N
it L

ISSN 2008-725X

&
4

!J@Efé:"zz

2
X
3 Sl Slipeiae (laz e Gilwdiat Basb 5l Sasmetans ) 9 50LasS] e glag: U Aumglie 9 o)y
Wiy SE Lyt el 5 (ool 895 9 Sngd vl (Cug—b) OIL2 g b yan
(Phaseolus vulgaris 1..)
(8 Lo lase pald dblzg, 1 (iloyugs T g Sosd il cad CBFy PSCS @by glost 9591 s
FengSd ola g Jilide  pud (Cicer arietinum L.) 0325 oL 33 o131 ool g 31 ol ) pusii
an
i
——
WSl Bl shame speme (galaond g (P ) GBS (AL OB o b L) 08 93 S Oluogiad Sguy :f'
Gy oled g (JoSle jhaz ez 592 9 L ',i
X0
0]

agdllls Mo 3 Jslne pley 105599 o

tLT.mu‘ Lé)-&a-'iu -.Jﬁl.l.&d.b_-ljj ‘-ALL'
P

58l L o ¥ 515 aall
Lol oS 5l ul8 g oobe b Slie

‘u..ﬁLl )f..._a TPV dabold
el B dagans s oy
e uliede s

oyl g godyl Slgmasons
S dama 5 b3S el

(Ol e (s (§ el piles
L3 plis a5 o 5 amgle

o 8las gl g 9 yas (Jadg lS p1 pguiliad dumaSliss Wy gili (il Jolzxa i1
(Lens culinaris Medik.) oz

(Phaseolusvulgaris L) Jyens slag) loasigi} 9 S g Juond g Olivo sy

S 3 o byl Cand

29255505 )51 5l ooliciul b (Lens culinaris Medik.) oo as o5 JUE g jlwaiags

a5 les gliol g 0,5hes p e yid 995 g paiF S g olf Lalisee polis Wi
(Vigna radiate) b

3 a9%andndh g 3V oSly)T (5152 59500 po—pgin) L 2955 yady el 31 a0
(Cicer arietinum L.)sg5 sloasi g} 0 y5los glizl g 0,5 kes o Sl

39,50as 1 5yhglacile Cope by Gadli 5 )3 Saylyy 9 Sgeol B glgol 556
(Vigna sinensis L) Llipizlug! o Slas gli=]

(it g f5ehs ¢ Lol Coonn pd)

RO

Yo A

wag r» £Yas



R

4

oy

$4

A¥

a5

WY&

F)

100

AT Sy

Nl Co g

171 ke Hlat Y255 2 Tl Adl

(OB)odum o5

9 &l Sl jgsdesme (Gl o
EERREC

PsSs slap y i oy

(Slgl Wbl (gueze dg0mxo
Sy ol b 5 5Sle jinzane

9 S9bee el (58 e

Lo jdemme o Eldaxl)8 dabold

PR 9§ ety (e Lion o
L.,J‘_,;‘_Lé)

3L Lo e o Y5 S5 anbls
Loylis JLeS ol 5 o2biosd sl34e

9 =\3|)')§ AR GARO ¢ s> ul.au)
‘L...c)bv SN0 ‘Lg.,\..i';)l o‘?m
S deze 5 (L3S el

> (P gD (6 ymad lis
9 o9l sy Ol
o ypwle S

5 e o> olordd S
ub)Lof O R

i Slgd; 59y g pad Jole
Lojle 5 (JL,8 Lo, 8L Lo Jlae
s" v e.

Ao oylgie

Gk 3 (ot § 9 (golaidl Calisio (g )Luw A lio 5 (o)
29 o019 095 9 Sogud ol (g ) Q3L 5 g B pan (g lwdinyy
(Phaseolus vulgaris L.) Lugd cslyj

P19 Soige g exi CBF g PSCS slayys s 95! (o) 3

5956 oL 33 13T cyg 1 ()30 Sl 33 (2o puog
(Cicer arietinum L.)

9 o) $B0gS (Al B pan b gl b8 90 (S Sluoguas dguie
593 9 (& Lwd (o Loy

615221 9 3,5 ko Juda 15 1 pgwilind nnSTigo Sy i (LB Jolne 51
(Lens culinaris Medik)  was o ,Slos

Fyore slugd GLoais) 1o (Shs 4 Joxi g Slao o)
Sias giid 9 Jloy sl s i (Phaseolus vulgaris L)

31 ool b (Lens culinaris Medik.) was & o5 JESI g 5lwaiage
pg2 by,

Sl3zl 90,5 1 ()59 5 995 g puiS ilS 9 o5 ko yolio i
(Vigna radiate) _pile o ,Slos

A 9 ;¥ o5l (61325950 cogmg iy b 9950 Hodu gedili 51 (w2

(Cicer 5950 gbocaisij o Shos sl521 9 9 ,5dbos 5 (515 (552950
arietinum L.)

2 3asluile Cu pe b Gl 53 5l Sipmil § ©polb glgel 550
(Vignasinensis L.) iz log o ,Slos sl321 9 o ,Shos

GBS R P 3 3 Swogad dumwl (5L Jeloxo 9 55ll @dad ST (o)
D81083p8, 30,8lugl (S 9 (S5edg2 38 <21y

(Phaseolus vulgaris L.) cuzloy sbowie; obwluls g b))l
sl 3l oolawl b osleins srpliiog 50 s s cawlo
G 4 e



dxbuo (olf)e..\.'\.m.g.gi

\1d4 sl s b )

M 5 8L Az Glgz ol
5 S ol
Ay Jops> sarm sl (il

9 ;20 dabld ()1 s Sy
S (Slyl Lungeo

Yol SRGIIw dexw g (deg o)

Ao oylgie

9 oy Olho (B 1 g9y paie O gili g 9,50 (5 s Wil
S i dul i 4o (Vigna radiata L.) ole oS

Lugd 51 ol gi 3Ly yig0g 5 (silwluz 9 (Sailoyglilgm o)y
(Phaseolus vulgaris)

L (Zeamays L.) oy puid <y bolseo culS 2o 3550 sacaws il

s Sdos (51321 9 0 ,5has , (Phaseolus vulgaris L.) Lug! o8,

3 52sbdle Copao p (Hagyom LUl (S p ST w0
(Vicia faba) M3l jo o Sloc 4 bgs yo wlas




I g (yPr

Slobay (e Sl Gy Gl (@I58 e @i GeesS (eian 5l (6 (2L @l (e 3 S Ol Sl
Slig s S (5ol ot 50 255,550 G (e ) CamdS Sl b b plalS cnl g, o
WMy (e kS glapllsl 4 LdSuesl b il Sinay g Wgd oo HglilS oly5 lalS 5l (gl b gl o
=y sbepllas 1o ciS (gl g 00g &BginS (LS pl aileosls plaisl ogm 4 sl (65,0liS o Slofug oSl
Gl degerme W f5e S el 6pSele 0 (il QLS Djpe 4 Geizes il cslie 03lnS
el 03ls 58 guiedsy)l ol po (armeiins 5 (SFlilps o)y sleae ) Slse da Sy

Sy o0 oo aVle ol olul i Lls 1) CotS 5 el cpn iy M 51 e ol 55 Slige
Jyama o5 )l5aY o0 4Vl s (nl 5145 Wl oo polats] Slg> SiS 4 ;58S 50 liSa e 5050 grkes
olas Sl Ll b gl dwlie 5 plnl o SYgame (pl iS ) mhaw 5 o bl 4 Jleal (255wl e Zwoas
3 et wiz e el oljen (saual Ollugi L olS 5 00gs 3l jlews o j9lS 0 SV game (pl adgi 003l a5 wes oo
Lol Ses ade Lol cadls bgs o 5905 (canldl 5 (nnbs 8505 Condy & Olgion |y DY game (ul adgi 003l ool
o B2 5eS (nl 95 gier Sl SlExS H8 ohgd wlgi b b e o IS ke 4 2 F o 5o Wb
sty ool 13 Sl Gt Sl cslanal CYpame 5 o aile el)) SY pame dn CdS b Cal ond
Gold L) Son My wunds Gal osd oadl) 035leS 5 lanile bl 4 Gl e (Dl a5 1A ead
el ooly J1 8 aiS 0 Slsas Gladze j g o)) Caslw ]340l 5 de gomo

WS o Dol b sloplling: Lai> 55 5 5928 (g slajls el S5 5l o9 wVgame ol (Sl Coeal
ygots o sbols 4 5wl joliied (Y game ool oy alide slaanz gl jleanels slaiags ol 4 b
BYSA R R B PRV R >R S o)‘}o& Wb Slg> Olados slaaol (_g‘).?‘ 9 ‘5>‘)Jo o as o LSS o d..._'>|.>).) Slosg
G n,b b uld o b j9uS 0 Slg w5l as 00 5l Liw oS (5 jsbay ol S 55’°%J§‘5 b Camsg (o
bt Jol 51 (o plgiear b codg gl i ped «Sis balyd (pl b Ll cous 5 09 so el Sl s
2,50 3 e (g b alal,y jo Sliass gla ciedas g lacanlow 35 g a5 o

oyl g bl Jols 55 g Glidad 5 oele ST (e plnasl 5 (Sialon waly 30l S e (J o
b Slgr Slidsd Goeasds Blaal 4 Hoew; o 1) b oS it olse «aliBe S106 0 uLo.B;u O ol Cadd
y5iS Slades o 2Rl Sle ) Ken b g cwgo 3 olKiils LS pole 8uSingyy Lwl) cpl o 0,5 ainles
u‘)i*-“ﬁf ub}.} Sladss )| J..al_'> (_ngo)jt;...m )L......_a\ Soa b |) "O‘)‘.’J ub,.«p ‘SLBUM.DS)J" smjf@b 5..:)......'
i bl 0 ) 5 cale Sl (olid (6,8 USE g |y ool yis ol ol ol sl ansl 08,57 5T 9t
29l pol 3 dose ol




b anly

A Ay Sy

f}?‘u‘jﬁ,‘u"”

'y

. . a S
g kn Uk

& . B
A

Ao Jlu yf g dugi Slosd! 3 (alliio b9y T3l g 3 (31931 33 (9 pid (9 po

4y (B yro — Al

w92,8 olkasly (ol psle BuSlamgly Aliwgy o5 (Shogh cele dxj0 bl gl pis €l Shg slagiagi
OleyS yolbongds (wydecan i (Gledol Jrio Glaolliily Jolds (oiS olKidls 2l b (5, Sen dalipalas CJB o g
o ke 90 Slaa dy v )l (rmbimlio 5 (55,5l psle oKl 5 jlod axly (Ml ST S bl 5 55L8S pole
S sk S oo piiie o ghpgh Alie ladaise; jo ) Dligs Clids @l (paads 4,80 () ke JLasl Sl o
el B 5 e s ( S pog5s BBl ple dg) lsil cpuie 355 Jald ey e DY gh (Dl

Ao by Bl 5 ol 13—

od—id Ol (67500 4,85 50 ;S e 9 099 Sloge> A 50 Jool Lo iagim donis anl VLA -V -0
oLl b 5l o] ey (6 mSa 5 adlie Jlw )l Jolpe il onts Jlw )l 6,500 &yt 4 plojen b
o e (g0 B oAl ele (slady p45 Zu pae LSS Blele o lpl Sl la g & 05 polais
Sy wwlgs http:/fijpr.um.ac.ir sl

Il e (D gl 1 5 gy DI ol loie SOL dlie Jlo )l oMlel (0t (lasbingss (o ((B)osimngi -V-0
OB M55 S 8 g Jgiame Bt (slaael 4y il el 95z g0 4 25 ol o ()] R oS asbioges (al aialed oo
23,5 A5k ( Bl sla bl ()38 )k i o @ a8 (Bl Al Goyb Sl Sl 5l g 00 el

Sy walys T (et s Sagear sole Sl 5l allie o colsts Y-

(gl Do ;0 g odd ol elygls cetl (6, lSen L g (4 o0 ctm) ()]0 09,5 dlwgay OVl -F-0
b 9 )bl g 55 9 Gpdn L D) 50 488 .85 wialss 18 Ola Cogi o 85 el iles bl 5
Sl 33T eVl CIlas

g waleS 5 (ol (L) A bgae 8308 ol Ve 5 Col ()8 ey 225 Lol (b3 -0-

Wlio Jlo ! 5 atd slosal; -
oS Gy V-2
o VOO o baad 5l e luY/0 dlols L A4 slyl L MS-Office Word 2007 l5la 5 s jo Wb allis yte
oY 0d ol WgwcSy &g 5 V1851l Times New Roman . JSS! w18 5 VVa5lal B Nazanin w8 o8 b bglas
dlie sbhaxio don .wgd (Line nUMbering) (s 135 Lo (CONINUOUS) jloaslsl & ygoas @lio e b law plod ol
by J 3806 5 e 4 2ly g0 55 g8 g Joo (S 43S e iS5l Vel T slasd 5 035 0 )led (sl b



Al gly>l-Y-¢
iz 95 ol g s clin 2o Bl 5 Slaseine domio Bl bt alflaz Ll 90 40 oyl o (oaass Ulie
sl 25 T g Caley b il dgs o o5 a3Y gl 52 5 BB 5o al 51 S0 2 (55,2

Pl 5 P cadlie Glyie 10538 0B (S0l g ()l (Lo 93,8 4 ZB3 L ) 9 )lge latiin domio L 3 V-Yg
Joe ol o 5 (aadS l, S (imand ghalle 5 4l el B ) 5 ad) iz 5 (U)o Solgls
0 dpgd SIS 3l e Loy allie azslin ol olres (43l g ol (Al o SCg Sl S ¢S BB LA uea>
T dxio ot Bl 10 g Lasine o] (S9, slo liw 138 L (Corresponding Author) aslSe Jgiwe pb il
Sl p3Y il gemeiily (Al ) aslipbl 5l sido b aods @i axili> .l o)lads (o «ladtive dorao 0gd
s pody Slasein Ao b 39 uSxie gy yo oK.l 5 Lol sbiasl b 03 b Slaseion Ao 3,5k o Eai90
55 638 (Bl el s (635 ) alie Sl a8 5 oy o 4 allie yze Lyl 51l

o g @l oy, g Sl oo (alS (sloosly 5 (o) 80Se Uy Slagidu ol b wlis e LB -Y-Y-¢
O 4l gt aomio (gl 0 dl (undS bguss 8085 9 @lie Cen b dpo3) Dj90 )9) )l wle ¢ (6 A
39039 (Mg 990 8aiS (L 9 iy 9 4D wl loie 09 750 (U )edinng Slatin g 6l 53 4gS o
39y Ly oS 53 e BLTIL (S5 o o o 5 00 il alSTOY 5 Sl o 6 BuSm WSS 5l lSY ¢
IS 1) oy 5 (g b lalS g S (o 5 ool g0 |y ol guli g idiacr g Alie (clyime il ]

39 yeadell > g Ql;;; 5 45 o9 ool glaosly 5l a5 Hekaie (pl 4 .09 00551 (gdS (loosly oS> 5l o Y=Y
il odals ety (6,55 sl 3l s 508

g &l (95 (s Slaal 35 9 D900 45 (BB E9S90 4 bgrye (LABgh Blow Wb desde ;0 -F-Vg

Losls (910,529, ol ety ¢ talejl (sl bg2ni g Joro Dlaseiie (] 15 9 0392 (19 9 LbsS MelS b b g, 5 Slge -0--¢
ssbany adoles (gl dam il o o2l S¥lee 0I5 S jg0 0 09 W] g clie ;53 L T el g (33100 5
Do 00)31 Caawigay 4o QT Jya> 8926 (801K lawgs dlolas gl Zeil Ojg0 )0 5 0al oy i 5,80

Sz 3590 5030 b oy ale lin 4 Sl b (ls) Shagy sladtil 5 ot &l ol &0 wl con s —F-Y¢
OF (eSSl Aozl o) i 2 05 0 355 00,5 LT (ol o oS (lsie 5 VL o oo (lgie S )8
g ol | p3¥ iy las g DMl Ao g 009r JSB b Jgor o 00d ) gl JolS (sbisS b ccnglis 09k 9 5
(S S o3l slazly o by dajlans (glis (puedSl Aoz 5 o Jgur 50 5L Alie (pte &y anzlye 4y LS 4S5 y5boay
L ol e a0l dayJgao 5 o JSCt o lacaisto § ol Lais| qdle 4358 j )15 055 250 sl (ow)lb &g JUS'L 5 50
5 00D e la (e arezr ooy Johr LSl il (odS g (ol i paging o 0T B D90 s @)
IS 21 0 (B AL od 5 g dgd cnedSl a3 DalS Lo JSCo 098 aliigd sl ) Lo (Slael) Lol (glgime
IS 5 Ulas SIS gl o 408, 1570y odle 5 sli By 5 4l jolST (90 la g 5 Lo IS0 il aid i ST
el Ll a e J3s 3o Lo g dil S (o 5 8 jleds gl Jaue jabas plaS 12 o Jga g b SO ausl
D9 00lil G o s | polie 5 laasly 39l lo (sl 09 ools

g 03,51 (S amt Jf "6l i b b ol (lajlr b (s ) S5 gz gl 90 0 VY

il 0 welais Ll Gy o o iy Ko a5 oadoobivies] sl 31 0t (6,150 Lot sy 5y cmulin iy o ~A-Y—z
ien il oot ooliiul LT 5l Lagiitans 5 039y odinyss 5L ;@; LL5 ) o a5 wsd S5 ml culis b5 09 1)
15 lis 50K i 45 (g3 lge 45 g aligl olS Slaseiuo b glie Cansyod 5o dil cilosds 53 e ) 45 nliae
O ygmod @lio e 40 mlie 4 gl 0gou gl S 5l JSls @DSHIACT) aelS cauce pb 5l o cesl 009y LS
2l 599,5 (glog S aloz £, 0 55 Sl pb 7o 5l GVl i aBl ae il )6 5 (o s ol
asbe 09 oolaiwl 3" 5l alie (5lmloz (sl (Nezami, 2007) ol sasgis asl)) 5251, 0 g alax Lyl
4 g ol xie 4 dlez £4,5 0 axili> (Saxena, 2003; Singh et al., 2008; Bagheri & Ganjeali, 2009)
N )5 5 (6o 4y cammes Jlo g Y b 55 )8 oleol Parsa (2007) wisle vg aiisgs (Jw) pb & jg0



D9 (5 fe3g3 amio (ol 53 st oyl g (alud 53 5]l (Sl bognrs 50,8 Jolis 3] Ao -2V
«(Extended Abstract) .Sl bguos 608> dgs -V -V
(Extended ADStract) " oaudSil bguwus 80uS>" ol (5900 « somsy (Ziwple § saas ) sloplss ool 4 4z g5 b
25 s it Ghls (S 4 g il dedS Veer JiSTas g Voo JBlas wub oS> ol b 3K @lie o slol jo
b

Title

Introduction

Materials and Methods
Results and Discussion
Conclusion

Key words

Sk~ wh

&l Cow e i 892 -Y-
p3Y el aligl ailie Caw d ,0) Va3l Times New Roman o3 b 5 oucdSSl )b s ¢ cuedSSl 5 (o) 8 olie &S
Gole oudSl AN Lils Spgo 40 cpie o B 08 g ad T dS Ly 4 ) b ool
5O gl aldel Ul J3ls o InPersian o )le ( owedSH AN iilas & s 4o ¢ In Persian with English Summary

B9d (5)l0355 i twd Sl ) g plie @l 53 505l 750 ol &jgoas Db pii el il (g3
il ol 35 50 ilie Cow d iyl 890 5l oo Jlie

OMxo -V-V-z
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.
roaud il ols -Y-Y- ¢
James, E.K., Sprent, J.I., and Newton, W.E. 2008. Nitrogen-Fixing Leguminous Symbioses. Kluwer Academic
Publishers.
(Edited boOK) sy gus ol 51 Jad S b allio -Y-Y-7

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) ks p & pis 4o Ao —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).

roboile b olKiils S 4y bgs yo b yiiyl 3l andig b allie -&-Y-z

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).

e Al -F-Y-£
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 B il i —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).

:glaibly syl dle i -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

30,5 65105,k e Jl )l wiald 5l o5l o8 53 llio o o8 clogil 5

K sl \

Olnl Slig> Glagingly & pid 5283 (AL pole 8uSigly e (pugd 8 oSS (o s 15T e ks
IVVAFAYF ;a5 AIWVVA-IFOY 1 any §goiioo
OV FAAYYE : plos ((«BY) FAAFAY g FAAFAIY ol
ijpr@um.ac.ir : s sl Cony
http://ijpr.um.ac.ir :li 6

http://rcps.um.ac.ir
. J



mailto:rcps@um.ac.ir

Iranian Journal of Pulses Research
Vol. 8, No. 2, 2017, p. 10-30
DOI: 10.22067/ijpr.v8i2.48451

Ol Sl gy
Voo ¥ Aio AR 093 Ao (¥ 6,leds Al

a0 5 jluding @2 5b 3 Tamotuns § 9 S3LaB! ilico 5l gt yluw dulio g (w2
(Phaseolus vulgaris L.) Lgh celyy 38 019 995 g Swogad vl ccdgb y 3> ygw

"k S5 5T sl 9130 e 7 slaer e
Mo w90 8 oL (659l cusCidls HLukils -
SLUS Jlo g0l gz (ale cinn guis ¥
Melieo (w93 8 olLLNS (5559 LilS 0uSLiils (5591959 ST (5,550 (ggamitils Y

VRS FNE il s gl
WAENVNY ol b

oS

I i 3ol S ol e ol s laings 5 S oy csloosles 5l oslinal 51 sla Lo o
OOl g Ay polie Cpend jelaiedy sl aiils o o) alise Y gante Cadl Sgugs 5 g inliEl g a8 S
o g, 5l eslaiwl L —ile;T (Phoseolus vulgaris L.) Loy el jo ols 955 9 Sogud dunl cugls
oy AS (55,548 BSls i de 50 9 VYATAY (el Jlo o 5 (ol iz Ty B 4o il
Al (GES )0 ) SolSVE e 5 Ae o 50 )0) Cusby ol g | (oS 5 el (ialoj (sl e ol 2| sgte
RS 0 b oS 09 GBS 50 (5Y% 5 jho gl 93 ,0) (595 095 5 (LS )3 S GlSA o ¥ mhaws 93 )0) Singen
as ol ol Gnlesl mlis a5 blad asdllas sl (s)lesd S 510 ggomme ;3 4535 o Blails (61 51,5 an
Ol Bymae a5 (g b el Cuwsay (LS 10 0,5 6LSF) Snged sl (Shoo zolans o ails o Slas jlade o i
Oal38lols malidl iSe 10 0 Tl SA 9 F Zokaw 4 o wo, V) 9 V0 a1 aily o Slee Soged al jlaie
3 emeld 995 Jlade o8l b aS Cu eplay wl Sz Bole o Slas iol3dl 4y i slo 0957 Bras polde Joleo
30 =Y a0 ) elo 098 iy (ali8l (g 28l (oli8l s ,ofF Sis Sole o Slee LS 0 (V0 4 yao
0355508 SIS ymn vl g e rolie il ok e |, 5 S0be 5 Shat (s o 18IS (S
a oo 995 =l S jo 0, S glSAY sl a4y Q3L g LSl 0 0 SHLSIY e 0515 aS (g p9bay (2l Gials
Snget el SIS 5 0,55 LS a5 355,55 Byin LS 0 355 S e 50001V sl
L e an ol (o)l 50 09yt LS 50 0,56LS Cuda g Jlez zobaw 4 G 0o 2V 5 VP (o e
slasls o, Slas ( cald 555 LS ;0 (BYVNIY 5 Soged sl g D3l g LS j0 p Tl SFNYF 5 VFY/AY G yas
9yl 4 Caad (59 LAl i e e ) G2l 10 el Cawsdy JSa [0 6 S LSVANY Joles
4 @ lisw sl 5l aod s - golaidl (g )l jo a5 lasl 5lasl yralS (0w )000) Saday solaidl
FIY g WWVIVY 5 540) g )l ol )0 molio &gy polie 3l oolisnl o,y oo Hlaias 04 o0 4> g5 milin (g3lwdings
Eras $wosle golaw (n foalio ((als 095 LS )0 0 SoLST e+ 9 Snged domsl § Oz pygms S2 50 0 F5LS

3L Gheshy cnl o

S 3lepsr ooles (Jgame Cuodles «Su3eI5ST SRl 39 s Sl (S S i gaadS” (sWre il

e ol (2l sla)lSal) 51 (S Cugb; Q3 g doddo
oepdn |) Ol Gyas )15 a2 g5 LB ul8l LS g 009 (55t ST (650t yinlymdl e yog—oinnl b

Y gaste 8.5 5 oS Slhogas Sepy ;o 4 S )l bl o ol e o5 pome 5,505, oy sila Slsieds
Nykanen et al., 2011; Zhong ) &S e ] uis calise St yardy 3l ool wl el 7y lno St A ays g S

Sl jlade g of glapalll wgan g b 4 i b oy

055 55y 0uS_iils cdgie (g ,d oS oy 1) g By g5
jahan@um.ac.ir M VFY-VYYO ey Gg0io el )


http://dx.doi.org/10.22067/ijpr.v8i2.48451
mailto:jahan@um.ac.ir

WP 099 doud Y5 Hlods (Al /(_"}3‘ Olggg’ ‘slbg;}bs}g Lo g g2 b S o g oy 30 0], 02 9 e

g it 4 S (Cucurbita pepo L) sielS ey
' o)._’)l_f l_> 456)9.’944 Oy szlf 055 )l oolazwl 9 ;iulf)‘
Oty o 3l oolai ol pae g (5ol 045 LS o 5
A J.él} FHKY 9 0920 »)JSJ.A.C

S 3lps laosles I slacsarme &gy 9> (e sl
ool Lfob 055 9 s.i..‘o}..b J.....u‘ aCA.gﬁ.lo) ubl}f}w ).JaJ
el oo pibolint el ook 025 Ly 5 b |
Silwaay sl oolitul 9550 Sla s (n S gene 5l (S
Trb 0 4z @ G )S) Joo eSS 5 Jelse (0
b o=l . (Wu & Hamada, 2000) el 535 o S o
a5 il o o )sSl 2 yb sl ceslio 5 (3Rl (o0,
9 920,54l Hgadys 9 Sk Loy 10V JLo 5o 5L sl
bls golows glylo ig, ol ol C)La‘ yile g uSU awgs
=l Lo 5l il 0nig 8185 (635 50 A SG 5 (A0
o gilwoslw o olosl sloes j2als & olg co o,
@ijsyt{a%;wum&mw,m
Ui So o (Aslan, 2007) 5,5 o Lal Koo sl g,
(S 7S yo S o 74 b 3l eslawl L Jahan et al, (2015d)
Ll b )3 1) Seoged sl 9 Cagh; S3r g Ay polie
2 4S50S NS g et 05 Cslyy po )bl S
9 Saged sl g Zagh) O3l g LIS y0 0 S 9 LS
Jolae slasls o, Shee s ,Lal JLiSa jo xS eV FY/TY
S g 4o el Cowsan LS ,o 6,5 LSTYAYY -
Triticum aestivum ) saus ceely; 1o (oo 5 yaad 59,505
VFO G yan (golail (g lw joaS ass,S 5,15 (L.
LS 50 0 Se LY alls (55, LS o 0,5 6kS
PO+ adgi an yonie ( alo 595 LS 1o 3VA 5 0l
S 6y)Luu)¢5J_wM|0 Q)ﬂ&)w)étﬂiw
D3t oIS 35 S 55 0, SSYY S pae b aons
asls o, Sles ( als 055 LS ;o (VS Bras g Hand o p)lS
A Jeols LSy 6,5l SYVE L Jolas (4l

O 5% 05 oS (St Olpieds Logd Coeal 40 L
L ool 955 5 Snged dmsl «03lz 5o plojo (5lusainge
& 5lwagy Baal Liegh cpl (s kel sla,l38le 5 5l eolaiul

' Central composite design

Monnig, ) Sl e L) A_Jt)l}).i?_w )9 ﬁ‘ﬁf’ - 39290
Jis,0md 0L 51wy L Jahan et al, (2011) (2005

3 Seged sl (3l Joloe 9 S 0 Cusby S pgw
aS 95s,S b3S (Phaseolous vulgaris L.) Loyl el
3 pSekSAe JLews o aily o Slee o i 9 99 Lo Se
el Gty Seagud duwl 39dleds Ll gus LS
52l 8t oz il eizen 5 (il slaais,
Sy iz 9y g st Al adn ) 50 (Jolu ponds
UYM u_.\.o...f 9 ;/_..J u.u.:‘;S‘ ucl: ‘°L.?§ .L:....Ja.! @‘J.C
Slyo g5lumoslal Gy 5l 955 51 Sagrmanl 09 0
Juisl wie lapasl )l Soe Smroz 170 Sone
bls_.o J‘_)LQJKS'A JLA.C‘ J_m) Sww.,..‘a.u O‘j,c 9 @‘J.Cfah.c
5 e Jolse ) (26 s Sl pals 4 0B (Seegen
, (Shahryari et al., 2008) il oo oLS (53, y rmb
Sl g0, Shae p (i jo o5 Lofeee g Voo Ve
Calendula officinalis ) ,Lypsa_coan g5 ol o Slos
(sly Pl oS ()39 (i &5 0B )15 g oy n (L
Yeoo Jladopls 51 o dasg 0 Sy IS5 olaws g glas )l
.(Mohammadipour et al., 2012)

ol ol Kl i (65,5laS jo ald 095 B ran
S5o95S )3 1) (oaten i 0SS o0yl Sl ) g anils
3L 9,90 olie 55T gola slo slaogS oS ]l
Lo Byma g olie i dls ;Sogdlc g i Lol
g Jolws Gawslye 1o Loyl 5l eolatul g ooy b sdans,
Sl ools s b ) p b il walys o o 1) S
5 sl (s Said Pl S5t o (T laosS oS
aslosls yials8l ]y Joase 8, Slos g ool S So50)em
o=l axg5L (Paksoy & Aydin, 2004; Vessey, 2003)
Slye e g 4183 |5 Siddes 5 St dilate ,o ol a5
LS 5LS 8550 (g el sl Sl )] oS T
el 518 il 6555 S3elST slaoslys 5L )
odle 4z )0 g wb oo alS S PH JT slassS G pas
(=l oS e bt 5 (Suid Gl Sho S 2
9 9 3 (S el iad g i polie Sl
G—is s (Botella et al., 1994) ool oo (iol33l o
995 e STy 51 S1>Jahan et al, (2007) sallugo



WP 099 doud Y5 Hlods (Al /(_"}3‘ Olggg’ ‘slbg;}bs}g Lo g g2 b S o g oy 30 0], 02 9 e

ol Gai byl jl ol jslaieds ol slosl dlgd lawgs o
R RPN WS SN R NG
Sy 90 50 Smgad bl @ lizs Folaw Jlasl ol a2 )F
Sehn S it Jolpe o LaS (59, (cAbdglre &g
o 55 plil abgy e Sla S s (2alS ) LS (S
oS Jsa> sl (S n sz o e 50) (ot
oy HlalS S 4 S (@ te )0 GV +) opllas
A cilS 5l e 39,50 9 Ve o yelacale Jus ol pladl
Jsb 55 5 ooy gilweslal ()l 50 283 plonil ss g,
S8 s S el i Slle ge g 5l 5590
O 85 o Sy dloyo Sl by Juad Sl o

Hebds &S e sl ag dw dlaws dalddle Hub Sl g basy
Al asigm do)d g adg 0 adls slaws 5 bl Jdolas
5ySlas g ails o, Khos Cypmend glyms i (g So3ll lagy]
3 e s dw e glails G Bds 5l ey (S bole
plaosl 51 Gy o ploul ccilo p Oldoe g Ol &,S 1o
G ¥ s U jho Gos 5 S &igas wculs y Slilas
e s Lol (39558 Oliee 9 22l0 s talosT 05 0
AOAC Official _sg,a S 59,05 9 als pufigp e
Biybas 59y uend wlal ,» Method 968.06 (4.2.04)
Semi-Automated oS _wo 3l eolawl Ly g Jlo S
Horwitz & Latimer, ) a_u oLl Distillation Unit

(2005

Jarvis et ) ol acule Vaoles &b 5l 05,08 olals
«@l., 2011
Nloss= Ninitial"'Nfertilizer‘(NpIant+Nsoil) (\)

Ninitiat «(Kg-M2) 59— <Lals Nioss ¢ )] ;o a5
(KQ.M?) oy Jad (slal yo SLE 0 35250 (559,00
(KQ.M?) el 555 3 b 51 (B —an )59, Niertlizer
5 MGG oy Jad slail ;5 ol (39,55 ¢l5e Nptant
g (KG.M?P) cils 5l o S 40 39290 559,50 Nsoil
SR )3 (59, )5 e lS amly (b 1 Lot ples
RUEIARIP U SRWAPLEJC S-S I ST IR WA SO 5
Jsl Jls s> (Fome 5 (D (ol 9557 55 35250 (159,03
Pimentel, ) cul Loyiws o ely; olS slp ol 8,0,8
(1993

alail Log) el jo daorecans - (golaidl 5 Jasracan

B b9 9 olge
dc)e o WWAY-AY el s jo Giogi—
P L dpeie owgd 8 olRidls (65,0laS suSiisls glaass
08 Llidlim Job g Jlod aidoVF g az,ofF LL3lax
3Ly g 5l D L)l g (B adBoTA 5 4z s
oSS b B g e ie) 00 Colas 4y (e
D3 g 5l (S 5 et bl sl e b |2
Sl LS )3 0 S5 LSNP g A mhass 99 50) Cmgb,
S35 995 5 (LS )3 0 5 okSA 5 ¥ e 99 ,0) Sogen
Ll sl w9 (LS 55 5T 9 o mhaw 99 5)
LS (ol 955 5 Sieged el (g y D3z e ok
Jahan et al., 2013; ) 54 allin 505, L3 slaiags

Jahan et al., 2015a; Jahan et al., 2015b; Jahan et
L —islosl sla,les .@l., 2015c; Jahan et al., 2015d

L aS wos asie Minitab Ver. 17 ,1580s 5 5 solazul
VO ggozme ;3 w535 yo ddals gl )55 A (38,5 5la3 s
oS Cewl 53 @y p5Y 00,5 Bl aslllas 6l s)led oS 5
Jlael oy 1 o o las &5 (g ,lo b epnlo dlanilsay
L oo Lo ysis &eS 5 (535 o vty polile il
el 0o ool Hlas Y Jgaz o -) g0 o)
et U o s 5ligiles] plosl ) 3
S Slogas (e Heliteds g plxil (6 S Aiges (S
&l (F Jsoz) ot Jwl ol iolojl as sl g
.la_my O cJa._....» 9 ‘5_:)&“.40 Sldes ) 6)Lacob1
alides polie (ouo; (g3lwoslal 5l w0 plil 2515
abge slas, S 5l So e sl ol 955 5 D3l psm
O B 90 slac S @“’ 2 ESIESy jsbay 5 avalxe
s by e S L el (6 e Blw¥ e Gae Lig
Y 9o 50 Gialasl jo eoliiwl 8,50 looslys Slaogas
e Aol 5 eYXY ‘5.;"‘.3.[4:)’1 sl )5 slal .l oo 00 ]
S OS5 e 3 g et ad Sl o e il e oS
L Lass) gy ag0,5 ooyl i il e Alols b cotS cis,
£90 Ao ;0 g At 0uSiils JSlidod ac)te 5l lis 1o o8,
RS9y gy 0 aSgl e oSS L ATAT olecuigs)
g eilS 5l iy aol (o Lol gl o canS aniy
S ey &Sy jgy ey alols a4 (gam slag )l

' Box-Benken



WP 099 doud Y5 Hlods (Al /(_"}3‘ Olggg’ ‘slbg;}bs}g Lo g g2 b S o g oy 30 0], 02 9 e

OSSb Zsb & 4z gl b b jlowd ol pd g polie -) Jouo
Table 1. Values and coefficients of treatments based on the Box-Benken design
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E‘é;’:&eernct’: Water super Srogud Cattle Water super Spogu Cattle

absorbent Humic acid manure absorbent Humic acid manure

(Kg ha™) (Kg ha) (Kg ha™) (Kg ha™) (Kg ha) (T ha™)
1 0 0 0 120 6 15
2 -1 0 -1 80 6 0
3 0 0 0 120 6 15
4 +1 -1 120 8 0
5 +1 -1 0 160 4 15
6 +1 0 +1 160 6 30
7 -1 +1 0 80 8 15
8 +1 0 -1 160 6 0
9 -1 -1 0 80 4 15
10 +1 +1 0 160 8 15
11 0 -1 -1 120 4 0
12 0 0 120 6 15
13 -1 +1 80 6 30
14 0 +1 +1 120 8 30
15 -1 +1 120 4 30

*+1, -1 and 0 are high, low and average levels of each factor, respectively.
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Table 2. Characteristics of used soil, superabsorbent, humic acid and cattle manure
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URER s 6 i
1.08 (o) ety 12 (+2)%) 0 TR 11.4 (ppm)
Potassium (%) Potassium oxid Odor and toxicity Available phosphorus
(%) (ppm)
g.em) slog JiS o3 BB penly
1 (22,2) 02! 08 ¢ 468 (ppm)
Fe (%) Mass density (g.cm® Available potassium
) ) (ppm)
S osers dS.m) (S Sl cyloa
0.8 (32,9 9.81 pH 11 ¢
Organic Electrical
nitrogen (%) conductivity (dS.m™)
(2o,0) S ‘_,,J'l )
9-10 pH 0.54 Soil organic carbon
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8.23 pH
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' Full quadratic regression
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Fig. 1. Response surface of bean seed yield affected by different levels of water superabsorbent and humic acid in
constant level of 15 t.ha* cattle manure
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Table 3. variance Analysis (mean squares) of full quadratic regression

solo & ySlos cyid R . -
5 ool axy® o Slos ° agr 4o &S Sluy UM"” ] Span o)

Source of variance @213 «lo Drv matter Seed number per Seed 0395 0939 3

Df Seed yield {/iefgj € plant prgteein N losses NUE
WL' Jlm *% *x **k **k **k *%
Constant
ég}’é;is]:mo el 9 36657** 27777639** 1115** 10.86* 5485%* 32.42%*
tﬁ: o 3 38089** 45721887** 1306** 10.81* 16259%* 86.45%*
;uérl)?erfég“s‘orbem 1 57877** 58761743** 1519** 7.31* 275" 1.82*
H&u‘;f: a:‘&' 1 6780" 20055841 177" 3.51™ 3™ 0.23™
g:tilzﬁr‘; e 1 49609%*  76398335%* 22015 2161%%  4BATI 257%%
;q“;)r; 3 67899%* 35662617** 1892** 19.37** 121" 10.78**
5 g3z 5 1 20644% 31699309%* 1134* 5.80" 45" 0.46"
SuperabsorbentxSuperabsorbent
Seoged S Saogad Sl *k *% *k * ns >k

o 8 1 150731 26696831 1987 9.94 108 7.50

Humic acidxHumic acid
(ol 255 ol 355 1 48212%%  63901939%* 3353% 48.35%* 2561 22,02+
Cattle manurexCattle manure
rr‘]‘t::; c"t"i‘on effect 3 3983™ 1948412" 147" 2.39" 75M 0.03™
Seaged Sy g 1 662" 40380901 58" 6.50% 0.2m 0.02™
SuperabsorbentxHumic acid
12 355X 03l 1 9636" 6215511 213™ 0.04" 75™ 0.08™
SuperabsorbentxCattle manure
(213 2950 Scoaged o] 1 1650" 1185594" 169" 0.64" 149™ 0.002"
Humic acidxCattle manure
t’; E' i gf“; ¢ 3 2146" 1274730** 63M 1.43™ 74™ 0.43™

Sl g BB 5525 pae 5 S )0 iy 9 SO Jlodol o jo jlo pe oS A NS g s s
** *and ns are significant at the 0.01 and 0.05 level and non-significant, respectively.
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Table 4. Regression coefficients and defining equation
Y= aptaiXi+apXzo+asXat+asXi?+asXo?+asXa>+ar X1 Xo+asX1 Xa+agXoXs"

Response variables gl b o

solo o ySlos . T
o &> 8 Slos S 9200 W13 ol Sl odiay  Ojgr ol dﬂf d‘,)u
Coefficients Seed yield Dry matter Seed nF:JI?nt;er PEr Seed protein N losses ‘-’N’B’:
yield

a -1500 -33455 -291.90 -0.08 58.80 -0.47
a 15.30 422.10 2.50 0.11 -0.76 0.06
a 629.80 6538 63 3.14 -13.80 4.46
a3 6.61 573 237 0.53 4.44 -0.73

a -0.05 -1.83 -0.01 -0.0007 0.002 -0.0002
as -50.51 -672 -5.80 -0.41 1.35 -0.35
as -0.50 -18.49 -0.13 -0.01 0.03 0.01

ar -0.16 12.56 0.04 0.01 -0.002 -0.0009

as 0.08 0.65 0.01 -0.0001 0.007 0.0002

ag 0.67 18.10 0.21 0.01 -0.20 0.0007
R 97.17 98.49 96.59 94.73 99.28 99.51

Alid (old 355 5 g Al (ughs ) O3l g Jius (5l yuiie ol ey X3 9 X X
Xy, Xz and X; are independent variables of water superabsorbent, humic acid and cattle manure, respectively.
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124
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2 °
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B 1300 A
£
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2 [ ]
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Observed seed yield (kg/ha)
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Fig. 2. Regression line equation of the fitted and observed values for seed yield in bean and the RMSE values based on
model of full quadratic regression
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Introduction

Maintenance of soil fertility as a permanent bed for continuous production of agricultural productsis one
of the most important issues affecting the sustainability of food production. In order to achieve healthy food
production, application of ecological inputs such as cattle manure and organic acids are inevitable. Cattle
manure is an excellent fertilizer containing nitrogen, phosphorus, potassium and other nutrients. It also adds
organic matter to the soil which may improve soil structure, aeration, soil moisture-holding capacity, and
water infiltration. Humic substances are a mixture of different organic compounds that extract from various
sources such as soil, humus, peat, oxidized lignite and coal. They are different in molecular size and
chemical structure. A little amounts of humic acid increase soil fertility by improving the physical, chemical
and biological characteristics of soil. Water super absorbents are water absorbing polymers (they may
contain over 99% water). They have been defined as polymeric materials which exhibit the ability of
swelling in water and retaining a significant fraction (> 20%) of water within their structure, without
dissolving in water content. The applications of hydrogels are grown extensively. These materials have
100% natural structures and do not have any harm for the environment. Development of using super
absorbent hydrogels to reduce crises such as soil erosion, frequent droughts or providing food security
requires knowledge of their behaviors and performances in the soil. To determine the optimal irrigation
water and fertilizer, the use of mathematical models is inevitable. One of the most common methods used to
optimize these factors is the central composite design. A central composite design is an experimental design,
useful in response surface methodology, for building a second order (quadratic) model for the response
variable without needing to use a complete three-level factorial experiment. Considering the importance of
bean as the main crop in Fabaceae family and aso the lack of comprehensive information in the field of
simultaneous optimization of water super absorbent, humic acid and cattle manure, in this study, different
economic and environmental scenarios for bean (Phaseolous vulgaris L.) production via optimization of
water super absorbent, humic acid and cattle manure application was eval uated.

Materials & Methods

In order to estimate optimized application rates of water superabsorbent, humic acid and cattle manure in
cultivation of bean, an experiment as Box Benken design using Response Surface Methodology, was
conducted at Research Farm of Ferdowsi University of Mashhad, during 2013-14 growing season. The
experimental treatments were designed considering of the high and the low levels of water superabsorbent
(80 and 160 kg.ha?), humic acid (4 and 8 kg.ha?) and cattle manure (0 and 30 t.ha®) using MINITAB Ver.
17 satistical software, as the central point in every treatment replicated 3 times, so 15 treatment
combinations were provided totally.

*Corresponding Author: jahan@um.ac.ir
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Results & Discussion

The result showed that the highest seed yield obtained in the middle level of humic acid (6 kg.ha?), so
that application of 6 kg.ha® humic acid increased seed yield 15 and 11% compared to the levels of 4 and 8
kg.hal, respectively. The moderate increasing of cattle manure amounts led to an increase in dry matter
yield, so that by increasing the amounts of cattle manure from 0 to 15 t.ha, dry matter yield increased by
36%, but more increasing the amounts of cattle manure from 15 to 30 t.ha™* led to a decrease in dry matter
yield by 4%. By increasing the amounts of superabsorbent, nitrogen losses decreased, so that the application
of 120 kg.ha! superabsorbent decreased nitrogen losses 17% compared to the level of 80 kg.ha™. Nitrogen
use efficiency in the 6 kg.ha level of humic acid was 16 and 13% more than the levels of 4 and 8 kg.ha™,
respectively. It seems that application of humic acid increased seed yield by improving soil physical
properties. Amiri (2015) reported that humic acid and folic acid increased seed yield of Echium amoenum by
32 and 22% compared to control, respectively. The highest and the lowest seed yield of bean (Phaseolus
vulgaris L.) obtained in treatments of 80 kg.ha™* water super absorbent + humic acid and Non-applicaion of
water super absorbent and humic acid, respectively. EI-Baz et al., (2012) evaluated effect of humic acid on
yield and yield components of soybean (Glycine max L.) and reported that the highest seed yield obtained in
level of 1000 ppm humic acid.

Conclusions

In economic scenario, using 143.83 kg.ha superabsorbent, 6.14 kg.ha* humic acid and 22.12 t.ha* cattle
manure, resulted in 1613 kg.ha* seed yield. The nitrogen losses in environmental scenario decreased by 95%
compared to economic scenario. Eco-environmental scenario attended to different aspects of resource
optimization, therefore it seems using the optimized amounts of resources in this scenario (131.71 and 6.02
kg.ha! superabsorbent and humic acid and 0.30 t.ha? cattle manure, respectively) are the best levels of
ecological inputs in this research.

Key words: Box Benken, Ecological approach, Ecological input, Health of product, Nitrogen losses
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Table 2. Preparation of proline standard solutions for a spectrophotometric analysis
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Fig. 1. Proline standard curve
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Fig. 2. Bands of ribosomal RNA in the extracted RNA
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Fig. 3. Relative expression of P5CS and CBF genes in MCC426 and MCC505 genotypes after freezing treatments
(columns with different letter or letters show statistically significant difference; P<0.05)
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Fig. 4. Relative gene expression of CBF (A) and P5CS (B) in the genotypes tested under control conditions
(columns with different letter or letters show statistically significant difference; P<0.05)
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Introduction

Cold and freezing stress is one of the most important environmental stresses that affect the growth and
yield of crops. One of the important processes in plant resistance to cold stress is known to acclimatize. In
this process, the internal mechanisms of plants causes higher resistance to freezing stress after exposure to
temperatures close to zero. Low temperature stress induce or inhibit the expression of certain genes. P5CS
protein and transcription factor DREB (CBF) play an important role in adaptation and cold tolerance in
plants. P5CS activates the enzymes in proline synthesis pathway and cause accumulation of this substance in
plant that protects membranes and proteins against different effects of high concentrations of inorganic ions
and high and low temperatures. Also DREB proteins with a conserved sequence bind to specific DNA
sequences upstream of responsible genes in resistance to cold stress and leads to their expression. In this
study the expression of P5CS and (DREB1)CBF genes that have an important role in the face of many plants
to freezing and cold stress were examined in chickpea in both resistant and susceptible genotypes and used of
Real time PCR method to evaluate the expression of these genes under stress and non-stress.

Materials & Methods

In the first experiment, the expression pattern of P5CS and CBF (DREB1) genes were evaluated at
normal (23°C), acclimation (10°C) and freezing (-10°C)temperatures in two resistant (MCC426) and
susceptible (MCC505) genotypes of chickpea, in two organs (leaf and stem). Briefly pots containing plants
of both genotypes stored at 23°C for two weeks. After this period, plants are divided into two parts, half
remained in the normal conditions and the other half were transferred to 10°C for cold acclimation. After 10
days, seedlings of normal and acclimation conditions transferred to a thermogradient freezer and after 15
minutes at -10°C, sampling was carried out from the leaves and stems. The simultaneous sampling of the
control plants (normal conditions) were also done. After RNA extracting from samples and determine the
concentration and quality by nanodrop and treatment with DNase | enzyme, cDNA synthesis was performed.
After designing appropriate primers, the PCR process was optimized and Real time PCR was performed
under optimized process conditions and gene expression levels were calculated. In the Second experiment
free proline changes of seedlings in the acclimation phase were evaluated. Briefly after transferring of plants
in the acclimation conditions, amount of proline at them were measured at appropriate intervals after
exposure in acclimation conditions.

*Corresponding Author: rohollah.ghasemi@modares.ac.ir, Mobile: 09159048799
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Results & Discussion

Results of analysis showed that the expression of these genes were significantly higher in resistant
genotype than the susceptible one. Because of these genes are the important factors in plant resistance to
stress especially cold and freezing stress, this can confirm that MCC426 genotype is resistant and MCC505
genotype is sensitive to cold. Also the interaction of genotype and organ sample in the control condition
showed significant difference only for expression of P5CS gene. Since this gene is an important gene in
freezing and cold stress, increased expression of this gene in MCC426 genotype that is resistant to cold not
unexpected. But expression of CBF gene occurred only after cold stress induction and in the absence of
stress is poor expression. In addition, it was revealed that the interaction of genotype and acclimation
treatment on CBF genes in both genotypes had significant differences, but in P5CS gene only in MCC426,
this trend was observed. However, changes of free proline as one of the mechanisms of cell protection in
acclimation period in both genotypes showed that proline contents of MCC426 in response to acclimation
treatment was gradually increased, but this increase in MCC505 genotype occurred during the early stages of
acclimation, and proline has decreased over time.

Conclusion

According to the results, it generally seems, one of the main reason for tolerance to chilling is the high
expression levels of the mentioned genes during chilling and freezing stress and therefore it can be used for
inducing freezing tolerance into sensitive plants.

Key words: Cicer arietinum, Gene expression
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Table 1. Soil chemical and physical characteristics of the research site
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Table 2. Analysis of variance of the effects of phosphate and Zn bio-fertilizer on the antinutritional factors of two
cultivars of bean

Sl po puSileo (Mean of squares) (Df) o137 a0
X X Ol et 2ol
et slooiylojl ot S ! Sied e (Source of variance)
Trypsin Inhibitors Tannin Phenolic Acid Phytic Acid
0.3™ 0.1 0.75" 14.4" 1 (Cultivar) 3,
22.8 8 20 4.1 4 (Replication) (Cultivar)(es,) ,|,5s
10.7** 16** 20** 6* 3 (A) (Phosphorus) ,awé
9.3** T** 7.6%* 0.14** 2 (B) (Zinc) s,
0.7 1.7* 2.8* 3.7* 6 (AXB) (59, X ,iud
0.2 0.3™ 0.4 2.1m™ 3 (CultivarxA) a.é x o3,
0.1 2m 3* 18.7** 2 (CultivarxB) (5, X o3,
0.8™ 2% 16" 3m 6 (CultivarxAxB) (g4, X ,aud X 43,
0.4 0.7 0.8 16 4 (Error) U=
71 (Total) Js°
9.5 11 12.7 438 (CV) (2o,0) &l s g o

w# % NS

2 S g gk g 50 Jlogae g o cae o 5 Py T
ns, * and **: Non significant and significant P <0.05 and P < 0.01 respectively.
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Table 3. Mean comparison of phosphate and Zn bio-fertilizers simple effects on the antinutritional factors of two
cultivars of bean

Ot 55 o418 50 ot Sl ! S !
Trypsin Inhibitors Tannin Phenolic Acid Phytic Acid sy
WIS 0,5 )5 Cymags ¥ 55 Sl 4l 0,5 )0 S sl 0,5 o PSS 33 05 (Cultivar)

(mg Tryp g™ Seed) (mg GA g™ Seed) (g kg™t
6.60a 4.34a 5.67a 4.56a o) -Cy (Talash)
6.47a 4.42a 5.47a 5.46a & ,%o-C; (Sadri)
7.24a 5.28a 6.57a 4.91ab Po
6.91ab 5.0ba 6.29 5.75a Py
5.46b 3.28¢c 4.28¢c 4.35b P,
6.52b 3.91b 5.15b 5.04b Ps
7.24a 4.94a 6.18a 5.68a Zng
6.30b 4.32b 5.47b 5.07b zn
6.10b 3.87b 5.0b 4.92b Zn,
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Means in each column and part by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.

Cy: Talash cultivar, C,: Sadri cultivar, Po: Blank, P;: Use of 100 kg ha™* TSP, P,: Use of 50 kg ha™ TSP + Phosphate bio-fertilizer Ps: Use of phosphate
bio-fertilizer, Zno: Control, Zn;: 50 kg ha* ZnSO,7H.,0, and Zn;: Use of Zn bio-fertilizer
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Table 4. Effect of experiment treatments on the antinutritional factors and mean groups

O 37 o105 ol S doe! Sid Sl
Trypsin Inhibitors Tannin Phenolic Acid Phytic Acid Hlows
Alo 035 30 Cymungs i 0,5 o 1 85 S el 0 )5 o PSS 33 0,5 (Treatment)

(mg Tryp g Seed) (mgGA g Seed) (g kgh)
8.00a 5.70a 7.10a 4.56¢d PoZno
6.91a 5.44ab 6.70b 4.74cd PoZn1
6.81a 4.70b 5.91b 5.42¢c PoZn2
7.31a 5.09ab 6.23b 6.66a P1Zno
6.68a 5.22ab 6.73ab 6.21b P1Zn1
6.74a 4.80b 5.91b 4.38cd P1Zn;
6.66a 4.34bc 5.45hbc 4.33cd P2Zno
5.03a 2.45d 3.13d 3.90d P2Zn1
4.70a 3.05cd 4.28cd 4.21cd P2Zn2
7.00a 4.63ab 5.95b 5.07bc P3Zno
6.59a 4.18bc 5.34bc 5.00bc P3Zn1
6.00a 2.93cd 4.15cd 5.06bc PsZn;
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Means in each column by a different letter are significantly different (P < 0.05) by Duncan's Multiple range test.

Cy: Talash cultivar, C,: Sadri cultivar, Pg: Blank, P;: Use of 100 kg ha™* TSP, P,: Use of 50 kg ha™ TSP + Phosphate bio-fertilizer Ps: Use of phosphate
bio-fertilizer, Zny: Control, Zn;: 50 kg ha* ZnSO,7H,0, and Zn;: Use of Zn bio-fertilizer
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Introduction

Bean (Phaseolus vulgaris L.) is one of the richest seeds in legumes. It has special importance in the diet
because it contains 20-25 percent protein, 60 percent carbohydrates, vitamins, dietary fiber, antioxidants,
trace minerals and amino acids containing Zinc (Zn) and Iron (Fe). Mycorrhizal fungi and plant growth
promoting rhizobacteria (PGPR) such as Azotobacter spp., and Pseudomonas spp. are able to increase uptake
of nutrient elements particularly when they are applied with others. P solubilizing fungus and bacteria
facilitate uptake of slowly diffusing nutrient ions such as phosphorus (P), Zn, Fe and increase their
availability usually by increasing volume of soil exploited by plants, spreading external mycelium, secreting
organic acids, production of dehydrogenase and phosphates enzymes and reducing rhizosphere acidity.
Despite the high nutritional value of bean, it contains some antinutritional factors that caused to decrease this
nutritional value with reducing the digestion and absorption of protein, minerals and trace elements. The
main is phytic acid (PA), phenolic acid, tannin and trypsin inhibitors. PA has the ability to form bonds with
divalent cations such as Fe, Zn, calcium (Ca) and magnesium (Mg). The high chelating capacity of PA
reduces strongly availability of these elements and causes disturbances in the human gastrointestinal system.
PA, phenolic compounds, tannin, and trypsin inhibitors can form bond with protein, fiber, carbohydrates,
polysaccharides and other macromolecules and hence reduce enzyme activities, absorption and digestion of
proteins and minerals. The main objective of this farm study was to evaluate the effect of P and Zn bio-
fertilizers on decrease of antinutritional factors and improve seed quality in two cultivars of bean in
Chaharmahal-va- Bakhtiari province.

Material & Methods

This field experiment was carried out as a factorial based on a randomized complete block design
(RCBD) with three replications. The treatments of this research consisted of two cultivars of Chiti bean

(Talash and Sadri), four levels of P (Po: Control, P;: Chemical fertilizer on the basis of soil test, P2: 50
percent of recommended P + bio-fertilizer (P), and Ps: bio-fertilizer (P)), three levels of Zn (Zno: Control,
Zni: 50 kg ha! Zinc sulphate, and Zns: bio-fertilizer (Zn)). Bio-fertilizer (P) treatment consisted of using
inoculum of P solubilizing bacteria from Azotobacter chroococcum strain 5 and three species of mycorrhizal
fungi from Glomus species (Glomus etunicatum, Glomus intraradices and Glomus mosseae). Bio-fertilizer
(Zn) treatment consisted of using inoculum of Pseudomonas aeruginosa strain MPFM and Pseudomonas
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fluorescent strain 187. Grain inoculation (5%) was done in shadow and after drying, inoculated grains were
immediately cultivated. Two g of mycorrhizal fungus was applied under the grain hole just prior to sowing.
Chemical fertilizers were applied from TSP at a rate of 100 and 50 kg ha* in Py and P, respectively, 50 kg
ha? ZnS0.4.7H.0 in Zn;. After harvesting, seeds were prepared to measure antinutritional factors after
grounding and passing from 60 mesh sieve. Phytic acid was measured by Haug and Lantzsch (1983),
phenolic acid and Tannin by Makkar et al. (1993) and trypsin inhibitors by Kakade et al. (1974). Statistical
analysis was done with SAS statistical software. Duncan’s multiple range test was used to compare means.

Results & Discussion

The results revealed that there were not significant difference between two cultivars on studying
factors. The least of these characteristics except of phytic acid (PA) were obtained from Sadri cultivar. The
effect of P treatment was significant on studying parameters, in a way P, treatment in comparison with
control treatment caused to decrease PA (11.5%), phenolic acid (35%), Tannin (38%) and trypsin inhibitors
(25%). The effect of Zn treatment was also significant on studying parameters. The minimum of studying
factors were obtained from Zn: and Zn; treatments. The effect of interaction between P and Zn was
significant on these anti-nutritional factors except the trypsin inhibitors. The least rate of PA, phenolic acid,
tannin were obtained 3.90 g kg%, 3.13 and 2.45 mg GAE g* sample respectively from P,Zn; and the rate of
trypsin inhibitor 4.70 mg TI g sample from P,Zn.. In this study, the dual inoculation with phosphate and Zn
bio-fertilizers caused to increase nutrient uptake and improve in seed enrichment especially nutrients with
antioxidant capacity such as Zn and Fe. It can be done with increasing mycorrhizal symbiosis, root
colonization phytosiderophores secretion, organic acids and chelated compounds production. Our results
were similar to findings of other researches. Reducing in antinutritional factors related to production of
enriched seeds with using phosphate and Zn bio-fertilizers.

Conclusion

The results of this research revealed that individual and dual using of phosphate and Zn bio-fertilizers
caused to decrease antinutritional factors in two studied cultivars of bean. Microorganisms used in biological
treatments caused to increase the availability and uptake of nutrient elements such as N, P, Fe and Zn. It can
be done with increasing mycorrhizal symbiosis, root colonization and enhance secretion of siderophore
compounds, organic acids and chelate compounds. Also, plant hormones and enzymes promoting growth
increased with using of these bio treatments. Application of bio-fertilizers in this study caused to decrease
antinutritional factors in both cultivars with increase of growth and nutrient uptake and seed bioenrichment
with iron (Fe) and Zn Seed bio-enrichment with Fe, Zn and other nutrients caused to indirectly decrease in
PA and other antinutritional factors. In this research, the best treatment was using of mycorrhizal fungi with
Azotobacter inoculant and 50 kg ha* TSP and 50 kg ha ZnSQ4.7H;0, (P2Zn; treatment).

Key words: Bean (Phaseolus vulgaris L.), Mycorrhizal fungi, Phytic acid, Tannin, Zinc
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Fig. 2. Effect of nanoparticle TiO2 and times of spray on chlorophyll a in lentil
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Fig. 4. Effect of nanoparticle TiO2 and times of spray interaction in number pod hollow in lentil

8



WAF g0 houws (Y5, Aals /3l 31 U g GBI /... b ol 5110, K0n g (5595

S35l eslatwl oS LIV ol cols caeal )] Jaie cel ¢ jlews aS ol L ols plis gados ol ol
g sa yidi ege Ol pil 4 dzgi wilises slaaie) o 5l s quace el)3 olLE oS g o5 Slas o il

10.
11.
12.
13.

14.

15.

16.
17.

18.
19.

G s=oa] lpaco 4 a5 Ol 355l 5l ool (ol

&L
Abid, H., Chadhary, M.R., Wajid, A., Ahmad, A., Ibrahim, M.R.M., and Goheer, A. R. 2004. Influence
of water stress on growth, yield and radiation use efficiency of various wheat cultivars. International
Journal Agriculture Biology 6(6): 1074-1079.
Ashraf, M., Azim, Y.AR., Khan, A.H., and Ala, S. A. 1994. Effect of water stress on total phenols,
peroxidase activity and chlorophyll content in wheat (Triticum aestivum L.). Acta Physiologia
Plantarum 16: 185-191.

Chirstianse, 1., and Graham, P.H. 2002. Variation in di-nitrogen fixation among Andean bean
(Phaseolus vulgaris L.) genotypes grown at low and high levels phosphorus supply. Field Crops
Research 73: 133-143.

Herzog, H. 1986. Source and sink during the reproductive period of wheat. Scientific publishers, Berlin
and Hamburg.

Jagtap, V., Bhargara, S., Streb, P., and Feierabend, J. 1998. Comparative effect of water, heat and light
stress on photosynthetic reaction in Sorghum biocolor ( L.) Moench. Journal Expend Botany 49: 1715-
1721.

Khayyam Nekoei, S., Sharifhasab, M., Ahmadisome, H., Barkhivar, K., and Momeni, M. 2009. A
review of nanotech in agricultural-Jehad ministry. Second Edition. Publication of Agricultural
Education 23: 45-49 (In Persian).

Klushreshtha, S., Mishra, D.P., and Gupta, R.K. 1987. Changes in contents of chlorophyll, proteins and
lipids in whole chloroplasts and chloroplast membrane fraction at different leaf water potentials in
drought resistant and sensitive genotypes of wheat. Photosynthet 21: 65-70.

Kumudini, S. 2002. Trials and tribulations. A review of the role of assimilate supply in soybean genetics
yield improvement. Field Crop Research 75: 211-222.

Lu C.M., Zhang C.Y., Wu J.Q., and Tao, M.X. 2002. Research of the effect of nanometer on
germination and growth enhancement of Glycine max and its mechanism, Soybean Science 21: 168-
172.

Majnoun Hosseini, N., 2008. Grain Legume Production. Jahad Daneshgahi of Tehran University.
Tehran, 283p. (In Persian).

Mckenzie B.A., and Hill, G.D. 1995. Growth and yield of two chickpea (Cicer arietinum L.) varieties in
Canterbury, New Zealand. New Zealand Journal of Crop and Horticultural Science 23: 467- 474.
Meidner, H. 1981. Class Expriments in Plant Physiology. British Library Catalogaing in Publication
Data. Londan.

Moaveni, P., Aliabadi Farahani, H., and Maroufi, K., 2011a. Effect of Tio2 nanoparticles spraying on
wheat (Triticum Aestivum L.) under field condition. Advances in Environmental Biology 5(8): 2208-
2210.

Moaveni, P., Talebi, R., Farahani, H.A., and Maroufi., K. 2011b. Study of TiO2 nano particles spraying
effect on the some physiological parameters in Barley (Hordem Vulgare L.). Advances in
Environmental Biology 5(7): 1663-1667.

Moaveni, P., Valadabadi, S.A., Aliabadi Farahani, H., and Maroufi, K., 2011c. Nanoparticles TiO2
spraying affected on Calendula (Calendula Officinalis L.) under field condition. Advances in
Environmental Biology 5(8): 2242-2244.

Oweis T., Hachum A., and Pala, M. 2004. Lentil production under supplemental irrigation in a
Mediterranean environment. Agricultural Water Management 68: 251-265.

Pilbeam, C.J., Hebblewait, P.D., Rickett, H.E., and Nyongesa, T.E. 1991. Effect of plant population
density on determinate and indeterminate forms of winter field bean (Vicia faba). Part 1: yield and yield
components. Journal Agriculture Science 116: 373-383.

Reynolds, G.H. 2002. Forward to the future nanotechnology and regulatory policy. Pacific Research
Institute 1-23.

Sabaghpour, S., Safikhani, H., Sarker, M., Ghaffari, A., and Ketata, A. H., 2004. Present status
andfuture propects of lentil cultivation in Iran. P, 146, Proceeding of 5th European Conference on
Grain. 7-11 June, Dijon, France.

20



20. Sairam, P.K., Deshmukh, P.S., and Shukla, D.S. 1997. Tolerance of drought and temperature stress in

21.

22.

23.
24,

25.
. Zecevic, V., and Knezevic, D. 2005. Variability and components of variance for harvest index in wheat

WAF g0 hos oY5,lods Ahals /3l 31 g GBI /... b Jalxo 51 10, K0 g (5595

relation to increased antioxidant enzyme activity in wheat. Journal Agronomy Crop Science 178: 171-
178.

Salehi, M. 2008. Pretreatment effect of nanosilver on germination and seedling growth of wheat under
salt stress. Proceeding of First Iranian Congress in Seed Sciences and Technology. Gorgan, Iran. 358 p.
Yazdi Sammadi, B. 2008. Waste reduction in wheat production and consumption. Proceeding of 10"
Iranian Cong. of Crop Sciences. Karaj, Iran. 519 p.

Sandor, D., Istvan, M., Judit, P., Agota, C., Réka, T., and Marta, M. 2006. Effects of drought on
photosynthetic parameters and heat stability of PSII in wheat and in Aegilops species originating from
dry habitats. Acta Biologica Szegediensis 50(1-2): 11-17.

Schutzz, M., and Fangmeier, A. 2001. Growth and yield responses of spring wheat (Triticum aestivum
L. CV. Minaret ). Pollution 114: 187- 189.

Soltani, A., Khoie, F.R., Ghassemi, K., and Moghaddam, M. 2001. A simulation study of chickpea crop
response to limited irrigation in semi-arid environments. Agricultural Water Management 49: 225-237.

Tanaka, A., and Tanaka, R. 2006. Chlorophyll metabolism. Plant Biology 9: 248- 255.

(Triticum aestivum L.) Genetica 37: 173-179.

55



Iranian Journal of Pulses Research
Vol. 8, No. 2, 2017, p. 57-68

Study of nano particle TiO; spraying on chlorophyll, yield and yield
components of lentil (Lens culinaris Medik)

Nouri', H., Moaveni?, P. & Soltaanieh®, M.

1. M.Sc. alumnus, University College of Agriculture and Natural Resources, University of Tehran, Iran
2. Asisstant Professor, Islamic Azad University, Shahr-e-Qods Branch, Tehran, Iran
3. MSc. alumnus in Agronomy, Islamic Azad University, Takestan Branch, Iran

Received: 13 September 2013
Accepted: 29 February 2016

DOI: 10.22067/ijpr.v8i2.25752

Introduction
A particle in which at least one of the dimensions does not exceed 100 nm is classified as a nanoparticle.

Nanoparticles are characterized by high ratio of surface area to volume or weight, what strongly influences
physical and chemical properties of Nano sized materials. Nano products find applications in many fields of
daily life. Lentil is one of the major legumes crops in all over the world including Iran. It is a cheap source of
high quality protein in the diets of millions in developing countries, who cannot afford animal protein for
balanced nutrition and also rich in important vitamins, minerals, soluble and insoluble dietary fiber.

Material & Methods
To study the effect of nanoparticle Tio2 spray on some agronomic traits of lentil, a factorial experiment

was carried out based on RCBD with four replications in Zanjan University on 2011. Treatments included
six levels of nanoparticle Tio2 solution spray (control, 0.01%, 0.02%, 0.03%, 0.04% and 0.05%) and two
times of spraying (flowering and 60% steaming stage).

Results & Discussion
Results showed spray concentration x application time interaction on grain and biological yield, number

of pod per plant, number of grain per pod, 100 grain weight, plant height, number pod hollow and
chlorophyll b and harvest index was significant. But spray concentration x application time interaction on
chlorophyll a was not significant. Mean comparison of the traits showed that the highest amount of
chlorophyll b was obtained with applying 0.01% nanoparticle Tio2 solution at both stage and the lowest
obtained with applying 0.01% nanoparticle Tio2 solution at 60% steaming stage. Mean comparison of the
traits showed that the highest amount of plant height was obtained with applying 0.01% nanoparticle Tio2
solution at 60% steaming stage and the lowest obtained with applying 0.05% nanoparticle Tio2 solution at
60% steaming stage. Mean comparison of the traits showed that the highest amount of grain yield was
obtained with applying 0.02% nanoparticle Tio2 solution at 60% steaming stage. However, with applying
0.01% nanoparticle Tio2 this stage there were not significant and the lowest obtained with applying 0.02%
nanoparticle Tio2 solution at flowering stage. Mean comparison of the traits showed that the highest amount
of biological yield was obtained with applying 0.02% nanoparticle Tio2 solution at 60% steaming stage and
the lowest was obtained with applying 0.02% nanoparticle Tio2 solution at flowering stage. Mean
comparison of the traits showed that the highest amount of harvest index was obtained with applying 0.05%
nanoparticle Tio2 solution at 60% steaming stage and the lowest was obtained with applying 0.04%
nanoparticle Tio2 solution at 60% steaming stage. Mean comparison of the traits showed that the highest
amount of pod per plant was obtained with applying 0.01% nanoparticle Tio2 solution at 60% steaming stage

*Corresponding Author: hossein_nouri2010@yahoo.com, Mobile: 09127440902
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and the lowest was obtained with applying 0.04% nanoparticle Tio2 solution at flowering stage. The result of
mean comparison showed that the highest amount of number of grain per pod was related with applying
0.01% nanoparticle Tio2 solution at 60% steaming stage and the lowest was related with applying 0.04%
nanoparticle Tio2 solution at 60% steaming stage. Mean comparison of the traits showed that the highest
amount of 100 grain weight was obtained with applying 0.01% nanoparticle Tio2 solution at 60% steaming
stage and the lowest was obtained with applying 0.04% nanoparticle Tio2 solution at flowering stage. As
well as, the results showed the effect of spray of titanium dioxide nanoparticles and spraying time on
chlorophyll a was significant (P < 0.01). Mean comparison of the traits showed that the highest amount
chlorophyll a were obtained with applying 0.05% nanoparticle Tio2, the highest amount chlorophyll a were
obtained with applying 0.02% nanoparticle Tio2. The spray of nanoparticles titanium at 50% flowering and
steaming stage (60%) was the highest and lowest impact on the amount of chlorophyll a.

Conclusion
According to the results of this study, it is concluded that spray with nanoparticles increased quantity

and quality of lentil. But, the use of nanoparticles according to the aspect of environmental safety is very
important.

Key words: Flowering, Grain yield, Steaming, TiO;
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Table 3. Path analysis for grain yield in common bean genotypes under non-drought stress condition
(Fp) Koo g > Indirect effect via g yb ;I puiinno gl 451

Tralts ele Correlation Dmﬁglt 1 2 3 4 5
coefficient

Seed via pod weight per plant &de b «ls 59 0.96 1.03 - 004 -015 0.03 0.01
Number of seeds per pod e ;o ails slass 0.44 0.11 0.37 - -0.05 0.03 -0.02
Biological yield 5g)g.0 o ,Slas 0.88 -0.16 0.97 0.03 - 0.03 0.02
Number of seeds per plant «g ;o als slaws 0.79 0.04 080 007 -011 - -0.02

100- seed weight ailsY«« 54 0.17 0.05 023 -005 -005 -0.01 -

Residual= 0.25

S i Ll gl 50 Lugd Slacaii] 50 digr 0 4ild 0,5es (5l (i b Canle il b 4 3 -F Jguor
Table 4. Path analysis for grain yield in common bean genotypes under drought stress condition

(Fp) St g > Indirect effect viags yb 3l puisomo g i1
Traits wlaw i - 7!
Correlation Direct effect 1 2 3 4 5
coefficient

Seed via pod weight per plant &dle b als 54 0.92 0.78 - -0.07 026 0.06 -0.10
Number of seeds per pod e o ails slaas 0.28 -0.16 0.35 - 012 001 -0.04
Biological yield <5505 o Sloe 0.80 0.30 0.66  -0.07 - 0.05 -0.14
Number of seeds per plant «g; ,o als slass 0.66 0.10 050 -0.01 014 - -0.06

100- seed weight alsy « « 35 0.39 -0.20 039 -0.03 021 0.03 -

Residual=0.33

Jboy ol )0 legd saish) sl Sy 0lgo b adele 42 joxi -0 Jgur
Table 5. Factor analysis using varimax rotation for common bean genotypes under non-drought stress condition

_ ‘ Joldsle  poo Jole ey ale  pylez Jele ey Jele TSIl

Traits Sl fl;::rtztr ngcctzgf ;:;'tgi Forth factor  Fifth factor Communality
DF EERVLARVESRY R 0.78 -0.10 0.15 0.30 -0.003 0.74
DP B B o 300 b 3, 0.77 -0.07 0.18 0.38 -0.30 0.86
DM S Sy doy00 0 G 3, 0.59 0.29 0.35 0.44 -0.33 0.85
PH(cm) cm) a5 glisl 0.65 0.49 -0.21 0.02 0.04 0.70
BY(9) @) S5 Sislsm o Slos 0.90 0.30 0.16 0.15 -0.06 0.95
SY(g) (@) 92,0 als o ,Shoe 0.92 0.17 0.12 -0.20 -0.14 0.94
NPP g o B olaas 0.89 -0.18 -0.05 -0.12 0.23 0.89
SPW(g) (@) e L ails 59 0.93 0.20 0.17 -0.08 -0.10 0.96
NSPo Al o wls slows 0.51 -0.22 -0.41 -0.50 -0.06 0.74
NSP g ,o als slaxs 0.88 -0.21 -0.15 -0.26 0.16 0.94
100SW(g) @) als 2o 39 -0.05 0.82 0.40 0.13 -0.25 0.92
PW(mm) mm) e 5,e 0.03 0.83 -0.003 -0.06 -0.01 0.69
SL(mm) mm) ails Jgbo -0.08 0.64 0.60 0.32 -0.06 0.89
SW(mm) (mm) ails 5,0 0.07 0.90 0.10 0.24 -0.17 0.91
SD(mm) (Mmm) ails las 0.10 0.82 0.12 0.25 -0.17 0.78
PL(mm) (mm) e Jsb 0.33 0.26 0.77 -0.09 0.02 0.78
HI cuils y asls -0.01 -0.29 0.06 -0.82 -0.03 0.76
DG 5 alez= 2o )00+ b 35, -0.10 -0.16 -0.23 -0.03 0.83 0.78
SDi(mm) (Mm) adle laé 0.09 -0.21 0.43 0.06 0.78 0.85

Eigen values oy polie 6.47 4.09 1.88 1.75 1.73 -
C”m“'a“‘zf;/o‘;f variance oo o 34.08 55.59 65.47 74.65 83.76 -

For abbreviations see Table 2.
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Table 6. Factor analysis using varimax rotation for common bean genotypes under drought stress condition

Jol Jele P90 Jole pow Jole Pk ole ey Jole IS 5o
Traits wlie First Second Third Fourth Fifth Communality
factor factor factor factor factor
100-SW(g) @) als %o 3 0.95 -0.10 0.12 0.16 0.07 0.95
PW(mm) (Mm) &M o,e 0.82 0.08 -0.05 0.04 -0.10 0.69
SL(mm) mm) ails Jsb 0.74 -0.20 0.19 0.48 0.09 0.85
SW(mm) (mm) «ls 5,0 0.89 0.10 0.17 -0.27 -0.10 0.91
SD(mm) (mmy als L 0.85 -0.03 0.04 0.18 0.01 0.75
BY(g) @)% Saelon o Shos 0.24 0.80 0.45 0.15 -0.03 0.93
SY(q) @ gy o ails 5 Shos 0.06 0.94 0.01 0.07 0.14 0.92
NPP Gay 3 M olas -0.54 0.75 0.08 -0.05 0.02 0.86
SPW(g) @52 > Dbl 39 0.10 0.93 0.14 0.22 0.05 0.94
NSPo e o wls slaws -0.50 0.54 -0.03 -0.04 0.25 0.61
NSP Gy o ails sl -0.59 0.77 0.04 -0.05 0.12 0.96
DG Sl 000 b 5 -0.20 0.01 -0.57 0.21 -0.40 0.56
DF IS a0 5, -0.23 0.17 071 0.18 0.08 0.63
DP A o0+ b 3, 0.05 0.08 0.80 0.16 0.23 0.73
PH(cm) €M) gy glis )| 0.16 0.47 0.72 -0.15 0.06 0.80
HI Sl sl -0.33 0.16 -0.65 -0.12 0.37 0.71
SDi (Mm) a8l ,laé -0.21 0.09 0.02 0.81 -0.23 0.75
PL(mm) (mm) e Jsb 0.22 0.23 0.16 0.76 0.33 0.82
DM Sy 22 )30 b 5, 0.11 -0.15 -0.14 -0.04 -0.77 0.66
Eigen values o9 polie 491 4.27 2.78 1.81 1.25 -
Cumulative of e s 2 25.86 4834 62.98 72.51 79.08 -

variance (%)

For abbreviations see Table 2.
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Fig. 1. Distribution of common bean genotypes on the basis of the first and the second principal components under
non-drought stress condition
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Fig. 2. Distribution of common bean genotypes on the basis of the first and the second principal components under
drought stress condition
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Table 7. Estimated drought tolerance indices based on average performance of common bean
genotypes under non-stress and stress conditions

Genotype Yp Ys MP  GMP HARM STI SSI  TOL YSI VI Yr
1 39.76 1538 27.57 24.73 2218 044 144 2438 039 0.72 0.61
2 31.53 1438 2296 21.29 1975 033 128 1715 046 067 054
3 40.71 26.05 33.38 32.56 3177 077 085 1466 064 122 0.36
4 38.10 36.62 3736 37.35 3734 101 009 148 096 171 0.04
5 30.99 28.15 2957 29.54 2950 063 021 283 091 132 0.09
6 31.26 1130 21.28 18.80 1660 026 150 1996 036 053 064
7 5214 26.14 39.14 36.92 3482 098 117 26.01 050 122 0.50
8 3404 1805 26.04 2479 2359 044 110 1599 053 084 047
9 30.52 2157 26.05 25.66 2528 048 069 895 071 101 0.29
10 4227 2271 3249 30.99 2955 0.69 109 1956 054 1.06 0.46
11 3152 16.05 23.79 2249 2127 037 115 1548 051 0.75 0.49
12 1143 914 1029 10.22 1016 008 047 229 080 043 020
13 2528 16.57 20.93 20.47 2002 030 081 871 066 078 0.34
14 16.43 12.05 14.24 14.07 1390 014 063 438 073 056 027
15 21.24 1352 1738 16.95 1652 021 08 771 064 063 036
16 20.38 15.62 18.00 17.84 1769 023 055 476 077 073 023
17 28.10 1733 2271 2207 2144 035 090 1076 062 081 0.38
18 39.57 27.33 3345 3289 3233 078 0.73 1224 069 128 031
19 3043 20.76 2560 25.13 2468 046 075 967 068 097 032
20 4210 28.05 3507 34.36 3367 085 0.78 14.05 067 131 0.33
21 30.29 1948 2488 24.29 2371 043 084 1081 064 091 0.36
22 5419 1886 36.52 31.97 2798 0.74 153 3533 035 0.88 0.65
23 36.62 21.00 2881 27.73 2669 056 1.00 15,62 057 098 043
24 29.36 21.71 2554 25.25 2496 046 061 764 074 1.02 0.26
25 69.03 3243 50.73 47.32 4413 162 125 36.60 047 152 0.53
26 2557 1786 21.71 21.37 21.03 033 071 771 070 0.84 0.30
27 98.23 2889 6356 53.27 4465 205 166 6933 029 135 0.71
28 69.85 31.87 50.86 47.19  43.77 161 128 3798 046 149 0.54
29 3324 2762 3043 30.30 30.17 066 040 562 083 129 0.17

30 3495 1142 2318 19.97 1721 029 158 2354 033 053 067
31 2495 2210 2352 2348 2344 040 027 28 089 1.03 0.11
32 4483 3833 4158 4145 4133 124 034 649 086 179 014
33 3417 1263 2340 20.78 1845 031 148 2154 037 059 063
34 4434 2919 36.76 35.98 3520 093 080 1515 066 137 0.34
35 3485 1795 26.40 25.01 2370 045 114 1690 052 0.84 048

Abbreviations: Yp: Potential Yield; Ys: Stress Yield; MP:

Mean Productivity; GMP: Geometric Mean Productivity; HARM: Harmonic Mean;

STI: Stress Tolerance Index; SSI: Stress Susceptibility Index; TOL: Tolerance index; YSI: Yield Stability Index; Y1: Yield Index; Yr: Yield reduction rate.
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Table 8. Correlation coefficients between yield under no-stress (Yp) and drought stress (Ys) with tolerance indices in
35 common bean genotypes

Yp Ys MP GMP HARM STI SSI TOL YSI Yl Yr
Yp 1
Ys 0.95™ 1
MP 0.96™ 0.79™ 1
GMP 0.91" 0.78™ 0.99™ 1
HARM 0.83™ 0.94™ 0.95™ 0.99™ 1
STI 0.93" 0.81™ 0.99™ 0.98™ 0.95™ 1
SSI 0.50™ -0.33™ 0.26™ 0.14"™ 0.01™ 0.17m™ 1
TOL 0.89" 0.16™ 0.73™ 0.62" 0.49™ 0.68™ 0.79™ 1
YSI 0.50™ 0.33™ -0.26™  -0.14™ -0.01" -0.18™ -1.0™ -0.79™ 1
Y 0.60™ 1.0™ 0.79™ 0.87" 0.94™ 0.81™ -0.33" 0.16™ 0.33™ 1
Yr 0.50™ -0.33™ 0.26™ 0.14™ 0.01™ 0.18™ 1.0™ 0.79™ -1.0" -0.33" 1

ns and **: Not-significant, Significant at 1% probability level, respectively.
Yp: Potential Yield; Ys: Stress Yield; MP: Mean Productivity; GMP: Geometric Mean Productivity; HARM: Harmonic mean; STI: Stress Tolerance
Index; SSI: Stress Susceptibility Index; TOL: Tolerance index; YSI: Yield Stability Index; YI: Yield Index; Yr: Yield reduction rate.
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Table 5. Eigen values and proportion variance of tolerance indices and yield under non stress and drought stress
condition in 35 common bean genotypes
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Introduction
Pulse crops with 18-32% protein are the most important source of grain for human food. Protein of food

legumes due to the presence of essential amino acids such as Lysine, have high nutritional value. Common
beans are half of the beans used in the world, its grains rich in protein and carbohydrates. Common bean is
very sensitive to weather conditions and soil quality and its performance even in short periods of stress.
About two-thirds of the land under cultivation in Iran is in semi-arid areas, so the varieties with resistance to
drought stress are the most important objectives of the breeding programs. Genetic diversity is the base for
the selection of genotypes with desirable traits. In addition genetic resources have the fundamental role for
agricultural development, as a source of useful genes for resistance to biotic and abiotic stresses and the
development of genetic adaptation to environmental changes considered that the proper utilization of these
varieties can be produced new and more desirable plants.

Materials & Methods
In order to evaluate genotypic and phenotypic variation and determine the relationship between grain

yield with other traits in 35 common bean genotypes under normal and drought stress conditions, an
experimental design was carried out in a randomized complete block design under two conditions in 2013 at
the research field of college of Agriculture and natural resource of University of Tehran in Karaj state with
latitude 35° and 56 minutes north and longitude 50° and 58 minutes east and 1112.5 m height above sea
level. Treatments consisted of 33 common bean genotypes with three Khomein, Daneshkadeh and Goli
Cultivars as control, were selected from the collections of College of Agriculture, University of Tehran,
Karaj. Based on 30 years of data, mean annual precipitation of 243 mm and the test run of 47.7 mm rainfall
during the growing season was over. Planting was done manually. Each plot consisted of three rows of two
meters in length and with a spacing of 50 cm and 10 cm seeds space on the row and depth of planting was
about five centimeters. Irrigation took place similar to both conditions at flowering stage, for seven days
(Equivalent to 70 mm evaporation) and after the vegetative growth and loss of the risk sufficient to remove
the bushes. Irrigation of water stress piece was performed each 11 days (Equivalent to 110 mm evaporation).
Harvest was performed when 90% of plants were matured and the seven plants in compliance with marginal
effect of each plot were collected to measure traits and then by using the mean yield genotypes per plot in
non-stress (Ypi) and stress conditions (Ysi), drought tolerance indices including, Mean Productivity,
Geometric Mean Productivity, Harmonic Mean Productivity, Stress Tolerance Index, Stress Susceptibility
Index, Tolerance Index, Yield Index, Yield Stability Index, Stress Intensity and yield reduction rate were
calculated for each genotype.

*Corresponding Author: mrghanad@ut.ac.ir, Mobile: 09121594338
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Results & Discussion

Results showed that among genotypes in the studied traits there were significant differences which
displayed genetic variation among the genotypes. Based on the average of genotypes yield in normal
conditions the highest and lowest seed yield pertained genotypes 27 and 12, respectively, and in the stress
related to genotypes 32 and 12, respectively. According to the results of phenotypic correlations, stepwise
regression, and path analysis in both normal and stress conditions, the traits of seed and pod weight,
biological yield, number of seeds per plant, and number of seed per pod were the most important and
effective traits affecting yield. The highest diversity was observed for these traits; therefore the selection of
these traits can ideally improve the yield. Based on factor analysis, five factors were selected that the total
variation were explained 83.76 and 80.79 percent under normal and drought stress conditions, respectively.
The first and second factors were named yield and yield component factors. Geometric Mean Productivity,
Harmonic Mean and Stress Tolerance Index, indices had the highest significant correlation with yield in both
conditions, hence, were introduced as the best indices for screening tolerant genotypes. Based on biplot
graph, genotypes 25, 27 and 28 were identified as tolerant genotypes with high yield, whereas genotypes 7,
10, 22 and 23 as drought-sensitive genotypes. Based on indicators STI, GMP, GMP, HRM and performance
in normal and stress conditions, using Ward method genotypes were classified in three clusters 21 genotypes
in first class, 3 genotypes in cluster 1l and 11 genotypes were in Cluster Il and tolerant genotypes with the
highest distance from sensitive genotypes (cluster I) in the third cluster.

Conclusion
Thus, according to genetic distance can be genotypes in breeding programs to produce hybrids with high
yield and drought tolerance can be used.

Key words: Cluster analysis, Common bean, Factor analysis, Tolerance Indices
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3: Nondigested plasmid
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Table 2. Results of co-cultivation of two type explants with Agrobacterium
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Fig. 2. Employd explants in co-cultivation with Agrobacterium suspension
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Fig. 4A. Amplified fragment of 1.2kb from uidA gene in
potative transgenic lentil
Right to left: size marker, positive control (plasmid),
negative control (non transgenic plant), potative transgenic
plants of b1, b7 and B16
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Fig. 4B. Amplifiedfragment of 819 bp from hpt gene in
potative transgenic lentil
Right to left: size marker, negative control(nontransgenic
plant), positive control(plasmid), potative transgenic plants
of b1, b7 and B16
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Introduction

Lentil (Lens culinaris Medik.) may have been one of the first agricultural crops grown more than 8,500
years ago and belongs to genus Lens from family leguminous and it is diploid (2n=14). Lentil is a seed
propagating, self-pollinating crop originating from Near East. Lentil contains high percentage of protein, and
has high nutrient value and easy digestibility. Genetic engineering has high potential to improve tolerance of
lentil against biotic and abiotic stresses. Genetic engineering may also have a role in eliminating anti-
nutritional factors and improving the nutritional quality of lentil proteins. Lentil can also be employed as host
to produce drug using gene transformation. To date only a few reports are available on attempts to transform
lentil. In this research we attempted to optimize conditions of gene transformation in lentil.

Materials & Methods
Seeds of lentil (Lens Culinaris Medik) variety of Gachsaran (ILL6212) were used in present

investigation, collected from Shirvan Agriculture Research Center, northeast of Iran. The Explants of
Cotyledon with slight part of Embryo Axes (CEA) were prepared as described in Zakertavallaie et al, (2011)
study. The explants were kept on Shoot Induction Media (SIM) including MS media supplemented with
7.5uM 2ip, 4 uM Kin and 2 uM TDZ for 8 days. Then explants containing shoots sub cultured on MS media
for another 7 days. 15 days explants containing shoots were used for co-cultivation with Agrobacterium.
Agrobacterium tumifaciens strain C58 containing binary vector of pCAMBIA1301 was used for
transformation experiments. This plasmid contains a reporter gene gus and a selectable gene hptll, into
T-DNA for selection of putative transgenic shoots and selectable marker gene nptlI to select transformed
bacteria in backbone sequence. Suspension of agrobacterium in 1/2 MS with 4 concentration of OD: 0.13,
OD: 0.18, OD: 0.22 and OD: 0.26 was compared to use in co-cultivation media. Explants containing shoots
were used for co-cultivation. There was compared two type of preparation of explants to use in co-
cultivation. About some of explants, only tip of the shoots removed using scalpel but about some of them
almost of shoots removed. All of explants were submerged in Agrobacterium suspension for 2 second and
were co-cultured on shoot induction media. Cu-cultivated explants containing shoots were cultured on MS
media containing 250mg/lit cefotaxim for 7 days. In this stage shoots transferred to elongation media
including MS supplemented with 4uM 2ip and 1uM Kin containing 3 mg/L hygromycine to select transgenic
shoots and 200 mg/lit cefotaxim to kill bacteria. The hygromycine was increased with each subculture at 7
days intervals up to 5 mg/lit and the non-health and non-green shoots were discarded in each subculture.
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Elongation of shoots, rooting, hardening and glasshouse growth was done according to Zakertavallaie et al,
(2011) protocol. Gus assay carried out before root induction using Hay et al. (2004) protocol and Blue dot
were observed under microscope. DNA was extracted from leaves of both non transgenic and putative
transgenic plants using modified CTAB protocol. DNA was subjected to Polymerase change reaction using
the hyg and gus primers with. PCR was carried out with following condition: PCR reaction mix of 25 pl
contained 2 pl genomic DNA (100ng/ul), 2.5ul 10X buffer, 2 pul MgCl; (50mM), 0.5 pul dNTP (10Mm) and
0.5 ul Tag DNA polymerase (5u/ul). The concentration of primers were also 100 pmol/ ul. in PCR
amplification DNA denatured at 94°C for 5 min then followed by 35 cycles with 1 min at 94°C, | min at
annealing temperature (for gus gene at 58 °C and for hpt gene at 59 °C), 1 min at 72 °C. final extension was
carried out at 72 °C for 10 min. PCR product was run on 1.2% agarose gel and observed under UV after
staining with ethidium bromide.

Results & Discussion
Explants after shoot induction were prepared for co-cultivation. Co-cultivation period was 72 hours.

Concentration of Agrobacterium was important. Acetoceringone has no effect on success of gene
transformation. Concentrations of 3 to 5 mg/lit hygromycine were suitable for selection media in shooting
stage. Gus assay confirmed gene transformation in putative transgenic shoots. Also PCR reaction confirmed
existence of gus and hpt genes in plants.

Conclusion
The employed protocol in this research can be used for gene transformation of lentil using another gene

to improve it about other treats such as enhancement of tolerance to biotic and abiotic stresses.

Key words: Genetic engineering, Gus gene, Lentil (Lens culinaris Medik.), Regeneration, Transgenic plant
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Table 3. Effect of wheat straw and Nitrogen fertilizer levels on evaluated traits in mungbean
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250 36.20 a 65.15a 66.70 a 3.66 a 46.70 a
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Means followed by the same columns are not significantly different at p = 0.05 levels
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Fig. 1. Interaction effect of wheat residue levels and nitrogen fertilizer on pod per plant
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Introduction

Crop residues are those parts of the plants that left in the field after the harvestable parts of crops (grain,
tubers, roots, etc.) are removed. The recycling of crop residues has the advantage of converting the surplus
farm waste into useful products for meeting nutrient requirements of crops. It also maintains the soil physical
and chemical condition and improves the overall ecological balance of the crop production system. Research
has shown that the return of crop residues on fragile soils improved the tilt and fertility of soil, enhance crop
productivity, reduce the wind and water erosion and prevent nutrients losses by run off and leaching. Despite
these advantages, farmers in Iran prefer to remove crop residues out of field to feed livestock or use them as
fuel or as building construction materials and burning. Nitrogen is one of the basic compounds in plant
nutrition and its deficit directly one of important growth limiting factors in plants because the need of plants
to this element is much more than the other one. The aim of the present study was to evaluate the wheat
residue management and nitrogen fertilizer levels to improve mungbean growth and productivity under
Ahwaz conditions.

Materials & Methods

The experiment was conducted at Agriculture Faculty Farm, of Chamran University during summer of
2014. The soil texture of the experimental site is clay loam with pH of 7.9 and EC of 2.8 ds.m™. The
experiment was conducted in randomized complete block design using split plot arrangement with three
replications. Five crop residues (0, 1750, 3500, 5250 and 7000 kg.ha™) were assigned to the main plots.
While three levels of nitrogen (0, 150, 250 kg.ha™) were applied to the sub plots. The experimental unit area
was 10.5 m? (4.2 x 2.5 m). At harvest, random samples of ten plants for each experimental unit were taken
and plant height number of branches, pod per plant, seed per pod, 1000 grain weight, were recorded. Whole
plot was harvested for determination of seed, straw and biological yield and harvest index. All collected data
were subjected to analysis of variance procedure using the MCTATC statistical software and means were
separated using Duncan method at 5% level of significance.

Results & Discussion

The results of experiment revealed that crop residue management and interaction wheat residue and
nitrogen levels had a significant effect on number of pod plant™, number of seed pod™ traits. Wheat residue
incorporation enhanced those traits in comparison with control (No crop residue incorporation) in this
respect application of 3500 kg/ha straw (50% wheat residue) produced 50.77 pod per plant and 9.75 seed per

*Corresponding Author: stu.agri@chmail.ir, Mobile: 09168985677
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pod respectively. It is plausible that wheat residue gave the highest number of branches, consequently
increased the number of plant. Application of N fertilizer significantly enhanced all yield component in this
study compared with control. The highest values of number of pod per plant, number of seed per pod and
1000 kernel weight, plant height traits were obtained when N application was used at the rate of 250 kg ha™.
There was no significant difference between the mean values obtained from applying 150 or 250 kg ha™* for
number branch/plant and 1000 seed weight. The results are in agreement with that obtained by Achakzai et
al., (2010) and Azadi et al., (2013). Data revealed that wheat straw rates, N fertilizer levels and their
interaction had significant effect on seed yield and biological yield and harvest index. Application of wheat
straw enhanced this trait in comparison with control (no crop residue) and the superiority in this respect to
(3500 and 5250 kg.hat wheat straw) which gave the highest values of 2611 and 6983 for seed yield and
biological yield respectively. The highest values of seed yield and biological yield were obtained when N
fertilizer application was used at the rate of 250 kg.ha, furthermore, the interaction between crop residue
and N fertilizer rates had significant effect on seed yield and biological yield. The highest seed yield and
biological yield were obtained from combination treatment with 50% wheat straw incorporation and 250
kg/ha with no significant differences between this interaction and obtained seed yield and biological yield
from 75% wheat straw and 250 kg N.ha™. This is to be logic since the same interaction gained the highest
values of yield components and consequently seed yield. It might be due to the addition of crop residue and
additional fertilization which might have improved the soil health and consequently higher uptake of
available nutrients from the soil and increased the yield components, morphological and physiological
characteristics which ultimately attributed to increase grain yield. Crop residue on decomposition released
nutrients slowly throughout the growth period, which resulted in better plant growth and higher yields. Also
biological nitrogen fixation by legumes increased by crop residue application on soil surface due to better
activity of rhizobia created by relatively cooler and moist environment in the rhizosphere led to high crop
growth, increased NPK uptake, and resulted into significant increase in mungbean yield.

Conclusion
The results of this experiment showed that application of 3500 kg wheat residue ha™* and 250 kg N.ha™

enhanced crop growth and produced the highest seed yield.

Key words: Biological nitrogen fixation, Crop system sustainable management, Weed
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Table 3. Analysis of variance for studied traits

o > S Slos asLhbolasy RPN ailodloss BLIRST S ySlos el
P el ol ails Agy o Aigy o e o ails SS9l gw oo
3]
SOV df Seed No. of branches No. of pods No. of seeds Weight of Biological Harvest
yield per plant per plant per pod 1000 seed yield index
)‘_’Sj . 2 9236.764 0.111 0.605 0.346 409.086 45182.248 0.052
Replication
Sy 055
Biological 2 60227590 ** 0.259 ns 28.012 ** 0.160 ns 48.457 ns 28045927 % 17.582 **
fertilizer (A)
uJéL(sL)b 4 11537.389 1.037 0.309 0.346 312.790 7677.342 0.818
a
e 8 23132731 ** 33.694 ** 86.725 ** 0.160 ns 19363.03 ** 58330029**  326.88 **
Genotype (B)
W),:i B’“‘” 16 72262674 0.245 ns 8.401 ns 0.063 ns 45.221ns  3250A32%% 15135 **
< gl
E (b) 48 15762.227 1.201 7.727 0.290 382.264 23121.252 1.360
Jy 80 - - - - - - —
Total
1) Ol sy
() Sig 2 - 8.29 11.08 11.04 39.66 8.38 321 3.68
CV (%)

Sl gyl NS tao )0 S mhaw )0 Sl Joe e
**: significant in 1% level; ns: non-significant
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Fig. 1. Effects of biological fertilizer on seed yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 2. Effects of genotype on seed yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Table 4. Intractions of Biological fertilizer and chickpea genotypes on studied traits

ailos Slos R NNANCIIv L
) 995 (MCC) cui i (LS 430 5 55 (LS y3p F5LsS) (o 9) Cubld et
Biological fertilizer Genotype Seed yield Biological yield (;:)
(Kg ha) (Kg ha)
696 1134 ijk 4340 ijkl 26.15 hi
358 925kl 4026 kimn 23.00 jk
361 876 ki 3979 Imno 22.01k
£9295%) 693 1370 ghij 4530 hij 30.23f
Rhizobium 950 7901 4329 ijkl 25.17 hij
392 1907 de 5132 ef 37.14cd
80 1488 gh 3837 no 38.77 abc
427 1957 cde 5330 de 36.70 cd
537 2085 bede 5486 cde 37.99 bed
696 1187 hijk 4455 ij 26.64 gh
358 1285 hij 4429 ij 28.96 fg
+pga9 ) 361 1185 hijk 4278 ijklm 27.71 fgh
15,9550 693 1431 ghi 4912 fg 29.10 fg
Rhizobium+ 950 1124 ijk 4366 ijk 25.67 hij
Myccorihza 392 2352 b 5823 ¢ 40.39 ab
80 1615 fg 3947 mno 40.92 a
427 2226 bc 6596 b 33.74e
537 2730 a 7180 a 38.02 bed
696 1085 jki 4220 jklm 25.68 hij
Mol 3] 358 924 kI 3925 mno 23.62 ijk
Sl 5Seds 361 1094 jkl 3926 mno 27.87 fgh
EIN 693 1375 ghij 4613 ghi 29.81f
Rhizobium+ 950 1347 ghij 4550 hij 29.60 f
Like - endo 392 1817 ef 4866 fgh 37.32cd
myccorhiza 80 1302 hij 3650 o 35.66 de
427 2099 bede 5359 de 39.16 abc
537 2203 bed 5674 cd 38.82 abc

5l 505 b sy S e (6 s e BB SGls ygeT by caiis S b By S JBlas sl a5 Sla il
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 3. Effects of biological fertilizer on biological yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 4. Effects of genotype on biological yield of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 5. Effects of biological fertilizer on harvest index of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 6. Effects of genotype on harvest index of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 7. Effects of biological fertilizer on No. of pods in plant of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 8. Effects of genotype on No. of pods in plant of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.
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Fig. 9. Effects of biological fertilizer on No. of seeds in pod of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 5%.

No. of seeds in pod

MCC MCC MCC MCC MCC MCC MCC MCC MCC

696 358 361 693 S50 3982

80 427 537

genotypes of chickpea

S5 ML yo dild dluwi g cadgiy JI -V S
Wl 0SS b as s i mha )8 (5l ciee S SSls O35 bl ks S ie By SO JBlas gl ls A e Sile

Fig. 10. Effects of genotype on No. of seeds in pod of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 5%.
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Fig. 11. Effects of biological fertilizer on weight of 1000 seeds of chickpea
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 5%.
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Fig. 12. 1000 seeds weight of chickpea genotypes
Means that have a least common letter, have not significantly different together based on Multiple Range Test at 1%.

B0, 5 W 4o yidon B olaws (6,5 IS 4 ponie Wlgh oo
= 095 Slallas 4o ;5 Sedaghat Khahi et al, (2012)
Sma VA 0SS 1S ves it slacss s,
V5l G Lacadnh) o010 g 4o ls iy 5l S s
Slas olacigs asoges Hlo bl ol 4ig o asls
Sy 3 Jad Job 509 110595 52 (6 ftien a5LE Slass
s )3 1) Lacisss (nl 65 0 it ety 5 iidls oo
3 e ool gyt 0B 0)9 Job idls 4 iy a5y

Al s ae byl

\Y-

Ag yo 4Ll oo
QS Sl gre 3550 ALl olawd s 995 ke i
2ol asls slaw o 0456 slacasgy S Ll (Y Jgaz)
45 Oyoinin (V1 Jguz) w35 )l soe 20 )0 Sy whaw
5995 MCC537 g5 a4y b e asLis slass oy iy
Sl plas 095 IMCC358 gy 1) aslis slass o ieS
s MCCA427 sl o555 L MCCH37 545 adl
ced S 8 g lel 0g, 5 S o it ol 5l MCC392
39l (godsy s gyl 0538 4 S Ll 5OV USS)
Wgy yo iy 4Ll olasd 3925 45w, oo i I il oo
DB e dalol g3 0l A o il wly ey o aS



10.

11.

12.

YYAP 090 doui Y5 Lot (Al /U‘ﬁ.‘ QQ’Q’ 6‘5&32 [on y9d0 gl J1 (o o ¢y 02 g (gl

13

11 4

No. of branches in plant

mMcc MmCcc mcc Mmcc McC mcc mMcc MCC MCC
696 358 361 693 950 392 80 427 537

genotypes of chickpea

05 digy yo 4Ll olawd p cadgiy S1-1Y o
A3l K085 b a0 S e 50 (5500 ire BT Sils (yge3] Lelul 1 cdiind S ie B> S JBlos gl oS Lle Sile
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Introduction

In Iran, among pluses, chickpea has been allocated the most area under cultivation. However, the yield
average of water and dry chickpea is 1000 and 500 kg per hectare, respectively and among the producer
countries of this product, the yield average is low. One of the factors which could be effective in increasing
yield of chickpea is its symbiosis with the mycorrhizal fungi. Mycorrhizal fungi because of stimulating the
development of the root system of plants can affect food absorption. In addition to, mycorrhizal fungi
specially provide biological phosphorus absorption for plants involved. Among them, the endo myccorihza
(or Vesicular Arbuscular Mycorrhiza) that abbreviated VAM, in creation of symbiosis with the roots of
chickpea have been more successful. The mycorrhizal fungi and rhizobium bacteria before create symbiosis
with host plant, directly affect the overlay in rhizosphere environment of host plant. Studies have shown that
the VAM; (which are newly named AMF") are generally belong to Zigomaycota groups and ecto-myccorihza
are mainly to Basidiomaycota. However recently a new species of Basidiomaycota has been identified with
name of Piriformospora indica that acts as AMF and is an entophyte fungus. That is why it is called to be
like-endo myccorihza. However, the Triplet symbiosis of chickpea, mycorrhiza and rhizobium and also
chickpea genotypes response to this symbiosis should be examined.

Materials & Methods

In order to investigate the inolulation of kabuli seeds of chickpea genotypes with arbuscular mycorrhiza
and like-endo mycorhiza, an experiment was conducted in 2014, in split plot by arrangement of two - factors
with a randomized complete block design and three replications in research field at Faculty of Agriculture,
Ferdowsi University of Mashhad. Main plots were consisted of three levels of mycorhiza (arbuscular
mycorhiza of Glomus mosseae, like-endo mycorhiza of Piriformospora indica and non - used mycorhiza)
and sub plots were consisted of nine genotypes of chickpea: MCC 80, MCC 358, MCC 361, MCC 392,
MCC 427, MCC 537, MCC 693, MCC 696 and MCC 950. (These genotypes had good yield potentials and
selection and presented in the studies on germplasm from the Institute of Plant Sciences, Ferdowsi
University of Mashhad seed bank). All seeds of genotypes were infected to the symbiotic rhizobium bacteria
of chickpea.

*Corresponding Author: parsa@um.ac.ir, Mobile: 09155174195
! Arbuscular Mycorrhizal Fungi
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Results & Discussion
The results indicated that mycorrhiza significantly increased seed and biological yield, harvest index

and number of pods per plant. The effect of mycorrhiza was not significant on number of seeds in pod and
weight of 1000 seeds. Among the genotypes in this study, the highest seed and biological yield and number
of pods per plant was dedicated to genotype MCC 537. Genotypes MCC 80, MCC 537 and MCC 392
showed highest harvest index significantly. The highest weight of 1000 seeds was assigned to the genotype
of MCC 392. There was not significant differences between genotypes due to the number of seeds per pod.
In the study the interactions effects was observed between mycorrhizal and chickpea genotypes that the
highest seed and biological yield belonged to the factor of arbuscular mycorrhiza-MCC 537 genotype and the
highest harvest index belonged to the factor of arbuscular mycorrhiza-MCC 80 genotype.

Conclusion
Application of dual inoculation of mycorrhiza and rhizobium could improve the uptake of yield and

yield components in chickpea genotypes. Application of like-endo mycorrhiza had not significant effect on
seed production and yield components on chickpea. In a general conclusion, among the studied genotypes,
MCC 537 and MCC 427 were better than the others.

Key words: Arbuscular mycorhiza, Chickpea, Like-endo mycorhiza, Triplet symbiosis
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Table 1. Analysis of variance of weed population characteristics as affected by trial treatments

Mean of Squares
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JS‘)"V" JS (3} s
Source of Degrees of ) ) » P JUE N0 LS, s,
variation freedom pgbdle speleaale Number of S : :
Narrow leaf Number of Broad leaf
Total weed Total weed narrow
- - weeds dry broad leaf weeds
density dry weight leaf . .
weight weeds dry weight
weeds
’l_’ﬁ_ 3 790.722 1347.113 120.632 335.159 294.243 408.565
Replication
e 11 15482.636** 24320.718** 4089.521** 5640.687** 3716.521** 6651.604**
Treatment
EU4>' 33 438.51 606.247 111.874 118.285 124.879 242.844
rror
s s 28.11 26.94 27.28 26.03 31.28 3141
C.V (%)

**: Significant P<0.01
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Table 2. Mean comparison for weed population characteristics as affected by trial treatments

dle 5 oloas I i 39 ok oS ol Siad 039 (55 yirtg, Ol ot . 039
Ll il i sladile Number of narrow o st Number of B df f
Treatments Total weed Total weed leaf Narrow leaf broad leaf rv?/Ze dsa
density dry weight weeds (plant/m?) weeds dry weedsz dry weidht
(plant/m?) (g/m?) weight (g/m?) (plant/m?) %’g /ng’
T1 81.5de 100 de 4575 ¢ 4942 ¢ 35.75 de 50.61 ef
T2 0g 0g of of 0g 0g
T3 53.25 ef 67.74 ef 30.25d 32.37d 23 ef 35.37f
T4 1413 b 162.2 b 74b 76.81b 67.25b 85.39 bc
T5 93cd 113.7d 515¢ 5329 ¢ 415cd 60.42 de
T6 0g 0g of of 0g 0g
T7 42.25f 49.35f 23.75 de 20.6 de 185f 28.75f
T8 1433 b 187.2b 735b 88.64 b 69.75 b 98.51b
T9 184 a 239.1a 91.25a 1145a 92.75a 1247 a
T10 0g 0g of of 0g 0g
T11 40f 50.62 f 15 ef 14.38 ef 25 ef 36.24 f
T12 115.5bc 126.8 cd 60.25 bc 5134c¢c 55.25 be 75.49 cd

Dl sed (6l e Sglds (glls dopd iy g 4 LSD ysesl bl 3 S e B G JBlas glls sla i Siloe gt p2 50
Means within each column followed by the same letter are not different at 5% level according to least significance difference (LSD) test.
2 ) Sy azdb el o0 L (ullys iy 5 i Siile + Sigl sl glgel T3 ((Jabplod) oy + Sidgol sl glgel T2 e poss + (D50l8) Sl 2l sl 1
+ Siparl gy T7 (azrg + Sl g o 6 g pae + Sty g yue T5 (LS 50,2V oudanog 550 b ulljsly i + Segul 2l 2lsel T4 (LS
399 L ellyshy 5 iScale T ¢ fadolos o2y T10 copazrg pac T cosdiaogi 590 b oyl ol i (a5 ile + Sirosl g ,0um T8 cadly 1als 590 b (plljslay 5 S ale

AL alS a0 b opdlyslay 5 aScale (T12 woaliaiogs
T1: ultrasonic waves (ultrasound) + no weeding, T2: ultrasonic waves + weeding (all season), T3: ultrasonic waves + reduced herbicide dose
(trifluralin 1 L.hal), T4: ultrasonic waves + the recommended herbicide dose (2 L.ha™), T5: hydro-priming + no weeding, T6: hydro-priming +
weeding, T7: hydro-priming + reduced herbicide dose, T8: hydro-priming + recommended herbicide dose, T9: no weeding, T10: weeding (all
season), T11: recommended herbicide dose, T12: reduced herbicide dose.
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Table 3. Analysis of variance for yield and yield components of cowpea as affected by trial treatments

Mean of Squares

layo (ko
mEES SR sl sl slaw L
Source of Degrees of ailows (39 . . N
variation freedom aigeyd Y 100-seed ails 9 55os S 3elgn O 5 cadls
Number of Num_ber of weight Grain yield Biological yield Havest inaex
pod in plant seed in pod
)‘_)55 _ 3 2.806 1.076 13.857 12458.28 97719.59 1.478
Replication
e 11 14.356 ** 2.203 ns 38.456 ** 1200965.78 ** 5910169.94 ** 52.313 *
Treatment
EUQ} 33 0.533 1.137 1.438 93380.92 125912.34 19.938
rror
Dl sk o 8.38 15.28 6.03 15.82 6.14 13.59
C.V (%)

ns, * and **: Non significant and significant P<0.05 and P< 0.01, respectively
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T4 6.25h 16.24 g 1264.2 fg 43936 f 28.36 cd
T5 7.75fg 18.1 ef 1734.6 de 5280.8 e 32.9 bed
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T1: ultrasonic waves (ultrasound) + no weeding, T2: ultrasonic waves + weeding (all season), T3: ultrasonic waves + reduced herbicide dose
(trifluralin 1 L.hal), T4: ultrasonic waves + the recommended herbicide dose (2 L.ha), T5: hydro-priming + no weeding, T6: hydro-priming +
weeding, T7: hydro-priming + reduced herbicide dose, T8: hydro-priming + recommended herbicide dose, T9: no weeding, T10: weeding (all

season), T11: recommended herbicide dose, T12: reduced herbicide dose.
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Introduction
The mechanism of seed priming is to initiate the repairing system for membrane and the metabolic

preparation for germination through controlling water absorption rate of seed. As a result, the germination
capability and resistance to unfavorable conditions of seed can be promoted obviously. Ultrasound is defined
as acoustic waves at frequencies greater than 20 kHz that can be an effective method of improve germination
and growth characteristics of plants. Mirshekari et al. (2013) found that treating common narrow seeds with
ultrasonic irradiation increases its germination and primary growth. There is no knowledge about the effect
of ultrasonic waves and seed priming on plant competition with weeds. Thus, the objective of this research
was to study the effect of ultrasonic waves and seed priming on yield and yield components of cowpea
(Vigna sinensis L.) in competition with weeds.

Materials and Methods
Experiment was conducted at the research field of Shahrood University of Technology (latitude of 36°

25 'N and longitude of 54° 57' E with an elevation of 1345 m) as randomized complete block design with
four replications in during the growing season of 2013-2014. Treatments included; ultrasonic waves
(ultrasound) + no weeding, ultrasonic waves + weeding (all season), ultrasonic waves + reduced herbicide
dose (trifluralin 1 L.ha), ultrasonic waves + the recommended herbicide dose (2 L.ha™), hydro-priming + no
weeding, hydro-priming + weeding, hydro-priming + reduced herbicide dose, hydro-priming +
recommended herbicide dose, no weeding, weeding (all season), recommended herbicide dose, and reduced
herbicide dose. In hydro-priming treatment, seeds were treated with water before sowing for 7 hours. Also
for ultrasonic treatment, the seeds before sonication (for 6 minutes) treated with water for 7 hour. Trifluralin
used in recommended dose (2 L.ha*) and reduced herbicide dose (1 L.ha), therefore immediate mixed with
soil before planting. Statistical analyses of data were performed with statistical software MSTATC.
Significant differences between means refer to the probability level of 0.05 by LSD test.

Results and Discussion
The results showed that all treatments decreased significantly biomass and density of weeds in

comparison to control (no weeding). No significant difference was observed in density and shoot biomass of
weeds between the application of hydro-priming + trifluralin 1 L.ha and ultrasonic waves + trifluralin 1
L.ha* with trifluralin 2 L.ha! treatment. Hydro-priming + reduced herbicide dose and ultrasonic waves +
reduced herbicide dose treatments decreased total weed biomass by 61 and 46.5% in comparison to using

*Corresponding Author: h.makarian@yahoo.com, Mabile: 09153598404
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reduced herbicide dose treatment. In this regard Abbasdokht et al (2012) reported that density and shoot
biomass of weeds was similar between reduced herbicide dose (Nicosulfuron 40 g.a.i. ha') + hydro priming
and recommended herbicide dose (Nicosulfuron 80 g.a.i. ha). During priming, seeds are partially hydrated
so that pre-germinative metabolic activities proceed, while radicle protrusion is prevented, then are dried
back to the original moisture level (McDonald, 2000). Ghassemi-Golezani et al, (2008) suggested
hydropriming as a simple and effective method for improving seed germination and seedling emergence of
lentil in the field. Also the results indicated that the combined use of ultrasonic waves + weeding (all season)
treatment increased grain and biological yield by 62 and 52.3 percent in comparison to control (no weeding)
treatment respectively. Rajabian (2013) reported that seed pretreatment of corn by ultrasonic waves
increased the grain and biologic yield in comparison to control significantly. The results indicated that no
significant difference was observed in grain yield between the application of hydro-priming + trifluralin 1
L.ha! and ultrasonic waves + trifluralin 1 L.ha™* in comparison to trifluralin 2 L.ha* and weeding (all season)
treatments. Whereas, sowing pretreated seeds by ultrasonic waves and hydro-priming in soil containing
recommended trifluralin dose decreased the investigated traits in comparison to application of pre-treatments
alone and recommended herbicide dose. In this regard, Moradbeygi and Khara (2011) observed a significant
reduction due to increased trifluralin concentrations on root and shoot length and dry weight of sunflower
plants. Based on Yaldagard et al, (2008), one of the possible explanations could be that the mechanical
effects of ultra-sonication produced numerous small holes in the coating and after steeping in the water a
significant rise in seedling moisture resulted. It has been suggested that the sonication process accelerates the
imbibition of water through the pericarp. Sonication may create or enlarge fissures in the protective coating
surrounding the seed and pericarp. The superiority of sonication may be due to a higher holding capacity and
higher porosity, which increase oxygen availability. Generally it seems that pre-treatment of cowpea seeds
by hydro-priming and ultrasonic waves can increase competitiveness of bean plant with weeds through
increasing crop growth rate. The results showed that proper combination of trifluralin herbicide along with
seed priming could be used to control the weeds in the bean and obtain seed yield comparable with weed-
free conditions.

Conclusion
Both hydro-priming and ultrasonic waves had the effects on accelerating germination and improving

competitive ability of bean plant. Hydro- or ultrasonic waves priming showed better plant growth than that
without priming treatment when exposed to competition conditions. Pretreated seeds in combination to low
herbicide dose had the best effects on the weed suppression and increasing crop yield. Based on our results,
priming and sonication of seeds in combination with reduced dose of herbicide can be an effective method of
weeds control and increase crop yield and also reduce herbicide consumption.

Key words: Integrated weed management, Primary establishment, Trifluralin
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Table 2. Analyses of variance for the effect of irrigation hult and humic acid foliar application on yield and yield
components on red bean
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Table 3. Mean comparisons for the effect of irrigation hult and humic acid foliar application on yield and yield
components in red bean
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Mean with similar letters are not significantly different at the 0.05 probability level according to Duncan test.
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Table 4. Analyses of variance for the effect irrigation hult and humic acid foliar application on plant characteristics
and quality in red bean

(MS) ©lay yo (5ileo
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P el golsT el dls ogh) slgzme ity yal &ls 59, olas &ls g p
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eplication
| ‘f)L;‘;' é";: " 0.64* 3.67%* 7.20%* 161.49* 2451%*  166.64** 64212.14 16.50%*
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V. (1]
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", »and = not significant and significant at 5 and 1% levels of probability, respectively
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Table 5. Mean comparisons for the effect of hult irrigation and humic acid foliar application on plant characteristics
and quality in red bean

Colan
. . - HEY é .
. . . . Cugb lgie il ol SRSy S S
oo L s A )
Treatment Chl. a Chlb Chl. a+b ) ’:’)‘5’ seed (ppm) seed O
RWC (%) (ppm) (530 3
EC (dS.m")
6)L.HT éhj
Irrigation hult (1)
N 261b 141b 4.02b 5236 2652b 31.85b 312,51 b
Control (1)
S alose > O o8
Irrigation hult at flowering 297 a 253 a 549a 52.05a 29.37a 38.67 a 34259 b
stage (I,)
SN al> o 0 T elad
Irrigation hult at pod stage 245D 143D 387b 50.96 b 26.50 b 30.72b 47151a
(13)
Soged Sl
Humic acid (H)
Srae pis 2.17b 1.42b 3.58¢c 56.17 a 27.68 b 37.51a 343.92 b
Control (H1)
S 3 VD 3o 2.73a 1.68b 440D 54.07a 2257 ¢ 30.09 ¢ 462.39a
1.5 lit ha (H2)
s e 313a 227a 540a 52.12a 32.13a 33.64b 32029 ¢
3litha' (H3)
S gl s bl alad
Irrigation hult xHumic acid
IxH)
11H1 2.04b 1.15¢ 3.19d 52.69 abc 22.70 ed 28.18d 318.75 cd
11H2 2.33b 1.60 bc 3.93cd 53.26 abc 24,50 d 28.98d 355.46 bc
11H3 3.46a 1.49 bc 4.94 be 51.12 abc 32.35Db 38.38b 263.32¢
12H1 2.09b 1.47 b 3.56d 56.59 abc 31.75b 50.61 a 367.50 b
12H2 3.30a 217D 5.46 b 46.92 c 20.75 ¢ 32.44c 292.19 de
12H3 350a 395a 7.45a 49.66 bc 35.60a 3297¢c 368.08 b
I3H1 2.36b 1.65 bc 4.00 cd 59.24 ab 28.60 ¢ 33.74c¢c 345.52 he
13H2 255b 1.28¢c 3.82cd 62.03 a 22.45 ed 28.86 d 739.53 a
13H3 2.43b 1.37c¢c 3.80cd 55.59 abc 28.45¢c 29.55d 329.48 bed

5l K0S bl sire (g lel BT SOl (ge3T bl s yd i Jlei | s 50 il ge S e By slls S e sl g et 2 50 a5 sle Sl
Mean with similar letters are not significantly different at the 0.05 probability level according to Duncan test.
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Table 6. Simple correlation coefficient between measured traits

Wl

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Traits
1-Biomass yield 1
2-Seed yield 0.46 1
3-Harvest index -0.26  0.68* 1
4-100 Seed weight 0.35 0.55 0.37 1

5-No. Seed perpod  0.26 0.68*  0.48 0.69* 1
6-No. Pod per plant  0.34 0.07 0.04 -0.01 -0.31 1

7-Chlorophyll a -0.027  -0.15 0.04 0.27 0.25 0.38 1
8- Chlorophyll b -0.59 -042  0.22 -0.09 -0.25 043 0.66* 1

9- Chlorophyll a+b ~ -0.39 -0.34  0.16 0.06 -0.05 045  0.87** 0.94** 1

10-RWC -0.39 -0.39  0.07 -0.13 -025 0.28 0.35 0.71*  0.62 1
11-Porotein -0.27 -0.31  -0.27 -0.81** -0.26 -0.36 -0.34 -0.2 -0.28 0.24 1
12-1Iron -0.75*  -022 031 -0.07 029 -041 0.33 0.5 0.47 027 0.28 1
13-Zinc -0.49  -0.61* -0.46 -0.41 -0.14  -0.6* -022  -0.006 -0.01 -0.15 057 054 1
14-EC -0.27 -029 -0.26  -0.64* -0.14 -0.61* -0.36 -0.3 -036 0.049 071 019 049 1

Adl ge 2o )0 S g i Jliol maw (o (6518 e saims L G ey e g %

*and ** show significant differences at 0.05 and 0.01 probability level respectively.
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Introduction

Rapid population growth in developing countries have resulted to adverse effect such as food shortages
and malnutrition. Lack of protein in the diet is accounted for the largest portion. Pulses with high amounts of
protein are the second largest source of food after cereals. Among pulses, beans as a supplier of plant
proteins in many countries, particularly developing countries has high consumption. Area under cultivation
of bean is 240000 hectares with an average yield of 1500 kg per hectare in Iran. In arid and semi-arid area
due to excessive exploitation of water resources, the water shortage is constantly evolving and according to
the climatic conditions that are considered hot and dry, and sensitivity of bean to drought further research in
this field is clear. Humic acid is extracted from different sources, such as humus and, soil and using chelating
essential elements improve and increase fertility and productivity of soil, especially in conditions of stress.
As we mentioned before, purpose of this study was evaluating effect of water stress and use of humic acid on
agronomic, physiological and quality traits.

Materials & Methods

This experiment was performed at agricultural Research Station in Arak, Iran in 2014. The experiment
was performed in split plot arangment based on randomized complete block design with three replications.
The main factor was irrigation hold at 3 levels: complete irrigation (control), irrigation hold at flowering
stage and irrigation hold at pod stage and sub factor was humic acid foliar application in three levels of non
humic acid application (control), 1.5 and 3 liters per hectare humic acid 12% at pre flower satage and pod
stges applications. In this study the red bean seed was from Dsigss cultivar. In this study, biological yield,
grain yield, number of seeds per pod, number of pods per plant, harvest index, seed weight, chlorophyll a, b
and atb content, RWC, iron, zinc and protein contents in grains and also, leaf electrolyte electrical
conductivity were measured. Analysis of data was done with SAS software and comparisons of means were
performed with Duncans multiple range test at 0.05 statistically significant level.

Results & Discussion

Mean comparison of irrigation treatment indicated that the highest seed yield was in complete irrigation
and hold irrigation at pod stage and lowest rate was for hold irrigation at flowering stage. In this experiment,
use of humic acid in normal conditions and in conditions of hold irrigation at flowering and pod stage could
be increase the yield. The highest harvest index was in complete irrigation and hold irrigation at pod stage.
The results showed that the highest 100 seed weight was from control and hold irrigation at pod stage
treatment and the least weight was from hold irrigation at flowering stage which shows the sensitive stage for
bean is cut-irrigation at flowering stage and maybe the need for water is low in pod stage. Among yield
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components, seeds per pod had significant correlation with yield. The highest number of pods per plant
during irrigation hold was at flowering stage and control treatment and irrigation hold at pod stage had the
lowest rate of pods per plant. Most of seed protein obtained from hold irrigation at flowering stage and the
lowest amount of it was in hold irrigation at pod stage. The effect of hold irrigation and the effect of humic
acid opplication was as well as the interaction bouth. There were significant differences on levels of iron and
zinc in seeds. The highest amount of chlorophyll a, b and a+b were in hold irrigation at flowering stage. The
effect of 3.5 liter per hectare foliar application of humic acid could be increase total chlorophyll. Hold
Irrigation treatment also had a significant effect on the leaf relative water content in pod stage.

Conclusion

The results showed that the irrigation hold had significant effect on all studied traits. Generally, the
highest and lowest yield was related to complete irrigation treatment but in some cases the hold irrigation at
flowering stage was the same result. The effect of hold irrigation at pod stage was the same as complete
irrigation treatment which this point can be used in saving water. Also, Spraying with different amounts of
humic acid showed that the humic acid improved the agronomic characteristics and quality of the beans in
range of 1.5 litter per ha. Therefore, Using of humic acid may improve agronomic, qualitative and
physiological characteristics of red bean.

Key words: Deficit irrigation stress, Humic acid, Micro elements, Protein, Red Bean
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Table 1. The consumption inputs and agronomic operations level in various bean agronomic managements
(Ghadiry, 2014)
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Table 2. Uniformity test of experimental material in conventional and low input agronomic management blocks

(MLS) oy po (055lso
Joore (£ly5 S e ool (£ly) Cup e
(Conventional Management) (Low Input Management)
SOV oy golie &ol3T a0 Zayo yo yd A gy Sluxs 4ils o ,Sdos Eyo o 3 A5 gy Slasi als 8 ,Slos
o d.f. Plants/m’ Yield Plants/m’ Yield
Block Soly 17 91.68"s 1506676.95 s 89.93ns 588407.71"¢
Treatment Slows 2 84.96" 345330.22"¢ 541.72* 4380005.14™

Error Uz 34 125.39 1468285.92 45.89 393151.02

% CV T JUUES STV - 24.53 18.83 21.32 19.14
S.0.V: Source of Variation
CV: Coefficient of Variation percentage
d.f.: Degree of Freedom
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Table 3. Correlation coefficients between seed yield in two desirable and low input conditions and stress tolerance

indices

Indices r Y MP GMP STI ssl TOL
o sl h":’;;ﬂ“ b""’: ;;:f“ “’::” 2155 i iSilhe Jad 25D gl 23D o
YP

Ys 0.342"

MP 0.911* 0.700™

GMP 0.740" 0.877" 0.948"

sTI 0.731* 0.830™ 0.921* 0.960™

ssi 0.376" 0.676™ -0.012 0.277 0.227

TOL 0.828" 0.244" 0.522* 0.240 0.259™ 0.701*

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

YP: yield in potential condition; YS: yield in stress (low input) condition; MP:

tolerance index; SSI: stress susceptibility index; TOL: tolerance index
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mean productivity; GMP: geometric mean productivity; STI: stress
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Table 4. Clustering of Pinto bean genotypes based on stress susceptibility and tolerance indices, in conventional and
low input managements

Uaa'l.& unau _ _ él.S.Ln.c Q)S-Ln.c
gl e T TR O e e e
. . Joxi 62905 63903 i ) Number of Clusters
ond o ToL GMP MP o3l Jalaie genotypes in cluster
SSI STI Ys Yp
ol Mean 0.96 0.42 1727.4 2031.4 2265.1 1401.4 3128.8
I Sl 5 Sl as 529 1
% Deviation from %1.05 -%12.5 %2.9 %4.9 %4.7 -%5.7 %4.2
Total Average
ol Mean 0.38 1.35 915.6 3776 3813.1 3355.3 4270.9
I Sl 5 Sl as 18 2
9% Deviation from %60 %181.2 -%48.5 %76.8 %60.5 %125.7 %30.8
Total Average
Sk Mean 1.37 1.24 5468 3619.2 4580.2 1846.2 7314.2
IS oSl 31 Syl o s 8 3
% Deviation from %44.2 %158.3 %207.5 %69.5 %92.8 %24.2 %124
Total Average
oSk Mean 0.82 2.56 3176 5221.1 5488 3900 7076
85 oelee 51 Sl 0o 2 4
% Deviation from Total -%13.7 %433.3 %78.6 %144.5 %131 %162.3 %116.7
Average
Sk Mean 1.23 3.24 6844.3 5869.21 6816.1 3394 10238.35
85 oelee 51 Sl ao o 2 5
% Deviation from %29.47 %575 %284.9 %174.8 %186.9 %128.3 %213.6
Total Average
N 0.95 0.48 1778.3 21355 2375.9 1486.7 3265

Total Average

YP: yield in potential condition; YS: yield in stress (low input) condition; MP: Mean Productivity; GMP: Geometric Mean Productivity; STI: Stress
Tolerance Index; SSI: Stress Susceptibility Index; TOL: Tolerance Index
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Table 5. Linear combination principal components of tolerance indices
Indices axjlao S)g0 ‘_glbua’bn

SSl STI GMP MP YS YP Variance Eigen values Component
0.425 -.0107 0.961 0.977 0.991 0.771 0.858 61.830 4.330 1
0.896 0.967 -0.152 -0.189 0.107 -0.629 0.505 35.920 2510 2

YP: yield in potential condition; YS: yield in stress (low input) condition; MP: Mean Productivity; GMP: Geometric Mean Productivity; STI: Stress
Tolerance Index; SSI: Stress Susceptibility Index; TOL: Tolerance Index

\g-



WS g0 dos (Y5l Auds /3l 31 Ol g GBI /... oLl 5 25l 1oy Ko 3 6 paé

381
4 00000 o
D zZone C Zone
514
(=)
29 cas
735 ass o
sos | 582
© 377 672 498
153 o o 426
397 S 532 ppag 521 o
- 2.00000-] 536 o008 PO O374_ 4pg 2k
o v 54 523
c 209 6
628 g24
Q 540 4
c 653 584 -4y 422
385
o 592 [=) . o (-]
Q 217 2441602
d @3q 300
£ 320329 37q O o410 E01
B51 >
8 1867 1858 Lsasa7e
332 o S8 54
T  ©0.00000 2o 2770y
c : 258 282 ¢ D ah3a7 o _of
° a5 248 jgp X 205 512 448 396
o 9 comss ool 914042 e
7] 161 758 45= "0 ‘535'30 o a91
v 74 264 g == I
782 & ag0
724255, 18 o373 aze
a0 227 459 (2o 103
260308 0o 04 5900
-2.00000] 141 o S
: 44 575 35197 =
283 36
B Zone A Zone
T L) T T T
-2 s0000 0.00000 2.50000 5.00000 7.50000

First Component

9% 9 Jgl sadlgo wlul p (Sualog cuigh DO, eoleinS Cu pow & oo sldps Ll W gL - b
Fig. 1. Biplot indices of low input management tolerance in 559 genotypes of Pinto bean on the first and second
principal components

323382
415 443 511 107 562

0.00000— 44
46 =] fa ©
439 @8%’9158 70 2770 512 430
Q0”2 _ O o o o
474G oy 265 0542 =
462 g SEBQQS
2030
2353980580208 02050
_0.s0000-] 296 273557 505,128 135 o
212176 ©us4 53005300 191
a8
cmp, 00953 o
3332‘%5320? 74 7520 ;00 °
23 0350

g %?9&14205? 12 O

15
-1.00000- &8' @A 6774 © qqg208 ©

396

576 o
6T 047 145
(5] ag O

4 sooooH 21455 Q90272 459
hao  Ogt190

o ©
570 g3 ©313 204 o141
17 441 156 283
& o Zam%

227 o

593 575

Second Component

-2.00000-

A Zone

-2.50000-

T T T T T T
0.00000 1.00000 2.00000 3.00000 4.00000 5.00000

First Component

95 9 Jsl sallae (wlwl 1 (Luzlugd SLcuigl 10 0olinS Cu poe 4 Jooxi o sl O GL A aalouid pg) (glod —F b
Fig. 2. Zoom view of A zone from biplot indices of low input management tolerance in genotypes of Pinto bean on the
first and second principal components

V£



VA% 099 doud ¥3 Lo Al /Q‘ﬁ‘ Olg,g’ Glbu?ab,jg [ 2ol g 20551 ¢, K0 g (g s

Yales )0 09290 by pudlyp)) Comed —F Jgux
Table 6. The list of Pinto Bean Genotypes contained in Cluster 2

@3 Guigif oS i gl el 3 Guigii oS Guigi el
No.  Genotype code  Genotype name  No. Genotype code  Genotype name
1 450 Ks-21673 10 392 Ks-21479
2 409 Ks-21625 11 404 Ks-21520
3 155 Ks-21236 12 50 Ks-21131
4 36 Ks-21119 13 491 Ks-92022
5 103 Ks-21184 14 730 Ks-92257
6 197 Ks-21280 15 669 Ks-92198
7 280 Ks-21362 16 434 Ks-21655
8 373 Ks-21461 17 149 Ks-21230
9 490 Ks-92021 18 448 Ks-21671
oo oKl L San 4 S ioen o (VYT A00 e &) 5 s
obeyl o=l sl o S8 bl ey res slog) wliios Coiglas g (550liS 0aSizils caely) 09,8 5l Al
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Introduction
Legumes such as Pinto Bean (Phaseolus vulgaris L.), in addition to the value of food and proteins

production, they are able to fix biological nitrogen and therefore, are desirable for planting in sustainable
agricultural systems in order to strengthen and preserve soil fertility. Low input farming systems (LIFS),
which are a part of sustainable agricultural systems was defined as a way to optimize the use of ecological
inputs and to minimize the use of inputs such as chemical fertilizers and pesticides in every time and every
place to reduce the cost of production, reduce pollution of groundwater and surface water, reduce of
pesticide residues in food, reduce total risk in agriculture and an increase in short and long term profitability
of agriculture. Evaluation and identification of the suitable cropping plant cultivars for planting in low-input
agricultural systems has begun three decades ago, in the world. The aim of this study was to identify of pinto
bean genotypes suitable for cultivation in low input crop management system and use them in breeding
programs and the cultivar release process of this crop.

Material & Methods
In order to evaluate Pinto bean genotypes (Phaseolus vulgaris L.) in terms of response to low input crop

management, 559 Pinto bean genotypes were evaluated using augmented design in both conventional, and
low-input crop management conditions. According to grain yield of genotypes in the two conditions, MP,
GMP, TOL, STI and SSI were calculated and then, the correlation between the index and the main
component analysis was performed. All Statistical analysis, correlation estimates, factor analysis and graphs
performed using SPSS software.

Results & Discussion
According to correlation between grain yield in optimal and low input conditions (r=0.34", n=559), it

was found that genotype selection based on grain yield in both conditions can identify genotypes with high
yield and stable production. The correlation between grain yield in conventional condition and MP, GMP,
STI, SSI and TOL was positive and significant. In addition, the grain yield in low input condition had a
positive significant correlation with GMP, MP and STI. Negative significant correlation was shown between
grain yield in low input condition and SSI and TOL. According to cluster analysis, the bean genotypes were

*Corresponding Author: rezvani@um.ac.ir, Tel.: 05138805796
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placed in 5 cluster that genotypes in cluster 2, in term of GMP and STI were 76% and 181% higher than
overall average and in term of SSI and TOL were 60% and 48.5% lower than overall average, respectively.
Therefore, they were selected as the best genotypes for cultivation in low input conditions. Based on the
main component analysis on five indexes and YP and YS in evaluated genotypes, it was observed that two
main component explained 97.8 percent of the total variation. The first and two principle components
explained 61.8% and 35.9% of total variation, respectively. The highest positive factor in the linear
combination of the first component was related to Yp, YS, MP, GMP and STI. Therefore, this component
was called as yield component and tolerance to low input conditions. Because of high levels of these
indicators are favorable, due to the positive and high values of these component, to select genotypes were
acted that have a higher grain yield in both conventional and low input conditions. The highest positive
factor in the linear combination of second component was related to SSI, TOL and a little Yp and the highest
negative factor was related to Ys. So this component was called as sensitive to low input conditions. The
genotypes that had lower values of second component had the least sensitive to low input conditions.
According to biplot of two main components, genotypes were classified into four groups. Genotypes that
were in the A zone, in terms of the tolerance index to low input conditions (MP, GMP and STI) have higher
values than average and in terms of the sensitivity index to low input conditions (SSI) have lower values than
average so they were most suitable genotypes.

Conclusion
According to grain yield and tolerance indexes to low in put condition, the group 1 genotypes (Ks-

21184, Ks-92021, Ks-21119, Ks-21280, Ks-21461, Ks-21362, Ks-92198, Ks-21671, Ks-21673 and Ks-
21236) as the best genotypes for cultivation in low input farming systems (LIFS) were identified and
selected.

Key words: Pinto bean, Seed Yield, Stress Tolerance Index
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Fig. 1. Interaction effect of water stress and foliar application of Zn element on plant height of mungbean

Zn0: Control, Zn1: 5 grams per liter nano zinc oxide, Zn2: 10 grams per liter nano zinc oxide, Zn3: 5 grams per liter zinc oxide, Zn4: 10 grams per
liter zinc oxide
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Fig. 2. Interaction effect of water stress and foliar application of Zn element on number of branches of mungbean

Zn0: Control, Zn1: 5 grams per liter nano zinc oxide, Zn2: 10 grams per liter nano zinc oxide, Zn3: 5 grams per liter zinc oxide, Zn4: 10 grams per
liter zinc oxide
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Fig. 5. Effect of foliar application of zinc element on proline content of mungbean plant
Zn0: Control, Zn1: 5 grams per liter nano zinc oxide, Zn2: 10 grams per liter nano zinc oxide, Zn3: 5 grams per liter zinc oxide, Zn4: 10 grams per
liter zinc oxide
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Fig. 8. Effect of foliar application of zinc element on biological yield of mungbean plant
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liter zinc oxide
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liter zinc oxide
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Introduction

Mungbean (Vigna radiata L.) is an important, environment friendly staple food legume with rich source
of proteins, vitamins, and minerals for human. Drought stress is one of the most adverse factors of
Mungbean growth and productivity. Proper nutrition under stress conditions could partly help the plant to
tolerate different stresses. Zinc plays a key role in the synthesis of proteins, DNA, and RNA. By
consumption of zinc, it is possible to improve the growth status of the plant in stress conditions. Various
studies were carried out to understand the effect of nanoparticles on the growth of plants. For example, Hong
et al. (2005) and Yang et al. (2006) reported that a proper concentration of nano-TiO2 was found to improve
the growth of spinach by promoting photosynthesis and nitrogen metabolism. Nano-particles have high
reactivity because of more specific surface area, more density of reactive areas, or increased reactivity of
these areas on the particle surfaces. Thus, the objective of this research was to investigate the effect of foliar
application of Zno, in common and nanoparticles forms on growth traits and yield of mungbean (V. radiata
L.) under drought stress condition.

Materials & Methods
Experiment was carried out as a split plot in complete randomized block design with four replications in

Shahrood Agricultural Research Center during the growing season of 2011-2012. Water stress at three levels
(control, cutting of irrigation in 50% flowering and 50% pod setting stages) were assigned as main plots and
zinc oxide foliar application in five levels (control, 5 and 10 gl nano sized zinc oxide and 5 and 10 gl** non-
nano-scale zinc oxide) were randomized in sub-plots. According to soil analysis experiment results, the soil
was loam and having pH=7.8; EC=1.5 (dS/m); 0.4% of organic carbon; 0.08% N; 10, 280 and 1.1 ppm of P,
K and Zn respectively. Zinc spraying on leaves was done two times at 40 and 55 day after planting. The plots
were 24 m? with 6 sowing rows, 4 m long. Seeds were placed at 3 to 5 cm depth in each row. Irrigation
operations were performed until the emergence once every 7 days. Afterwards at 50% flowering and 50% of
pod formation stages, irrigation was disrupted. Intended traits were measured in the end of crop season. All
data collected were subjected of analysis of variance (ANOVA) using MSTATC software procedure and the
significant treatment means were separated using Duncan's multiple range test.

*Corresponding Author: h.makarian@yahoo.com, Mobile: 09153598404
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Results & Discussion
Results showed that the drought stress at flowering and podding stages decreased the height, number of

branches, chlorophyll a, b, grain and biological yield in comparison to control treatment significantly, but the
effect of drought stress at podding stage was more than drought stress at flowering. Water deficit in the plant
disrupts many cellular and whole plant functions, having a negative impact on plant growth and
reproduction. Thus, it is one of the most yield limiting factors as it affects growth and development. Seed
protein and proline content increased under drought stress significantly, while there was no significant
difference for carotenoid content between treatments. Foliar application of Zinc in common and
nanoparticles forms increased the height, proline content, grain and biological yield in comparison to control
treatment significantly. The results showed that foliar application of 10 grams per liter nano zinc oxide in
normal and drought stress at flowering and podding stages increased the grain yield by 6.6, 3.6 and 5.4
percent in comparison to no spraying treatments respectively. The maximum effects of Zinc on increasing of
traits was found by foliar application of 10 grams per liter nano zinc oxide, 10 grams per liter zinc oxide, 5
grams per liter nano zinc oxide and 5 grams per liter zinc oxide respectively. With the completion of Micro-
Nutrients consumption through spraying, the growth state of plant can be improved in stress conditions. Liu
et al. (2005) reported that nano-Fe203 promoted the growth and photosynthesis of peanut. Prasad et al.
(2012) reported that nano-scale zinc oxide particles increased stem and root growth and pod yield of peanut
as compared with ZnSO4 application. Reduction of particle size results in increased number of particles per
unit of weight and specific surface area of a fertilizer that should increase contact of fertilizer with plant
leading to increase in nutrient uptake. Nanoparticles have high reactivity because of more specific surface
area, more density of reactive areas, or increased reactivity of these areas on the particle surfaces. These
features in nano-scale simplify their absorption in plants.

Conclusion
Mungbean growth characteristics could positively influence by foliar application of zinc oxide as nano

and micro-particles in drought stress conditions. But, the effects of nano-scale zinc oxide particles on plant
growth and yield was more in comparison to micro particles zinc oxide in stress and non-stressed conditions.

Key words: Grain yield, Proline content, Water deficit stress
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&l s 5l CTAB (ig, 4 Logd ses35 DNA iuls

sgene runner, primer 3,5 éls, 5 S5 L AGGT-3'
Cdy yaly o as el 55 B as ol vector NT
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25555 50 05250 by sLeel Sl Ly iliie XD (v, 5
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b el Vo Jga b gillae asbi 9V Jgur
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Table 1. Materials required to prepare 25 pl of PCR reaction Solution
ook pb STy 4o cdalé
Material Concentration in the reaction
PCR buffer 1X
dNTP 0.2 mM
MgCI2 1.5mM
Taq DNA Polymerase U
Genomic DNA lpL
Forward primer 10 pM
Reverse primer 10 pM
H20 (D.W) Up to volume
Total volume L u25
PCR clizo Jolpo glod gvas > -V Jgo
Table 2. PCR thermal cycle stages
4z oSl Lo ol
Cycle Reaction Temperature Time
1 Initial denaturation 94°C 4
230 X) denaturation 94°C 40"
Annealing 60.4°C 40"
Extension 72°C 1':20”
3 Final Extension 72°C 10’
4 Finalhold 40C ~

g 0l 9359 cpl I Xbal g HindlH & slaes 51
35=S5 31 VIV P Jo b Ly (5L 8ky 55 ogy 4 slad
oS0l PBIL21 by 45555 4o 5 ojlulox PTZETRIT
Hind , Xbal slas 51 5l eolitwl b KielS oo § 90,5
L PCR (2Sly eizmon 5 (o3l in (23515 Lags 11

23,5 anboad b sla el 5l ooliul

Ceadge (V JS) plant pan colw ;| Jol> mls

aloz las ols las ) i ,ge Jlg 10 05250 slacasige

2 ool o 45 15 sladidsn 4 olydion Lol
.D; o)ti‘al Sl 00l d.ul.’ §os 61,5 GL‘buﬁ*“l’jf

VAY

5l oolizul b J3 51 PCR Jgame glysciasl dn dl> o 4o

3 s 50 dalad Jlasl sl o 5 el (3LS &S50 oS
S ol g ek sl 25Ty PTZETRIT apansdly
15 el PBY Sas el lazl jliie s o8 08 Sagals TIA
5 pll 2F € slod ;o Cein S By L 3 36 Lo
E. coli 5L 5l axis slodsho a5 b (5l 5 s
5| ety 5l e s alol XL1-BIUE 4500
L Sl g dabad 0929 5 28 0dy O jp0 aisl 5 slags ;S
5 lesebl jgliteds a8 ol (gou il s 5 PCR 5l ool
sl oualiemody dalad )L 3550 (g5 dulin 5 )15 ol
Sewddn JIg g w05 Jlo)l ConsplSS o820 4 b I
> o 40 0d aslia NCBI o 05 > 40 sl g5 b ool
Pl 5555 59 Ssegn o=l S=lSol sl o
L AYODP 55la sl Lo YOS (eg—oe Ss—agy laulpBI121
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F3e9n 50 50, cadbla> el lopsS (5,3 slaigeg
Bige ml BAs 0)ld sg g At iy Sl 4y 5 )g5e5
Lo g 00 25 ©o8 0 lae )0 e Shals 4y e
05 YL Gl yo g el (690 Caiige (pl 9979 Figegp

.Baumlein et al., 1992) s ls & |8 cov

Olis e g p diws Hlgicd TATA dax> aw 54>

aibor 1o oleys o Vb Ol 5 Fsasn (g8 ouims
g L L| et aI, (1998) s,155 G—bo oyl yogdle
Soasn 30 TATA sz g5l armli )0 a5 LapjstlS'ss
sloos ole 5l xS st Ssl 09-b o JoSiis ol 336k
G 28l yo S Jl )0 w0pd e Syl o S cod
B3 oe |y (6o padend 9,8 o5l g 098 o0 5 SESL

1 GAATTCATTGTACTCCCAGTATCATTATAGTGAAAGTTTTIGGCTCTCTCGCCGGTGGTTT
61 TTTACCTCTATTTAAAGGGGTTTICCACCTTAAAATICTGGTATCATTCTCACTTTACTT
121 GTTACTITAATTTCTCATAATCTITGGTIGAAATTATCACGCTICCGCACACGATATCCC

181 TACAAATTTATIATTIGTTAAACATTITCAAACCGCATAAAATTTTATGAAGTCCCGTCT
241 ATCTTTAATGTAGTCTAACATTTICATATTGAAATATATAATTTACTTAATTTTAGCGTT
301 GGTAGAAAGCATAAAGATTTAGTCTTATICTTCTTCATATAAATGTTTAATATACAATAT
361 AAACAAATTCTTTACCTTAAGAAGGATTTCCCATTTTATATTTTAAAAATATATITATCA
421 AATATTTTTCAACCACGTAAATCTCATAATAATAAGTIGTITCAAAAGTAATAAAATTTA
431 ACTCCATAATTTITITATICGACTGATCTTAAAGCAACACCCAGTGACACAACTAGCCAT
541 TTTTTICTTIGAATAAAAAAATCCAATTATCATTGTATITTTTITATACAATCAAAATTT
601 CACCAAACAATCATITGTGGTATTTCTGAAGCAAGTCATGTTATGCAAAATTCTATAATT
661 CCCATTTGACACTACGGAAGTAACTGAAGATCTGCTTTTACATGCGAGACACATCTICTA
721 AAGTAATTTTAATAATAGTTACTATATTCAAGATTTCATATATCAAATACTCAATATTAC
781 TTCTAAAAAATTAATTAGATATAATTAAAATATTACTTTTTTAATTITAAGTTTAATTGT
841 TGAATTTGTGACTATIGATITATTATICTACTATGTTTAAATIGTITTATAGATAGTTTA
001 AAGTAAATATAAGTAATGTAGTAGAGTGTTAGAGTGTTACCCTAAACCATAAACTATAAC
961 ATTTATGGTGGACTAATTTICATATATTICTTATIGCTTITACCTTITCTIGGTATGTAA
1021 GTCCGTAACTAGAATTACAGTGGGTIGCCATGGCACTCTGTGGTICTITIGGTICATGCAT
1081 GGGTCTIGCGCAAGAAAAAGACAAAGAACAAAGAAAAAAGACAAAACAGAGAGACAAAAC
1141 GCAATCACACAACCAACTCAAATTAGTCACTGGCTGATCAAGATC GCCGCGTC—
1201 GTCTAAATG c_gmmocm}c ?? AAC _HAAATGGCTCACCCATCT
1261 CAACCCACACACAAACACATTGC CTI'I'ITCTICATC&TCA.C mc.uccaocm’r ATATAT
1321 TCA.TTCTC’[TC cmamc&amcncamc&camm_ep GTG
1381 Tcach CATG cocaaﬁ[:’rc_rrc CAACCACCTTCTCTCTTATATAATACCTA
1441 TAAATACCTCTAATATCACTCACATICTTIC

P8y polais! yigegn Jlsi -) JS&
bl oo il slael glls ciloals J1)ST jgig0g, ;0 a5 alin glacaige aad oo (LiS 1) Fgegy 10 39250 slaasge ool
Fig. 1. Beta phaseolin specific promoter sequence
Numbers show motifs in the promoter, similar motifs in the promoter have the same numbers:
1. TATA box; 2. G-box; 3. OPAQUE 2; 4. endosperm box; 5. E-SITE; 6. Vicilin box; 7. CCAAAT box; 8. B box; 9. RY box
or endosperm box; 10. ACGTSEED2 box; 11. OSE2ROOTNODULE box
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1999)

s S0 )5558 G ySeteo 51 (=S G-bOX Jlgs
Sl am oamognly Jolo )95 ol 398 0 Cguaine
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G- L i 5 (5o BB B culo S (o gy (20lS
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2 VWP Lo dghsl ke S
(Chandrasekharan et al., 2003)
O Ol ge 99 iy Sl 4y p gl des
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opaque -2 s ls,sax s 56 Jlasl e a5 Opaque-2

S ) PR

D, 0g2g ygs L8l Jaegyn H0 dae i olawd 4y el
‘o)..?_..)j..xﬂ 4o dgazme Dy olS jo ,eaS Bl Lo J@l;dijl
oelpls (Van der Geest & Hall, 1997) a_sb o ,o

1470bp

a5 $+1F JLail glos ;5 PCR icSTy ) ooliiun! b oydei jBL yigag y i Y JSb

S5 90 50 4l iS5 akad (F 4 ¥ ¢ aie J,uS (Y Kb Silas ()
Fig. 2. Beta phaseolin promoter amplified using PCR reaction in 60.4 ° C annealing tempreture
1. 1 kb DNA Marker; 2. Negative control; 3&4. Amplicon in the two repeat
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Lo igegy (Seilon,giilyn 5IUT 1500 mn slos )57 510 9]
LT 51 oolital waiiS e (slacinign g loygiSTs o Lulis
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(Fehlberg et el pgugi, 5L L Glals pl s o
al., 2005)
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' Organ specific elements (OSE)
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Fig. 3. results of the PCR reaction (A) and digestion (B ) using Hind 111 and Xbal ensymes on the pTZ57R /T
recombinant plasmid:

A) 1. Amplicons; 2. Negative control; 3. 1 kb DNA Marker; 4. Positive control;
B) 1. Plasmid without insert after digestion; 2. Plasmid before digestion; 3-1 kb DNA Marker

1500 BP ey, I<— 1470 bp

obaid! s yosl yy LPDI121 vy 5950 PCR SolS Jguamo - ¥ S
PCR _sls (Y 1 kb Silas (A

Fig. 4. Colony product PCR with specific primers on the Pbl121 plasmid
1. 1 kb DNA Marker ; 2. PCR cloning
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Fig. 5. Digestion of recombinant pBI 121 plasmid byHindlIl and Xbal enzymes
1. 1 kb DNA Marker; 2. recombinant pBI 121 plasmid after digestion
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Introduction
Constitutive promoters such as CaMV 35S, which is usually widely used in the plant genetic

engineering express downstream genes in the all stages of plant life and in all tissues and if a transgene
expressed at incorrect tissue and time perhaps unexpected results would be seen in plant growth. To avoid
disadvantages of constitutive promoter function identification and isolation of tissue-specific and strong
promoters is very important in genetic engineering. Beta phaseolin is one of the strong seed-specific
promoters that controls the expression of about 50% bean seed proteins. Extensive studies in bean
(Phaseolus vulgaris) and transgenic tobacco have revealed that the promoter for the beta-phaseolin storage
protein gene (phas) is stringently regulated. Expression is very high during embryogenesis and
microsporogenesis but is absent in vegetative tissues. The utilization of this promoter to optimize the
production of seed proteins in bean sand other recombinant proteins in other plants would be will be useful.
According to the above-mentioned advantages about seed specific promoter, this study has been conducted
to identify and isolate the beta phaseolin gene promoter from bean (phaseolus vulgaris) and clone it in
pBI121 plants vector.

Materials & Methods

Bioinformatic analysis help the prediction of promoter intensity, proper separation and synthesis of
artificial promoter. According to bioinformatic analysis, specific primers using gene runner, vector NT and
primre 3 softwares were designed and by using these primers, promoter sequence was amplified from bean
genomic DNA, Due to the size of amplified fragment, its authenticity was confirmed. In the next step, the
desired sequence ligated into the cloning vector pTZ57R /T and by using PCR and digestion reactions was
confirmed. The aim of this study was to isolate beta phaseolin of bean and its use in the preparation of gene
constructs. For this reason, we subcloned fragment in plant expression vector (pBI121) and cloning was
confirmed by colony PCR and digestion.

Results & Discussion
The results showed more than 20 factors cis such as ACGTSEED2, opaque-2,E-box, legumin box,

endosperm box and etc are in beta phaseolin promoter that play a role in the high expression and specificity.
ACGTSEED?2 factor that is unique in the phaseolin promoter has major role in the expression of specific

*Corresponding Author: bagheri.khadijeh@znu.ac.ir, Tel.: 02433052717, Mobile: 09127422988
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genes in the seeds of beans. G-box sequence is one of important cis factors. This factor is of responding to
abscisic acid, promoter activity is reduced to 2.6% by removing the G-box. Functional E-site may be
necessary to complement the G-box-mediated promoter activation, hence acting as a coupling element. The
vicilin core sequence (GCCACCTCA) was initially described as a part of a large vicilin boxThe vicilin box
(henceforth, this term refers only to the core sequence) is found in the promoters for many seed storage
proteins. There is also three TATA box is activated as the promoter core and Plays an important role in being
a strong promoter and high expression. Previous studies and portions of the current study confirm that 295
bp from beta phaseolin promoter is relevant seed-specific expression that consists of three parts; 1- Sequence
68 bp (227 to -295) that known as Seed Specific Enhancer (SSE) 2- The middle part (109 to -127) 3- base

promoter (+20 to -109). SSE, base promoter and the middle part simultaneously causes increase in gene
expression. OSE (Organ specific elements) factors are in the legumes promoters like beans, soybeans,
alfalfa, etc, and related to the symbiosis of these plants with the Rhizobium bacteria. Therefore, in this study
isolated completely sequence of the beta phaseolin promoter were shown. But it is advisable that if there are
restrictions on the size of the promoter and the promoter artificial synthesis can be separated 295 bp of the
beta phaseolin promoter sequence.

Conclusion

The promoters are important part of gene constructs and necessary for production of recombinant
proteins in genetically modified plants beta phaseolin promoter is a strong and seed-specific promoter, so it
has ability for the production of recombinant proteins and building gene constructs.

Key words: Bioinformatic analysis, Seed promoter, Specific promoter
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Table 2. Mean comparison for effect of yield and yield components of bean affected by intercropping ratios
with sweet corn

) il 8 ySlos S5 g 0 ySlos cblop sl 10 G slass ailo ofus Ald w39
o lens (@i py®)  (&yoyia 3 psS) (o) o B 5 (#55)
Treatments Seed yield Biological yield - A Seed 100-seed weight
2 2 Harvestindex (%)  Pod no.plant 1
(9.m™) (9.m™) no.pod @
R) bglse S slocans
Intercropping ratios (R)
25%C+75%B 165.75 b* 621.34 b 29.86 a 19.92¢ 75b 35.06 bc
50%C+50%B 117.81¢c 414.66 ¢ 30.66 a 22.38b 7.20b 36.48 ab
75%C+25%B 77.81d 274.01d 3037 a 269a 7.11b 3824 a
100%B 214.39a 796.15 a 29.25a 17.96 d 8.29a 33.86 ¢
V) Legd 0G|
Bean varieties (V)
ket 23423 a 1075.07 a 22718 cd 27.68a 9.64a 36.43 ab
Cowpea
Sees 156.88 b 348.45 ¢ 45282 2535 758 ¢ 34.2 be
White
é"e); 152.7b 414.98 b 38.07b 21.23¢ 8.21b 36.88a
= 91.11c 440.70 b 20.23d 17.75d 6.3d 33.62¢
Pinto
(shms 035 8478 ¢ 3535¢ 23.87¢ 16.94 d 5.93d 38.45a
Landrace
Lol o8, xboglsee cotS slacend Jilize 5l
Interaction of intercropping ratiosx bean varieties
100%B 3440 a 1647.73a 20393 def 23.7 de 10.26 a 34.2b-g
0,
bt 2;’5&%* 284.9b 1367.5b 21.14 def 26.600 cd 9.76 ab 35.5a-g
Cowpea  5004C+50%B 190.0d 822.0¢c 23.20 def 28.6 abc 9.41 abc 36.6 a-f
75%C+25%B 118.0 fg 463.03 efg 25.6d 31.80 a 9.11 b 39.4a
100%B 156.4 ¢ 687.0d 23.15 def 15.1 gih 7.97 de 31.6¢
0,
RV 2;’5&%)' 95,03 fgh 501.3 ef 18.96 f 16.8 gih 6.12 gh 32.100 fg
White  5005C+5006B 70.0 ijk 328.5 hi 21.31 def 18.30 fgh 5.6h 34.4 b-g
75%C+25%B 43.0k 246.0 ijk 17.48 f 20.80 ef 5.48 h 36.4 a-g
100%B 108.03 fgh 433.0 fg 24.94 de 12.8] 5.43 h 37.2a-e
0,
5ord i 91.0 ghij 381.0 gh 23.88 de 14.8j 56h 37.9 a-d
Red 50%C+50%B 75.03 ij 320.0 hi 23.44 def 17 ghi 5.93 gh 38.7ab
75%C+25%B 65.03 jk 280.0 ij 23.21 def 23.2e 6.77 fg 40a
100%B 2270¢c 665.03 d 34.14c 17.3 ghi 9.26 abc 33.8¢-g
0,
s 2;’5&%' 174.8 de 471.87 efg 36.97 be 18.4 fg 8.37 cde 36.4 a-g
Pinto 50%C+50%B 126.0 f 329.0 hi 38.40 bc 21.3ef 7.77 def 38.3a-C
75%C+25%B 83.0 hij 194.03 k 42.78 ab 27.9bc 7.42 ef 39ab
100%B 236.5¢ 548.0 e 43.1ab 20.9 ef 8.56 cd 325e-g
0,
sy CH 183.0 de 385.03 gh 4832a 23e 7.67 ef 33.4 d-g
Landrace  5096C+50%B 1280 f 2738 ijk 46.94 a 26.7 cd 7.27 ef 34.4b-g
75%C+25%B 80.0 ij 186.97 k 42.78 ab 30.78 ab 6.8 fg 36.4 a-g

P 1-0) 95,5 LSD 0051 sl 5 suoyo g Jloiol gebans 3 (6 o cins (s ,Lel DS ¢ ale 1o s 5 Cypim o 53 S i By syl (sloensiles 2
* Means with the same letter(s) in each column and for each factor have not significant different based on LSD test (p<0.05).
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Table 3. Analysis of variance for the effect of intercropping ratio series with bean varieties on yield criteria of

sweet corn
et 2ol ©olil amye Al o,Sles  SUidam o Sles  cabiloy el
S.0.V. df Seed yield Biological yield  Harvest index
s 2 65090 ns 2086.2 ns 18.46 ns
Replication
R) bslore oS o 3 566460.8 ** 16659800 **  86.428ns
Intercropping ratio (R)
ML) 3, 4 439365.4 %% 1524300 ** 106.69 ns
Bean variety (V)
R*V 12 14272.9 ns 21300 ns 4.61ns
il b 38 25520.7 88593.1 47.98
Error
(32)) Sl e 2 9.43 9.0 1356
CcV (%)
R 0.95 0.94 033

Qo mh 9 Sy izl ol )0 e pixe )0 ge puf ey s g e NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Olyodn o ,0VD 5 &)3 wo oV D cuils e b szl
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Table 4. Mean comparison for effect of yield criteria of sweet corn affected by intercropping ratios with bean varieties

L)l (Zayosio p 0y5) dls 8o (200 31 p)5) SUiglom o Shos  (do)yd) Cudld py 5L
Treatments Seed yield (g.m?) Biological yield (g.m?) Harvest index (%)
R) bglswo ciS slacans
Intercropping ratios (R)

100%C 857.0a* 183.5a 46.85a
25%B+75%C 734.8b 1386 b 53.356 a
50%B+50%C 524.8 ¢ 103c 51.281 a
75%B+25%C 346.6 d 72d 48.57 a

M) Loyl G|
Bean varieties (V)
sl 460.7 ¢ 846.7 ¢ 53.94 ab
Cowpea
St 567 b 1073.3ab 52.42 ab
White
722 4713 ¢ 9933 b 47.27b
Red
T 628.3a 1156.7 a 54.24 a
Pinto
(shme 035 549.7b 1156.7 a 4747 b
Landrace
Lag) o8, xboglse S slacans blice il
Interaction of intercropping ratiosx bean varieties
100%B
etz 2504C+ 75%B 267 h 540 h 49.97 a
Cowpea  50%C+50%B 440 e 810 fg 54.85a
75%C+25%B 675 bc 1190 cd 56.98 a
100%B
8 25%C+ 75%B 320 gh 690 gh 46.51a
Red 50%C+50%B 450 e 960 ef 46.89 a
75%C+25%B 644 c 1330 bc 48.41a
100%B
e 035 250%C+ 75%B 356 fg 7900 g 45.74 a
Landrace  50%C+50%B 550d 1160d 4753 a
75%C+25%B 743 ab 1520 a 49.17 a
100%B
=z 25%C+ 75%B 424 ef 820 fg 51.96 a
Pinto 50%C+50%B 634 cd 1170d 54.55a
75%C+25%B 827 a 1480 ab 56.20 a
100%B
RV 25%C+ 75%B 366 efg 690 gh 48.67 a
White 50%C+50%B 550 d 960 ef 52.58 a
75%C+25%B 785a 1410 ab 56.20 a

(P 0) Wl LSD 09.4;\ Slow g ooyo iy J=! zhw ‘5)'0@.1.4 ‘_g)L{l WS Jole 12 gl g gm0 S i By > lylo oSl #
* Means with the same letter(s) in each column and for each factor have not significant different based on LSD test (p<0.05).
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Table 5. Effect of intercropping ratios of bean varieties with sweet corn on land equivalent ration

Lol o6,
(Lagd + (0 gt ©9)3) balo ClS s Cand Bean varieties
Intercropping ratios (sweet corn+ bean) Sadw ¥ (eeooy T N TP
White Red Landrace Pinto  Cowpea
100%+ 0% - - - - -

75%+ 25 1.20d* 1.14e 1.27c 1.10f 1.14e

50%+ 50% 1.19d 1.08f 1.34b 1.19d 1.06

25%+ 75% 1.25¢ 1.12e 1.47a 1.23cd 1.13e

0%+ 100%

(p=:/-0) JJ)L.\J LSD 05'“)»‘ &_gL'..,.a 2oy JLQ.:D‘ @a..; 5 6)|Q$2J.a Aﬁ)\"] s ‘SJ"‘“‘“ ‘55)"’ 6‘)‘9 LSLQQ-S“'L‘-" *
* Means with the same letter(s) have not significant different based on LSD test (p<0.05).

ol 8l A Canl oals (5)155 iores Al g0 D)3 L Lol
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g poiancs oyl ) (Olog) Log) Sis ools g ails o Slas
05155 b s oustne 5 (shie alad 3 5 Logd o515 L (6 o in
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Introduction

Conservation agriculture (CA) has been proposed as a set of principles that could help reverse
widespread soil degradation in the region and help farmers stabilize yields by mitigating the effects climate
variability. Though numerous questions remain on how CA practices might fit in a complex mix grain-
grazing farming systems, where limited land, cash and labor impose severe constraints on farmers’ options.
Intercropping is a CA approach that has been traditionally practiced in many parts of world and has some
advantages over monocultures. One of its obvious advantages may be to increase forage protein, the
principle being improvement of forage quality through the complementary effects of two or more crops
grown simultaneously on the same area of land. Intercropping supplies efficient resource utilization, reduces
risk to the environment and production costs, and provides greater financial stability, making the system
more suitable particularly for labor-intensive, small farmers. Morpho-physiological differences and
agronomic factors such as the proportion of crops in the mixture and fertilizer application regulate
competition between component crops for growth-limiting factors. Greater total uptake of nutrients and other
growth factors by the component crops in the intercropping is the primary cause of obtaining intercropping
advantage. Intercropping research studies involving a cereal and a legume have not considered the combined
effect of fertilizer application and plant population variation. Maize and beans are important food crops,
mostly grown by resource- poor farmers in complex and risky farming systems. Morgado & Willey (2003)
showed that competitive effect of intercrop beans on maize yields was high at higher plant populations.

Materials & Methods

In order to study the production potential and competitiveness of sweet corn and bean varieties, an
experiment was carried out based on a randomized complete block design with three replications in the
Agricultural Research Station, Ferdowsi University of Mashhad, during growing season of 2014-2015.
Treatments included different combinations of bean (B) and sweet corn (C): 25%B+75%C, 50%B+50%C,
75%B+25%C and bean varieties and their monoculture. Bean varieties consisted cowpea, white, red, pinto
and landrace and chase sweet corn. Studied criteria were yield components (pod number per plant, seed
number per pod and 100-seed weight), biological yield, seed yield and harvest index (HI) of bean and
biological yield, seed yield and HI of sweet corn and land equivalent ratio (LER).

Results & Discussion
The results indicated that effect of intercropping ratios were significant (p<0.05) on seed yield,
biological yield, HI, pod number per plant and seed number per pod and biological yield and seed yield of
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bean. The highest seed yield of bean was observed in 75%B + 25%C with 1675 g.m2 and the lowest was
related to 25%B + 75%C with 778 g.m2. The maximum seed yield was obtained in pinto (2342.33 g.m) and
the minimum was achieved in landrace (847.75 g.m). Seed yield of sweet corn in monoculture was higher
than intercropping ratios, but by increasing density in intercropping ratios with bean varieties it significantly
enhanced. The highest and the lowest seed yield in intercropping ratios were observed in 75%C + 25%B
with 7348.1 g.m? and 25%C + 75%B with 3466 g.m, respectively. In all combinations of intercropping
ratios LER was higher than 1, that it represents intercropping is better than monoculture. The maximum land
equivalent ratio was calculated with 1.47 for 25%B (landrace) + 75%C. The results showed that landrace
was competitive than other varieties.

Conclusion
The effect of intercropping ratios of sweet corn with bean landraces were significant (p<0.05) on seed

yield, biological yield, HI and yield components of the crops. The maximum seed yield was obtained in pinto
and the minimum was achieved in landrace. Seed yield of sweet corn in monoculture was higher than
intercropping ratios, but by increasing density in intercropping ratios with bean varieties it significantly
enhanced. According to the results, intercropping of plants of 25%B (landrace) + 75%C can be beneficial in
term of ecological management.

Key words: Competitiveness, Harvest index, Intercropping, Land equivalent ratio
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ns, **: indicate non-significant and significant at the P<0.01 level.

Y.

Y

Sy Sy s 45 IS e § (6l sine paS e i % NS



IWAF 030 doud Y5 lois Auder /91 31 Slgad SBRG R /... 5 p sl awy 10y K00 g e gy

MLy (hagym G ile lisio saylosd Jl e pslacile 115 (Sl dmlio =Y Jgux
Table 2. Mean number of weeds under different post emergence herbicides on broad bean

axig)

ol . 2 <Yy Sy oYl
Treatment Slesd Chenopudium 3 Lolium Avena Malva Phalaris
album Medicago  temulentum fatua sylvestris  aquatica
Sp
Weedy check S pae 26.34 b 25.82 a 25.28 a 8.982a 1066a  2297a
Basagran + Fenoxaprop-  ~uwlat=5y ol 8.04 ¢ 2792a 3797a 1.85b 4250 253b
p-ethyl L ' ' : ' ' '
Imazthapyr (0.6
Pyr (08) 1) mlisler] 0d 27.03a 0b 0b 0c 2.06 b
Imazthapyr (0.4 .
Pyr (04) CID) bl 43332 38.68a 0b 83la  1264a  387b
Basagran + Haloxyfop-R- % 5> +oli5t 13.77 be 20322 0b 0b 9.96 a 0b
methyl KOy ' ' '
Basagran + Sethoxydim 99 g + 0,550 1154 c 1345a 0b 10.28 a 6.01b 0b

The same letters in each column indicate non-significant at the P<0.05 level.
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Introduction

Broad bean (Vicia faba, L.) is grown and consumed principally in developing countries in Latin
America, Africa, and Asia. Farmers often consider weeds to be the major biological constraint to growing
legume crops successfully. Chemical control of weeds became widespread in the world because it brings
about rapid and desirable control of weeds; and today chemical weed control is one of the most popular
methods of controlling weeds. Weed interference in dry bean can reduce seed yield as much as 83%. There is
limited number of post emergence herbicides available for broad bean production. More research is needed
to identify POST herbicides that provide broadleaves weed control in broad beans. The objectives of this
study were to evaluate the efficacy of some broadleaved herbicides applied POST at the proposed
manufacturer’s recommended rate and to assess broad bean yield response to these herbicides since no
information is available in the literature on these chemicals.

Materials & Methods

Field experiment was conducted in 2011-2012 at the Shoushtar Branch, Islamic Azad University, Iran
(32° 3" N, 48° 5% E). The experiment was performed in randomized complete block design with four
replications. Treatment consisted of 1) Basagran (bentazon) SL 48% 1.5 Lha* + Haloxyfop-R-methyl (super
gallant) EC 10.8% 0.6 Lha 2) Bentazon SL 48% 1.5 Lha* + Sethoxydim (nabo-S) OEC 12.5% 1.5 Lha 3)
Bentazon SL 48% 1.5 Lha* + Fenoxaprop-p-ethyl (whip super) EC 12% 0.7 Lha* 4) Imazthapyr(pursuit) SL
10% 0.6 Lha 5) Pursuit SL 10% 0.4 applied POST, with two control plots weed-free and weed-infested
throughout the crop cycle, respectively. Plots were maintained weed free by cultivation and hand hoeing as
required to eliminate the confounding effect of weed interference. Bean shoot dry weight was determined by
cutting plants at the soil surface from 1m of row per plot. Plants were dried at 75 °C to constant moisture and
then weighed. Broad bean height was measured for 10 plants in each plot 5 WAT and averaged. Broad bean
was considered mature when 90% of the pods in the untreated control had turned from green to a golden
color. Beans were harvested from each plot, weight and seed moisture content were recorded, and seed yields
were adjusted to 13% moisture. Data were analyzed as an RCBD using PROC MIXED in SAS 9.2. The
comparison of means was conducted by Duncan method at 1 and 5% probability level.

Results & Discussion

Herbicide treatments applied to broad bean resulted in significant (P < 0.05) reduction in weed biomass
and density relative to the untreated control (Tablel, 2). The blend of Bentazon+Nobo-S and Pursuit with the
dose of 0.6 Lha™ has been more successful in the control of weed than other treatments, and has decreased
the weed biomass by over %98.7 in compare to weedy check. Other studies have found that 50 g ai ha of
imazethapyr (pursuit) applied post emergence will provide season-long control of broad leaf weed in pinto

*Corresponding Author: saeeds79@gmail.com, Mobile: 09163171978
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beans. There was no statistical difference in weed control between pursuit applied alone or tank-mixed of
Bentazon with Nobo-S (Table 3). The least level of control were observed in blend of Bentazon+Whip super
and pursuit with the dose of 0.4 Lha'(Table 4). Weed management practitioners must adjust pursuit
herbicide doses based on weed species composition. Among experimental treatments there was a significant
difference in terms of impact on the density of weed (Table 1). Mean comparison of treatments showed that
pursuit with the dose of 0.6 Lha* decreased the density of weed by 66.2%. Seed yield was equal in all POST
herbicide treatments, and there was no statistical difference in seed yield among herbicide treatments. The
lowest and highest seed yield recorded 2403 and 2545 kg ha™ in tank-mixed of Bentazon+Super gallant and
pursuit with the dose of 0.6 Lha?, respectively (Table 4). In the weedy treatment seed yield was 1494.9 kg
hat, and on hoeing treatment it was 3239 kg ha (Table 4). Because the highest yield of herbicide
treatments was only 78% of the hoeing treatment, it is likely that more efficient weed management programs
can be developed. Higher seed yield in herbicide treated plots in compare to weedy check, may be an
outcome of efficient weed control achieved there. These results are in conformation with those of some
researchers who reported that herbicides offer sizeable increase in crop productivity corresponding to their
weed control spectrum.

Conclusions

It is concluded that the most effective herbicide treatment was pursuit with the dose of 0.6 Lha*, which
provided maximum reduction in total weed dry matter. However, all herbicide treatments increased broad
bean biological and seed yield as compared with the weedy check.

Key words: Imazethapyr herbicide, Seed yield, Weed dry weight
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