optimal production of food with
increased quality and quantity, conserving water and soil conservation and increased economic benefits for
farmers, agricultural activity accordance with ecological processes and environmental protection, the use of
appropriate technologies, non-deployment of harmful inputs to the environment, as well as human health and
animal.

Materials & Methods

The experimental design was a split plot with five intensities of inputs: ecologic, low-input, medium-
input, high-input and integrated comprising the main treatments, and different bean varieties (navy bean cv.
Dorsa, kidney bean cv. Ks-31169 and pinto bean cv. Sadri) as sub-treatments that were applied with three
replications. The experiment was conducted in 2016 in National Bean Research Station at Khomeyn, Iran.
Based on the energy equivalents of the inputs and outputs, energy use efficiency, energy productivity,
specific energy, energy intensiveness, net energy and energy intensity of production were calculated.

Results & Discussion

The total energy input for ecologic, low-input, medium-input, high-input and integrated system was
14121, 32432, 24260, 37118 and 57390 MJ ha, respectively. The total energy output for ecologic, low-
input, medium-input, high-input and integrated systems was estimated as 40135, 51382, 33824, 46417 and
60142 MJ ha'l, respectively. Averaged over five evaluated systems and three varieties of bean, the greatest
and the least direct energy used in ecologic system of Sadri and integrated system of Ks-31169 (58% vs.
36%), indirect energy used in integrated system of Ks-31169 and ecological system of Sadri (64% vs. 42%),
renewable energy used in ecological system of Ks-31169 and high-input system of Sadri (37 vs. 6) and non-
renewable energy used in high-input system of Sadri and ecological system of Ks-31169 (94 vs. 63). The
greatest energy efficiency and environmental efficiency of support energy was observed in ecologic system
of Sadri (3.3 and 3.5, respectively), indicating 155 and 169 percent greater efficiency compared with the
high-input system of Sadri. Zare-Faizabad and Koocheki (2000) compared conventional and ecological
systems of wheat and concluded that yield of low-input and organic system is lower than other systems, but
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efficiency of energy is higher in this system. In a study to evaluate the energy efficiency of organic and
conventional systems in corn and wheat reported that energy use efficiency of organic system was 29-70
percent greater than conventional system. Ozkan et al. (2004) on their study on different agronomic systems
reported that, in integrated management systems urea fertilizer and machinery are the most important inputs
and efficient use of them are essential to improve energy use efficiency of these systems. Nassi et al. (2011)
stated that low-input systems had less energy inputs compared to conventional systems. This decrease in
input energy resulted in greater energy use efficiency in these systems.

Conclusion

It could be concluded that ecologic system improved ecosystem service, especially non-market service
in comparison with other systems. Although reduction of energy intensity of production (output energy) and
energy intensity of consumption (input energy) reduced total value of the services in ecological agriculture,
however moving toward sustainable and ecologic agriculture resulted in more non-market services such as
health maintenance system of production and the production of healthy food.

Keywords: Environmental efficiency, Integrated systems, Pulse crops, Renewable energy
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Table 3. Analysis of variance of compost application and water stress on some of biochemical parameters of lentil
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38 piewd BB ST aS ol 1 ogdle laagS ol 5l oolaul
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(Chanda et al., 2011; 555 o oly plosl as ads, 5l

Amiri et al., 2017)

5 e Sluogas o0 b du ) o0 Sl 4 0l pln 2011)
oS 51 Al ize S lS o lyiige S pliess
Celd aali8l U CrngeeS s JT slaseS cusls i
SIS byl g 9IS Jols e b danndlS g Sn
e Glo i llpl )0 S (58 elss g po o
(Chanda et al., 2011) os)ls olywas 2di oleS sl

& G 9 CawgneS ilizo gl 5l crd i ol 0 5olss jud Siluoguas (puSiles dusnlin -F Jgox

Table 4. Mean comparison of physiological characteristics of lentil under different levels of compost and water stress

$ 10939 CO B jiuwgsd
CoawguoS | B ylous sLid (gl } igus) : A st By 1,5
(i de) o T glgiza ok &L 2C02 g0 9,550) 2J909550) =
’ ’ Relative water content  ce|l membrane | PESWIPL Uge (@ 2 g2 y0 0 <!
Compost/Treatments (%) stability PSI efficienc Intracellular CO2 Net- Wa}te:'r use
(W1t%) y (u mol (CO2) photosynthesis efficiency
mol™) (1 mol m?2s)
(ssly; b )b o jaV0) J1eS i ys0/ NoN stress (75% field capacity)

Control/sals 0.694 bc 0.449b 0.862 bc 513.6 bc 12.46 b 40.10 ¢
5% 0.698 b 0.450 b 0.857 ¢ 515.7 bc 1292 b 40.93¢
15% 0.711b 0.475a 0.870 abc 534.4 ab 1535a 46.07b
25% 0.732 a 0.478 a 0.878 ab 556.7 a 15.45a 48.23 ab
35% 0.738 a 0.479a 0.884 a 5485a 1547 a 50.23 a

(s8ly; bl aopad ) Mo 1S s/ Moderate water stress (50% field capacity)

Control/salz 0.658 e 0.418 e 0.830d 478.7d 7.23¢ 30.17e
5% 0.664 de 0.421 de 0.832d 477.5d 6.92¢c 31.83 de
15% 0.670 de 0.425 cd 0.836 d 488.1 cd 7.45c¢ 33.23d
25% 0.677 cd 0.426 ¢ 0.837d 500.9 cd 11.85b 33.60d
35% 0.680 cd 0.429 ¢ 0.835d 504.4 cd 11.95b 33.83d

(=5 b b 9o oV 0) wais oS 2/ Severe water stress (25% field capacity)

Control/ssls 0.616 f 0.389 f 0.792 e 395.9f 4.68d 2243¢g
5% 0.617 f 0.390 f 0.790 e 3898 f 4.93d 25.63 f
15% 0.622 f 0.391f 0.783 e 412.9 ef 5.18d 27.13f
25% 0.625 f 0.390 f 0.782 e 390.1f 7.25¢ 27.27f
35% 0.654 e 0.393 f 0.790 e 432.7¢ 743¢c 2747 f

235505 (6 s sre IS (P<0.05) Sils (glaralsaiz (yge;] sllae il o S e Gy G shls S8l a5 Sla Silie (g o 0
The means with one same letter in each column are not significantly differences at P<0.05 according to Duncan's test.

(ROS) (5] 5 25Ty sloiss jolts oyien oS 5
oty Joko slalid o 55 Jalse St 5| (S 45 oud
= daxie Gladss o (Ahmadpour et al., 2016) 4,
52 ROS yl58l 1 ogdle a5 ol sanlie )5 LS
sl ady als g (Jslw laslis o 28 50 pondin
;1 (Bayoumi et al., 2008; Abrishamchi et al., 2012)
Gl 3l Sy cgeaS olai T slasgS (09381 sblie
= 4S5 Sl (Seng o Slge 5 Gdne polis (s CollE
s sy S bl L oma (ol Joiliy 2205 L il
beome o o i bas el j0 5 of Jeilyy rals
ialejl o (Pritam & Garg, 2010) 545 (hwgy,) ads,

Lyl b )0 0558 (59 2 9 5y 5 lulpd j0 Logd (55,

\¥5

30 (=39 S, 3V0 5 YO NO zohaw jo CawgeS 0,0,

Gl sre Sygmo d oDl (ol GES g GRS g0 Ll
ols Gialidl aals an cond 1) (S5 sl Jsbo slae 55l
SLslerd e dmlie jo wod 25 Lyl s a5 s o
O (T Jga) ol edaline (g)lo gime Dgldi CangiaS 055
ool Dlasi @ ot Vb Glacsals o pgasay (Sis
5 ot st L sl oo sLie clodppind o
slie > cpl jo a8 (Jlodaie Jlsle w clae jbsle oS
O 518 Syge 53 g osls s 1) 095 sl ok
sl ol sladshs 51 Jsbone slsa 1 Lane S 13 5,
ol sl lagsm hgly (o)l dhemgar slae o)lb 1 b o
2 ol 055 (Bayoumi et al., 2008) o4 o 'yuss
el g sl ST s sl s e Ay, bl Lo
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Sl s=re Gl 8l (559 9o )V B a4 pslaw Koo
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=39 22,00 9 YO NO zohaw ;0 S 4y CangaS 050l
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Cho il Sl e Gl cge CangeeST Sh9 So 2T0
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9 Loyl gm0 Jod 5l Slige (g9, 2 duaie Slalllae
CO;z cdale oS i b cou a5 ol ools plis Luae
Laasys, bt aauly 4 (@l jiwsid 5 (S 0,0
(Rasti Sani et al., 2014; Ahmadpour et sl oo zals
Ly aalllas opl mbs al., 2016; Amiri et al., 2017)
COz e bl g iimgid &5 o sne (20lS 4y ;o
5 ObelS ol S i bl S bl o (S pggye
FrSslr § S ol b cgr (oS (i bl
e LS Sas A |y 5 ey G b ol 28 08
oualS cleds Coz Wigl o Ol vgre vl 8 dsl o wie
2 IS QR ke Sl g es ol 3,5 5l Jol (150
(Hosseinzadeh et ssi oo (bled i (6 5tuwgd gimm
Lol a5 Slals aS winiiee lii=e al., 2016)
oebats jghite @ ladijg) Gadaiangih JyuS slp gl )lS
IS 8 Bl e Jeos 4 0 ciiis o555 5500
1988 i S (§ i DL 5 g 009
aS 9Ss,S b,l3S o Lai=e (Rahbarian et al., 2011)
s ez Gl A jomie CongpeS 09 S 5 oolinul
oS s (Lo Uy ol S slapundlS s Ses
i) b S o (2l )9S Cpmon 1 g CannoginS]
- o8 19 ,Se (Marinari et al., 2000) o5 o ylals
s 05 pedstlie (sl D90 )15 e SIS sl
30 a8 ez o eed 4 ciyls Lo olS ol a5
Slagonl 31 aaid a5l & azgs b 5 4l ljél g

..\_§)|.> & =

\FY

ChmgaoS (0)9 9 ComgeS S p)l5 45 0l (LS (SaS s
9 097 23 polie g O (5)lae&s cud )b ilidl Lo
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(Beyk Khurmizi et al., 2010; Amiri et al.,
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Silgs ooliinl 9,90 CewgeS pohaw @adle A5 g S
A2 e 1) slae g Il el
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s (Rasti Sani et al., 2014) cul oo sl s
035 Ui o5 53 (5550l oS o b (St
Gl puSlas cmy 55 bl Lo ISl Jo5a5 (g mgsd
S ) D1 55 o 55 95 eaiSgex (g
ST 00 iSol5T GuSLoS 5 PSH o 0990 SloisLo
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Fu/Fm co—wi zals (Rahbarian et al., 2011) 545
Lag) 3955 i Giliee (LS o Sas 25 Lyl b e
(Rasti Sani et al., 2014; o_s 3,155 55 posS 92,8
sosS b bl o ks Slalllas Amiri et al., 2017)
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ehS g @iy e s Lha> 0wl e Lasg S
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(Bender Ozeng, 2006; Hosseinzadeh et al., 2016)
s T sleogS oyog5-8l as aols oylis Laime o\l
SIS byl Gl b ST ) CangeeS 0)9 9 ComgeS
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oliize s wlaass o (Bolandnazar et al., 2007)
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Ao do ol 39)9 gl Gl el a5 Sl 1550 Jd
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Ladiss, Gailejl i o] (ol aaly a5 esls 2133l cogh,
Cnles 53 5 (o Sead ool alls jugts il
(Gajalakshmi & Abbasi, cowl Ol G pas oT,I5 Lil33l

2002; Bender Ozenc, 2008)

SIS LIS (ageeS a5 8l ylis Wassls il g 5JUT
Sloizme 1 (gl re 51 0o L LagT bl ol 31 4
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YO sla,les ‘c;-’T O g ll s o as ol lis Lo
S Giulidlan p o CengeS 095 Sig Jo oV 0
ol o ol vald mhaw b avslie ;o gy (slsixe
Slomme 2oLt U auglis jo Sj5 ao 0V mdaw L (oudle
o Lalpd o ols Gl g lo g e 4]y bl
S 2 Jslome GeFgn Slyione 45 aad e (i B Jgaz b
S0, g VO ol § ) madle 25 9 A5 g Ll B 0
A o zobaw solad j0 CangeS 0, 5L (ol eud,b
IRVRW @T[‘,S o Iylpl o clils g hls e 38l walls
39 w)j ..\_w)éva 9 YO N lea_u 39 OeSg = ‘5‘9_».7m
clls ghlo gime [l38l Sig o 00 e g dals b avslie
XA Jsd?)
oLl 5 (o n LS Sl S Gl G g
(Rahbarian et al., 2011; Lakhdar et «yo o <l);
LS 5 ol as cwl ool o Lss wlas>s al., 2009)
Wyl i Ll s b )8 5le ol o gege LA Sl g
Ol 4 o 9 IS o n lome SRl 4S5 sboa
Lg).o_u.;‘ p.»_b.».: o @NL.A‘ u.._a.: 56;@.@‘ 6[@0&&5@[};&1
Ol Gl 8l by s yls kS jo Ol 0gueS bl i s
=S s 5l oo pe SIS ralS 4y e LS
oo (Abrishamchi et al., 2012) s4i o oylalS 5o
Loty ez 5 biudglie saniS i slag sl do
SLaetig ) Ngdose 5 )0 ok coml 4 uly )0 &5

aia) 5o Jodme Lot m et 3l (Sl S
(Rahbarian et al., 2011) .ol

YFA

o Sgzr 50 wlgi e Galpl (g oo Dgmme HI5Le
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CO2 o vl 8 g ladijs, yadbaiu yeS ale 25 ate
,o (Bender Ozeng, 2006) o4& jwgid sl 5L 8,90
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(Marinari ool atsls cage i Wlgs o (5 jiwgid CO2
Sloolaiwl aS o, o s 4y ( IS > o et al., 2000)
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O Sl oo (L9 gl po JUb e JUil 5 3,05 el
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Table 5. Comparison of biochemical characteristics of lentil under different levels of compost and water stress

YOI colled Sl Sodled
Cawgga | B o oo 95 Slgiome STy clled Jj Lo | 36 gans >
(39 22 9) (FosgeSndsessier)  PIREFSHE e Ky il ey ey S0 o3l asly)
; (s o (g poF (g p 5 ke e
Compost/ Treatments Prolin 03 ORI £ CAT Activity (5951 o5 Sl
(Wt %) (nmol gFW) Pr(z:em_ggr\]/t;ent POX Activity ) (enzyme per mg SOD Activity
gg ) (enzyme per mg protein) protein) (enzyme per mg
protein)
(=5 byl 0o j0V0) 1S L5 99 Non stress (75% field capacity)

Control/sals 5.88f 62.38¢g 1.508 d 0.438 ¢ 0.740 i
5% 5.96 ef 68.10 f 1.517d 0.438 ¢ 0.762 h
15% 6.01 ef 69.28 ef 1.526 d 0.444d 0.764 gh
25% 6.04e 70.71 de 1.519d 0.447 cd 0.769 gh
35% 6.08 e 72.08 cd 1.532d 0.451c 0.773¢g

(5 byl o jod ) eodle o105 25/ Moderate water stress (50% field capacity)

Control/sals 6.27d 63.07 g 1.752 ¢ 0.464 b 0.868 f
5% 6.33cd 71.53d 1.750 ¢ 0.465b 0.873 ef
15% 6.39 bed 73.58 be 1771c 0.465b 0.873 ef
25% 6.40 bed 7441b 2.076 b 0.466 b 0.876 ef
35% 6.46 abc 74.95b 2.083b 0.48la 0.879¢e

(s8ly; b b suo oV 0) wpass oS i/ Severe water stress (25% field capacity)

Control/aals 6.53 ab 72.86 bed 2.148b 0.478 a 1.077d
5% 6.55a 72.77 bed 2.151b 0.479 a 1111c
15% 6.56 a 77.06 a 2156 b 0.482 a 1.205a
25% 6.58 a 78.05a 2224 a 0.483a 1.194 b
35% 6.60 a 78.65 a 2.227a 0.483 a 1.212a

235505 (68 sire B (P0.05) Sils (glaralsaiz (yge;] sillae il o S e Gy G shls JBlam a5 Sla Silie g o 0 *
The means with one same letter in each column are not significantly differences at P<0.05 according to Duncan's test.
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39S 55,5 Ll , %0 5L(Bayoumi et al., 2008)
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oly—s 31 39,0 Abbasi, 2002; Bender Ozeng, 2008)
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.2008; Hosseinzadeh et al., 2016)
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Introduction

Lentil (Lens culinaris M. cv. GACHSARAN) has a high percentage of protein content, in comparison
with animal protein so it is an important food source especially for people on low incomes and in developing
countries. Lentil is a crop grown all over the world and is compatible with different climatic conditions; from
temperate to thermal and humid to arid. Water stress is the most critical environmental factor that limits crop
production. Yield reductions reported from different parts of the world caused by drought stress average at
more than 50%. Responses of plants to moisture deficiency in soil are different and depend on the intensity
and period of stress. These responses are of two types: 1- Moisture deficiency in low intensity leads to
transpiration reduction, disruption of water translocation from roots to shoots, reduction of the
photosynthetic products which ultimately lowers crop and morphological traits. 2- Moisture deficiency in
high intensity that produces reactive oxygen species (ROS) in plants; it has a detrimental effect on D, protein
of PSII, electron transport and production of high-energy molecules such as ATP and NADPH. In recent
decades, bio-fertilizer appli Study on the effects of organic fertilizer such as compost demonstrated that
using this fertilizer can increase nitrogen in the soil by about 42%, phosphorus by about 29% and potassium
by 57% cation has become a common method for improving land affected by drought. In comparison with
other organic fertilizers, compost consists of high levels of nutrients such as nitrogen, phosphorus,
potassium, calcium and magnesium, as well as micronutrients such as iron, zinc, copper and manganese.
Compost is rich in humic compounds and researchers speculate that the hormone-like activities of humic
substances play a role in amelioration of water deficit stress. Agricultural land in Iran is facing water
shortage and lentil is an economically valuable crop that has a significant role in the human diet. The aim of
this study was to investigate reducing the negative effects of water stress with compost fertilizer application.

Materials & Methods

In order to evaluate the effects of compost fertilizer on physiological and biochemical indices of lentil
under water stress, a factorial experiment based on completely randomized design was conducted with three
replications in 2016 at the Khatam-Alanbia University of Technology. Treatments consisted of five levels
compost fertilizer and soil ratio (0:100, 5:95, 15:85, 25:75 and 35:65) and three levels of water stress non-
stress (75% of field capacity), moderate stress (50% of field capacity) and severe stress (25% of field
capacity). The internal leaf CO2 concentration (ppm), net-photosynthesis (umol m? s**) and water-use
efficiency (kg mm™ ha') were measured on the central sector of the youngest fully-expanded leaf and non-
detached young. Measurements were performed between 9:00 and 11:00 am using a portable infrared gas
analyzer (KR8700 system; Korea Tech Inc. Suwon., Korea). Evaluation of the F./Fn ratio was
determined for lentil plants using a portable chlorophyll fluorometer (Pocket PEA, Hansatech, Instruments
Ltd., King’s Lynn, Norfolk, England). Proline assay was determined according to the method cited in of
Bates et al. (1973). Leaf soluble protein was measured by the Lowry method. Peroxidase enzyme (EC
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1.11.1.7, POX) activity was measured by Holy protocol. To measure activity of catalase enzyme (EC
1.11.1.6, CAT), the Candlee & Scandalios (1984) method was used. The method cited in Beauchamp &
Fridovich (1971) was applied for measuring superoxide dismutase activity (EC 1.15.1.1, SOD).

Results & Discussion

All of the physiological traits were mainly affected by severe water stress. Results showed that under
non-stress, compost fertilizer application (25 and 35 Wt %) resulted in a significant increase in all studied
traits. Under moderate and severe stress, application of compost (35 Wt%) significantly increased RWC
(3.3%, 6.17%), Cell membrane stability (5.4%), leaf CO. consenteration (9.3%), net-photosynthesis
(58.77%, 65.3%), WUE (12.13%, 22.47%), proline (3%), total protein (18.8%, 7.9%), POX (3.7%, 18.9%),
CAT (3.7%) and SOD (1.3%, 12.5%). Compost containing high levels of nutrients, plant hormones, and with
good water storage capacity leads to improved uptake of nutrients that serves to reduce the detrimental
effects of drought stress. Humic and fulvic acids and other organic acids found in compost, as well as the
frequency of nutrients, especially nitrogen can stimulate physiological traits.

Conclusion

In summary, due to the structural properties and mineral nutrients in compost it has several advantages
compared to cultivation in the soil alone. This study demonstrated that the addition of compost to soil (25
and 35 W1t%) increased RWC, Cell membrane stability, leaf CO, consenteration, net-photosynthesis, WUE,
proline, total protein, POX, CAT and SOD. The use of compost in the soil increased N content of soil leads
to increased proline and protein biosynthesis in plants, and these compounds have the role of protecting
osmosis (compatible osmolyte) in water deficit conditions. Using the ratio of 35:65 (compost:soil) presented
the most effective levels of compost for reducing the negative impact of water deficit stress.

Keywords: Antioxidant enzyme activity, Environmental stresses, Net-photosynthesis, Organic fertilizers
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Table 2. Analysis of variance for effects of nitrogen fertilizer and cultivar on yield components and yield of lentil

Gl po (uleo
. a0 — - Mean of Squares
ot gl ol 2> B olus 39 &l slaws &8 Yoo o3 S Slos 0 ySdos sl
Source of variation ¢l & 09
df ¥ N 100 seed 4ls Sa59lem il
POdprac;itper Seed no. per pod weight Seedyield  Biological yield ~ Harvest index
)I_’Sj_ 2 36.42 ™ 0.002 ™ 0.105™ 454,30 ™ 24578.87 " 0.76 ™
Replication
. o ¢’_5, 2 28.32 M 0.035 " 0.188 " 8530.45 " 692404.28" 1.28™
Nitrogen fertilizer
3 sl 4 63.77 0.002 0.079 1166.26 44619.51 211
Error a
‘°'9_) 1 43513~ 0.142™ 0.062 ™ 8986.94 " 8417619.07™ 317.46™
Cultivar
#5) X 0395 085
Nitrogen fertilizer x 2 29.01" 0.042™ 0.018~ 2962.68 " 719876.49™ 9.80"
cultivar
b las
6 54.1 0.002 0.023 1388.68 64708.12 1.46
Error b
(22,0) Ol pess
Coefficient of variation - 29.52 3.75 6.13 14.79 13.42 8.05

(%)

*

SO smeyed NS 100 0 5 gty Jloiz] olans (5l sire iS4y ¥ g
*,**: Significant at 5 and 1% probability levels, ns: Non-significant
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Fig. 2. Interaction effect between nitrogen fertilizer and cultivar on: a) pod no. per plant, b) seed no. per pod, c) 100
seed weight and d) and seed yield
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Means followed by similar letter(s) are not significantly different at 5% probability level using LSD test.
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Table 3. The duration of the phenological stages of Birjand and Robat cultivars

Wy o8 bl oS,
Gy al> g0 Birjand cultivar Robat cultivar
Growth stage Ay 39y Az s 9y Sl Ay 39y Az S 9y dlass
GDD Days GDD Days
O o b 20 88.43 14 74.79 12
Planting to emergence
BB 35 e 669.98 54,22 583.86 50.33
Emergence to flowering
Ty U 2ls 679.35 33.22 538.27 28
Flowering to maturity
Slsp B esls 1437.77 10144 119691 9033

Planting to harvesting
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M“sc dLa.u‘ 0,99 U"‘ L) ‘n).....uj.h‘

pae bl & o (VFe) B jo adils slass oy i
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Table 4- Correlation coefficients between yield components and yield of lentil

O slasy PHERIRSY S ySlos S ySlos
o . s su‘la\"gjs | s ol ua;l..’.:
o SR 100 seed o ) 239! 2 Harvest
Variable Pod no. per Seed no. per weight Seed Biological index
plant pod yield yield
&g, B slows 1
Pod no. per plant
e o wls slass 0.39" 1
Seed no. per pod '
SN 03 0.01% 046" 1
100 seed weight
il o
4 28 0.69 0.20" 0.23" 1
Seed yield
Seilse 25le 0.67 0.56 * 007" 077" 1
Biological yield
el Lo . - . -
S -0.51 0.7 0.34" 0.45 -0.89 1

Harvest index

CE

s pe NS o105 5 iy Jleiol zobaw ()0 Jme ol jay M g

***: Significant at 5 and 1% probability levels, ns: Non-significant
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Fig. 3. Interaction effect between nitrogen fertilizer and cultivar on: a) biological yield and b) harvest index
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Means followed by similar letter(s) are not significantly different at 5% probability level using LSD test.
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Table 5. Analysis of variance for effects of nitrogen fertilizer and cultivar on nitrogen content of biomass, nitrogen
uptake, utilization and use efficiency based on biological and seed yields of lentil
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yield yield yield yield
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Means followed by similar letter(s) are not significantly different at 5% probability level using LSD test.

4. Interaction effect between nitrogen fertilizer and cultivar on: a) nitrogen content of biomass and b) nitrogen
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oo AilS g 009 S § 0 Sl il
Table 6. Correlation coefficients between nitrogen fertilizer, nitrogen content of biomass, nitrogen uptake, utilization
and use efficiency based on seed and biological yields of lentil

5 355 Gy o Sdos Com) i limo
[S31 5 ; . .
e Nitrogen 1> S8es 0395 0393 NupE  NutEs  NUE»  NutEs  NUE
Variable fertilizer Seed yield Biological Nitrogen content of
yield biomass
0595 095 1
Nitrogen fertilizer
aslo a).in.Lo.c 0.14m 1
Seed yield
23S 3 Skos 0.01" 0.77" 1
Biological yield
2398t Dol Olies 0.06™ 0.85™ 0.94™ 1
Nitrogen content of biomass
NupE -0.40™ 0.69™ 0.87" 0.86™ 1
NUtEy -0.14m -0.45™ -0.19™ -0.49" -0.29™ 1
NUE, -0.51" 0.50" 0.82" 0.69™ 0.93" 0.01 1
NUtE, -0.14"m -0.58" -0.88™ -0.86™ -0.77" 0.37 -0.69™ 1
NUE; -0.80™ 0.44" 0.43"™ 0.39™ 0.75" -0.06 0.78"  -0.23™ 1

0355y 8,5kos bl (359,555 (5590 e 003 Camn; 8, Shos bl (459,55 B pan 0TS (3958 iz T, 4y NUEs g NUtEs NUE; (NUtE, NupE

ails o Slas wlol 5 5855 (55900 cails 5 Shae Lolul 31 (59,08 Bras o118
NupE, NutE,, NUE,, NutEs and NUE. nitrogen uptake efficiency, nitrogen utilization efficiency based on biological yield, nitrogen use efficiency based on
biological yield, nitrogen utilization efficiency based on seed yield and nitrogen use efficiency based on seed yield, respectively

*,**: Significant at 5 and 1% probability levels, ns: Non-significant
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Introduction
Lentil (Lens culinaris Medic.) is an important grain legume adapted to cool climates. It is cultivated on

155700 hectares in Iran with 94.7 % of this area under rainfed conditions. The average lentil yield in Iran is
1195 and 476 kg per hectare in irrigated and rainfed farms, respectively. Low productivity is due to use of
local varieties, which have low yield potential, and poor agronomic management practices applied by the
farmers such as limitation or inappropriate distribution of fertilizer. Nitrogen is an essential element for the
growth of crops and its deficiency exists almost everywhere. It is the limiting factor in the crop growth more
than any other element, unless use the nitrogen as a fertilizer. Despite the numerous advantages of nitrogen
fertilizers, excessive consumption of nitrogen can cause pollution of surface and ground water through
leaching and erosion and also increases costs. According to an adequate supply of nutrient elements by
careful use of fertilizers, especially in poor soils, yield increases and nitrogen use efficiency improves. The
objective of this study was evaluation of yield of two lentil cultivars under the influence of nitrogen fertilizer
and also, investigation the nitrogen uptake, utilization and use efficiency to determine the best level of
nitrogen fertilizer and cultivar for the study area.

Materials & Methods

The experiment was conducted as split plot based on randomized complete blocks design with three
replications at the Agricultural Research Station, Ferdowsi University of Mashhad, during growth season
2015-16. Nitrogen fertilizer (in three levels i.e. 0, 40 and 80 kg per hectare) and cultivar (Birjand and Robat)
were in main plots and sub plots, respectively. Nitrogen fertilizer was applied as urea to the plots before
sowing. The sowing date was 9" March in 2016. Sampling was done at harvest time and included pod
number per plant, seed number per pod, 100 seed weight, seed yield, biological yield and harvest index.
Percentage of biomass nitrogen were measured with the Kjeldahl method and the efficiency index calculated
by using the following equation:

NUpE= Nof'f/ Ns

NutEp= B/ Nos

NutEs: Swl Noff

NUEp= B/ Ns

NUEs= Sw/ Ns

Where NupE is the nitrogen (N) uptake efficiency, Nt is the N in above ground dry matter, N is the soil
N supply, NutEy is the N utilization efficiency based on biomass basis, B is the total above ground biomass
at harvest, NUtE; is the N utilization efficiency based on seed yield, Sy is the seed weight, NUE; is the N use
efficiency based on biological yield, NUE;s is the N use efficiency based on seed yield. Data were analyzed
with the SAS software; obtained averages compared with LSD test at the 5% level.
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Results & Discussion

The results showed that the interaction effect between nitrogen fertilizer and cultivar was significant on
yield components, seed and biological yield. 40 kg nitrogen fertilizer per hectare and Birjand cultivar showed
that maximum of pod number per plant (33.47), seed (338. 23 kg per hectare) and biological yield (3291.68
kg per hectare). Maximum of seed number per pod and 100 seed weight were obtained in treatment of non-
use of nitrogen fertilizer and Birjand cultivar and treatment of 40 kg nitrogen fertilizer per hectare and Robat
cultivar, respectively. Interaction effect between nitrogen fertilizer and cultivar was significant on nitrogen
content of biomass, nitrogen uptake, utilization and use efficiency based on seed and biological yields. 40 kg
nitrogen fertilizer per hectare and Birjand cultivar showed that maximum of nitrogen content of biomass and
nitrogen uptake efficiency. The highest nitrogen use efficiency based on seed yield (3.39 kg seed per kg Ns)
and biological yield (33.48 kg biomass per kg Ns) were obtained in treatment of non-use of nitrogen
fertilizer and Birjand cultivar that the difference was no significant with the treatment of 40 kg nitrogen
fertilizer per hectare and Birjand cultivar. Analysis of correlation showed that, yield and nitrogen use
efficiency had positive and significant correlations with the pod number per plant and nitrogen uptake
efficiency, respectively. Also, there was positive and significant correlation between nitrogen uptake
efficiency and yield.

Conclusion

The results of this study indicated that treatment of 40 kg nitrogen fertilizer per hectare and Birjand
cultivar are able to achieve maximum yield and nitrogen use efficiency. However, Birjand cultivar is a late
cultivar and requires the optimum planting date for cultivation in this region. According to the observed
correlations, breeding of this plant should be cultivars that they absorb nitrogen with more efficiently, so that
in addition to improving nitrogen use efficiency and reducing environmental pollution also yield increase.

Keywords: Birjand cultivar, Nitrogen uptake efficiency, Nitrogen utilization efficiency, Robat cultivar
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" *and ™*: Non significant, significant at 5% and 1% probability levels, respectively
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Table 3. Mean comparison of some quality and quantity traits of pea under nitrogen consumption
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plant Number of  Number of ~ Number of 100 seed Plant Pod Protein Percent soluble )
height pods per seeds per seeds per weight (g) pod weight percent carbohydrates Total
) yield
(cm) plant pods plant yield per (kg. ha’)
(@) plant(g) ¢
83.65° 8.12° 4.42° 36.29¢ 52.04° 18.80° 27.67°¢ 20.73° 64.8% 37432°¢
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LSD («s) 2.30 0.87 0.23 452 1.95 2.15 3.12 0.71 2.79 2699

2l go LSD 5031 olsl p as jomis Jlosio| gelaws )0 jlo cme B ooims )Lis ailive pué g,
Different alphabet in each column indicate significant difference at p<0.05 based on LSD.
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Table 4. Mean comparison of some quality and quantity traits of pea and land equivalent ratio under planting pattern
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Different alphabet in each column indicate significant difference at p<0.05 based on LSD.
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Introduction

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. This approach
is increasing agricultural production per unit area by growing more than one crop in a year. Intercropping
will be successful when competition for sources is less than competition within a species. Plants in the
mixture can be chosen in a way that a species benefits from environmental changes caused by other species
in mixed cultures directly. Intercropping inhibits the growth and development of weeds and leads to
increased production. Since the system will reduce the pesticide use, environmental pollution will be also
less proportionally. According to studying the intercropping of peas and lettuce in Gonbad Kavous despite
the lack of need for the plant to irrigate and harvest earlier and unloading earlier land for cultivation next,
objectives of the present study were to study the effect of nitrogen fertilizer and planting ratios mixture two
plants on the performance of the plant, LER and some qualitative and quantitative characteristics of the pea.

Materials & Methods

In order to study the effect of nitrogen rates and planting patterns of pea and lettuce on quality and
guantity of green pea seeds, a factorial layout based on a Randomized Complete Block Design was
conducted with three replications at Gonbad Kavous University during 2014-2015 growing season. The
treatments of planting pattern were included 9 levels of sole pea, 67% pea + 33% lettuce, 50% pea + 50%
lettuce, 33% pea + 67% lettuce, 100% pea + 33% lettuce, 100% pea + 50 % lettuce, 100% pea + 67% lettuce,
100% pea + 100% lettuce and sole lettuce and nitrogen factor was included three levels of non-application
and application of 25 and 50 kg N/ha. Row spacing was 30cm. Density of pea was 33.3 plants/m? and lettuce
was 16.7/m?. For analysis variance of data software of SAS Ver.9.1.3 were used and treatment mean

differences were separated by the least significant difference (LSD) test at the 0.05 probability level.

Results & Discussion

The results showed that planting patterns and nitrogen rates had significant effect on plant eight, number
of pods per plant, number of seeds per pod, nhumber of seeds per plant, 100-seed weight, seed weight per
plant, pods weight per plant, protein percent, solution carbohydrate percent and total yield. Plant eight in
additive intercropping was more than replacement intercropping but number of pods per plant, number of
seeds per pod, number of seeds per plant, 100-seed weight, seed weight per plant and pods weight per plant
in replacement treatments and sole cropping of pea was more than additive treatments. Protein percent in
sole cropping of pea and replacement intercropping of 67% lettuce instead of pea was greater than other
treatments. At least percent of protein obtained from additive intercropping and replacement intercropping of
50 and 67% lettuce instead of pea. Solution carbohydrate percent in replacement intercropping of 67%
lettuce instead of pea and additive intercropping of 100% pea + 67% lettuce and additive intercropping of
100% pea + 100% lettuce was more than other treatments. However, plant yield of pea in treatment of 67%
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lettuce and 33% pea and 50% lettuce and 50% pea with 30.25 and 27.44 respectively, was greater than other
treatments. Land equivalent ratio in intercropping treatments was greater than sole cropping. The maximum
land equivalent ratio with 1.48 belonged to additive intercropping of 100% pea + 100% lettuce. Therefore,
intercropping of pea and lettuce especially in additive series was appropriate.

Conclusion

Of the two plants of pea and lettuce, lettuce plant produced more yield than pea plant in all treatments.
Additive treatment of 100% lettuce to pea and lettuce sole crop with 61565 and 61473 kg/ha produced the
maximum yield and pea sole crop with 11759 kg/ha produced the minimum total yield. With increasing of
nitrogen fertilizer consumption, yield was increased. Protein percent in sole cropping of pea and replacement
intercropping of 67% lettuce instead of pea was greater than other treatments.

Keywords: Intercropping, Percent protein, Replacement cropping, Soluble carbohydrates
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Table 1. Days to occurrence of developmental stages of chickpea genotypes

G oo o 3l
From emergence to

cbls & ,6 g O e B els 5l
. . _ (B0 B v y0h s =
Sowing date Genotype Planting to emergence PRV RWEPRT T 50% Pod So5lgr b (S
o . b Po R .
50% Flowering development Physiological maturity
Saral Ji,L 50 71 85 100
Jam > 50 69 85 100
YA Binalood st 50 75 88 109
2015 Dec. 27 'NEYSNADOOT jslis oogs 50 70 85 100
landrace
osh o5
0T 0% 50 72 85 100
Quchan landrace
Saral Ji,L. 21 50 61 71
Jam > 21 39 50 67
VERENYINY Binalood sty 21 54 * 62 ** 73
2016 Mar. g 'NeYShaboOT s lesoogs 21 39 49 65
landrace
osh oss
0T 0% 21 39 50 65

Quchan landrace

*Low flowering; ** Very poor podding
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Table 2. Mean squares of planting date, cultivar and seed density effects on plant height, yield and yield components of

chickpea
L olasy Al slaxy Ly s(a
42y el,l o s e s B oo &l3Ver 339 el S ySlos S Slos
Ol i @lio " 4 %) J 00yl 100 ol y N ails
e S . .
Source of variations p f) Plant pgg‘;;)efr sé\cla(c)i‘ 8‘; Infested segdﬁ Harvest  Biological Seed
i () weight i i i
height plant pod pod (%0) g index yield yield
<
’,’g“ . 2 59.7 5 0.14 133 17 82.3 332408 59194
Replication
S b
i & 1 1581 ** 815 ** 0.6 ns 1772 ns 212 ** 1895 * 15685150 * 3455482*
Sowing date
Jsl ol
) 2 12.2 8.1 0.06 113 4 57.2 361943 98097
Error a
(.3.) 4 274 ** 200 ** 0.38 ** 37ns 152 ** 945 ** 530797 ** 355641 **
Cultivar
sl b x o3
i i 4 21 ** 43 ** 0.22 ns 46 ns 14.3 ** 657 ** 444036 ** 243505 **
cultivarxsowing date
olzal
£22 16 5.3 7.2 0.07 80 0.86 17.4 45511 11889
Error b
)’L' Vs‘f: * *
i 1 5.4 ns 32 0.02 ns 0.3ns 0.2ns 9.1ns 272099 12094 ns
Seed density
S G X oy oS 5
Seed densityx sowing 1 0.004 ns 0.23 ns 0.0008 ns 159 ns 0.0002 ns lns 7135 ns 683 ns
date
SX L Sls
7% ol ) 4 1.02 ns 3.8ns 0.05 ns 127 ns 26* 8.7ns 145443 * 29075 *
Seed densityxcultivar
EXEBE 6% vs‘)
Seed densityx 4 1.7ns 5.9ns 0.02 ns 40 ns 19ns 0.84 ns 102322 ns ns 11769
cultivarxsowing date
oLzl
foe 20 3.5 51 0.03 58 0.75 7.4 38735 8571
Error ¢
(L2 33) Ol s s o
ST 51 19.3 24.6 25.9 4.2 9.4 10.4 14.9
C.V (%)

Lo (5,0 sine pas g 0o 0) 5 00,00 Folaw jo lo sixe odiaslis o5 54y (NS

*,** and ns: Significant at the 5% and 1% probability levels and non-significant, respectively
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OFS 0P 33.2C 14.1 AB 0.8A 2715A 176 C 342 A 1823 BC 649 AB
Quchan landrace
2% SIS
Seed density
. f-
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* Means of each column with at least one common letter, are not significantly different, based on Duncans multiple range test.
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Table 4. Interaction of planting date and genotype on studied traits of chickpea
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date Genotype od‘ er Plant height 100 seeds Harvest Biological yield Seed yield
pplagt (cm) weight (g)  index (%) (kg/ha) (kg/ha)
Saral JI Lo 13.2 BCD 355D 259 A 406 A 2493 A 1038 A
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* Means of each column with at least one common letter, are not significantly different, based on Duncans multiple range test.
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Introduction

Chickpea (Cicer arietinum L.) is a pulse crop with high nutritional properties and is an important source
for food, feed and forage. It is a drought-tolerant crop that is mainly cultivated in dryland farming and able to
fix nitrogen at least 20-60 kg/ha. Nitrogen fixation and other characteristics of this crop are the reasons for
expansion of chickpea cultivated land and use of this crop in rotation with other crops. It has been reported
that planting date, cultivar and seed density have the important effects on quantity and quality of chickpea
seed. Traditionally chickpea is planted in early spring in mostly cultivated land in Mediterranean regions and
specially in our country and Khorasan Razavi province, while this crop could be cultivated in autumn or
early of winter and reported that these planting dates had improved seed yield. Diverse cultivars of dryland
chickpea with special characteristics have been introduced in our country that have the ability to adopt in
dryland regions and increase the yield in unit area of dryland cultivation. Also has been reported that seed
density affects on chickpea yield in dryland conditions. With attention to these matters, the aim of this
experiment was determination of optimum planting date, introduction of proper chickpea cultivars and seed
density for improvement of seed yield and developed chickpea cultivated land in dryland conditions of
khorasan Razavi provinces.

Material & Methods

In order to evaluate the effects of planting date and seed density on three cultivars and two landraces of
chickpea, an experiment with split-split plot in randomized complete block design with three replications
was conducted on Torogh agricultural and natural resources research station in 2015-2016. Treatments
included of two planting dates, end of autumn (2015 Dec. 27) and usual planting date (2016 Mar. 8) as main
plot, five genotypes of chickpea, included of Saral, Jam, Binalood cultivars and Neyshaboor and Ghouchan
landraces as sub plot and two seed density of 40 and 50 seed/m™ as sub-sub plot. After moldboard plow and
disc, base fertilizer added to soil and plots determined. Each plot included of 6 row with 4 meter length and
25 centimeter row width. Weeding was made by hand and pest control was made by pesticides. Growth
stages recorded weekly and in ripening stage, 5 plants harvested from each plot for determining of yield
components and then whole plant of each plot harvested for seed yield determination.

Results & Discussion

Results showed that besides of yield and yield components, growth stage of studied genotype was
affected by planting dates. Saral cultivar that was early maturity in first planting date, in second planting date
was late. Also results showed that most of studied traits significantly were affected by planting date and with
delay in planting date they significantly reduced. There was significant differences between planting dates
and studied chickpea genotypes for many traits such as plant height, number of pod per plant, harvest index,
biological yield, 100seed weight and grain yield. Mean grain yield of first planting date was 860 kg/ha that
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had significant advantage to second date (360 kg/ha). Jam cultivar and Neyshaboor landrace with mean yield
of 761 and 764 kg/ha had the greater mean grain yield than other cultivars in two planting dates, but Jam and
Saral cultivars and Neyshaboor landrace with grain yield of 1038, 900 and 908 kg/ha, respectively in first
planting date, had the most yield and Binalood cultivar in second date with 30 kg/ha had the least seed yield
among cultivars in this experiment.

Conclusion

First planting date (27 Dec. 2015) improved the quantity and quality of produced grain in all cultivars
and therefore is preferred to traditional planting date (8 Mar. 2016) and recommended. In the end of autumn
planting date Saral and Jam cultivars and Neyshaboor landrace are best for cultivation from quantity aspect
of grain production but if marketing is considered, because of small grain of Neyshaboor landrace (100seed
weight was 17.7 g), Jam and Saral cultivars with 100seed weight of 25.9 and 26.8 ¢, respectively are
appropriate for first planting date. In this study reaction of cultivars to planting date was differed and this
point must be considered in selection of cultivars for each planting date. Seed density had not significant
effect on the most important traits and therefore lower density will be recommended. With this
considerations, chickpea has the potential as a useful crop in rotation with other dryland crops.

Keywords: Chickpea cultivars, Dryland agriculture, Planting date
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Table 1. Weeds based on dominance in chickpea field

ENEPRE b b oolgils o515 (82 )3) oo (gl 3

Scientific name Persian name Family Density (plant/m?)  Relative frequency %oRelative
Amaranthus retroflexus L. 9l Amaranthaceae 23.94 11.38
Chenopodium album L. o el Chenopodiaceae 18.53 10.57
Convolvulus arvensis L. S Convolvulaceae 16.82 9.76
Sophora alopecuroides L. Ol b Fabaceae 8.29 8.94
Cichorium intybus L. Ly Asteraceae 3.47 8.94
Carthamus oxycantha M.B. g 515 Asteraceae 2.29 8.94
Centaurea balsamita Lam. s 5 Asteraceae 4.41 8.13
Cephalaria syriaca (L.) Roemer & Schultes QB Dipsaceae 3.76 8.13
Vicia assyriaca Boiss. Sale Fabaceae 0.94 7.32
Galium tricornutum Dandy. e Rubiaceae 141 7.32
Anthemis cotula L. e digly Asteraceae 0.59 5.69
Triticum aestivum L. 5085 paiS Poaceae 0.41 4.88
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Table 2. Analysis of variances of percent weed population and dry weight reductions

i @l Source of variances @bl 4o o dode o313 . 92 el el .
d.f C. album population  A. retroflexus population
LSS Replication 3 7.1 44.9ns
,95lgadoS Row cultivator (R) 1 1427.6** 773.39*
s Error 3 16.84 59.67
S dile Herbicide (H) 6 7070.46** 6548.34**
s Error 18 6.55 76.39
DS GaleX gilg.lsS H xR 6 149.07** 148.31**
(12 Error 18 6.43 31.25
(30,0) Ol s o o cv% 10.22 7.4

o)) g auo,00 ksl mlaw (o o cme g s srepas s 54y 9 * NS

ns, * and **: No significant and significant at 5% and 1% levels of probability, respectively
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Continue of Table 2. Analysis of variances of percent weed population and dry weight reductions

S dndas Sy 2l s ) o Sy KB 0j9 5 psla 5
! S ST o5 0¥ ST 09 sthe S 09 bglecile J5 o1y

C imensppaion £ AN Aeroles - Gaenh - Tolwed
19.48ns 115.79ns 160.13ns 5.369™ 3.435ns
837.47* 5185.76ns 326.653ns 10.013** 217.84*

75.93 97.52 140.11 76.379 14.54
6851.32** 4442.83** 4136.68** 6623.04** 5323.07**
53.86 85.38 136.78 61.15 10.8
95.47ns 1159.37** 793.84** 80.36ns 86.43**
50.78 75.1 128.31 29.8 7.76
11.44 13.83 16.93 12.9 4.56

o)) g oo ,00 il mhaw ;o o cae g S srepas s 54y g * NS
ns, * and **: No significant and significant at 5% and 1% levels of probability, respectively

ipeldile SS9 9 Camex GalS wo sy b ASdle O 5T (Sl g lio —F Jgur
Table 3. Effect of herbicdes on percent weed population and dry weight reductions

(W0 0) Sis 359 pmals
Dry weight reduction (%)
sl Treatments ke iS5y uapEl SKhS0ly e Sy SS9
C. album A. retroflexus C. arvensis
dry weight dry weight dry weight
,9lssS poe Without Cultivator 74.19b 67.07a 36.72a
sledsS Cultivator 91.69a 71.9a 35.8a
Oasd Linuron 69.74b 36.26d 11.9f
Fsldlas’gs! Isoxaflutole 96.3a 58.84b 24.43d
(R8RS Metribuzin 98.2a 79.76b 21.39de
olesThl Paraquat 53.92¢ 48.71c 15.95ef
Olbesusy Pendimethalin 57.5¢ 55.64c 34.21c
Sy Pyridate 99.42a 95.19a 42.57b
Ry Hand weeding 100a 81.34b 100a

Al o de BT W3 wo 00 il e jo SSls (glaselsais O}A)'1 ooboly egiw ;2 0 Al By > b sl ks
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.

Jpebule SUis (439 9 Comos Sl wo o b psdale Ol 1 uleo dus o - Y Jgu anldl
Continue of Table 3. Effect of herbicdes on percent weed population and dry weight reductions
(W0 3) Cares uals
Population reduction (%)

pobulation bopulation pbpulation Total weed density
s9leddsS pae Without Cultivator 69.75b 71.81b 39.9a 59.66b
HeledsS Cultivator 81.77a 79.25a 29.36b 63.27a
99 Linuron 59.18hb 37.25¢c 9.2d 29f
Jslilus'gsl Isoxaflutole 98.3a 99.46a 29.85¢ 75.04bc
(RIS S Metribuzin 97.94a 94.93a 14.91d 71.86¢
SISl Paraquat 43.54b 45.98hbc 15.95d 34.06e
Ol Pendimethalin 52.57b 52.9b 26.78c 43.83d
gy Pyridate 95.88a 98.18a 40.9b 78.11b
R Hand weeding 96.88a 100a 95a 98.33a

it I e B 0B 5o )00 Jleiml mhans o (S5l (glasalsaiz aesl Lululp cygim o 40 aline gy b slo . Silee
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.
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Table 4. Effect of main and secondary factors interactions on percent weed population and dry weight reductions
(Wo,3) Sz 59 (Rols
Dry weight reduction (%)
ofdelw SLSnly et El SES0ly e S SUS G5

Sl Treatments C. album A. retroflexus C. arvensis
dry weight dry weight dry weight
9o Linuron 51.86¢ 24.89f 13.1e
Fslilas’ ! Isoxaflutole 100a 83.62ab 27.67cd
(RIS S Metribuzin 100a 74.71bc 14.32¢
TssTl Paraquat 29.24d 42.01ef 16.47e
Ol sy Pendimethalin 38.74cd 46.58de 36.86bc
Sy Pyridate 99.47a 97.68a 47.26b
9 Hand weeding 100a 62.7a 100a
H9lsdsS+ 00595 Linuron + cultivation (C) 87.61ab 47.63de 20.72d
H55lseilgSH J5sllus 'y ) Isoxaflutole + C 100a 88.07ab 21.19de
sl oS+ jemis e Metribuzin + C 100a 84.82ab 28.47cd
L95leatlsS + TS Paraquat + C 78.6b 55.42de 15.43e
s95lead g5+ llias sy Pendimethalin + C 76.26b 64.7cd 31.55cd
555l eSH Cuy Pyridate + C 99.38a 92.7a 42.88h
BPPUA ERNE Hand weeding + C 100a 100a 100a

s I gae BT W8 wsy0b Jlisl mda )3 (SOl glaislsaiz aesl el (g o 50 alie Bg o L sla 1 Sle
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.

sypsblile CLis ()39 9 Cares ol o0 p £ )8 g ol Jole Jilise il —F Jgus aolol
Continue of Table 4. Effect of main and secondary factors interactions on percent weed population and dry weight

reductions
(A0 38) Curoxr unls
Population reduction (%)
opaabo oSy apEleSly e Sam el jmladile JS o515
Slesd Treatments C. album A. retroflexus C. arvensis Total weed
population population population density
G99 Linuron 32.45¢ 26.29d 9.82d 22.59i
Figlsls g5l Isoxaflutole 97.03a 98.91a 36.7b 75.94bcd
ESTo e Metribuzin 97.33a 92.20a 15.32cd 71.76d
SlesTb Paraquat 26.57¢c 37.69c 16.85cd 27.48h
Oelliogany Pendimethalin 49.34b 49.58b 36.13b 42 4ef
oy Pyridate 91.77a 98.03a 44.87b 77.42bc
Ry Hand weeding 93.76a 100a 90a 96.66a
s9lead oS+ g9 Linuron + cultivation (C) 57.91b 48.22b 28.58¢c 35.41¢g
295lgdgS+ JglluS 'y Isoxaflutole + C 99.58a 100a 23.01c 74.14cd
35515 sS 1 5am6 e Metribuzin + C 98.55a 97.67a 14.51cd 71.97d
ileatlgS + TsS1,L Paraquat + C 60.52b 54.28b 15.06¢d 40.63f
s9led S+ llias oty Pendimethalin + C 55.8b 56.22b 17.44cd 45.26e
555l gSH oy Pyridate + C 100a 98.33a 36.94b 78.79b
s5leadsS+ s Hand weeding + C 100a 100a 100a 100a

A I e NS 0B 5 j00 Jleda] ghans [0 (oSSl glaralsaiz ae3l elulp im0 58 aline g > b slaSilee
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.
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L cian iy 9 FslluSgnl a5 Jlo ) il
S (g g Cudy b e slass 1158l ws )00A 4 09
Y Jgaz) azals g lel o e B

Slddes g 25dile Jolo 5o slonSle alin 2L
6L logs 45 ols Gt oo o0 Jlazs gl 45 ysilelsS
S P Codi g 9 9lelsS + ey OleadsS + Cod
A S 0950 alls o Slae o358l ds oY/ 4 $F/0 FF/A
e Dol Lo cl G g wiidls S g0 vl
5 Bl gl (omzy slajless (A Jgo) bl 092
5955 als 5, Shee Sl cmge oillsS + J5glilS
=l (A Jooz) B0l oo, oV VIY 5 VT LYYV g jan
b g ey o sl sne e G oS ool (las Ghdios
O 095 196sS 5 ey e el e (2SI LS i
35 0325 0555 3, Shee (55, ;o U5 ;L5 5l Lacis,
9l oS + Con e 00,15 (Emenky et al., 2010)
bl o ol golially 0 56 a5 ST Sis (59 Jo ,oFY
Ly oo e ilailsS + 558l 33l 5 JiglluSyal 3,85
P PN I NI NEEC RN L IRWI £ LW 7%
ols (Las YU 50 00,53 i auiils gileteS + Cony o
5355 413 5, Shee Sl s Sl 3l 5 o 45
o LagpSaile cnl 0 )5 o 1y )l )gilsadsS a0 5l
5 Lacis) e (F55s150dsS L ool 50l 5 le
S e BB AT ST i (59 9 ails o, Slas iul38l
531)LS 48 sl ooy 53 (glanlllas o 0t oanlive gl
i (g Sl ;0 odddnogi Sl sla S ale
GelS g (09w aldl g 0950 3 Shes Bl crge
312 s o) (i slahs) @ s o sloas 5o
(Dixit et al.,, 2015) w3 o ((Swd g 5 S
3leedsS + Jglilus gl ciuy g (JislluS gl lo Lo
9 VY e 59lontdsS + 29 9 595l0ateS + S
PSS L g asiols ol 8l 050 gy glas )l o, oYV /PO
o o yiion (A Jgaz) s ilas g lel o cxe DS
Sy (Ao APIY) 2y slojlos any 3-Leie ML
+ S o 9 (0o, 0AB/Y) [eiledsS + g ((Quo 0AYTY)
(Pl ol sloslos 35— (9—2,0AV) ;5l92oS
O e 9555 l5lsS + BlBlS gl (o jgais e
Sacss 9o, sOAIY 5 D315 BVIF DAIFY s iy «55l5e)sS
(A Jgaz) wols iol38l 1) se5u B

Y.

v

Sg5i Wy g o ySlos

Moo b iy G (55,5155 @l el
20 M olaws g g gls )l s 00,00 Jleis! mhaws 4o (5,Le]
S,)LS e hlie Hlo sxe )_..>l.. Oeirad (Cublds g5 dig
Cdo 93 ol 69y 2 Ledins) G yeledsS g S le
AU g ASide dacins; bm eiletlsS Lol i oaaliv
deoyod Jlaxsl g 4o o bl o gime 15U g0 opl Jolie
O o o)L LB o (o) 0 SG 50 (P Jgo2)
oealS cel 0550 iadilex 5l e 59,00 5 YO by,
Radicetti et al., ) o_s asls o, Slee 01580 5 5 ,05lacile
o 1S Jlosl a5 ool o,Lal Koo oy 0 (2012
50 Shoe 1 ()3 cimn 3l iS5l LS g15ntlsS g Groe
(Emenky et al., 2010) s,la5 5456 4545 sl 55

5 LaiSaade sole Ol il slo Sl anlie o) 5
o, Sdos jo iali8l o acn ol lis wsy00 Jleis| mdaw
Sl 0s o FYIOY L cons o iScale 05,15 45 0950 ails
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o Doped FsblaSonl s Codpm (ISl 08
G0, 0T g Voo ol a0 Slee il i ge ol Sy
0l CeiS (o (g0 0FV s OF g (o lanl cnS [y vg5
Jafarzadeh & shimi, ) wo_s g 9 Hless 0 G
3535 aily & Sloe 2o, oV V/F (3 j9m6 e S cale (2001
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Table 5. Analysis of variance chickpea yield and growth

a5 @b 93T a0 g glas WSS S (59 Wy yp 40 B olaxy PHERKIPYS Sigwols
Source of variances d.f Plant height Dry weight per plant  Number of pods per plant  Grain yield Phytotoxicity
UL 3 0.50ns 3.20ns 11.8ns 3.06ns 0.732
Replication
0.49ns
s9lslsS 1 43.59* 27.99ns 143.07* 0.13
Cultivator (C)
o
3 0.552 2.75 22.758 5.405 1.076
Error
oS cale 6 3.66** 952.81** 6392.40** 932.22** 902.842
Herbicide (H)
Uas 18 0.53 3.021 15.222 1.77 0.748
Error
S aleX gilg.lgS 6 0.75ns 11.94** 10.53ns 17.79** 0.509
HxC
Uas- 18 0.37 2.62 15.02 1.38 0.723
Error
Oyt p2 18.4 5.45 7.63 7.06 8.23
Cv%

Aoy0) 5o, el mhaw ;o o s g s prepae (s 54y e NS
ns, * and **: No significant and significant at 5% and 1% levels of probability, respectively

3955 o£1y3 oL uiy 9.8 Shos Ll Ao yd (g 5gmolS duoyd g il slaiScale WU -F Jgus
Table 6. Effect of different herbicides on percent phytotoxicity, improving yield and growth of chickpea

(W2)3) 9955 (€155 oL oy 9 0 ,Sdas (i34
Improving yield and growth of chickpea (%)

. AP ST SlS ) gy S M sluxy . (w0 33) 5 jgmols
Sl Treatments o em. ) D:Jy weight ;e): Ns:J)rr:tier of pods Qb.d;'.m Ph;to‘tsc;;ity
Plant height Grain yield
plant per plant (%)
y3leudeS pae Without Cultivator 20.73a 28.79b 50.85a 28.48b 14.45a
,55l5.deS Cultivator 20.91a 30.55a 52.31a 31.39%a 14.34a
95 Linuron 20.1bc 22.54d 14.23e 21.87d 30a
Fslils gl Isoxaflutole 21.29a 34.28b 59.13b 35.57b 13.63d
2355 fe Metribuzin 20.94ab 30.12¢ 57.91b 31.39c 17.25¢
Slesb Paraquat 20.36bc 13.6e 33.18¢c 14.83f 3.25e
Ol gasy Pendimethalin 19.99¢ 22.23d 25.86d 20.35e 20.2b
Sy Pyridate 21.73a 4197a 84.27a 42.52a 2f
ey Hand weeding 21.34a 42.99 86.69a 41.6a -

A I gire ST 0B 0o 00 Lol haes [0 (Sl glataloaiz ge;] Lulel s ey H2 50 aslive g, b sla Silee
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.
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Table 7. Interaction of the effect of herbicide and cultivation on percent improving yield and growth of chickpea

(W0 y9) 39555 (81,5 oL ) 9.5 Sdas (381
Improving yield and growth of chickpea (%)

o Treatments g gl.é._’p‘,! 45,.3;;.‘ S (439 Aigy B 50 ML Sluy M‘é-é)s.-Lo.ﬁ
Plant height  Dry weight per plant Number of pods per plant Grain yield
95 Linuron 19.92d 20.15e 11.53f 19.86fg
Jglilusysl Isoxaflutole 21.27ab 33.68b 58.67b 33.96bc
39S S Metribuzin 20.25cd 29.28¢ 57.6b 30.63cd
sy Paraquat 20.61bcd 12.56f 34.26¢ 13.44i
ol Pendimethalin 19.95d 19.92¢ 24.62e 18.7gh
Sy Pyridate 21.62a 41.8% 83.26a 43.6a
R Hand weeding 21.49ab 44.08a 86.37a 37.18b
9l5dsS+ (0595 Linuron+cultivator (C) ~ 20.28cd 24.93d 16.92f 23.88e
s9leeSt Jslalas’s ! Isoxaflutole + C 21.31ab 34.89b 59.58b 37.18b
sl oS+ jems e Metribuzin + C 21.65a 30.96¢ 58.21b 32.15d
SolgadsS + TeSTL Paraquat + C 20.11d 14.65f 32.1cd 16.22gh
)9l g5+ llian oy Pendimethalin + C 20.04d 24.54d 27.09de 22.01ef
solead oS+ Sy Pyridate + C 21.84a 42.04a 85.28a 44.46a
P19+ g Hand weeding + C 21.18abc 41.9a 87.02a 45.83a

A Iy e BT 08B 0o 00 Jloss| o jo (SOl glaislosiz ae3] (olly (siw ;o )0 alie Bgy> b sla (Sl
Means followed by the same letters in each column are not significantly different on Duncan’s multiple range test, 5%.

S5l Sile el ] o3, 5,Khas il
g e olasy cails o Slae woss (55, (5 5wolS Judo &
LBl gy 0 )8 Hledd 4y Cond (65508 gy S (3
»lsreslacide aS il o925 b 13 (jemes e 25 le
3955 Sy 2 SigmolS Jodo Lol ols (2l cnlio o
slogiSale oy oy 55 tsucols, olLS
5 S U e o SIS 5 e ol
50 ol yelestlsS b ol yan Lal cariils ;o slacile tals
Lo Lo oyl o ails o, Slee g <8l yiulidl o goe O g0
B9 ol 9958 59, p b AS e (nl (§gmelS s &

sl (p ol udy o WS le 980 IS 5k 4
e 5o rasbacile J, 55 5 als s Shee il oz 2
FoluS gl pSide (o) p (] )3 (mizmen 392 956
Sg— s Sy 3,5 J5S ) 5 eslacile I (grmg b
Ol Brae A 0 (6t Slogw) p o] Dlaiios o
ot 9 aote) S LS Sl glagles jo 2S5l
5 plonil calidee polie g (29,

O35Sy Sl 4y Connd 0954 il o6l o
4 Jood Sl g5 Cadgi¥e - addllas S5 e el Sglite
S gl ol 5l a5 Wad (w2596 5 9 bl
Sb 00ls (a5 (jgms e RS ide 4y Jeodte 4igS
Olye ao JglluS gl 2sale (Gaur et al.,, 2013)
30 (Y Jeoz) cdls 092 (69, o (6 )j5—wolS do 2\ Y/F
25U BlluSgil (iScale a5 Cuol o o,Lil K08 qwy
g (Veisi, 2001) o,las 0556 59,y (sadtie ke
ol Bbe o 095 mslacale g4, » Datta et al., (2007)
ol 3 o5 (5 55mmolS 45 e ou 0Ll Lol ol g5
VU PH 5 ol o1 olyo (slyima L slacSs o S aile
51 srg azals J,us (Wicks et al., 2000) s ls sy
3 Sl dStn jrasladide (5 S oS o lodis?
Gl S 5l S s Lyl s o > YU GTLS
(Anonymous, 2015) ¢l JsliluS gl iScale
iSalde b s a ol las Gialeyl IS ol
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Introduction

Chickpea is important due to its grain high protein. Chickpea is weak to compete with weeds because of
the retard growth at the early stages. Therefore, weed control at this time plays an important role to gain high
production. Chickpea is being grown in both dry land and irrigated systems, and growers in both systems are
finding weed control to be a major obstacle to profitable production. Weed control is essential for maximum
seed yield and seed quality. Selection of the herbicide plus cultivator between rows can effectively control
weeds. Herbicide due to efficiency and cost savings play a basic role in weed management. Application of
Isoxaflutole controlled weeds in chickpea fields with very low phytotoxicity on chickpea. But the risk of
crop injury from Isoxaflutole has been reported to be greatest in soils with low organic matter content and
high pH. The only herbicide registered for chickpea in Iran, is pyridate in 1998.Considering the importance
of agriculture chickpea in Kermanshah and high cost of hand weeding in the fields, this study was projected
to achieve the most appropriate herbicides in combination with mechanical methods (row cultivator), in
order to optimally control weeds and increase the yield of chickpea. The objective of this research was to
identify efficacious chemical weed-control plus cultivation options for rainfed production of chickpea in
Kermanshah.

Materials & Methods

The experiment was carried out as strip plot based on complete randomized block design with four
replications during 2014-2015 in Kermanshah province. The main factor included inter-row cultivation and
without inter-row cultivation and the sub factor consisted of applications of Linuron (pre planting),
Isoxaflutole (post emergence), Metribuzin (pre emergence), Paraquat (post emergence), Pendimethalin (pre
emergence), Pyridate (post emergence) at rates 0.67, 0.48, 0.42, 0.05, 0.82, 1.5 kg a.i./ha respectively and
hand weeding. Chickpea (ILC482) were sown on March 3" placing 45 seeds m in rows 0.6 m apart. All
herbicides were sprayed with an Elegance 18 electric knapsack sprayer equipped with flooding nozzle and
calibrated to deliver 300 L/ha of spray solution at a pressure of 2.5 bar. Herbicides were applied in one-half
of each plot, and the other half kept as its control. The inter-row cultivation was applied on April 29" 2014.
Percent weed population and biomass reduction in all treatments was measured separately for each weed
species by counting the number of weeds 30 days after treatment within two fixed 1m? quadrates that were
dropped in the treated and untreated halves of each plot. The data were subjected to the analysis of variance
using SAS. Means were compared using Duncan's Multiple Range test at P=0.05 level of significance.

*Corresponding Author: ahmadil024@gmail.com
Y-v


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 10, No. 1, 2019, p. 195-208 (Research Article)

Results & Discussion

Results showed that cultivation between rows reduced population of Lambs quarters and Redroot
Pigweed significantly. Linurin and Paraquat could not provide acceptable biomass and population reduction.
But Pyridate, Isoxaflutole and Metribuzin could control satisfactorily weeds. None of herbicide treatments
could reduce Field binweed populations satisfactorily, so that the highest population reduction was observed
in Lambs quarters (100%) where sprayed with Metribuzin. Percent total weed density reduction by pyridate
and Isoxaflutole was highest (78% and 57%). Metribuzin reduced total weed density by at least 71%. Hand
weeding plus cultivation, Pyridate plus inter-row cultivation and pyridate, caused chickpea grain yield to
increase by 44.83%, 44.46%, 40.58% respectively compared with weedy check. Isoxaflutole plus inter-row
cultivation and Isoxaflutole caused chickpea grain yield to increase 37.18% and 34% respectively. The
highest chickpea phytotoxicity (30%) was achieved where Linuron applied.

Conclusion

Overall results showed that pyridate at rate 1.5 kg a.i./ha is a suitable option for control of weeds and
increasing the chickpea grain yield. The results also showed that inter-row cultivation had no significant
effect on weed reduction and grain yield by pyridate and Isoxaflutole. In this study, isoxaflotle controlled a
wide range of weeds. It is suggested that further studies be carried out on the use of this herbicide at different
times of application (pre emergence and post emergence) and different amounts.

Keywords: Grain yield, Herbicide, Integrated control, Mechanical control, Pod
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