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1- Virtual Water
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2- Specific water demand
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1- Crop water requirement
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5- Water self-sufficiency(%)
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2- Water use intensity
3- National water availability
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T sln paalio ulil » (13 Coshol (sl (oo

ol Jb,y 315 s90s g

Slplo dawly 4 a8 Slplo (glxe O oo 4 S5 5
Ao 88 Cyg o bl 5l (g5)0liS isn » Y g
Slplo 5l bl Slplo 5l of oo 1S cul sas )3
Lowgio g Jlw ,d caSoyio oake 428 3905 Cotie &Y guame
o ulilan Jb, 9808 sgus Sllo (silome o i)l g
ol o ool s 4 IS j3 a5 jolailen il o canSo yio
4 byye oy an ilome ol Glplo oo a0 (o i
4@9)15140 ¢u’_§»)5 4>9§ o) ‘A.A)?gau.) ‘ul)o.:.) A.JY?.\AD!A ul).)Lo
Oy i Coal 039y LSS 5 Ol juas b bgue (g0 550
g Y guazeo Slyolo 4 by po i 4 o Jlole (sxe
ool iouiS 5 ylyae ) phbl jro 5 el cdilgiin ¢ Juus iy 320 g
b o sl oalainl b onds ‘5)91)5 Y guass (¢jlre o Oljee
15 elmisly > i mlio Glelid)lS § o sl 350 ledbl
ol o (913,50

O alpls jl glxe of @hb)ly o 45 amd o L5 gl
Sl 6l 5 il g9y plulyd il 5 009 it gjlne
& silme o Clyyly palls g canl (gilome O 028 3y g3lma
A et Cants (silme ST Slpplo g @by pos IS Jolis ]
b o Jlo > caSeyio yoeo 344

aS 395 o odnlie «unl 00 03y9] 2S5 )3 4 johailens
Slpe 4y (65,9liS OV gazes &) Copd (o> Y e Mg sl
iy 4 209 b el ol & ol i Of Bpae 4 L
culig Ban b ol Bras  0gMle 1y ol dag LB (gl
0199 Jsb 0 3 p By Shsd g slme ol ol )
S oo a8l s dn g b dgd a8 )S )l 5 b e (S
9 S5gltS Y s g o (0985 o o @lie Sl o0k
L Laye yf (ixio SV gams a9 3980 o L baye
ol adlbe 3 sl 52l o ol @lie Bylas I (5,9l
=t LY 5l el (lxe o Shyly 9 @l pslo dule (slp
a0 a3 By (65)5liS b b e

4 )y 553l sdes SV guasme il 5 ke 2 Jgu
o byl silome ol b)) g e Jolee 3 USG5 5 ol
ol 05 dumles ylial

SI)lg s oyt Canol 0 039 3 JS5 )3 &S johailens
5@ 9 g pAS Y g Chly 4y bgsyo i 4 silne
Shly ay bysye o 4 58 Gy silme Ol Gl e ptier
Shly il o poe LSl S g 2 g Y g
9 Jlw > cxSoyio oo TT1 3905 ¥ guame ildylg 51 yliuol
2 sl 4 Jl)y 315 sg0e Sbls slme ST (25)] (g Lamsgto
Silome Ol sSoyio po (55,1 4 s cpl & 0Bl oo canSa o

90 1 X S
N o ™
[{e]
80 - 8 ~
o0
70 ©
o
—_ 3
£ 60 - d
G o =}
£ 2 B
g 50 - ;
53
>
= i ™
s 40 r~
> T § d
-
< ) {
L 30 - ~ — — ©
< — ©
(V] [aV]
= 20 P ™
= 7 © = o N
S n o o < ~
£ 858 1 ER FEERET R R 5
s 109 o O =1 < v N Ire] ~ o o
2z 4 S o PR — o N g S o o\
g O o — e s B W O O OO O e O W N -,
e
S
=% B >0 0 0 ckE Q0 QYT OCE ECYEY S QY DEFT QO
|3} = = = O [} =
5 go558:5555888E:2358E5588s88355¢
£ 65 o Qe+ c v c8 S 8 5§ E QX g = o g O
e 8 ® g c 68 5§ 8 E S a 8 G S » 3 &8 2
) = O Q 9o L T @ © » c o < g
e L QO o o [SIE =1 1S
I B & < g ©
o —
=3 5 S
= £
o (@]

1385 Jlw 3 596y ool 3 linsl 1 (555918 ¥ guana (s o (y9ukan) 1300 (5lme 0 o -4 S5
Fig. 4- Exported virtual water volume related agricultural products (mcm) from Khorasan Razavi Province (2006-2007)
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Table 3- Virtual water export, import and trad parameters (2006-2007)

Import &hsy)lg  Export <l plo C”“’
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184402.204 135337.75 (& )J{_ 039
Total weight (t)
(Jby ol ) J8 o33
241679327 1536410350 Value of virtual water(1000 Rials)
. 4276 (oo o) sine 1 5
Virtual water content (mcm)
4184.87 3150503 (o sia )5y (sl & (sjlome Ol bawgie
Virtual water average(m>/t)

Average of virtual water value(1000 rials/m®)
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Fig. 5- Virtual water content in (bcm) for supplying optimized alimentary pyramid
Sources: National Food Security Project (2002) and Research Calculation
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Table 4- Water footprints, water scarcity, water self-sufficiency and water dependency of Khorasan Razavi Province in
(2006-2007)
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Total water withdrawal (bcm/yr)
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Agricultural water withdrawal (bcm/yr)
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Virtual water export(mcm/yr)
Virtual water import(mcm/yr)
Net virtual water import(mcm/yr)
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Water foot print (bcm/yr)
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Water foot print (m*/yr/cap)
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Water use intensity(%)
36 (103 )oslome ol Wl ly & (Sl sl
Water dependency(%)
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Water self-sufficiency(%)
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Study of food security based on the concept of virtual water trade and ecological
water foot print

(Case study: Khorasan Razavi Province)
A. Arabi Yazdi", A. Alizadeh and S. Nairizi'

Abstract

Khorasan Razavi province with the total precipitations of less than 225 mm/year and total area of
irrigated area of 1087466 hectare is considered as one of the most important agricultural region in
Iran. This province has also important role in local and national economy. Lack of Perennial River and
little amount of surface water has caused 1.06 billion cubic meter of over withdrawn from ground
water resources. For this reason 35 ground water basins out of 39 have been banned for more
exploitation. 12 basins are also in a very critical condition. Since virtual water trade has been accepted
as a tool for combating water scarcity, this research project was conducted to study the import-export
of virtual water as well as its balance, and ecological water foot print in this province. Khorasan
Razavi, has imported 771.7 mcm and exported 434 mcm of virtual water through international
agricultural crops trade. Net virtual water of Khorasan Razavi was about 338 mcm in 2006.
Agricultural water footprint of Iran in 2006 has estimated to be about 9.6 bcm or 1740 m3/yr/cap. The
results show that water resources situation in this province is not in a good condition and in a near
future providing food security will be faced with problems if not any solution be implemented.

Key words: Net virtual water import, Virtual water trade, Water footprint

1- A Contribution from College of Agriculture, Ferdowsi University of Mashhad and Water and Power University
(* - Corresponding author Email: zamarabi@gmail.com )



Journal of Agroecology
Vol. 1, No. 1, Fall 2009, p. 13-23

19l (ol pgy 4
13-23 .o 1388 5wl d oleis d ul>

Ligd 9 0,5 byl iS5 9 bug 58 Dae oS 5l L5

5 L4, R ) 1 )
6-"1‘::“(‘;6"’-9 o e O Sk 315 S e (6 meal shge S S LS e
88/10/5 1 sl s gk
88/10/30: : 4 &b

2>

by @lie Byas oS 5 s daus 4 oxie &S Cawl 2l); SV guame Wg puzus Copde gla iy 5l (S bl cutS slapium
1388 Jlu 55 sl Lugd 5 )3 455 e S 5 i (ine g2 (6)ls8 boslice cutS gl sl ssbaie 4 Cin cpped by 35 oo oS
ko] (slaslosi 13 al o 6 5 155 B L (3ol oIS (slocSsh g e 53 e (g 5l (55,58 0.8 Slasios 5o
g as lynl o5lad oS whasw S 50 Ginlejl g Lugl g ) sl i, 5 94 3 2 )y o,e dogd el cuiS )b alls s Jols
S 29 poe ye 115 50 Jobo p e Aol 4 otolof] &S pm i ()3 28 (oS 2l 5 oliond (sl2298) (ot Dlse 655y by
5 S B3le ez ey o liue oSy g sl 4 3 oLt Lol el s Jlesl il 53 L3Sl ©s0 4 etsbofl 350 o slog
by lse cutS (slalas )3 55 (oo Gl 0,8 iy Gialjbl LRSS & Comis bglsie a8 (slayless plad 1o Lugl 5 @3 555 e IS
Niwe 20,355 5 3412) Sy o (2L ialS 4y yomio (00 )3 1415 5 813) 5 (b ymn S slisl a0,y 2 g5 (o se slowd & o
203y pl lis 1olis g (oye il L b Lugd g )3 55 cui i 4 (doyd 15 5 13/1) it 8olo zassi g (s 11/2 4 20/5) ,55 Ll
P pd ey g0 Slas yy bl cutlS (SaiS oSS g Jupws Olyilcdly gyt JialS dlausls sy 4 Caws 550 o,
Py @ ady Jab Jsb 3 lug 5 055 )58 Bpae L5 (15ke 35 lg) 5l pir 03 sl 350 slaciid) )3 o 5 Sl laciss,
g1 yiie (D) 2 g 4o ye slewd )3 (St b miaids JgjKe g p,S 115 5 194 5 Lalls xS jles 55 0/98 4 1/65

J5 Siis 83l o5y prdaw a3l g5 Ll ¢g)ls bl cuiS i galS” s 2lg

ol o G 5l ol o 0 Pl (onie (gt
)3 xSl JIS 3L ely; eV pazme A5 e
lio o 8 SG (e )S dogd 9 Gppme)S (Bl ) adyed
ilie (o Y game sty 5 5 o e G5l
(Awal et al., 2006.)
o5 o) OV pae Mg oo Cople slaghyy Sl S
S lapin 2gd oo @lie Bpae ol gm0 4 e
aswgi b 5> slayeiS ,> . (Black & ONng, 2000) cowl bglse
DS o Wl o3 je Cudimo 5 18 g 40 e (i bgle culS
Exlio 5 (ww yakay el bgls cusS sl yguiS oyl o
Tsubo & WalKer, ) $5g-5 o oo ol59liS" awgs oS
Y g uae (6 yiiday DA Ly 90 S 4y bl cuts (2002
Xin) 29 0 4138 oy o 53 (e aabad o 3 3 L o5
bl ialzdl samy ol olislejl 5y zols (& Tong, 1986
olie (Awal et al., 2006; Tsubo et al., 2001) ;55 b a0

doddo

S pSoiz jolay Copmar A5) (Jato OMEl £98 (oj

iy Sl o (BIEIL olyen gdge (pl g Conl 4Bl o33l
S BB sy jl pioslhach 5 gauad o)y o 4 e
w—=hi olels W g e lapiunw  Jb cpl b ool oid
A Gy Sl 0lpsldS g 48 IS (g e by,
i3l Lagstey ool oyl Sl cad s Jl > 5YL My
(e o (2l polis (Ol g omen alie Byas
Brae glie g 3 Cusl yhunel 0 S 3S16d 9 ddyb gl
Bl e (sl Copmnl (S iyt ) (e gl 5l (5
3 oles s g ol ol s ddlate Sy 3 by Ho5 S

Sede owodyd ol (65y9ltS 0aSitily el 09,8 ale wla slacl-2 41
Juaﬁ)é oRisly (d)')gLi'S 8a8ly (‘_;cl))' ulasl:f dj,],fl d):s.) ‘59?@;".3]3 -5 9 43

(Email:fa_mo300@stu-mail.um.ac.ir Jefano 0ians 95 =)



1388 Jlu d ojlois d ol o (5559LiS cwlihs pgs s pis 14

(Gaoetal., 2008) b o Liol53l 23S S5 b dunlio 5
g gl i S cad bl cuiS gaeze o
S ot » Glals cuyb ol bl cwl ¢ 5YL
Mo LialS a3 g (glisS oy colby ]l 4 oo bl
S ey slp bylbre cutS Jool p e (S 2900
oiblS (>l slaodly I eolatwl et wallas 5, Slee liue
el G155 09,0 <y Gl sk Sl SIS e <l Lt
balseo cuiS )0 cuslio (LS Qb b s Bua (ol dy (oaw yiawd
caliseo bla )0 Log g )3 balbs cuis 5L o jlcawl pdy oSl
Yo 5l S sy oo sl ay il oid oo 1] y50LiS” lawgs Lo
Gk 3l GlgS o ol (S et (nl ()5 0Lo g Cuge
Gliessman S.R, ) wsb ,50en ,US )3 Logl 9 &) goms Ll
g ol i dguo |y 5 ,Slas s gl g )b bgle cuis (1995
;é).\m u».dblf Al )y 0dud éJLuO d).\a..o uql)lf wl)sl 4 oe
olyod 4y 1y el); Y guasto lgi i 3 ()18 slrodlys

(Keatings & Carberry, 1993) 5>
39 Byae LS goy o0b; Olalas asiS and 3 b
2 =i GlS S 5l rmwg diold b balore S (slapiums
Corlett et al., 1992; ) cowl 43,5 &9 Lid bli pla
ol 3908 Jl> ol b (Carberry, 1993; Black & Ong, 2000
G any b oplplo coul poguoe MalS oyl 5 clillas g5
S 2hlS g o byl Baa b Biiod (ol gpo9e Conl
S 2lsm g Ol balpd 3 Logh 5 03 ()l bgloe cutS ) )50

L9, 9 3190
r9lisS 0aSisly Sladin ac)ie ;0 1388 Jlo 1o iulejl
A (B o3 (5 t0slS 10 1 gy cagdio o, oSl
Jsb g Jlod aids 15 5 420 36 (alidlin )0 ) ato
(520 985 Ly> pedaws 3l i) B 4idd 28 § 4> 56 ¢ L)y
Jolas g 5Slis g e Juo 286 Lo (S05,b bawgie .0 plol
4 =218 542 sy 4 aihaie ol 3 4Vl Glhe clod
G o 9y i ailaie glom g OBl o 01,5

(Hossienpanahi F, 2008) 1l e (Siis g 3y 05yl ool
5 Srd (g et dngd pd Jols a5 (g3l 02lel
1388 )L 5 ([ 3 sdpussy MolS” Ll 365 5 30) slsoS
Gyo 3l g 15 2l 03lg o s S > (talofl .28 5 el
PLSe )3 (oSl g aliand (slo398) (alsand Slse 455 o
Oy b (65 095 )y Jad b g e (il oLl

85 pll pgi) pln 13 g (o> ©jga jpaslacils

5 (Walker & Ogindo, 2003) I (Rowe et al., 2005) _lic
4 o bglste oS clapiam > (Dhima et al., 2007) yo;
o 5 3y 3 (Brae glio (ppiere sjr 9 il LIS SO
703 5 LaS p by (05 (VL 4 o) yg LBl o lalS
LS d jawgid anld 5 upe 5 0dd Gl GlalS jew claplyl
Soid oale zeow Cule)d g (s5tmgid dge Mg 4 pxie 5 4B
sl e (Jaee Llpd )3 s cpl Jdod g 455 2900
TSUDO ) 3l oo e sl (15 HBLS W55 g 45 Olise (2]
oil33l sl eh; slaySaly 5l (S bglse cuss” (et al., 2001
5 Shj ©Y gaze Mg deuy 4 oeie &5 Cunl gl Bpan g ol
(Gao et al., 2008) 395 0 (s3lasdl 3,Shas yil;3]

9C;M_édLml¢§;,_ﬁf)I‘]o9_lmwdszOﬁ))
bLS 53 Laptass (nl (oo 9 (05 Jgone dloa jl Vi
Ofori & ) wil oo dmwgs Jlo 55 (slay0uiS )3 ooy 4 L cilisea
1S Ll o a8 _bglste cuitS (slagiumw 4 .(Stern, 1987
CtS ol 9yt Sefon Gl Shb byl (gladiS
FeVsh e olS Lulyd cpl )3 39800 4 5 SeuMS byle
oLl Y sdy oLS dulyy 10 D990 (slBOAS §D 0ld S (459 k0
St 39 Ol o s dlarly S oS Ll 108 nls
2209 lalS 53 Stngid liee g 0l S 528 (gl 3T il
i byl slapiwn ) 0dd St (90 (nlple )
Olwe 4 3 9 SV s ol S (SGelar5ed LS ol 2 (gl
S 25 gyls oty i) o il S e )l T Wy
sl SledsS e Spae Bo)b I (Shy il & OlFe
&S Sieyie a8 2)S oyl 4SSl 4 Wb Lol bl Cowd &g y00
Sl e 4 g0 wal @ g M5 (Siglon oS A0 Loy
i b sl 095 U 5 o genlyd lise 5 00 ST (5 ke
ol dato (b8 mome Ol ©ygo ) Y 4a pué olS
35 5 gle e ol (i s b il @ cplple
Gyans sla LS 50ty o a5 @ cih sald LS
Slosize U pudil s jolay aSUl cle 4 o8 Bpas oS (mlis
LS SO o)lmman jl 6yt il el LSl 3 Sy 3958
Sl Y gl b 9 OV

by (59 (Siedsm oS Gl 2 oo Jolos 5l (S
aS cwl SLE o igpsis ebld e Y ody Bolgls LS
S Gt Gl Bl yide S5 (398 e 42 0
S ot )3 45 Cudl 0Ad odnlie 9 0 1S (g5
oS bwg gy Bpan Vgl pd b OV g olS G bl
S5 e SLE (gt 0D (1 Cle 4 Y gt
3o 4l 52 5 048 ()9 2AS LS (slag Sl clled
bylsee culS laptum > SYoh lalS by (5950 oS



15 L ciis ol by yei B pae Ll g i U3

el g ey @l gle gl 5 05 Sy e a3l G S
U”L“’ );bl_o.p ))STH dl)) Ca L.:}J 9 A.)).) u.)ylf ]awy W)
r oo lawl 2) ablro uu)l)) )I 451)'9) gf).g @aw
LAl =a+ b * 4 * (exp(-(x-c)/d))/(1+exp(-(x-c)/d))"2
(4) Usleo
€ LAL iShis & iy Gloy D eelise 5l jope @ ol o &S
o 35y ol )3 48 el oxie cilae abai d g LAL iShs
Form loig) cue p Oloj X g 29800 (dad al> o 3)ly Sy
ol il
83939 )9 Crodel jlalsye 1 3 0rd Qo giadl g
IS e g aal oy oas Ll jg oy ) o (5 jludand
255 ey ol 5okl mead Sjgo 4 el Gl pdads
S Fmwgd JUob piinis S SN )3 0l (ludnd (93959
295 Bpae LS 05 duloe loj 4 s 008 Ll ('PAR)
b ot dbre 5 J35LSe 2 25 e 2 (RUE)

Jusb et (e 5 (@iprte 2 p5) S 00lo o 90055
A5 dgloxa (@y0 500 1 J9315) (2e20

absleo (il 5l 5 ailie, i3 Bole xoss e 39l (sl
5 oalatwl 3
TDM =a/ (1 + b *exp(-c * X)) (5) @sles
A gyoyio y pyS sy Suid ble e (TDM bxyl
X g (o Ay sy €€ lldlro bl D« Sis o3le gexs S lis
Py by Gtalofl (sloosls sl S8l g gy o 2 Lo
5 s 5 (- Sils gy 4 Loy Silie duglis 5 5JUT SAS Jl33)
25 oalazwl EXCel jl58ls 5 5l 55 JLi puoy (sl a5 ploo] duo p

o el Olygis alie Sgy 5l Sl iabejl ol s

Sl oles (2 s 5l aibyo Ay Lad b )5 Lag 5 )3 S
CuBIS b ady 8y95 il > oS g ygk (1 US) 59y ooy ol
Olli8l deldl j3 g bl (Eol58l uiS A Sy maw (edls ol
Logh 5 @50 lp i 9055 Ly (s K59y Sy aw a3
o Ay D95 e iSlas 4 cuilS 5l e 59, 60 5 75 290y
@5l S Ll > o3 N5y WS i 5 o S 4 1)
shb lals 1 G e aisSS el 4 Cod bl culs
Jutens 1315929 (1 USC8) 292 VL S o a3
Ay oo 0S5 HUS 0 Log 5 pd (SeaiS eSS 5 (SeaiS

1- Photosyntheticaly Active Radiation
2- Radiation Use Efficiency

15 03lil Jlagi B 5 1,553 L ool JolS (clacSsly )b §
L) palls S o pall s s Jols ol loles
209 S a3 logd g b cuils @y 5 3432 g oy
OS> o8y Lol 104 Lul,5 IS (gledgle @3 51 ol o]
0ose ya 115 33 Jgb e b sl @ iole] @) o b osliul
Jlesl Ll 13 (03l ©ygo 0 Giulej] 3590 (slajlo &S 50
Loy o515 Gal balre culS sbyjloy plod jo &5 (a3 s
ols 33 by Lol 4 o 3 s 3 53 &y bgpyn 5 0
B g el 35 5 T5 sy oy g 5 58 S s,
29 s Sy ygds g1 yiegils 20 512 sy (59 sy
WS s axals 8812120 b > i) (59) eSS o
s 111 Ly g )b sy cusy a (alls cuss claylos > ol
WSho ) chas bgle cuiS (gl g 390 ,bSa > &gy e 143
byl cutS (slales 2lag o515 amt 3 092 0lS 2 10 gl
D Sy ald CliS Lok (0 (LRl 4 g L

Sty adoyo b CllS | gy atin 251 (g)by Wiges sl
(4592 plals 5l oS o cly 5 @8 12 ) (ol (sladiges
Ad Cdly (SLES s 5 S e Olyow Olaslre Caa
72 3459 2 {lag 5 05 Cpglona) dbls bglas 3l s
5 &ty lag o S50 bolad jl g 2 5 andls bkas jl elS
el St 53l 5 5y peaas sl a8l gy Ly
Leaf Area olSuw | Sy pdaw (5,u505l01 (gl b (650510l
WSS 59 s pSojll caa g M exliwl (Licow Jue) Meter
B yle; e 4315 Bl a3 70 b )3 9] ) ladiges
85158

o e bl (35 Gl syt dlig) @indl i
4uwbxe Goudriaan & Van Laar (1993) L s &1 i,
o1 gyl ol Slelo sluws wlul p polie cpl e 03,5
ol oLl (lidior B 55 po (puliilgn olSuy) (slaedl |
odb ol y35 g ol (1388 (gg) b il sliilge
A5 awlxe 3L L o¥olae ol yo 465 93 yo (gl 4iljg,
(Tsubo et al., 2005)
las = lo * (1 = P) * (1 - exp(-Kc * LAlc) + (-Kg*LAlg)))

(1) Dsleo
Ic = lans * (Kc * LAIG) / (K * LAILG) + (Kg*LAlg))

(2) sleo
Ig = labs - Ic (3) dslas

ey 2 J535e) bsloeo (g8 Lawgs o G )55 thans

oy P gayorio o JgiKe) (glS VL & oy 555 tho
[GEVVEY Kg 9 Ke )9.\54.»0 0/08 L)}J 9 A.)).) dl).g oS ualfuu]
4 LAlg 4 LAlc 4 (0/65) Lug) 4 (0/6) > 95 (cbgals o pis



1388 Jlu L ojleuis d alor (55,9l cwlic poz as p25 16

29 e Mg,

Oliee Sy w2l (il b Cunlize a8 ol lis gl
TN & g bolore iS5 Lug 03 (98 bawg old ol )98
395 oo piSs a4 cllS w9,y 00 dgus y3 g il i3l
) 893 Sl b S g (a3LS ials Sl a5 S
e y95 e i ot (2 USE) €85 Lt 3 o5 g,
citS & ol nieS g (103 95 3905) 03,2 )l Loy sle
g by (Log) 9 )3 (ly 20y3 03 5 T1 5400 sy a) Lalls
oS 29 gy Al 4 Cons byloie CutS (o5l g )9 Ol
Gk ilbed 9 03 (LS Lo ot Cle 4 a0 a5 4
@S 25 0 g e (2 JS2) 23l S0sSs JUS 5 pglona
g ol (uSate g 4l JUisl slagge Jsbo ol 4 joxie &)
2P 95 Ol il el gpdge (nl g 39000 03 (25
byl cois glajless (olod 3 palls 4 s bobe S
2y )90 slal o 4 bl s a3y 895 Jsbo ples 1 (sl
o) oplpls (1 USCa) v Log 51 5YL )3 Sy o el
S bolie (93l )98 0> 895 Jobo (aljil 4 poxie g9d9e
(2 JSa) as s S5 o

g abex 5l (Spae @lio ol o (2181 55 505 i
Rodrigo et al., ) 13,8 (555 Lalls 4 coms byl cuis
3l oalawl s aly Ll L5, .(2001; Willey,1990
el 2D 90 lp G9p8 ol S byl cuiS slapiia
Aol (25 Y garme Mg Lol gl @lie Bpas
ol el (med (oulie bolve CudS” (slapts 53 (nlplh
OlSe g oloj 5 yidar 2B L Wlgiee by 555 5 o (alie
(olS Ay gl 5L 3ys0 mbio yu jo &S Ll ) L 03y
g o (950 adllae plpliy ol (il (485 b )95
TSUDO €t ) ol (¢ yiin Caonl (hls LS buwg 95 B ae
(al., 2001

(8)les boloe i slajlos olad jd &S ol i mls
s95 wd b il glach) 4 cons (550 slacy,
Sle3S e lacayd, Aol (ulidl b oS’ gyehay  aibl o (g pieS
o 35 e glaad) bug j ol Glag e 4l Jgl )
4 Cand (222)0 5 4 )5 (2ye sl o g Bl talS gy
o b duglio 13 555l lie #03)3 5 2 )l 20 slojle
byl o oS Lol 512 JSE) 5,6 Shis @olis el cuss
S5 GalS @pglore 13 po boskas 23,0 9 4 s 2y
s 5 51 593 ggd90 ol cnlpli Sipdy s 585 S0,
oblS ©yglxe b e 3,3 92 g Lose slales »
i b 5l 01 bgls (claisS lylty il dogitio SelS
@5 g 038 55 i (Pl ol o Lugl) RSy (sl L
Wb bgls (915 ) ol Gal3dl 4 i (YL

b el an plals S e S g (adls Gl
9 &)yd by e cusS aS wisb ylis 50 Rostami et al. (2010)
5 5500 i 25500 S s sl Gl 4 sie L
S5 el @ Cans 0l byloee (lalS S aw (a3 lS )38
(Mukhala et al., 1999) x>, )55 I, Ll S

U s i Lag 40 Coud 05 Sy aw padls
Nogso 5 4 (1 JS8) 8,5 )3 Lol cut cilisen (slo o
S )b 100D sl g (ol E5t9e (il e
Losl 51 .(Tsubo et al., 2001) 59 Log) bawss 5955 (Sojolow
o=l el s haloslis o8 i Sy 3 (lalejl () oS
il el o el 55 4 p3¥ g sl 19> ggge
4 Cud byl S slajlas ) Loy Sy o (23l
5 & LS g joi ySoslas mjg Cle ) 8 ISSS
s oo I L3y o ol 4 5 Lugl 5aliz
7o oy 9 03 Sy daw adls g 4l als SISl el @y
Mo €33 Sy oo a3 aals (L JS) wbpo ialS
2 g Sy mew (asli wSlis oS gl 4 29 Lug 51
OalS 0oy 515 0y 2 4 s 3y D g o e jles
342 & Sy maw jasls @Shs &S 5 Jbo o ol il
O ba e oS slajlos olod o cdly ials as
23) 2 Yo poye las 4 byl glS Sy aw jadls
s9- bgye (2/6) (23,5 g poye Yo 4 ol e 5 (313)
(1 Js3)

Sy gaw (23lS b (550 4 Cans Glails glack,
@y il e5Se slacaysy dlold (5158l L oS’ g ekay Dy YL
JS2) €L (st GhalS Sy o (s o ya Al gl
diliseo (slaylegi j> clanils slaciydy 1 Sy maw Lasls (1
a0 s (1l 2003 12/1) o Yl 30 @0 bogli S
aS eb S ) b cos (Ll 1oy 2112) (655 e slacins,
1 JSCs 390 )3 Sy o asls 4 bgype Bies jials’ oyl
2 leg & Cuns )3 Sy aw (adld & w0 (LIS (rioren
5590 o=l nlplis el Bl (a8 (talS 1) 800 (el
i i bl (515 s 155 i 6399 Jso Ll 40 e
(2 Jss) wo i8S S5

L S o a3l s J1 (B35 5 4l o8 slaloss
o Sy g &S bl Szl iy clis @b LAl s
Wil e oL OT b wgi yo0 8a S il yd gae oy yioge olS
slacy pio (o blse culS &5 €8S won g cnlple
el ey plals S e Glalidl cge culis )5
9 &)yd by e S’ w)p > Morgado & Willey (2003)
o S byl cuiS )3 Sy rdaw (a3l & 535 ol Loy
Dy Yl (IS S5



17

e ClS (gl gl g8 B pan U g i (b))

Sy gaw asls Leaf area index

357 Stripof 2rows 2 Jsuas —--=- corn<t 3.5 Sole pald == comes
- N - = = =bean s
3 / N N intercrop L ste 3 - - = =bean
/
N .
25 | // N 25 | , e
S A . N
27 // o TN 24 i . N
. a N LN A A °
15 - 4 - ~e 15 7 R
. // P T : e "
1 P . 1- P .
oA A L .
. T N .2 A
08 sk A 051 4
P A "
2 ot
0 ‘ : : ‘ 0
0 30 60 90 120 0 30 60 90 120
35 7 Strip of 3 rows, side 4la 3 Jsgae  TtTorcom e 35 1 Strip of 3 rows, center i 3 jsgae T comed
- - - - -bean s - - - -bean s
3 e ~ — — intercrop s — — intercrop =5
/ N
25 4 / ~
/ U N
2 p .- N\ .
/ . e N
15 - / P . . -, N\
PP N ‘e,
1] //’;_/';" .
0.5 - ///;/'—" ‘\‘._ A \‘f_
A Tea
0 = T T T | T |
0 30 60 90 120 90 120
351 stripof 4 rows, side 4xdla 4 Jsigae  ~oorcomes 357 Strip of 4 rows, center 4 Jsigape T cOM R
- - - -bean s - - = -bean
— — intercropLslie 3 - — — intercrop L5l
MEERRN
25+ / \
~ / \
AN 2 / \
N L5 / N\
- o / T e N
4 /‘,.;t..\ SN
14 / (;/,” . .
. ¢ A e
A 05 - PR T
'-..A ’_.:/_(‘.4‘ A
! ‘ 0 &= . . . :
90 120 0 30 60 20 120
357 strip of 5 rows, side 4stla <5 Jlsi ga e T com e 351 Strip of 5rows, center J; & Jlgigae oM
- - - -bean s - = - -bean s
31 —_—— — — intercrop =stae 3] — — intercrop bska
-~ ~
2.5 7/ AN
Ve AN
1 / N
2 / e AN
15 /2 o g
s o -9
14 VTS
///,"A, e
0.5 - e t A,
,//“.'j ‘ A
0 o
0 30 60 90 120 120

Day after planting <.

B BT

S5 70 9 dpuils bolad )3 Sl 1 an (S, (b lgd 9 &35 S e (s L W) 2 bl CulS g jlow HT-1 U80S
Fig 1- The effect of intercropping treatments on maize and bean leaf area index at days after planting in the side
and the centeral rows



1388 Jlu L ojleuis d alor (g5,9lcs cwlich poz as pis 18

— lightof abowve canopy si€ ¥k ys  ===---=-- com<,d

intercop s Sole pala

———-beanly

b
A MR AN
o

A
ye NV

0 30 60 90 120 60 90 120
Strip of 3rows, side 4xla ¥ s ga Strip of 3rows, center S, ¥ Jlsi pa s
20 A 20
15 A
10 A
5 4
0 T T T ! !
0 30 60 90 120 120

Strip of 4 rows, side 4l f Jlsi e

Strip of 4 rows, center J$,a ¥ Jlsi gas

(s) 2 @y oo 3 Jsj So) miimis o radiation intensity (MJ m day™)

201 20 A
15 1
10 A VASTRLL AV
5 -
0 £ ; . . . .
0 30 60 90 120 120
Strip of 5 rows, side 4l & Jig pas Strip of 5 rows, center 3$a 8 Jlgi gae
20 1 20
15 15
10 1 10
5 4 ; 5
0 +% T T T ) 0 += T T . )
0 30 60 90 120 0 30 60 90 120

cls 51w 39, Day after planting

S35 30 9 ddls bolad ;3 S 5l amy (sWajg, (b lagd 9 O3 y99 i Nig) 2 bldee CulS s legd 1 -2 800
Fig 2- The effect of intercropping treatments on maize and bean light absorption at days after planting in the side and
the centeral rows



LS il bawgi jg5 B pan )l g i b))l

(gyosio  p.5) Suis 83le zezs Dry matter accumulation (g m)

1000 1 Stripof 2rows Y Jsuas 1000 Soll uali e e
- et beantxsd
800 1 ;7 800 e
7 e e ¢
600 P 600 7
/7 == Come , 7
A Beanl -
400 e 400 ) .
yara = = intercrop i P e N
/7 A s A" -
200 1 LN e Sl 200 e
Pt £ A Ao g ’K’/’
0 4= e ‘ ‘ 0 = = : : :
0 30 60 90 120 0 30 60 90 120
1000 4 Strip of 3 rows, side 4ls ¥ Jiggag 1000 Strip of 3rows, center JXx < Jgivas
800 1 _--" 800 -
-~
// //
| VAR , Y
600 7 P ) 600 s o (3
// L = comes // e —m omeng
100 // - - :-:beamlﬁﬂ' . 100 // , ST beanlss
yay 4 efciap 252« / ¥ — = intercrop s
/. ‘7
200 1 s J— g 200 /o ek
o ¥ e
2 e L I
e Tt B U
0 T T | 0 T T T !
0 30 60 90 120 0 30 60 90 120
1000 Strip of 4 rows, side &lacf Jisigas 1000 Strip of 4 rows, center 4sda ¥ jsigap :)mé‘&
""" eantss
800 - 800 — = intercrop s di
7
// -
) -
600 /e 600 e
s 7 -6
s T come // AoTE
400 / ¢ T e beanls# 400 / e .
// e — —intercrop hse ////‘ -
200 /l/’ e - kemey 200 s J— g P
P2 Sl T
o k™ — /_T: ST Tag
R e . . ‘ 0 === : : ‘
0 30 60 90 120 0 30 60 90 120
1000 1 . . ; ., S com 1000 4 — comast
Strip of 5 rows, side 4dacd Jsicap boan's) Strip of 5rows, center %8 Jsivas om=
——imecopbie | T beanL,uuv _
800 1 - _—- 800 - infercrop asias
600 / 600 e ]
i s ,
e M ,
. , e
s /e ¢
400 S 400 s
S o
// ’ a | Vil
200 + /‘/,/- N P e 200 //// S J—— T}
T S e '
0 e --f-- T T 1 04 nfzzees T ook T T 1
0 30 60 0 120 0 30 60 90 120

cls 51 e 39, Day after planting

S35 30 9 dnils bl 53 (il 5l an slajg, (b lug) 9 )5 U5 Sl Bale meadi g i baltte CulS (gl lowi 51 -3 S
Fig 1- The effect of intercropping treatments on maize and bean total dry weight at days after planting in the side
and the centeral rows



1388 Jlu d ojleis d alor «(53,9lisS owliis pgy s yis 20

2 Lalog (lS @yslre pas cle 4 bajloys (ol jd Sid 83l
MelS” lalS @pglone il (g 23, 3 5 2l oo slasles
Sl 55 ol J o bgbies SadisS cplplty sl S5t
(Vb 035008 )5 Cie (S 0k ) Log)) SoaSe (slS
o3le o3 Aol )3 g 0ad Jwgl g 598 de laljEl 4 e
Rezvan-bidokhti, (2004) .c8l il bayles opl 0 Sis
Coom dy (i3 by e CnlS Cans jl dzp0 253,57 (0158 35
K05 Cawl 305 uiS SO bayls 4 &S g)le bgle culs

e (R g 4 S Bole 5 Slas (gl o0

29 Span 21,6

Lagd 5 )5 (Suts Bol gacrs boglseo S sl lagi ooles 3
29 Gty (crext (sitwgd Jlb gdad (lise b (Ja b))
bLs) ol e 35 019 ) iy (Sion o 3150 a0
sy b Jgb > o] xSilee & il 95 Bpae IS Silo
b ol cusS Hle ;5 0/98 5 1/65 5l sy @ Loy 5 )5 sl
2 g5 o ye bl cusS e ) Jg3lSe  pys 115 5 1/94
9> o=l bwly 2o bl plos g Bpan 2S5 09 e s
N gne GialS 4 e g dye GBI 5 1 Jgae) 592 sle
S cpsiiio Log 9 yd 3 &S gl @ b jg Bpan (ol
e 5 (V15 5 UM 5 ) 2 5 e o o 15 oy
391 bgrye (0/98 § 1T4 Cspp ) 25,5 Jlg uoye slow & o
251 Jys)

IS (6l bgbis S elolas plas o a5 ol ot gl
o s (1 Jgi) lantls clacisd) 3 Loy 5 &3 595 S paae
o5 odye 1B L sl e i (2 Jgan) (635 0 sl
1075 50 4 535y slacind; )3 Lugh § 03 555 e IS
230 )55 oy 4 s 2 )15 (oe Yo 3 203 14184
2 s ooy Sl &S 5 Jb 3 (2 Jsue) <l Sl
19 Bpae ohlS 20 13/5 5 6/5 i iy @ sl blas
o5 owizmen 2 9 1 Jgue (L) o Lials Logh g )3 5,
Gpao @bl i 51 23,3 52 g (o0 (slaless o im0
obel a5 5l 222,594 o5 (oye slajles 4 Cund )5
slacad, o o g el glacady o pb (gl Gxe M
)5 508 b (655 e

S L o) bl o a8 Wl Lis Awal et al. (2006)
5O ol (e Bl W Gy Cund (558 gl oS
O (g S e B oo olS b cos o]y e e
YL laa¥ 1y ol sdes (45 5 0dg LI olS
P83 5 Bpae oL by wiS 0 o olyen olS 58

SUis bdbo Resd

e @olay iy 39 SoeS > 4y Ay 890 (gl o
SS9 Gl B9y S 5l bglses cutS il (slaylass
dlS ) e 595 30 390 51 g 0t samliie Lugh 9 )0 IS
Eord Gy &y g ok (ad 03y Al ye 3)ly J§ Sis Gole o
Jgmas ado po) cdlS 51y 59, 80 29 55 5 2905 (al3il 4
19y s § 0y 295 e Sl & (IS Suts Bale Sl

26U ot Lug) 5 00 Sits bobo gass o b Lt ol
&2 Ol Gt 855 )18 bgloie cuiS il sl loss
St b3lo gexs ggerma) () 2 )l oye Yo 4 Sid B3l
oAl cutS )3 o] (iS5 (092 @yayio 5 25 90yl 5 3
D9 (Lugd 9 &pd sl gayoyio 1 )5 370/5 3 770w 5 o)
als Seid w3be geoi o) 4 )lp 0oye GRIEIL el
e b pAlls cuiS 4 s byle cuiS (3 ) cély
295 he e 4 Al5 o0 ppdge (0] 4 g (i S B3l
2 Oyglome b 51(2 JS) bylsa cutS 9l g i
oL g Gl 30 505 e (3 JS0) sl S 1S
A03)S iS5 dS SO i bglsee i o 1) Sis
8L iul;8l (Hossienpanahi, 2008; Rostami et al., 2010)
Gk jl el bl cuiS lagtuns )3 (ol glals Sis
Srae g Cha il Gl byl claassS cud )b sgne
Jahansooz et al., ) 34— o Jool> sl bawg @lie (Sojolosjud
(2007

kS STy o bgloee cuiS > Sis 0dle gazs il
S Cot )b 5l gy senld SRl 4 g )
rolis 1 S 59y o8 Ll 51l s L) o (59
e 45 5 5 (S35 Slaml Clld lie 2 poe i
LS 50 Lo pgas plple il lalS Sid o3l zeos
i balore cuiS oglS o S Sis bale pesd ioli8l 4 jomie
Oil3dl 50 )3 s pew balore cusS” alisee (slajlows plod o
slaadl p casl mls ol 45 59 Lug) 51 ity Sis 53lo zo0
(Anil etal., 1998; Wall et al., 1991) cul ldixe ,So3

S5 i) (o)ly balre el slajlas (olos
D (6 yiaS S bole zazs gyl (glacils slacayd) 4 Cuws
o duils Jol Gudy il (635 e slacis, Aol Ll b (3 )
4 bl als gy a5 e slaayd) Suis Bole ez Hlaws
Bale oo e o3, 0 5 4l o2y slajlest 3 & IS
a2 GialS (3 US8) g Sy Al i L Ly S



21 S o ils gl g5 O e )5 g i il

Sy Ghbyy a2 3 L (2 US) 595 ol 0y90 Jgbo i3
90— ialj—3l caw (Awal et al. 2006) SLs pda
o)lyen (S ST slacislyj > @l )3 Wb oo (£ Sl
55 3 JIb 1ol 35y s ¢ (55 in § s 3l
Olbigy Judo 4 bl slacuelyj o wlali oyl jlade 5gi 0 Al
S ins e olign o 2 5 43l alS S o it
g (ol 4 dlius cpl & 2950 ply (ST 4 s
295 Srmae QLS Casl (Sae 425 035 3 Shee (Il oo
30,5 il Jled 35 (s3)lse > o b g 48,55 415 8l cos
(Hossienpanahi, 2008)

Lol 5 0 55 gl a5 5 3 L5 ol IS gl
B3le geo 95 L liee S o (aSLS dg0 4 e
Slino (olad 3 2900 lug g &35y Bpae S 5 Suis
bl Lyg) 4 Cows @yd p (gyiidn Sl balwe CuiST wyp 390
ol 48 LasT el &) p log) cute 3l samdLis ol &S
Cd)S aons lgiee cnlnli b hal ool o8 a3 (oo
ey (i cnlio slaylSal) 5l (S bgloe cuiS oS
B ol Gpas (o b Spas Jils b ol 5Sles
SNl pae Uy el S a e cde Yo 3 ol &S cd
Lol bl ptalil s et slasiyl & ol sl
ol 3l edcal it gl I i olaebl slp L 5D e e
Bolie 53 5 505 o S 55 Gialef ) 398 sm Sl <30
e Iyl 55,500

ol 2l b pilie laasbly oyl & cosl 285G b alie bl
b33 52 5 (50 slajla 50 dypo 55 4 A8l e Siule
S (SAES JoaS5 Syl G o5 e IS I
el gl 9y @pd gilul alo &S (6 Wl o vy bglses
Gk J 0Jors (seald 5 0ad ()5 i 5 )9 gLl ialS
©)3 gl (lise Sgre & oxie o gl (gt (Seidlom
Ol &S D o 0 Qla e Ay Carand Sl B3lo good Ay g
S ) Lagl 9 033 y95 Spas 2L (I 4 e e90
&gy &S 13,5 5155 505 (2002)  Beheshti, .54 0 bl
Dden 9 Spas oD R cuw 28 )3 )9 S
s jlde b Cutte (Suods el lalS Siis odle g
Monteith, ) S S5 pb o) oalS bwg ond Gl
Sinclair & ) byt ciS (cLagiuwmw > pb ¢ (1977
Copio sla)aly 5l S5 oplpls )b (Muvhow, 1999
190 Bpan ol Gliuw cel cuwl (Sos oS oly; OV g
b g otalsdl il cldllas  asly oo byl cutS 365 ol )
Sl )15y bolses )3 (LS izl y5 Spae 2L Sl
5261y 59 By 2 bole cutS b j5 Slallbs Sy
9t 3 Cpol Hlus 45 4l ©ygo pa > Lol L ailauib
Bl e 95 L byl g gl (slagiune 13 495 (559050
JS) sady e ptads Gl (1B G 5 Sl s
2l 29 99 2 5l (S 5 L (2 5 1 Jgie) s Bpae IS {2
aS ol ool o slzel ggemmo 5> 4idl (Zhang et al., 2008)
Gk jlogs i hli Sl daly 4 iy byl lacas

J938% 2 05 e 2 landls bolad )3 lugl 9 &) 498 e (1,5 52 bglde CullS' (slalod H51-1 Jgaa
Table 1- The effect of intercropping treatments on maize and bean radiation use efficiency (g MJ™) in the side rows

(Width of strip) jls 5 ,e

(sole) Lalls 55 4-4 3-3 2-2
165¢c 181b 1.85b 189a 194a (Corn) &3
0.98B 0.99B 1.02B 111 A 1.15A (Bean) Ly

25l 03 (ol sime BMB] (glyls 103 5 prdans )3 Ly yb 43 S yidie gy b (slayySibie g 0 plodl (Sl (glaiald wix g0l 5l o3l b Iy, Silie dunlio © gemdgd
Statement Means with same letters for each row are not significantly different at 0=0.05 by Duncan's Multiple Range.

Jo3e 32 055 s 32 (555 0 boghas 15 Lug) 9 &35 153 e ()5 2 bgldee CulS (bjlows 12 Jgua
Table 2. The effect of intercropping treatments on maize and bean radiation use efficiency (g MJ™?) in the central rows

(Width of strip) ,lss 5,e

(sole) jalls 5-5 4-4 2-2
1.65¢ 1.74b 1.74b 1.89a 1.94a (Com) <,
0.98B 0.98B 0.99B 1.01B 115A (Bean) L.y

25l g0d (5ol cme BMB] (glyls 1o y3 B prdans )3 i) ym 53 S yie Bgyn b (slaySiles g 0 plosil (Sl (lately sy igeil 1 edlitinl b giSile dunlio | Zandgd
Statement Means with same letters for each row are not significantly different at ¢=0.05 by Duncan's Multiple Range.
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Evaluation of radiation interception and use by maize and bean intercropping
canopy

A. Koocheki, M. Nassiri Mahallati, F. Mondani”, H. Feizi and S. Amirmoradi*

Abstract

Intercropping is one of the management methods for crop production and leads to improvement of
resource absorption and use by plants. Based on this purpose the present field study was conducted to
evaluate radiation absorption and uses efficiency in corn and bean strip intercropping at the farm of the
Faculty of Agriculture, Ferdowsi University of Mashhad, Iran during 2009. The experiment was set up
in completely randomized block with three replications. The experiment constituted 6 treatments: sole
crops of maize and bean, maize/bean strip intercropping of 2, 3, 4 and 5 rows of maize and bean
plants. This experiment was conducted in the low input production system. Each plot was 4x7.5 m in
which within each plot the experimental treatments were based on replacement design. Results
indicated that leaf area index, light absorption, total dry matter and radiation use efficiency of maize
and bean increased in all intercropping treatments in comparison with sole cropping. Increasing of
width of strip in the intercropping treatments in comparison with strip of 2 rows, with the exception of
the radiation use efficiency (14.5% and 8.3%), lead to decreased leaf area index (34.2% and 5.5%),
light absorption (20.5% and 11.2%) and total dry matter (1.5% and 13.1%) in maize and bean,
respectively. With increasing width of strip, all of the measured traits decreased more in the central
rows than the side rows. In both side rows and the central rows intercropping complementary effects
was more on maize than bean in the measured traits. Average of maize and bean radiation use
efficiency was from 1.65 & 0.98 in the sole cropping to 1.94 & 1.15 gMJ™ in the strip of 2 rows,
respectively.

Keywords: Strip intercropping, Light absorption, Leaf area index, Total dry

1- A Contribution from College of Agriculture, Ferdowsi University of Mashhad
(* - Corresponding author Email: fa_mo300@stu-mail.um.ac.ir)
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S L paS e dli jlash 5 ales sleebisl ) (g
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) Abrasilense DSM1690 cLadgw Ly yoins gl jl il
e ) 2L b a8 el oty (p 5ok 53 )5 (e 2/52 ) l0de
1ol s )b ime M (Wil p)SskS 3 p)5 e 1/62
d9m0 > (ne 4l e ey pligegdgw 5 pSh bawss gl
S a8 Sl ails 5> e Jade cp i (3J902)
L5 Jeols g2l 3l oylise o S o P.fluorescens DSM 50090
A adllae (o558 5 25 Lo 1/55 5 2070 j0li0 L s )

SLacl )3 320 Slig ke ol sl il (glodygus
p3lis 5,06 Abrasilense sladsw 45 db Lis Lgw g pAS

S50 POl yr 5 000 s lalS slacdl o 1) calises glayg
Wil (alay e oSl ol ol 233l Fse Lgs O
Jide ,o Jg 4wl cue iU K'Y, Mg®, P, Ca® Fe*', S, B
Bashan et )uisly ¢ ,5UL Zn* 5 Cu* Mn* . Na' oy
(al., 1990

slae iU o p,l8 a8 s ol Lioles] ol gl g ge0m0 4
ol A5 Wl > lid olie lisey A5y LhalsEl cams A5, S e
6555y g olS 5y (oS walsis 15 > 4 Btas I3l
SISy it sles 5 O s oS 039 adyy 1y 1 Ll il
dwy o lan (Egamberdiyevaa et al, 2003) wisu o d90
@ e g o0 olS bawgi (2lA polic o e 53 (IjEI &S
oLiS slaS 5 Bl > (Suse dlge 5 Siis oole peci iul5él
Al good (Fiame Slgs (il 0)95 Job 3 Sl 4 258
o8l e col 2 g Jate (o) sleell 4 Al oo
g 3 Slas

Jals gladss il i (S 5 P.putida strain R-168
(p)55kS 15 p)5 o 9/61 5 14136 1olao b sy ) ol s
2 Pkl 5 PUsagdsn (sladgu ol edls 10 oLt s
(BUgdz)39m 5ls (me )3 5 prdaws y3 3 il > oyl lads
2o APy jles 52 a0 b Jgan 0 Ske Cluglie ol
o an aals U acwlio o 1) &by gal Jlade oedl clayles
ol g w ol (Lis oy disee asoh iuly 8l b ixe
=S ¥ Mg ,Ules Bacillus 4 Pseudomonas Azotobacter
039 L A LS5 b oS aygdg s 25,05 y539 00 £l 4
oSSl (polaidl g uad (S5 e b g omb (JoSUse
Al e Lol A (pal dlox 5l isslS (30 b o
el Sl slele lgie 4 s ST b 0 55 (5l g9 )
(Ahmad et al, 2006) 43S oslizwl 395 s 3)90 yal

21 ash gy hde pob gl (681 sladgw Az e
M sz gylol a5l i lisl el (Jg il (Eol58l aals b dus e
B pok gl sloty g b gl 35 o puaie oyl e g 395
4l g9, Moy igegdgm 6381 b gl 51 (3g02) €85
Sk Sluslie (3 Jgan) 59 )b xe 2o y> 5 Jleis] zlaws
P.putida aygm b &)d 5ol gl 5l (g9, Mo oy yiain b oyl
pyieS 5 (p)SekS 15 pyS o 767 50 &) strain R-168
ol sy ()5S 55 )5 o SI1T Jhde a) sl I ,lais
o)L8 5 Azotobacter ples g 3, die il 31 adllae (4 g02)
aS b ol 55,8 aneS o polie clale 4 usy » Glomus
, Azotobacter + Glomus S5 s Leis olS )3 (g5, clale
et 5)lg S 93l (taw§ i 128l ol sals b as e
sbophisl Sis gy «s9) Ol 2 0gde U
( Bagyaraj et al, 1987) 345 Juol> 4y 5 2lsn

©)3 3 £ly5 Olho ibylg 4 o0 -1 Jgaa
Tablel- Analysis of variance of agronomic traits for maize

(MS) ©lay yo (Sl

3 &> oy

. i e J5 SWS oje p -
&gy 4151000 (39 il SWid 559 W Siid 439 ) &Ml as g grves iy A
Number of 100DM SDM ! Df sov
TDM
seed per plant
6609.37 " 4.793™ 797.07"™ 814.23" 1838.3™ 2 (R) sk
29941.63 ™ 22.743" 7789.10" 11887.9" 20157.4” 2 (A) polspags
27697.80 ™ 17.014" 3283.78" 5139.99" 9129.49” 4 (P) Lobigagoges
45899.9” 24156 4120.21” 512127 7328.99” 8 AxP
10265.24 5.891 1206.43 1487.41 2176.15 28 () ks

**: P<0.01, *: P<0.05, ns: non-significan

I me g dopd gy 9 SO Jlesnl paw )3 b dxe s 4 NS 9 F I
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Table2- Interaction effects of Azospirillum and Pseudomonas on agronomic traits.

Agy 4> Al dlaxy 151000 35 A Kis 439 I Sl 59 G IS Sukd 39 Jowi
Number of seed SDM (g per EDM (g per
per plant 100DM (g) plant) plant) TDM (g per plant) Treatment
209.6d 21.41c 109.0b 1333.7b 193.0b APy
814.8abc 28.41ab 231.1a 281.0a 389.0a APy
685.5abcd 29.99ab 205.0a 259.6a 356.0a AzPy
761.4abcd 25.84abc 195.2a 241.4a 340.7a AP,
867.4abc 2435.abc 226.4a 267.2a 351.9a AP
769.6abc 31.00a 203.6a 258.3a 355.5a APy
616.9cd 30.31ab 190.6ab 235.2a 331.2a APs
924 4a 28.67ab 264.2a 321.7a 442.7a AP,
707.6abcd 26.35ab 186.9ab 229.8a 321.4a AP
652.0bcd 28.74ab 187.3ab 241.7a 345.7a AP,
826.4abc 26.90abc 221.2a 261.1a 352.6a AyPs
784.4abc 30.55ab 239.5a 298.2a 404.4a AP,
694.8abcd 29.22ab 202.8a 252.3a 360.8a AzPs
905.1ab 29.97ab 271.3a 323.3a 428.7a AzPy
826.3ab 25.51abc 224.7a 271.6a 367.6a AzPs

2l S5 el ol I (e IS 39y pas Sibo (gt y2 53 S e gy
A, .Control A A. lipoferum DSM 1691 Ag: A. brasilense DSM 1690 4 P;: waliP,:P. putida strain R-168 P3: P. fluorescens strain
R-93 . P, P. fluorescens 50090. P5: P. putida DSM 291

oinlojl Jolgs wili Cos )3 ails j3 lig polis Jlado Guil,lg 45325 -3 Jgua
Table3: Analysis of variance of seed nutrient content of maize.

Olas o (2o

o 9 o ] Awd Ojer ol as s i @abe

(Cu) (zn) (Fe) (K) P) (N) Df SOV
0.203"™ 0.287™ 4201™  0.036™ 0.015™  2215" 2 (R) S5k
3.192" 6.428 ™ 45423° 01017 o0071™  10.167 2 (A) psks gl
2.010° 7.702° 41.948"  0034™ 01047 7464~ 4 (P) LoUisegoges
1.484™ 3.241"™ 22857 0.064™ 0069  3.183™ 8 AxP
0.695 2.567 9.968 0.017 0.024 1.608 28 () ks

** : P<0.01, *: P<0.05, ns: non-significan I e el 5 do)d s 9 S5 Jlain] o )3 )b xe cud g 4 NS 9 KK
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Table4- Interaction effects of Azospirillum and Pseudomonas on seed nutrient content.

S Ty KLl ey Rad (e o
© Cu(gkg?l) : Zn(gkg?d) (@kgh)Fe K(gkg!) P(gkg') N(gkg?)  Treatment
Azospirillum
1.62b 5.49 10.24b 0.59b 0.58 4.25b Ay
2.25a 6.53 13.22a 0.73a 0.65 5.55a A,
2.52a 6.70 13.29a 0.73a 0.72 5.78a Az
Pseudomonas
1.55¢ 5.17b 9.61b 0.59 0.52b 3.97b P,
2.45ab 7.67a 14.36a 0.76 0.80a 6.46a P,
2.16abc 5.76b 10.29ab 0.70 0.65ab 4.81ab P3
2.70a 6.37ab 13.84ab 0.71 0.71ab 5.39.ab P,
1.78bc 6.23ab 13.15ab 0.65 0.59ab 5.36ab Ps
1.08 5 3.03 3.75¢ 0.33b 0.31d 2.44 AP,
1.43 : 6.08 11.91ab 0.80a 0.67bc 5.27 AP,
2.13 : 6.41 13.15a 0.64ab 0.57cd 4.19 AsP,
1.71 6.86 12.47ab 0.60ab 0.74abc 5.22 AP,
1.86 ) 5.83 6.72bc 0.80a 0.75abc 5.04 AP3
2.11 : 6.60 13.66a 0.62ab 0.62bc 5.17 AP,
1.32 : 5.12 13.60a 0.60ab 0.49cd 3.40 APs
3.81 ) 8.48 17.14a 0.92a 0.89ab 7.79 AP,
2.30 5.93 12.72ab 0.58ab 0.58cd 4.15 AP;
2.18 : 5.13 12.39ab 0.66ab 0.53cd 4.49 APy
1.52 5 7.04 11.93ab 0.68a 0.58cd 6.37 APs
1.83 : 7.67 12.47ab 0.74a 0.75abc 6.66 AsP,
2.33 : 5.51 11.42ab 0.72a 0.61bc 5.23 AsP3
3.80 : 7.36 15.47a 0.87a 0.98a 6.50 AsP,
2.49 : 6.53 13.91a 0.68a 0.69bc 6.32 AsPs

sl S5 el oyl (e I 35y pis Sibu (gt 52 55 S e Gy >
Similar letters at each column explain non significancy based on Duncan examination.
A; ‘control Ay A. lipoferum DSM 1691 Ag: A. brasilense DSM 1690 4Py «waliP,!P. putida strain R-168 [P P. fluorescens strain

R-93 (P, P. fluorescens 50090. Ps: P. putida DSM 291
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The effects of co-inoculation of Azospirillum and Pseudomonas rhizobacteria on
nutrient uptake of maize (Zea mays L.)

S. Nezarat” and A. Gholamit

Abstract

Plant growth promoting rhizobacteria (PGPR) has been identified as an alternative to chemical
fertilizer to increase soil fertility and crop production in sustainable agriculture. The objective of this
study was to investigate the effects of single and co-inoculation of Azospirillum and Pseudomonas
strains on plant growth and nutrient uptake of maize as a factorial experiment. Treatments included
control, Azospirillum lipoferum DSM 1691, A.brasilense DSM 1690, Pseudomonas putida strain R-
168, P.fluorescens strain R-93, P.fluorescens DSM 50090 and P.putida DSM291. Bacterial treatment
significantly increased shoot, ear and seed dry weight, 100 seed weight and number of seeds per ear.
Plants nutrient uptake of N, P, K, Fe and Cu were also significantly influenced by application of
PGPR(s). Also, the experimental results show that inoculation consortia apparently work better when
different bacteria were combined with each other.

Keywords: Maize, PGPR, Azospirillum, Pseudomonas, Nutrient uptake.

1- A Contribution from Agricultural Research station of Shahrood and Industrial University of Shahrood
(* - Corresponding author Email: gholami@shahroodut.ac.ir)
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Table 1- Soil physico-chemical properties of experimental site
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(%) mg kg™ ka Soil texture (%) (%) (%)
mg Kg
T
0.4 8.5 0.04 190 5.5 Sandy- 64.48 24 11.52
Loamy
5 03151 3,590 Ol (Slas o (ke il ylg 40325 =29
Table 2- Analysis of variance (Mean of square) for measurement traits
1y iy s > aild dluxy > aliw dluxy a4
s 15 059 ! i o . S o3lo 3,5Mos &3 3,5des ")i S 2ilie
Thousand Erre ) (el ) Biamass Grain yield &%) S.0.V
seed weight Seed per m Spike per m df
13.86 3426286.6 9555.81 27523791.6 733187.1 2 Sk
Block
70.99** 215806385.8** A2777/7T** 28334020.8* 11773965.05** 4 s
phosphorus
4.33 4963215.8 1703.71 6767020.8 57706.9 8 LA‘?‘ ol
Main error
61.71** 982957623.8**  114116.48** 123440944.4** 43215177.48** 3 S5 L'_‘Sb’“”_“’
Bacteria strains
. * . .
9.76 14369494.7** 2704.64* 6989381.9 809858.35* 12 STl .
Phosphorus*Bacteria
7.86 3504485.5 1221.44 5422986.1 404660.81 30 e sl
Sub error
10.6 7.72 5.6 17.1 12.2 el
CV

2o yd S5 g o Jlein] aaw )3 )b sme g )b xe wé i 4 FF F NS
ns, * and ** are Non- significant, Significant at the 5% and 1% probability levels, respectivel
g g p y p y
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Table 3- Mean comparison of main effects of yield and yield components

(2,5) @ils Jl52 139 Qayoyio 4D &ild 3lax Q20300 4D Alwiw 3lani (HUS 43 0,5 5kS) S o3le 3 Shos (LS 43 0,5 5kS) &ils 5 Slas oilejl gla o
Thousand seed weight (g) Seed per m? Spike per m? Biomass (Kg\ha) Grain yield (Kg\ha) Treatments
22377 18600 © 520.3°¢ 12410° 38047 Py
25.64° 21210°¢ 600.8° 13430 4645 ¢ Py
27822 27000 644.8 ® 14170 ® 26029 P,
28.46° 28880 ° 662.3° 15880 2 61922 P3
27.23% 25590 ° 659.5 & 12020 ° 5213° Py
2345° 12780 ¢ 507.9°¢ 9307° 2715°¢ So
26.392 24480 © 587.3° 14660 2 5400 ° S
27.28% 30830 ° 694.2° 15440 2 61702 S,
28.1°% 28920° 680.8 * 14920° 6421° Ss

g 9 158 dy5m 21 w9 i 453 952 S1 (s 5L g 38L5 1 Sg g yhud 358, 5 p S9lS 150 5 120 90 60 s 5 4 Pa g P3 P2 Pr 58 g 283 Py
bl o SIS ygafl el o> S5 g s Jlosnl prdaus 3 (gylol glis pae saim Lt S yniie B gt b 3 .au3b e (6,21 168
Po: control without fertilizer, P, P,, P; and P, respectively 60, 90, 120 and 150 (Kg/ha) phosphate fertilizer, SO: control without

bacteria, S, S, and S; respectively strain 21, strain 158 and strain 168. In each column means followed by similar letters are not
significantly different (p=0.05 and 0.01).

3,5hes gl3al g 3,Slas liso 1,31 0sSle -4 Jgan

Table 4- Mean comparison of interaction effects of yield and yield components

&iyo o AR @150 g0 5D dliaw Band (LS 3 0 )59kS) Wil o Ses (6SL Lllojl sle
Seed per m? Spike per m? Grain yield (Kg\ha) Bacteria Treatments
9227% 44277 22447 So
19520 519.3°¢ 3670°"¢ S
23000°'¢ 559 °'¢ 4633*® S, Po
22640°" 560 °'¢ 4669 * Sz
11010% 496.7 " 2233 % So
21800 603.3 " 4422 S p
25390 ' 638 « 5555 S, !
26640 665 6371 S;
13150 ™ 517.3°¢ 2660 " So
29000 595.7 6733 % S p
39480 752.7°2 7090 ® S, 2
33870° 7137 % 7633° S;
15000 54271 3433" So
26400 614.3 ©*¢ 6867 S P
34470° 753 7233% S, 3
32120 ™ 739.3% 7233% Sz
15530™ 540" 3007 9" So
25700 *' 603.7 ' 5310 S P
31790 768.3° 6336 S, 4
29330 « 726% 6200 ™ S;

Ggw g 158 4w 21 dygu iy 453 952 S (S (g 2ol D Sp g yaud 245 S 0 p FolS 1505 120 90 60 ey 4 Pa 9 P3 P2 PrdgS e el L Po
bl o SIS ygafl bl o> S g gty Jlosnl prdaus 3 (gylol glis pae saimy Lt S yniie B gt b, .03k e 6,251 168
Po: control without fertilizer, P, P,, P3 and P4 respectively 60, 90, 120 and 150 (Kg/ha) phosphate fertilizer, SO: control without
bacteria, Sy, S, and S; respectively strain 21, strain 158 and strain 168. In each column means followed by similar letters are not
significantly different (p=0.05 and 0.01).
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Evaluating the effect of some Pesodomonas bacteria strains on wheat yield and
its components at various levels of phosphorus fertilization

S. Rezvan Beidokhti”, A. Dashtban, M. Kafiand S. Sanjani*

Abstract

Application of biofertilizers, especially plant growth promoting rhizobacteria (PGPR) is one of the
most important strategies for plant nutrition compared to chemical fertilizers, especially in sustainable
management of agroecosystems. In order to evaluate the effect of Pesodomonas bacteria strains and
chemical phosphate fertilizer on yield and yield components of wheat the Kavir cultivar an experiment
was conducted in experimental farm of the Agriculture Faculty of Azad University of Damghan. The
treatments were arranged as split plots and were evaluated in a complete randomized block design
with three replications. The chemical phosphate fertilizer levels of Py (control), P; (60 Kg/ha), P, (90
Kg/ha), P; (120 Kg/ha) and P, (150 Kg/ha) of super phosphate triple were allocated to the main plots.
While the different bacteria strains of Pseudomonas putida 21 (S;), Pseudomonas putida 158 (S,),
Pseudomonas fluorescens 168 (Ss) and non-inoculation control (Sy) were allocated to the sub plots.
The results of the experiment indicated that the highest grain yield of 7633 Kg/ha was obtained with
application of 90 kg/ha of phosphorus fertilizer accompanied with Sz bacteria (strain No.168). The
Pseudomonas fluorescens168 demonstrated a remarkable efficiency in dry matter and grain production
in wheat with no chemical phosphate application.

Keywords: Pseudomonas bacteria, Super phosphate triple, Triticum aestivum, yield
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4 ol Wi ) (K (St cplply (& Rezaei, 2007
» a4 l) oy Y gaxe Wi 598 ) b slapisy
P2 i) asle SlalS o o (Loilj Ao ya) 13, 2] Jolye
o g Sid (2l )3 48 (b e Logd 9 oS0 by,
2 g iy ShlS 4 e ol Cadgize oill 4 oty
Slaws o cpl pd aSol dy dsgi b g odd (g alsyo b duglas
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Gilises Jole )3 S8 Slae (sl g 3Shes 2 0, 5 ()
Asoj G598 Blual 3855 (e U cd)S L8 (w)p 3)90 (ilj L)
23)5 @l (gan Slados plos

W yg; 9 dlge

25 Slae S ©ygo 4 A38T Jlo il 5 o )3 Giules]
2SS ke 3 g (Bolas oS oSl aly gyl B 53 o
LT paal 55 &ly iz yw olRKiisly (65,9liS” 0aStily  Slisioss ac 30
89 alidlyie Jobo g o 4235 56 5 423 32 ulilir (059
s e ol ol shac 3 2l (5, 468 13 5 a0
dloyo b g lol csanails alsyo b g ylol (Jals” (500) (5l olad
d o Jols (28 S 5 (2405 A po U ()bl 5 (25
e 35 (L1115 2Biol ol bns) o S35
B oLt ool S a8 plogl e i 3 i 45
S0 dlole b g 2o 5 Jsb & 4y g s g0 4 S o)
so U5 Lol slacs 8 alols Sob S )3 cpuimad .39 s Sl
0599 2T > cuslS as ad )3 a5 > e 3 S'gl g3y alold g
Cygo 4 g Ay ($9) (S yietlo D B4 Ges > cowd L 1387 olo
G om0l Jl 5 €85 g0 5l Aol g 45 plosl oS5
S04 dese us Jloel (o)l slaylas olS (5905 Sy
3 49 40 3905 1S15) yiewiil 5 3gas alold olul p Ladxals
li2l g 2y Sloe (6 Sojlasl jolate 4 5008 S5 (@0 o
sl o tlofl 8 pm lase 5 ety ploj 50 5 )Sles
G 2wl Wiy )3 Babo D s 5 B (yjg 9 Cudldy  Solas
sl b dnalomo &l lia (g 9 Bk > Wl Gl &gy 53 590l
()8 Colus | xiye e duw paw doly > aily 3 Slas dpules
503, Cutby | 4l cales b pyleg 9 pow psd slacd, Sl
s Mol do s 14 cosby bl p aild 5 Shas ¢ pj95 5l o
b adiges augs g aaily 53,5 Clawl 5l o 89, oy olKiislol
i £y 2y Slas 5 4 plog] Al S g oKiwwd 3l oalar il
@5 A dpulos Jlad pa dild 3)Sles )3 (85 40> @ palols
2 9 Cd)S g Genstat l5sle s 5l eslatwl b laesly yuilslg
P FLSD ol 5l (mialel slmyloss 51 (o9 Jbosime 90
15 03kl U Sl dulia (gl %5 Lot ebans

ag yd b JS dlaa
coab ade  Gub S ol y g)b xe )gb d)L:{T glad
23485 Al 0 b (5l jlos )3 5 gy > b sl (1 g2)

g g0 o] 9S8 53 O dgues
a5 il e YMI):MJ olgils jl g (aegy il aLS \&)K
3 48 gy (Sssdsni 5 (Sosghyse Slogas S
Loyl, 5 4 polie oS lye 4 (Leonard & French, 1969)
byl b > a8 ccwlio 9y liee Conl 2B g o ardlis  Sis
2002) soled Agi cdury oo 3oy 4D 5 (08 & iy el
gy 4l oS oyl ol 5 wglhe cla Sty ;I .(Tavakoli,
S5 bLod )5S (oYL sl 3,8 ot dlso ol & lsiss
a5l ls Cnglio (o] 35 (oogr e 4y ol ol (S35
oS dliane glojwr 5 (SUS (598 dax | ) Sl
pones 42 (6 ey Bllasil el 5L ol g0 Jlazs! ool baslyd 5
Cehs ozl 5 Slial o)lo) 13y Jad b g (ol 9 w29) oS
s shj obS @M YT pile KoS L olS ) o5l L
Je @ Vb caaS b Sl gy Mg S L ool cae uslie
5 Syl sl o gLl O (slotend W80 51 iy 52
Sloslaawl (il g (g)h Bylins g e 4 ealatul (Sgid
e 03l ¢(53,55 ) 9 (oial)] pilg) i 5 o T slaals
Oloss a1 b g pbd lawgl i calss B0y 4485 s &b
cuslio (2138 JoSo lpie & dbuS g ¢ aglow 5 SitS adgle
5 badsS glais )L Gean pB)l Sl ekl g ol 4l
Rashed Mohasel & Behdani, 1994; Behdani & Jami AI-)

(Ahmadi, 2009

el SO sy baome ) (SS G oy g ol 2gaS
5 S s o (05 oS A5y 5y s oS ol alS
Abel (1976) .(Kafi & Rostami, 2008) 39 0 5,Skes ialS
SilS s & (Sits 8 Ll 3 SIS oS 5 58 ol 3
2,8 AJgi (gyieS &l 5 Slas (b > aib slaws g b dlaw

als po )3 S5,S 6,Lul pae 3,5 iyl;5 Tavakoli (2002)
0 g 05hie b o W Sl il sl o151 S g (pals
= Sy 3Bl S5 (2 Al je 4 15 Jleel Lo
et (2009) 5 Rostami & Kafi (2008) .c.usliS aalys 4ils slas
03,5 )5 1) S5,8 5 Suid 4y Cuoglie 35 Mousavifar al.
P YL 29y 9 a5b 2, Shes Wi B olS (038 ol
) S Ao g Sits bl

Folia 55515 LaJlo | (559 (S alS & 4255
sl Jole 3 pogad 4 (Sid G5 jep 4 e & il
b Ll ales > Slos nl s )3 o8 390 olakS 551 43
e 5ol dga8 a5 )| coglite Jadll oo 55 9 2,0 5

1- Carthamus tinctorius
2- Asteraceae
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IL11L o5y )3 g 23daSS by b (ool Loyl )5 305 cpopieS
Ol e Ral33 b o) duy 3 plply (BUgae) 45 ol

5 osnlie o)l gub Sl > ials (gLl alad

Ag1 )0 @by Al dlaxs lawgie
cd )3 3 bl dad st cov 5 b ab dlus bwgie
slajlag 1 S e jgb 4 gub > ails sl oy i (1 90s)
aslllas )3.(2]90) 48 oanlia (saail b (gylol 5 JolS L]
Al sl (o5l SIS oS 3 3 Hasanzade (2005)
g 33 a0 sl bwgie s 5l canail U g)lol 5 JolS
2 5 Gl pd aib ol eSS sdalie (gl iz Cglas
Kafi & asllas ;5 .(2g0) 15 Jols 234055 b ()bl Loyl
byly s cood Gobs > ash sl oy S 50 Rostami (2008)
oot b 35 Onlions 503 05 ednbie (234085 abye U (g L]
oliS 1y b b ohw iald KI5 Sis byls il
,1976 ; Tavakoli, 2002; Mousavifar et al., 2009) 45,8
aloye s o)l g (a8 aloye U )bl Slows 93,5 (Abel
G s 4y e Lo dose 53 (5l e 30eSS
4 005 03 dlge JUS) g (gl jwgid > M) g 03,5 (slaails
slowi 93 oyl > &l sl gals” oS (Bradford, 1994) wi laasls

b g2y

AU 5ds jo ash sliw Blod 5l awyp 3)90 pB) oy
3 a5l sl 268 g oyt (LU g0e) i sanlive (ol sine
s oanlie IL11L 5 olaool e pl3 ) 5 iy 4 3o
Arsalan et al., ,Kafi & Rostami (2008) )y ».(2Jg:2)
cosd b y> ash sl ;o Cassato et al. (1997) 4 (1997)
855 )15 3y b

Soslae S5 03 aw ya )3 ()l alad cilises zobaw
o8y (LUgas) cils sgmg yls sime gl o )3 il laws las
P Spie el an ]y 3ok >l Sl it bl (Joxe
085 53 (3 g42) 392 1> saaail b gylel 5 Jol (o)l sloyles
53 45b oluw o ieS ((234eST U gLl Llys cox b5 IL111
s kel gl oo o GliEl L (Bgan) w5 oanlie b
b (oll g (234aSG dlojo b (5Ll Jloss 93 15 1) 4w o0 5 il
S dds 4 Sl o i sl ralsT cdly ials aulS dls
Bradford, ) wab s JS 5y biw ¢ Slishs )5 5 ol 3gseS cgu
(1994

el p5 5l )b ine gl i oy iy )3 9 il talS
ol Jlesl §) U Loy a5gy g e (oles 3w | 0 odalie
b Sy o a5 4 g (294n) g o astiie ¢yl Hlew dw
skl ale cmd J5 ol Ll jd ¢yt by Casyd a5 Lale
$9) 2 b Mg Cax it 09l slage (65 S g
A daled Ay 090 5 (wils cbleiil glasy)l (ioliél 54k i olS
1 5 omdie 503 (Behdani & Jami Al-Ahmadi, 2009)
O ol pials STy 5 1) aigr s sl ials 5,8
Kafi & Rostami, 2008; Mousavifar et al., ) 45,5 odalie
(Abel ,1976 ; 2009
3929 §)P (e Gyl Wy )3 Babo i )l 5l 55 P (e
5 o i & AL g oo o) (L Jp2s) cash
Prasad et al. .(2Jga) 03¢ Lls |y gy 5 3ubo JS 2laws o yieS
ol laasls 1S sl by ol8 3 3 IS sl (1992)
5590 by Wy 50 Gub sl Jlas I 8] cgles L ailaily law e
Kafi & Rostami, 2008; ) ol oo (555 5 Cpixo
SS9 gy 5 b ol (Behdani & Jami Al-Ahmadi, 2009
Rashed Mohasel & Behdani, ) col s,Sles lia! o yioge
3,8kas b ()b gme g Cute (Siumed 5 adllas oyl )3 5 (1994
sy oylol dad (4 Jgus) cusls (= 0/53 4 p<0/01) wls
(Ldg32) 392 sl ine 0)lap S5 o5, 4w o 13 s > 3o JS
SILILL (35 55 5 (23aeS5 b (ylol Jlow ) Gebo 2lass oy e
2 bl Glales plas 3 g oladuol (Joxe 08) )3 35 p i
b IS g 4 (BJss) 25 Jol (234685 dloso b gl Sl
) ey Aisy )3 (3o s 1 (gl gl loj e 5
A5 Gy als S b ialS Coge Ol 298 5 b awls
Aeelosl olS oy gl IS ol tals 4 colys jo oS

G153 59,4 b S5 dlas
3 sl g b cos Ly 3 59k slagl JS olas
(23485 dlsye b (ylol 5 JolS (5l (slayles (L g2) 88
A3 Wb Ty aSgr 53 o5l ebo 3l (e85 i o
39005 & o sl G Sl il ol Jele 51 (25s2)
255 0,8l (0395 5 (s ikmogi Slgo lS by &l a2y o
Ot B ime Sl Sl 35 )9 b Bl dluas jlai 1 A1 duylio
292 G 35 (iS5 syl @ (1g02) 552 Lef]
b odnlio IL111 5 ylea ol owe pLE)l > iy & aigy o
5y 0593 3 5 (2592) SYL S 3o dlass 4 425 L .(250)
S ol 5l o8y el 3 107) Glediol (Joxo o3 )5 55V s
o (2J932) S9— Jly 5 syt yo)l b
31 S0,15 pL3,1 &8 ol ] e 30 Mousavifar et al.(2009)
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A5 o Shes pr pialy oy cilicke Jolye 5 5 slel b il

SR A1 AT iy 45 59, Bab g Gub dlawd) 3,Sdas 15l g kg, 9 41D 3 ,Shos w a9 gyl @ad ol O 5T il A e -2 Jgun
2,le SIS (4l 13 339 ¢l
Table 2- Mean compression of main effects of disruption irrigation and cultivar on Seed and oil yield and yield components
(number of heads and fertile heads per plant, number of seeds per head, 1000- seed weight) of spring safflower

o JS slasd
OFaydles iy appy  WlSes ARGl b pabslas IRt g s g b loud
oil yield oil content seed yield (9)1000- seed Num. of seeds Num. of Num. of Treatments
(kg/ha) (%) (kg/ha) weight per head fertile heads
head per er plant
plant perp
Irrigation regimes
Jo LS)L.‘.J
745.78 a 32.32a 2401.96 a 32.22a 25.29a 12.50a 1457 a o
full irrigation
saah b gl
688.78 b 32.10a 2159.39b 31.18b 25.04a 11.89b 1450 a Irri. until grain
filling
W
518.95¢ 30.70b 1658.89 ¢ 30.27¢ 18.83a 11.37¢ 14.37a Irri. until
flowering
YR AP
Irri. Until
373.07d 30.15b 1209.37d 28.80d 15.30b 7.86d 11.30b ;
heading -bud
Cultivar
399.26 ¢ 25.71c 1548.86 ¢ 37.62a 17.54¢ 7.32¢ 7.32¢ IL111
606.03b 32.79b 1914.54b 26.55¢ 21.66b 11.67b 15.38b Isfahan 28
739.64a 35.45a 2108.81a 27.68b 24.16a 13.72a 18.36 a Mahali Isfahan

ol 005 bl 10)3 5 Jlesis] g )3 g FLSD 9031 31 o3litanl b (pSle dun o
Mean compression has done by FLSD test (P = 0.05)

5 Oledol (oo pLE)] 53 sl Jl5a (g Sl sy o0 5 &
b g > &l sl g G dluwi (09 YU 4 bigsye 28 5 lgius]
S 4 e g b o 4 aBl polal iy dlse o |2
Al s LBl (K55 alag oy b Lol a5 5 3550
b > il sl g gk S Sh b iy Y 59 o Stesen)
a3b o p<0/05 = -0/41 4 p0/01 < r=-0/79 § 5y o
((4Js2)

o logingi s > &b i s 5 51 o) o ol
Rashed Mohasel & Behdani, 1994; Behdani &) Cyiie
el o3el 35 (Jami Al-Ahmadi, 2009

S > 4 f5p 55 Losgio 1 55 w5 5 5ol ol it )
bl bl s oo s Jlim 59 ot (T gae) 292 5l stne
alsyo U5 ] lagi 1 o opopieS 5 ILLLL 03, , o LulS
abas oplply (3 9an) L saalie 28 laduol o8, 13 5 (245
BUgaz) by 31y 08, 4w 1 &b Jlim (59 )5 GaalS (s b
Sy U (S el o 53 O (el JalS” (g)lul Lot 53 1
N iy Il domss ) g s (4 095 Jobo iulél ey
S w8y Ay > ab

g1 53 &l 8 59 bawgie

S92 losize 4l Jl5m 059 59y bl odab Lol 5l
e (23S dlo o b g )lul 150 w8 (Sas a5 (1gee)
55 JolS (o)lel bl 53 5 ab il Jlim 59 )0 phalS it 4
S ol an g L (2500) el cans @ b i g oy
7= sl > loydd dlge I L (o)l siugid jled gy dlge adye
SIpdg b Sy U (205 1 ey ol I Laashy (0
239 (=l Jgbo g 2l oo il plSUn @ Ladily (g 0208 pend
355 e B St A el e (sla s b o 25
dw yn a0l Hlia oje 40 Lials 1 (De Souza et al., 1997)
019> bl U g1l 5 (25 ¢ 234aS5 oly0) ()l b o
Rudra naik et al. (2001) .su, o jb 4 aob (5ol (oL 23,
b SIS Al Jlia g 3 S el (Sutd i oS S ol

So Jlo! ga p3 4l jlia 59 i 5l 61 o plis
I ysb & ILLLL )5 3, (L g2) 390 Jogine o>
S izped o8y pl (2 50e) el oyt b lia o
O (8 Fwgid dlge b Cuww oS sy ) sadgr b dhw e
b Gl Al e s 4ot )3 5 oad g Al (g yaS M
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ST5 49y 9 Aild 3,Slas g (Wld 4152 (59 b 2 Aild Sluai gy 43 49, Bab g Gab dluwd) 3 Shas 5150y (Swmod Cul g —4Jgun
Table 4-correlation yield components (number of heads and fertile heads per plant, number of seeds per head, 1000- seed
weight) and safflower seed and oil yield

> &l dlawy . . " N
5,Slos 35os 15 fi ’ Pk Sl 3 459, G dlaad
als w213 0 &b & < o
o9, 1000- seed Num. of ¥ » Tront
oil yield seed weight seeds Num. of fertile ~ Num. of heads reatments
yield per head head per plant per plant
g2 ) sk b s
1 Num. of fertile head per
plant
1 093" gy b JS ol
Num. of heads per plant
1 0.82** 0.91** b ab ol
Num. of seeds per head
1 041" 079" 057 bl oy
1000- seed weight
1 007" 0.89" 053" 0.72" b 3 Sos
seed yield
1 0.66™ 0.66™ 0.30" 023" 0.04™ F9) 25kee
oil yield

**x * ns

b o 1 95 Jlasl paw p3 aislefl Jale 51 ()b dme g (o)l sine pae Sl sy 4 *F g
ns, and are no-Significant, Significant at the 0.05 and 0.01 level of probability, respectively

059 o 3 aalllas ol 000 S5 saaline 1) Siusen oyl Steer
(B gas) i oamlie  Sued aild 5, Slas b &by I3

(5 dosine B il > Slas 5 51 6)lel o s o
2 a5 5,Sles oy i (L gae) catls dg2g 20,5 S e >
sl 3, Sles glise (2J90n) 13 ssnlin JolS (oylol Jlews
dloyo b (5)lol 5 (2alS alo o b ()Ll sl alsjo b (gL
50/3 5 30/9 10 sy v JolS o )lol Jlow @ o (23465
(2002) , Kafi & Rostami (2008) .(2 Jsis) cél  ials 1w )s
—al5 g by o Cudgia Liolsél sCabuslay et al.
il jige il 5)Sles ialS o 1) olS

s g 1y dgamme (o lol bl 45 ails 3 Slas jialS
Jsbo alS g 6y @ b o ol gl ) (26 Ol gia8
e d jobo (e g Cunl olyan ol Al (15 5 A5 0)9
Cles 3 g Laasjgy o di Sl g Sy 4 o 51 L)
(2000) .(Clavel et al., 2005) sl s Lalls jiwgd ials
o bl o il 5 Slee ials” cle 35 Koutroubas et al.
3 45 10l s )l Ol 4 kS e pas 4 1) Sis
G ol 5> Gials g Ol el GlalS o caldy (il o o
S5 e Gl Al s (g 5 Geb ) wl Slas lS
a0y Slas L o g )l e (Ko oS 18] 00 3l 3o
(AJg32) x5l

Mo ine 4l 3 Slos 59y 2 55 03y 9 )bl gl lize

&l 3 Slos

929 LS 3 &l 5Sles )l 5l (gl ine gl P (s
e g )3 @l 0 Shas (58 g oyt (L g2) sy
st oanliie IL111 o8, 5 o slaiiol s sl 3 iy
sLagslis 75 Ghorpade et al.(1993) adllas ;5 (2 Jgis)
Lo it s 15y 53 b 3,Se B J o in
Onm 93 5590 slaciolss 4 as g b oS Cuwl i 4555 5,18
e sl 3,5hoe il 5 Keielgpn Slogas i 5 4
>l gl p )3 Glgee Bl m (S £95 cnl 5l 9 ol
3,8 ol (5,8 o ol p ) a5 el

Gy 3 93k b g Bab S ()b dne 5 Cute (Siaen
oibail ol 12 45 (ygb & (A 5an) 15 sanlie 4l 5 Slee L
9 ek S (o pin o ool (e 03 4 il 5 Shas oy 5V
Wb 3l o (2g0) <3l polaisl sg 1) 1y aigr 55 495l b
5 PAO/OL) jlo an 5 csto (Stunsons 5 aib 5,Slae b 3
3 il b o it &S (oygb 4 (4 Jgus) A5 sanlie (r= 0/89
5 s onn 38hae (2 VL Gl S o Sl o3, 2 b
(2sse) 55 ssnlic 9 25 o

b edalido IL111 48, 40 50 &b i 59 wolie oYL
(2009)Behdani & Jami Al-Ahmadi, )y wbs .(2Js)
039 O Cste (Shused odimd L S5 sl s9)
& Harrigan (1986) 45 Jls) 555 aib 3,Slae L &by l5a



1388 Jlu L ojleuis d alor (55,9l cwlic pos as pi5 48

by (Std i bl )3 pdin 089y M5 sl M jidy a0
(1984)4 (g ypbo a2l —late (1S gis bl
45" 03505 5,155 5 Corleto et al.(1997) , Paramaswarapa
§ it (Simad SSHI5 )0 4y (49) liee g b Alwgy G
N Jgmazme ol 3 4l (g 4053 5 3)b s ()b e

)b & e doyd 4 (oL

OF9y d5es
059y 28es ()5 dlea I s2g) lalS cutS (Lol Ban
585 5 o8y 5 )l b b cow alllas () )3 o8 Ll
2 ot 3Skes p e (Lga2) 48 Joiine 3 of Lz 51
oo s (gylnl bl 53 ol Jle (a8 g JolS” ()bl Jlas
U bl sless 0 089y 0,kee (2532) 05 Juols  m3asSs
5 AU el slasles Sl piiin b3 sme yobo 4 sl
sl o (IS U (bl jles e 29 (23465 B )L
Sy 5y y (234085 Al po U (6ylol Hlass 4 Cod (5l 0o

(2Js22)

Sl 3929 )l dre Sl (49 3 Shas 15 1 5 P
e pB) 53 i 4 gy 3,Skes (1S g (it (1 52)
3y Slos a8 ol dagi b (2 0g0) 15 osmlie IL11L § - ledeo]
ol cwl &l gy duoyd 50 il 3 Sl s Jols 9,
2 Ladl eslds iy ity (-89, 3,8kos jla3 1 £ (e B33
4 (20ga2) 35 o sk (15 bl 5> &b 3 Skes hals
snails alspo )3 olol gl g ol o)lol sbalos Jlo lois
dlie p L5l g MBI (6l ire DplE (5E9) doyd i3
015 odnltio Ciglis cplply AizB S 5 (o )lel 09,5 Sy 3 Sl
3,8bos il 4 bgyye )l s 93 nl o ) 2,Skes
{20 932) el (guinals dloyo )3 (5l alad Ll o 4l
asly 5y Shae Llod 51 gy cime ol 55 a5y oy S ol
rel 0f) 38 il lacasgi o Cgld5 cnlply cudls 392
o=y 30 Kafi & Rostami (2008) asllas gl ol (o
s 3, Shoe Slpss aliie 29, 3,Shoe s a8 3)b 48T axs
55 08 5 )l aad Llie Sl T L (o0lj (Stuan g ol
b o) aw ym 0 5 (Lsae) 2 Jboiine ) 3Skes 55, 2
O e b (g 3,Skes (5l stae g ke U (6l
5 Oladool (e 085 )3 5 JolS o)l Ly 3 o) 3,Shes
ILI1L 3 3 5 (224085 Aoy U (g)lol bl )3 55 (o yieS
(BJg2) 1 osaliie

o po )3 S g9y 48 3b QLS (pwp ol @B S 5
S 3 s > lgasal an 535 Sy b i

2 Sl g sie b gyl alab b8y dw o 3 (L gus) ds
byl b g aiby 0)Slas i g il o 2nls p> ails 5, Slee
olel Ll )3 55 e g ool e 08 3 5 JalS' ()l

(BUgds) a5 osmlie ILI1L (3, 15 ¢ (234655 dlsyo

&I g,y Moy

b mme gl (o,loT Calise (sla)lows > aild yEg, doyd
Ot $308b B o)l g JalS (o)lol o (1J5a2) castls
2245 b (ylol g (S B ()bl jlaw . amils 1)y, Ao
b gy e (2 g0) 2i38,5 )1)5 ol s jlog,S S s 3
(3Ugis) 3,5 )3 s ys 36/30 b 24121 wials 4

ol Glize clajless Jles! 51 )3 515 aily g, Aoy
09y Moy Sl Glyess gy (Seo S 40 Jusua S8l s
S b gy & Conl (oS Cuto Al (4, Hlbe Vgl ol £ ylae
slapj (ol @ doso Jlosol plpls g 29800 J51S 05 3L
Capnd ¢(59) 10)> (oud 3 Casl 05 jlouy Cio ol 0aiS” J 8
J6 b g Congy Jold & cul s (59 JS 4 4l )3 39290 (489
IS s Jlesl baylyis > (Kafi & Rostami, 2008) >4 o0
LS 2929 L 48 25800 cge g Moo S 5 &b (s
2 3bl Al (Lo i 40 gy o> A (g Gliee
Ois paals eely Sis i Rudra naik et al. (2001) adlls
Hashemi  adllas 3 45" Jlopd cu )5 laaily €9, doyd 5 &b
Sl ime s Suts i Abel (1976)4 Dezfouli (1994)
Leonard & French . iy S5 ,5 sladh gy do)d (5,
g0 ol cilises (slo eyt v 5,5 o)l b (1969)
b slesi b by gloj U ool slayless o &b gy 1o
Sy 35 Ay Bl ()b e glis IS S5l 50 ()l
ey (S G A 390 50 ol Cowd 4 Oglite ol
PR G g e byl b gl Jbls 4y ladily e,
G g byl adllao > Jlto s 4 2L e e (sl lo]
sy ogde LS (ool d>pe g 39 0)o0 culS F )b oS
5 olyon il (YU Hls &yl an o b (Sitd 45 g )l
Sl sy s (ola)S L5 olyen & (St (A5 cpl e
Ay hals aah o 1) 489y oliee

(Lgas) casls B oo 3 (o) sime coglis il g, Moy
OrieS ALILL o8y o (p pin (lediol (e 08 &5 (55b &
’\JW SeagS sladsih (2 g3) wdg s 1y &l (489, duo )y
L 1984) )b (st 39y 2oy g e oy S Ay Jioyd
s o8] Sl &S sy o Jlas &4 oplply (Paramaswarapa
doo)d g yieS Al dopd b S8 ok (i &5 pledel (Joxe



49 o Slas pr ety ady cilie Jolpo 0 65kl alad i1

O byl b g sl 98 (oagr 5 slore (sloodgs ] laduol oo
4 plE 1 5l gl conl Sid g p)8 Lidas o5 olpl Slon g
e |y YL oy Slas 5 009 oz baylyds 51 aShas oolacal

23S

e 3 038 e | o500 —aste bl W5 e i (sl
5 pLSin 595 (oLl alad 3439 b ogDha .34 3, Sloe yialS 4
ol cos |y Jad b o Slas 5,15 (08 dus yo o 204055 als yo
PS5 Laulyd 4 oS pl ol caglio ;b &8 000 Cowd 4 Ll
5y 45 Oml o 429 b G g Egetme )3 g Canl S

&l

1- Behdani, M.A., Jami Al-Ahmadi, M., 2008. Evaluation of growth and yield safflower cultivars in different planting
dates. Iran. Agron. Res. 6(2), 245-254. (In Persian with English summary).

2- Tavakoli, A., 2002. Evaluation of the effect of irrigation disruption in different growth stages on yield and
components yield safflower plant. MSc. Thesis. Fac. Agric. Tehran Univ., Iran. (In Persian with English summary).

3- Jazaeri Nushabadi, M.R., Rezaei, A.M., 2007. Evaluation of relations between parameters in oat cultivars in water
stress and non- stress conditions. Sci. and Met. Agri. and Nat. Sou. 11(1), 265-278. (In Persian with English

summary).

4- Hasanzade, M., Naderi Darbaghshahi, M.R., Shiranirad, A.H., 2005. Evaluation of effects drought stress on yield
and components yield of autumn canola productivity cultivars in Isfahan region. Res. Agri. 1(2), 51-62. (In Persian

with English summary).

5- Rashed Mohasel, M.H., Behdani, M.A., 1994. Evaluation of the effect of cultivar and density on yield and
components yield safflower plant. Sci. Agro. Indu. 8(2), 110-122.

6- Kafi, M., Rostami, M., 2008. Effect of drought stress in reproductive growth stage on yield and components yield
and oil content three safflower cultivars in irrigation with salty water conditions. Iran. Agron. Res. 5(1), 121-131.

(In Persian with English summary).

7- Mousavifar, B.E., Behdani, M.A., Jami Al-Ahmadi, M., 2009. Response of spring safflower cultivars to different
irrigation intervals in Birjand condition. In: proceedings of regional congress on water crisis and drought. Rasht,

Iran, pp. 670-675. (In Persian with English summary).

8- Abel, G.H., 1976. Effects of irrigation regimes, planting date, nitrogen levels, and spacing on safflower cultivar.

Agron. J. 68, 448-451.

9- Arsalan, B., Yildirim, B., Ilbas, A., Dede, O., Okut, N., 1997. The effect of sowing date on yield and yield
characters of varieties oe safflower (Charthamus tinctorius L.). pp. 125-131. Paper presented at the fourth
International Safflower Conference Bary, Italy. June 2-7, 1997.

10- Bradford, K.J., 1994. Water stress and water relations of seed development: A critical review. Crop. Sci. 34, 1-11.

11- Cabuslay, G.S., Ito, O., Alejar, A.A., 2002. Physiological evaluation of responses of rice (Oriza sativa L.) to water

deficit. Plant. Sci. 163, 815-827.
12

Cassato, E., Ventricelli, P., Corlto, A., 1997. Response of hybrid and open pollinated safflower to increasing doses

of nitrogen fertility. Proceedings of the Fourth International Safflower Conference. Italy, Bari, 2-7 June. pp 98-103.

13

Clavel, D., Drame, N.K., Roy-Macauley, H., Braconnier, S., Laffray, D., 2005. Analysis of early responses to

drought associated with field drought adaptation in four Sahelian groundnut (Arachis hypogaea L.) Cultivars.

Environ. Exp. Bot. 54, 219-230.
14

Corleto, A., Cazzato, E., Verticelli, P., 1997. Performance of hybrid and O. P. safflower in two different

mediteranean environments. Proceeding of the Fourth International Safflower Conference. Italy, Bari, 2-7 June. Pp.

215-218.
15

Agron. J. 89, 807-812.
16

pigment development. Plant. Physiol. 31, 262. 266.
17

De Souza, P.1., Egli, D. B., Bruening, W.P., 1997. Water stress during seed filling and leaf senescence in soybean.
Duysen, M.E., Freeman, T.P., 1974. Effects of moderate water deficits on wheat seedling growth and plastid

Ghorpade, D.S., Tambe, S.I., Shinde, P.B., Zore, R.E., 1993. Variability pattern in agromorphological characters in

safflower (Carthamus tinctorius L.). Indian. J. Genet. Pl. Br. 53, 264-268.

18

313-319.
19

Hashemi Dezfouli, A., 1994. Growth and yield of safflower as affected by drought stress. Cop. Res. Hisar. 7 (3),

Koutroubas, S.D., Papakosta, D.K., Doitsinis, A., 2000. Water requirments for castor oil crop (Ricinnus communis

L.) in a Mediterranean climate. J. Agron. Crop. Sci. 14, 33-41.

20

Crop. Sci. 61, 111-113.
21

17, 83-86.

Leonard, J.E., French, D.F., 1969. Growth yield and yield component of safflower as affected by irrigation regimes.

Paramaswarapa, K.G., 1984. Genetic analysis of oil yield and other quantitative characters in safflower. Agron. J.



1388 Jlu d ojleis d alor «(53,9LisS cwliis pgs a3 yis D0

22- Prasad, S., Agrawal, R.K., Chaudhary, B.K., 1992. Correlation and path coefficient studies in hybrids. Third
International Safflower Conference Beijing. China. Pp. 69-75.

23- Rudra naik, V., Gulgangi, G.G., Mallapupr, C.P., Raju, S.G., 2001. Asscsiathion analysis in safflower under rain
fed condition. 5" International Safflower Conference, Montana, USA. July 23-27.

24- Steer, B.T., Harrigan, E.K.S., 1986. Rates of nitrogen supply during different developmental stages affect yield
components of safflower (Carthamus tinctorius L.). Field. Crop. Res. 14, 221-23.



Journal of Agroecology G309l (ol ooy g il
Vol. 1, No. 1, Fall 2009, p. 41-51 41-51. p 1388 ;b d ojleuis  ul>

The effect of irrigation disruption in different reproductive growth stages on
yield, yield components and oil content in three spring safflower cultivars

B.E. Moosavifar’, M.A. Behdani, M. Jami Alahmadi and M.S. Hosaini Bojd*

Abstract

Oil has an important role in human food. An experiment was conducted in order to evaluate the
response of spring genotypes of safflower to irrigation disruption in reproductive growth different
stages, in a spilt plot arrangement based on randomized complete block design with four replications
at Research Farm, Faculty of Agriculture, University of Birjand during 2008. Irrigation regimes (full
irrigation = whole season irrigation, irrigation until grain filling, irrigation until flowering, and
irrigation until heading-bud) and cultivars (Mahali Isfahan (a local variety), Isfahan28 and IL111)
were arranged in main plots and subplots, respectively. Results showed that irrigation until heading-
bud stage caused a significant reduction in number of total and fertile head per plant, number of seeds
per head, 1000-seed weight, seed yield and oil content and yield. Among cultivars, Mahali Isfahan had
the most number of total and fertile head per plant and number of seeds per head and 1L111 showed
just the reverse response. Also between yield components, number of total head per plant showed the
highest correlation with yield. According to the results, Mahali Isfahan variety in all of the irrigation
disruption regimes produced the highest kernel yield. Therefore, due to the nativeness of this cultivar
and high adaptation to this arid climatic zone, provide an opportunity for producing higher yields in
comparison with other cultivars under water stress.

Keywords: Industrial crop, Oil, Seed yield,

1- A Contribution from College of Agriculture, Birjand University
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Table 3- interaction effect of three factor of seedling characteristics in lab

buwgie .
Ol bwgie - Job S0l
oA . il oy . L A asls
. ™) S o ile daddle aals =
o . a9, il L ) wals
(59 . (0 silw) (%)
(9. »34)
\éVa_te_r Mean time Mean daily Final Stem Seedling Seedling
eficit . . Lo L L - :
stress Cultivar bacteria germination germlnaﬂon germination length dry weight vigor
(mm) (d) (seed.d™) Percentage (cm) (9) index
50 control 4.329 mno 13.68 a-d 95.750 a-d 18.08 c-g 0.100 d-g 9.535 a-e
Manokin Br.j 4.415 h-m 13.93 ab 97.500 ab 20.54 abc 0.099 d-g 9.611 a-e
Br.j + Az.ch 4.31no 13.75 abc 96.250 abc 20.13 a-d 0.097 efg 9.347 cde
control 4.53 efg 12.43 efg 87.000 efg 15.49 gh 0.078 jk 6.797 g
SRF Br.j 4.562 def 10.751i 75.250i 15.39 gh 0.075k 5.722 h
Br.j+ Az.ch 4.665 abc 10.75i 75.250i 12.23i 0.075k 5.625 h
control 4.357 I-0 13.68 a-d 95.750 a-d 18.59 c-f 0.093 gh 8.941 de
williams Br.j 4.345 mno 13.86 ab 97.000 ab 18.67 c-f 0.097 efg 9.364 b-e
Br.j+ Az.ch 4.43 h-i 13.96 a 97.750 a 17.49d-g 0.095 fgh 9.243 cde
control 4.394 j-n 13.54 a-d 94.750 a-d 18.09 c-g 0.107 a-d 10.13 abc
100 Manokin Br.j 4.304 0 13.32 a-e 93.250 a-e 2191a 0.102 c-g 9.473 a-e
Br.j+ Az.ch 4.398 j-n 13.18 a-f 92.250 a-f 18.97 b-e 0.112a 10.32ab
SRF control 4.618 cd 10.96 hi 76.750 hi 16.27 e-h 0.087 hi 6.677 9
Br.j 4.623 bed 9.893 j 69.250 j 16.13 fgh 0.081 ijk 5.637 h
Br.j+ Az.ch 4.964 abc 9.679 j 67.750 12.64i 0.085 ij 5.731h
control 4.406 i-m 13.39 a-d 93.750 a-d 18.4 cf 0.109 abc 10.19 abc
williams Br.j 4.374 k-0 13.25 a-f 92.750 a-f 20.04 a-d 0.112 ab 10.35a
Br.j+ Az.ch 4.477 -] 12.750 def 89.250 def 21.53 ab 0.105 a-e 9.383 b-e
control 4.458 g-k 11.71gh 82.000 gh 16.43 efg 0.097 efg 7.993 f
Manokin Br.j 4.405 i-m 12.82 c-f 89.750 c-f 21.36 ab 0.111 ab 9.926 abc
150 Br.j+ Az.ch 4.49 f-i 12.36 fg 86.500 fg 18.66 c-f 0.101 c-g 8.754 ef
control 4.694 abc 9.786 j 68.500 j 13.7 hi 0.079 ijk 5.361 h
SRF Br.j 4.705 ab 7.036 k 49.250 k 16.61 efg 0.079 ijk 3.8211i
Br.j+ Az.ch 4702 a 7.5k 52.500 k 11.47i 0.074 k 3.876 i
control 4.385 k-0 13 b-f 91.000 b-f 18.04 c-g 0.109 abc 9.874 a-d
williams Br.j 4.498 e-h 13.25 a-f 92.750 a-f 17.15efg 0.103 b-f 9.551 a-e
Br.j+ Az.ch 4.576 de 12.86 c-f 90.000 c-f 20.61 ahc 0.099 d-g 8.968 de

L )3 ol (ylel 09,5 1 Mo 3 D e y3 S 905l bt aliie By gl)h &S g5l polaw Cuduo a4
Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using duncan

Br.j : Bradyrhizobium japonicum

test.

Br.j + Az.ch: Bradyrhizobium japonicum + Azotobacter chroococcum
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Table 4- interaction effect of three factor of seedling characteristics in field

y s e e S sl SWd 15y S g WS g ai pasle
s ) eSO )5 sl 5 Bl wals wals
bacteri Culti Water deficit Node Seedling Leaf dry Stem dry Seedll_ng Segdllng

ultivar . . . dry weight vigor

a stress (mm) number  height (cm) weight(g)  weight (g) () index

50 4.000 ab 7.500 fgh 0.365 c-e 0.160 c-g 0.525 def 19.082 a-e

Manokin 100 3.000 ¢ 7.500 fgh 0.250 g-j 0.090 ijk 0.340 hij 9.904 e-k

150 3.000 ¢ 7.350 fgh 0.340 d-h 0.130 d-h 0.470 efg 10.547 f-k

50 3.000 ¢ 6.000 ij 0.205 i-l 0.070 ki 0.275]j 5.006 Im
SRFxT3 100 3.500 bc 5.750 j 0.1251 0.050 | 0.175 k 3.821m

control 150 3.500 he 6.750 hij 0.235 hij 0.105 h-k 0.340 hij 5.499 kim
50 3.750 he 8.250 ef 0.210 il 0.080 jk 0.290 6.163 i-l

Williams 100 3.000 ¢ 9.250 cde 0.225 ijk 0.120 f-i 0.345 hij 8.104 h-l

150 3.750 he 9.250 cde 0.245 g-j 0.115 g-j 0.360 g-j 11.195d-j

50 4.500 ab 9.750 bed 0.360 c-f 0.165c-g 0.525 def 17.797 b-g

Manokin 100 3.000 ¢ 9.000 de 0.445 a-d 0.150 d-g 0.595 cd 17.985 b-f

150 3.750 he 9.250 bcd 0.470 abc 0.205 hc 0.675 hc 22.888 abc

Br. j 50 3.000 ¢ 8.250 ef 0.305 e-i 0.140 d-h 0.445 fgh 10.872 e-j
SRFxT3 100 3.000 ¢ 8.250 ef 0.180 jki 0.080 jk 0.260 jk 8.900 g-I

150 3.500 he 6.000 ij 0.135 kl 0.045 | 0.180 k 5.950 j-m

50 4.500 ab 8.250 ef 0.415 b-e 0.155 c-g 0.570 cde  13.099 b-h

Williams 100 5.000 a 11.000 ab 0.525 ab 0.255 ab 0.780 ab 23.648 ab

150 3.500 he 8.000 efg 0.450 a-d 0.180 cd 0.630 cd 14.142 b-h

50 4.000 ab 12.000 a 0.545a 0.290a 0.835a 34.280 a

Manokin 100 4.000 ab 10.500 bc 0.520 ab 0.300a 0.820a 21.898 a-d

150 3.500 he 9.000 de 0.375 c-f 0.170 cde 0.545 def 12.948 b-h

50 3.000 ¢ 8.000 efg 0.210 il 0.120 f-i 0.330 ij 7.116 h-l

. SRFxT3 100 4.000 ab 6.750 hij 0.240 g-j 0.125 e-i 0.365 g-j 11.103 d-j
Brj 150 3.000 ¢ 7.000 ghi 0.220 i-l 0.145 d-h 0.365 g-j 4.638 Im

+ 50 4.500 ab 7.000 f-i 0.345d-g 0.165 c-f 0.510 def 13.069 c-i
AzCh Williams 100 3.500 he 9.000 de 0.400 cde 0.165 c-f 0.565cde  16.609 b-g

150 4.500 ab 9.000 de 0.280 f-j 0.150 d-g 0.430 f-i 12.766 b-h

L )3 olie (g)lel 09,5 15 1oyd D paw )3 S 905l bt aliie By (gl)h &S g5l oo Cuduo o 4
Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using
duncan test.
Br.j : Bradyrhizobium japonicum Br.j + Az.ch: Bradyrhizobium japonicum + Azotobacter chroococcum
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Table 5- mean interaction effect of seedling characteristics in lab an field condition

o . U SWd 0ig gl b gy g b Cepw ol ol Job
IS ~ e iy, wpls  ealS b el wed wels wb T
Wa_te_r Pri_mary Mean Cumulative Field _
deficit . . Root dry field Emergence ~ Emergence Seedling
Cultivar bacteria - emergence Index
stress weight (g) emergence time (d) Rfate ) length (cm)
(mm) (%) (seedling.d™)
Manokin 0.020 ab 17.083 a 0.579a 24.094 a ---- ----
50 SRFxT3 0.015d 5.938 b 0.389 b 10.773 bc ---- ----
Williams 0.016 d 5.938 b 0.408 b 12.081 b ---- ----
Manokin 0.020 he 8.194 b 0.418 b 15.124 b ---- ----
100 SRFxT3 0.016 d 8.438 b 0.424 ab 14.849 b ---- ----
Williams 0.018 bed 9.063 b 0.458 ab 14.849 b ---- ----
Manokin 0.023 a 6.458 b 0.398 b 13.220b ---- ----
150 SRFxT3 0.012e 2.708 ¢ 0.259 ¢ 7.861c ---- ----
Williams 0.018 cd 7.083 b 0.354 b 13.313b ---- ----
control 0.017 b 12.64a 0.520a ---- ---- ----
50 Br.j 0.017 b 6.979 bcd 0.374 hc - ---- ----
Br.j + Az.ch 0.019 ab 9.375 abc 0.483 ab ---- ---- ----
control 0.017 b 6.146 cd 0.378 bc ---- ---- ----
100 Br.j 0.017 b 9.688 ab 0.420 ab - ---- ----
Br.j + Az.ch 0.020 a 9.861 abc 0.501 ab ---- ---- ----
control 0.016 b 6.771 a-d 0.412 be ---- ---- ----
150 Br.j 0.020 a 5.104 cd 0.271c - ---- ----
Br.j + Azch 0.016 b 4.375d 0.327¢ - ---- ----
control 0.019 b ---- ---- ---- 10.7.049 a 34.070 be
Manokin Br.j 0.022 a ---- ---- ---- 100.474 ab 38.635a
Br.j + Az.ch 0.022 a ---- ---- - 107.962 a 35.734b
control 0.016 ¢ ---- ---- ---- 107.053 a 31.843d
SRFxT3 Br.j 0.012d ---- ---- - 90.794 bc 32.164 cd
Br.j + Azch 0.016 ¢ ---- ---- - 84.515 ¢ 28.491e
control 0.015¢ ---- ---- ---- 97.860 abc 34.565 b
Williams Br.j 0.019b ---- ---- - 89.310 bc 34.370 b
Br.j + Az.ch 0.017 he ---- ---- ---- 109.630 a 35.095 b

S0 )3 ol (lel 09,5 13 1o y3 D prdaw 1 (4SSl (905 b A ailiie gy (s &S (ke polaw Cado ya p
Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using duncan test.
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Table 6- mean of simple effect of seedling characteristics

) N S R . . £w !
P U aals & 5
~) o S ads, il R 2l S o ;9@:‘9’ Y
Water Root Stem dr Final Field Field Seedling
Cultivar deficit stress bacteria length weidht (y) Emergence  Leafarea(cm?®  emergence height
(mm) (cm) gntig (%) index (cm)
Manokin 16.79 a 0.082b 30.984 a 9.640 a .- ----
SRFxT3 16.4a 0.064 ¢ 23.576b 5.751b
Williams 15.74 b 0.085 a 26.389 ab 8.755 a
50 - 0.082b ---- ---- 105.423a  8.333ab
100 - 0.064 ¢ ---- ---- 101.938a 8.556 a
150 - 0.085 a ---- ---- 90.855 b 8.067 b
control ---- 0.079 a ---- 5.442 b
Br.j - 0.077 a ---- 8.332a
Br.j + Az.ch - 0.075b ---- 10.392 a

L )3 ol (6)lol 09,5 )3 hoyd 5w 13 Sy ge sl b A aliie g (sh)b &S (golael o yay

Means in coulumn and treatement followed by similar letter are not significantly different at 5% probability level, using duncan test.

11

12

&L

Abdul-Baki, A.A., and Aderson, j.D., 1973. Vigor determination in soybean by multiple criteria. Crop Sci. 13,630-
633.

Antoun, H., Beauchamp, C.J., Goussard, N., Chabot, R. and Lalande, R. 1998. Potential of Rhizobium and
Bradyrhizobium species as plant growth promoting rhizobacteria on non-legumes: effect on radish (Raphanus
sativus L.). Plant Soil. 204,57-67.

Anonymus, 2008. Hand book for Seedling evaluation (3".ed). International SeedTesting Assosiation (ISTA),
Zurich, Switzerland.

Apte, R. and Shend, S.T., 1981. Studies on Azotobacter chroococcum. Il. Effect of Azotobacter chroococcum on
germination of seeds of agricultural crops. Zentralblatt fur Bakteriologr-Parasiten Kunde. Infektion Skrankheien
und Hygiene. 136, 555-559.

Biswas, J.C., Ladha, J.K., Dazzo, F.B., Yanni, Y.G. and Rolfe B.G., 2000. Rhizobial inoculation influences seedling
vigor and yield of rice. Agron J. 92, 880-886.

Dakora. F.D., 2003. Defining new roles for plant and rhizobial molecules in sole and mixed plant cultures involving
symbiotic legumes. New Phytol. 157, 39-49.

Delouche, J.C., 1980. Environmental effects on seed development and seed quglity. Hortscience 15 ,775-80.
Dorenbos, D.L., Mullen, R.E., and Shibles, R.M., 1989. Drought stress effects during seed fill on soybean seed
germination and vigour. Crop Sci. 29, 476-480.

Elis, R.H. and Roberts, E.H., 1980. Towards a rational basis for testing seed quality. In, Seed Production (ed. P.D.
Hebblethwaite), 605-645, Butterworths, London.

Hafeez, F.Y., Safdar, M.E., Chaudry, A.U. and Malik, K.A., 2004. Rhizobial inoculation improves seedling
emergence, nutrient uptake and growth of cotton. Aus. J. Exp. Agri. 44, 617-622.

Haji Boland, R., Ali Asghar Zadeh, N. And Mehrfar, Z.. 2004. Ecological study in two regions of Azarbyjan and its
effect on plant growth and mineral nutrition of wheat. J. Agricultural Science and Natural Resources, 8" year, No.
2, page 75-90.

Halmer, P., 2000. Commercial seed treatment technology. In: Seed Technology and its biological basis, Black, M.,
ed. Pp, 257-286.

13- Hampton, J.G., and Tekrony, D.M., 1995. Handbook of vigor test methods (3 ed.) International Seed Testing

Association (ISTA) .Zurich, Switzerland.



B3 ... cason 5 g30lT eukS coni sbos S Wb

14- Hunter, E.A., Glasbey ,C.A., and Naylor, R.E.L.,1984.The analysis of data from germination tests. J. Agr. Sci. 102,
207-231.

15- Kloepper, J.W., Scher, F.M., Labiret, E.M. and Tipping, B. 1986. Emergence promoting rhizobacteria, descriptions
and implications for agriculture., pp,155-164. in: Iron, sidrophores and plant disease. Ed., Swinburne , T.R.,
Plenume, New York.

16- Kloepper, J.W., Zablotowicz, R.M., Tipping, E.M. and Lifshitz, R., 1991. Plant growth promoting mediated by
bacterial rhizospherecolonizers., pp, 315-326. in: The rhizosphere and plant growth. Eds., Keister , D.L. and
Cregan, P.B., Kluwer Academic Publishers, Netherlands.

17- Marguire, J.D. 1962. Speed of germination-aid in selection and evaluation for seedling emergence and vigour. Crop
Sci. 2, 176-177.

18- McQuilken, M.P., Halmer, P. and Rhodes. D.J., 1998. Application of microorganisms to seeds. In: Formulation of
microbial biopesticdes: beneficial microorganisms, nematodes and seed treatment, Burges, H.D., ed. Pp, 255-285.
Kulwer Academic Publisher, The Netherlands.

19- Meghvansi, M.K., Kamal. P, and Mahna, S.K. 2005. Identification od pH tolerant Bradyrhizobium japonicum
strsins and their symbiotic effectiveness in soybean [Glycine max (L.) Merr] in low nutrient soil. Afr. j. Biotechnol.
4, 663-666.

20- Orchard, T., 1977. Estimating the parameters of plant seedling emergence. Seed Sci. Technol. 5, 61-69.

21- Ram, C., Kumari, P., Singh, O., and Sardana, R.K., 1989. Relationship between seed vigor tests and field
emergence in chickpea. Seed Sci. Technol. 17, 169-177.

22- Sobhani, A., Shirani Rad, A.H. N, Nakhoda, B., Fallahi Daghian A., 2000. Help determine LAI crops. Ministry of
Jihad-e-Agriculture - Agricultural extension and education research organization — Extension branch - part of
biotechnology research.

23- Vessey, J.K. 2003. Plant growth promoting rhizobacteria as biofertilizer. Plant Soil.255, 271-286.

24- Vieira, R.D., D.M. Tekrony, and D.B. Egli., 1991. Effect of drought stress on soybean seed germination and vigor.
J. seed technol. 16,12-21.

25- Zahir, A.Z., Arshad, M. and Frankenberger (Jr.), W.F., 2004. Plant growth promoting rhizobacteria: applications
and perspectives in agriculture. Adv agron. 81, 1-97.

26- Zhang. H, Daoust. F, Charles. TC, Driscoll. BT, Prithiviraj.B, Smith. DL., 2002. Bradyrhizobium japonicum
mutants allowing improved nodulation and nitrogen fixation of field grown soybean in short season area. J.Agri
Sci. 138, 293-300.



Journal of Agroecology Gl (bl ooy &y i
Vol. 1, No. 1, Fall 2009, p. 53-64 53-64. 0 1388 jub d ojlois d wl>

Effect of free and symbiotic nitrogen fixing bacterial co-inoculation on seed and
seedling of soybean seeds produced under deficit water condition

H. Hadi”, J. Daneshian, A. Asgharzadeh, A. Hamidi, P. Jonoubi, F. Ghooshchi and M. Nasri*

Abstract

Effect of free and symbiotic nitrogen fixing bacteria on seed and seedling produced seeds under
deficit irrigation was conducted in laboratory and field experiments in 2006. In laboratory of karaj’s
Seed and Plant Research and Certificate Institute an experiment was conducted based on factorial in
form of completely randomized design with four replications and in field’s of Islamic Azad
University, Varamin Branch were split factorial in form of randomized completely block design with
three replications. Treatments included water stress [Irrigation after 50 (Normal irrigation), 100
(Middle stress), 150 (Severe stress) mm evaporation from pan class A], Cultivar [Manokin & Williams
and SRFxT3 Line] and inoculation [Inoculation with Bradyrhizobium japonicum, Bradyrhizobium
japonicum co-inoculated with Azotobacter chroococcum, No seed inoculation]. Results showed that
drought stress decreased the uniformity and germination speed and seedling emergence. Bacteria
increased leaf dry weight, stem dry weight, leaf area and seedling vigor index but had no effect on
emergence. In irrigation levels inoculated treatments had higher seedling length, leaf, stem, seedling
dry weight and seedling vigor. Severs stress seeds inoculated with Bradyrhizobium japonicum had
higher root dry weight than control. Therefore in seeds which were produced under deficit irrigation
conditions, bacteria increased seedlings vigor.

Key words: Seedling vigor, Seedling emergence, Bradyrhizobium japonicum, Azotobacter chroococcum

1- A Contribution from M.Sc Islamic Azad University-Varamin Branch, Seed and Plant Improvement Research Institute, Water
Research Institute, Seed and Plant Certification and Registration Research Institute, Tarbiat Moalem University
(* - Corresponding author Email: hamedhadi9@yahoo.com)
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Table 1- Physico-chemical characteristics of the site of experiment soil.
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Fig. 1- Effect of different mung bean and black cumin sowing patterns on mung bean leaf area index
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Fig. 2- Effect of different mung bean and black cumin sowing patterns on black cumin leaf area index
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Table 2- Mean comparison of different mung

bean characters in different sowing pattern

dlaxs
. .. oy . X . > Al 5 3
&gy g5, PE IR Y, e PHENIREY 5% a5s ol J ) [531] )ﬁ“'
plant digy 0 oil> : Ble &0 - el «l> B, low
height number of “92 number 1000 seed N seed Grain Trea)tm“ents
(cm) branches ~ numberof  of seeq iaht harvest — weight/plant  yield
/ plant full / pods (0) weig index (9) (kg/ha)
pods/plant
- - - - - - - - Al
39.7% 6.60 ™ 36.0° 9.67°% 37.6° 25.9% 9.51°¢ 1902° A2
39.2% 6.77 ¢ 53.7¢ 9.90° 36.1%° 28.3% 13.7° 683 ¢ A3
42.4% 6.732° 404 * 9.87°% 36.3% 23.8° 12.0%¢ 1800° Ad
31.1° 6.07° 43.4% 9.57% 36.1%° 24.9% 17.3% 867 ¢ A5
49.6° 6.60 ™ 35.1° 10.1° 32.9° 23.7° 10.1° 1510° A6
43.2°% 7.30% 43.1% 9.70* 36.7% 23.6° 11.9%¢ 1186°¢ A7
36.9% 7.50% 49.8% 9.77° 35.7% 29.7° 14.6%° 1456 A8
A5l o5 ()l xe gls (el YD g 45 ST igejl (slne p St By K Bl Gl sla Sl (gt b )
Means with at least one similar letter, are not significant different (P<= 0.05) based on Dunkan test.
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Table 3- Mean comparison of different balck cumin characters in different sowing pattern
Al dlaws JoSded alaxs  paibdlaxi I3 3 asLs PRI 3 ,Sos
G EW)l el Wy JoSdsd &l cuilsy seed &g &l o
plant height  numper of number of number of 1000 seed . weight/ Grain  Treatments
(cm) branches full follicle seed weight ~ Narvest Plant ield
9 index an e
/ plant /plant / follicle (9.) (9.) (kg/ha)
14.8°¢ 3.53% 3477 24,07 2.937 26.7° 0.31% 309° Al
- - - - - - - - A2
15.8%¢ 3.43% 3.97¢ 24.7% 3.12% 26.6° 0.32° 242° A3
16.9%° 3.00° 2.90" 225% 3.23¢ 2278 0.26° 64.0¢ A4
14.8°¢ 3.23% 2.57° 20.7% 3.13% 22.4*° 0.28% 213° A5
18.5°% 2.60° 287" 17.3° 2.88" 229° 0.28% 71.0° A6
15.3%¢ 3.40% 357 25.1% 2.80°¢ 25.3° 0.27% 135° A7
15.3%¢ 3.17% 3.10% 21.7% 2.952% 25.1° 0.27% 134° A8

Al o5 ()l xe gls (el YD g 45 ST g0l sline p Syt By K Bl Gl sla Sl (gt b )
Means with at least one similar letter, are not significant different (P<= 0.05) based on Dunkan test.
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Table 4- Mean comparison of the interaction effect of sowing pattern and weed control on mung bean

5 85 PES WKy e e .
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plant PRI . s &ls & PHR

height o G9! Py SN Cudlag » : B, los

(cm) # number of  number of 1000 seed h . seed Grain Treatments

number of full seed weight arvest  yeight/plant  yield
index
bll'anlch(is pods/plant / pods (9) (@) (kg/ha)
plan
- - - - - - - - AlV1
- - - - - - - - AlV2

424 6.27"% 37.6%™ 9.00" 3752 22.6" 7.55¢ 1511 % A2V1
36.9% 6.93%° 34.4% 10.3* 37.8° 29.3% 11.5° 2293° A2V?2
432 6.33 " 50.1% 9.70 e 35.6% 25.6%* 11.7° 586 °© A3V1
35.3%® 7.20% 57.32 10.0 20 36.6° 31.1° 15.6° 780 A3V2
50.5% 6.47" 305" 9.30 *' 36.1° 22.6" 8.06 1209 A4V1
34.3%® 7.00%° 50.3% 104 36.4° 25.12* 15.9° 2392° A4V2
354 6.33 " 37.4%> 9.00" 34.2% 22.4" 10.3° €513 A5V1
26.8° 5.80°¢ 4952 10.0 2 38.1° 27.5%* 24.4% 1222 % AbV2
54.7% 7.27% 43.2% 9.60 e 30.3° 26.5%* 9.02 1353 A6V1
445%® 8.93°¢ 26.9° 10.62 35.5% 20.9°¢ 11,15 1668 ° ABV2
414 7.20% 440%™ 9.10° 37.1° 20.2°¢ 12.6° 1255 A7V1
45,0%® ®47.40 4233 10.3%¢ 36.2° 27.0°% 11.2bcd 1117 ATV2
409 7.00%° 4352 9.70 Pece! 35.1% 29.0% 13.3% 1328 * A8V1
329%® 8.00° 56.1°2 9.9 2vcce 36.3° 30.3° 15.8° 1583 ° A8V2

Aib o5 ()l xe gls (el YD g 45 ST g0l (sline p Syt By K Bl Gl sla Sl (gt b )
Means with at least one similar letter, are not significant different (P<= 0.05) based on Dunkan test.
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Table 5- Mean comparison of the interaction effect of sowing pattern and weed control on black cumin

oy
aald o > &y 3
g abolaw e w £ on
. )b ‘_gh;l? ﬂ?’iﬁ)# ] ),h.“))e ‘)Aé‘w\’ 43_9-2 &y J)ﬂgﬂ
plant &g gyl = - Gy ISR w1 Cudls seed Grain Ses
height (cm) % number ~ number  1000seed .o wieght/ yield Treatment
number of full of seed weight index Plant (kg/ha)
of follicle / follicle ()] o)
b'/'anICh‘iS /plant

plan
16,0 °°® 2.87°7 2.47% 21.8* 3.16% 24,0 0.210° 211° AlV1
13.6° 4.20% 4.47% 26.2% 2.70° 29.4% 0.407* 406 * AlV2
- - - - - - - - A2V1
- - - - - - - - A2V2
17.2"% 253 2.73 % 22.4%° 2.97 ¢ 23.0° 0.180¢ 1371 A3V1
14.4 ¢ 4.33° 5.20° 27.1% 3.27% 30.23°¢ 0.463° 348° A3V2
18.1% 2331 2.20°¢ 22.6*° 3.38° 23.3° 0.163 ¢ 40.0 % A4V1
15,7 > 3.67° 3.60" 22.4%° 3.07 % 22.0% 0.353" 87.9M A4V2
16.4°¢ 253" 1.80° 20.2*° 3.01°% 23,5° 0.197 ¢ 1471 A5V1
13.1°¢ 3.93%° 333 21.2%¢ 3.24% 21.3¢ 0.370™ 278°¢ A5V2
20.6° 2.00¢ 220°¢ 17.5°¢ 2.92%¢ 23,82 0.143°¢ 36.6 " AGV1
16.5°¢ 3.20% 353" 17.1°¢ 2.84"° 22.0% 0.423% 105 9" AGV2
15,7 > 253" 227°¢ 22.3%¢ 2.80"° 22.4% 0.217°¢ 107 " A7V1
14,9 ° 4.27% 4.87°% 27.9° 2.80°% 28.2%° 0.323°¢ 162 ATV2
16,9 2.80 ¢ 2.60 195 2.94 ¢ 24,1 20 0.143¢ 71.6 A8V1
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Al o5 ()l xe glis (el YD s 45 ST igejl (sline p Syt By K JBhs Gl sla Sl (gt b )
Means with at least one similar letter, are not significant different (P<= 0.05) based on Dunkan test.
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Table 6. Mean comparison of the interaction effect of sowing pattern and weed control on number, abundance and biomass
of weed species, and Land equivalent ratio in different sowing pattern

Sdile &g slaxs . He o s b i sdle log om0 (Sl p o
i sladle Jlgl 8 ; - .
e Weed biomass Land equivalent B ;Lo
? Weed abundance 2 .
Number of weed (g/m’) ratio Treatments

species

6.83% 38.0° 56.52 1.00° Al

45.00 2137 230.8 1.002 A2

5.832 2552 49.1° 1.14% A3

5.172 15.02 43.2° 1.152 Al csls )
5.17°% 15.72 45.3% 1.14° A5 Sowing pattern
5.332 35.72 340° 1.032 A6

6.502 19.2°2 47.2° 1.062 A7

6.17° 25.7°2 476° 1.202 A8

9.672 61.0% 1137 1.00 AlV1l

4 4,00 €9.00 0.317° 1.00° AlV2
7.00 *° 21.7% 6752 1.00 A2V1

3.00% 5.67° 0.142° 1.00 A2V?2

8.67° 44.7% 97.9° 1.03° A3V1 ol bl 51
3.00° 6.33° 0.207° 1.20% Av2 T
7.67% 240" 86.2° 1.00 A4V1 IS g e
2.67¢ 6.00°¢ 0.194° 1.27% A4V?2 i
8.33° 22.0°¢ 90.3° 1.03° A5V1 Interaction
2.00¢ 9.33° 0.182° 1.20%° A5V2  effect of sowing
7.67% 72.0° 61.82 1.00 A6V1 pattern and
3.00 5.33°¢ 0.182° 1.07 P ABV?2 weed control
9.002 31.7%¢ 9412 0.90¢ A7V1
4,00 "« 6.67°¢ 0.278° 1.332 ATV?2

8.67% 42,7 9502 1.20%>° A8V1
3.67° 8.67° 0.255° 1.20%>° A8V2

Al o5 ()l xe glis (el YD g 45 ST igejl (sline p Syt By K Bl Gl sla Sl (gt b )
Means with at least one similar letter, are not significant different (P<= 0.05) based on Duncan test.
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Evaluation of sowing patterns and weed control on mung bean (Vigna radiate L.
Wilczek) - black cumin (Nigella sativa L.) intercropping system

P. Rezvani Moghada®, M.R. Raoofi, M.H. Rashed Mohassel and R. Moradi*

Abstract

In order to study different arrangements and weed controls effects on mung bean (Vigna radiate L.
Wilczek) — black cumin (Nigella sativa L.) intercropping an experiment was conducted at the
Research Station of Faculty of Agriculture, Ferdowsi University of Mashhad, Iran, during growing
season 2005 — 2006. Sixteen treatments comprising combinations of eight sowing patterns [Al: Sole
black cumin, A2: Sole mung bean, A3: 3 rows black cumin— 2 rows mung bean, A4: 3 rows black
cumin — 2 rows mung bean, A5: 2 rows black cumin — 1 rows mung bean, A6: 1 row black cumin — 2
rows mung bean, A7: 3 rows black cumin — 3 rows mung bean (Striped), A8: 1 row black cumin — 1
row mung bean (alternative rows)] and two weed controls [V1: unweeded, V2: completely hand
weeding] were arranged in a factorial experiment based on randomized complete block design with
three replications. Results showed that in intercropping systems leaf area index (LAI) of mung bean
reduced but in the case of black cumin increased. Mung bean total dry matter in intercropping system
did not differ comparing with sole crop but total dry matter in black cumin increased. All vyield
components in both crops affected by sowing patterns and weed control treatments. Number of
branches/plant, number of pods or follicules/plant and number of seed/pods or follicules increased in
A8, A4, A5 and A3 sowing patterns in mung bean and A3, A5 and A7 sowing patterns in black cumin
compared with other arrangements. By increasing mung bean ratio in rows, the number of weed
species, weed density, dry weight of weeds and abundance of weed species decreased. In unweeded
treatment, number of branches/plant, number of pods or follicules/plant and number of seed/pods or
follicules decreased in both crops. Land equivalent ratio (LER) was more than 1.00 in all sowing
patterns.

Keywords: Sowing pattern, strip cropping, growth analyses, grain yield, LER

1- A Contribution from Department of Agronomy, Faculty of Agriculture, Ferdowsi University of Mashhad
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Table 1- Effect of different wheat seeding rate treatments on different criteria at canopy closed stage

olS glis,l Bl SWis 039 Sy iS5 w15 B Sl iy jlade
Heigth Culms dry weight  Leaves dry weight Density Wheat seeding rate
(cm) (gm? (g.m?) (plant.m?) (kg.-ha™)
70.88 a 232.24b 72.20b 68.69 bt 250
72.52a 248.39 ab 77.33 ab 73.47 ab 275
68.63 a 263.80 a 82.12a 78.02a 300

(o =%5 oSoh) 35,5 ) S0a85 b (g by ine B 1S 0 B S5 50 Jolas 45 SlacySilo (gt ja 0 ¥
Means within each column followed by same letter are not significantly different at 0.05 probability level according to DMRT.
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Table 2- Effect of different wheat seeding rate treatments on different criteria at wheat harvest stage.
DA CuliS ydy ylade

3,90 Olbo
Wheat seeding rate (kg. ha) w)gri:g:ia
300 275 250
»
65.86a 6452a 54.69b Y >
Density (plant.m™)
‘5 s a2 ..
3313a 3245a 2653b rEEm QS
Leaves dry weight (g.m™)
bl Sid (59
176.78a 173.20a 160.91b . B
Culms dry weight (g.m™)
S
1984a 1944a 205la » b
Leaves length(cm)
adgs Jsbo

790a  824a  860a Spikes length (cm)

abgd il sl

Grains per spikes

43.69a 428la 40.26a

bl 0
21.36 20.92 19.78
a a 2 1000 grain weight (g)
‘_i’r.
39629a 388.27a 365.20b | S, 5
Biological yield (g.m™)
4l > ,Sles

231.89 227.39 201.48
a a a Grain yield (g.m?)

(=95 S313) 36,185 0S5 b (o sime S| 08 e B S Pl &8 ol Silio iy o *
Means within each row followed by same letter are not significantly different at 0.05 probability level according to DMRT.
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Table 3- Effect of different wheat seeding rate treatments on different characteristics of wild barley at canopy closed stage

ols slés aBlw S (39 S Sis 39 o1 B CuliS ydy ylade
Height Culms dry weight Leaves dry weight Density Wheat seeding rate
(cm) (g-m") (g.m") (plant.m?) (kg .ha™)
52.64a 22.36a 10.35a 62a T 250
34.78 b 17.07b 8.19b 5.4a 275
3111b 16.80 b 7.70b 6.6a 300

(0=U5 Sol) 15,5 130085 b (sl sine OB 1S jitie B Sy p3 Jilis & LlaySilie (ygias p1 0 *
Means within each column followed by same letter are not significantly different at 0.05 probability level according to DMRT.
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Table 4- Effect of different wheat seeding rate treatments on criteria of wild barley at harvest stage

) _ S 39 SWS 39 CulS \dy lado
PP Pabola ade b Sy sk s - ,
it ) . aBlw Sy 1y W
1000 grain IS Spikes Leaves : g .
- Culms dry Leaves dry Density Wheat seeding
weight . length length ! € )
© Grsa'in;eger (cm) (cm) weight weight (plant.m™) rate .
P (gm?) (9.m?) (kg .ha™)
4.16a 2.34a 3.46a 7.33a 13.85a 5.26a 7.30a T 250
4.85a 3.96a 2.62a 4.27a 8.76a 2.93a 4.63a 275
2.08a 2.95a 4.78a 437a 10.34a A3.87 a 5.50a 300

(0=%5 S3ls) 5,5 1015 b (gl sime OS] S e B S 3 b &8 lnySibe gt o o *
tMeans within each column followed by same letter are not significantly different at 0.05 probability level according to DMRT test.
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Table 5- Effect of different sulfosulfuron time of application on some morphological characteristics of wheat at grain milk
developing stage and yield and yield components of wheat.

09198 gmwgdl g HiSle 8 pro (3o

Time of sulfusolfuron application "w’g b_:”_&w
Z ~ Z riteria
Sr8 FSp6 Sp4
8 leaves 6 leaves 4 leaves Control
5
78.42a 68.11b 79.22a 42.67ct . s P
Density (plant.m™)
‘5 s a2 ..
30.85a 3426b 376la 16.43c rEEm R
Leaves dry weight (g.m™)
bl SIS (59
212.65a 182.83b 200.72a 87.64c . 2
Culms dry weigh (g. m™) t
S
1933b 20.44b 22.38a 17.57c » i
Leaves length (cm)
870a 820b 866a  7.48c s Je
Spikes length (cm)
5255a 4518b 49.6la 2L67c ag > b dbud
Grain per spikes
SLPUCIDD
25.69a 22.09b 24.25a 10.59 ¢ Thousand grain weight (g)
47867a 40983b 44994a 19656c . S 5
Biological yield (g. m®)
35 5, Sles
2669a 22047b 25193a 11005c¢ e

Grain yield (g.m?)

(07U5 (S5l) 15,5 )RS5 b (gl ime M) 1S e by S5 50 ol 45 o lacnSile indy po o *
tMeans within each row followed by same letter are not significantly different at 0.05 probability level according to DMRT test.
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Table 7- Effect of different sulfosulfuron time of applicationon some characteristics of wild barley at milk grain developing

stage.
&L?S,! Blw Sis 39 S S 39 ﬂ;l,_s 550,15 3l
Height Culm Dry matter Leaf Dry matter Density Time of aoplication
(cm) (@.m?) (@.m?) (plant.m?) PP
80.70a 57.39a 26.32¢ t17.41a  OSEe Sras opn ald
Control (no-herbicide)
41.71b 10.06 b 460b 422 S
4 leaves
80.10a 0.01a 0.01a 0.22¢ 526
6 leaves
36.10¢ 8.90b 410b 2.88 bc 528
8 leaves

(0=U5 (Sol) 15,5 ;0085 b (sl gine OB 1S yitie B Sy p3 Jilis & Loyl (ygias p1 0 *
tMeans within each column followed by same letter are not significantly different at 0.05 probability level according to DMRT test.

Sl sl po y3 0392 LiliSe Gl 2 (9998 guigilgw IS e Bpan (loj 1 Sk dmglie =7 Jgi
Table 7- Effect of different sulfosulfuron time of application on some characteristics of wild barley at harvest stage

i s s sl - SWs 039 e o e
2 059 abslag  adgd Job  Sp gk sl SS9 Sl e ol
&ls adgh Spikes Leaves Leaves dry > Sale
. Tl length length Culms dry weight Density g

1000 grains Grains in weight - (plant.m?) Time of
weight (g) spikes (cm) (cm) (9. m?) @m9) sy application
o i 2ol
350a 317a 5.89a 12.64a 43.95a 15.53a 21.59a sl
Control (no-
herbicide)
1.00b 1.28b 1.00c 216 b 0.01b 0.01b 0.33b <
4 leaves
1.00b 1.00b 6.16 a 4.05b 0.01b 0.55b 1.00b 526
6 leaves
1.00b 1.00b 2.44b 2441 0.01b 0.01b 0.33b 528
8 leaves

(0=%5 Sols) 5,5 100 b (5l sime OS] 18 yitia B S > JBhis o8 ol Silio ygitas po 0 *
tMeans within each column followed by same letter are not significantly different at 0.05 probability level according to DMRT test
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Integrated management of wild barley (Hordeum spontaneum Koch) in wheat
field under stale seedbed condition

M.A. Baghestani Maybodi*, H. Sayedipour, E. Zand, M. Minbashi-moeini, F. Maighani and A. Lashkari*

Abstract

Field experiment was conducted in order to determine the effect of wheat seeding rate and time of
application of sulfosulfuron for control of Hordeum spontaneum in wheat field in 2007 in Qom
Province, Iran. The experimental design was completely randomized block with four replications in
which treatments were arranged as factorial. The treatments were wheat seed rates at 250, 275 and 300
kg/ha and time of application of sulfosulfuron in different growth stages of Hordeum spontaneum
(four-leaves, six leaves and eight leaves). Results showed that using 275 kg/ha and application of
sulfosulfuron at four-leaves growth stage of Hordeum spontaneum in stale seedbed method were the
best treatments for suppressing of Hordeum spontaneum in wheat field. These treatments reduced
growth of Hordeum spontaneum while increased attributed growth criteria of wheat, particularly
wheat grain yield. According to economical and environmental standpoints, using wheat seed rate at
275 kg/ha and applying sulfosulfuron at four-leaves stage of Hordeum spontaneum were the best
treatment for integrated management of wild barley. These treatments affected seed production of wild
barley, therefore, the input of wild barley seed to seed bank can be reduced by mentioned treatments.

Key words: Seeding rate, Herbicide, Sulfosulfuron, Cultural control, Seed bank, Competition
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(* - Corresponding author Email: Baghestani40@hotmail.com)



Journal of Agroecology
Vol. 1, No. 1, Fall 2009, p. 91-101

39t (ol poy 49yl
91-101 . p 1388 5l d ojbes d il

AR (33U 5 G jlazes b gonor gla tSile (5 08 e (s S

(f.uf 3,30 adllas) (g, Ol & Dbl s

PR Loy 5P e el G Ao
88/9/20 : 5L s gk
88/10/30: 2 »dy s

2>

S sl (o SIS Uil Cuad )3 5o Slaile g9 5 (amacun ) Jelss GEB 4 Cud SIS 5 5liS Sl 5 | 15T

2 ke il aaa g L dgd e (A (5))sldS Lo (Vgtee 5 (IS Cunlis 4 S8 g 3 (slil JSal) S gt e slacils sl
&3SV 5| e ySorae 5 1387 Jlu 3 o5, laslys il JLSpaS 5,5l 180 aaie (clmosls 1 oozl L b ol o (335 dlie o)
M8 s dyge b 4 o B 3 cungjlamo b et sl iSile Cuodd yy jpacile 95 g (lamacun ) Jolgs (i85 (S ()15 b
ALST a3l ol coodls ayigy (ials ool (Sogll il o ol o5 b S Gl (i ()5 65X 350 5| Jols gl 3,5
b guan (slaiSile Cuasd 59y 2 iliime 5B 5ym slaile (39 Al o (sjlbme mita g IS ile Bpaa Sl b egu BT 1 55
E55 ol Cad 2 ()b isine 5y slaiile (35 Aotz 5 S (Sogll s dlar  lapite ol 13l Sl (65,5l 5 Cans laome
IS5 el Sl b g ) gl iS il ) oslizad (lSal 5,90 53 (69,8 Sligios plosl (g ol slaaly 4 avg .l b Sils
LaiSaile g5 cad 5 g pllas > ) slatSidle (30l )0 oliyglsS <ol a4 bled plie 4 dag (lamocun ) slaaddss |

00,8 (o Dy yidiy Olains sl g atily (3 Couonl

ey S dile (S (68 s (30l I3l cdla, gulS S 03ly

g S8 o gyl gllasl b j 5 haejj 5 o sl
Bl il s yls] codw ayags coleS cladisS oS
sloully Slelyd clanl slo SIS lawtocum L;Uzuf)ﬂ
dipoj oyl ;o calise cldllas ((Florax et al., 2005) sl 63y
2 ome tlord SLa GBS 8l pglie ()8 o amd o LS
s Lo .(Nemati, 2009) 15 1,3 by 033 Slpas 5 2
b BB i ol g (e Ol o b iSule e oS
Casgoms (Ribaudo, 1993) ol ass, pYL , s aliul )
Sy 48 Sl (glodyy deyso )3 Sl 0)l8° 31 5y 5L
.(Sivayoganathan et s e .o (55) dawgs Jb> )5 (slayguiS )
sl S aale jlolatul puiiue (520 3 &S Jlj,sLis al., 2000)
b Ll eie g 3l @lysl 18U coss as )b s olews
(Blair & White, 1985; Hoar et al., 1986; Wigle et 1 .5 »
X (glodds aislid oo dlge el b iScél al., 1990)
(Funari et al., ss35 0 swojpj sl Logase O 5)lg 45
Al gtlaals 51 (ALS by CkS 5 Cuof  1995)

doddo

L5 oas [y ¢L5))9l_m§ UYW )JYLv .\;.Jy 4 U;JL.M».)

Wb gyl Mg sty il s plsie 4 o tsedl
JrsS 5 epinilbsl o YU jlaw LS s 4 baiSedl
Sy 355 5 S & S8 35 5 ol by 50 claile
S e )8 odliiwl 3)50 (slodislid y5b 4 ob Sein Jparme
La sScile 5,LS 4,51, (Sydorovych & Marra, 2008)
2 g ialS gl ime S5 an |y a]e clals Wl o
IS 1y S alod o 0 b Blis 5 (el slaplls
9 ol oM (gl wlg o Lo i Sale 5y,LS Lol uan
2l Jeoss ) (215 slaa o g a3l sl ol Cajlaze
SS9l sl cgn a4 o iS el 0318 )8 131 claany Job

coole alin gae g )] wlid)S cmiily (ode Sla gae iy 4-332.1
o (gD yd ol ¢(65y9llS 0aSiisly

(Email: ghorbani@um.ac.ir e ot = *)



1388 Jlu L ojleuis d sl (55,9l cwlic poz as pis 92

SV 0/17 Lawgio yob 4 ol )9liS oS o lis S Sluogas
51985 11986 1 0)90 o ,d iSCS] Cuomw dnyd ialS (olp
Beach & ..aile>, S csly, 1992 L5 1985 6,65 45 ,¥> 0/34
yobaie 4 IS s 5 ol SaSS 5l ealizal L Carlson (1993)
Slogas 53,5 )y L 1y 0o Lo iSedl olbs b))
L aslen yl5yslis s asn S slpa iy Lo i S'cale calise
A5l plSin f35LS &S 5l L gl S s 1y L tSed]
ol la 3Sedl 5,8 el g Ol cuinS 4 ilisee &Y guame
02l s a8 (6,180 (665 2,08 e LD o YU
Sl S g 03g) 4 xe Caew (lise 5 (290] Jamiln 4 ol
Bunch .xslacsly 5,m slacile )y gaol S 4 s (¢ 5SS
SS9l s (gl ol3)slaS LT &S ol ) 2 s et al (1993)
5 it BB ool la il 5,8 Cuow g duwojpj oo
oy ol Ll andllas ol 053,S" oolitwl auS (¢ liS s (ool
A5l dn g b Sl Cow 43> 4y ded L oljy9lsS” &S
ol oS (g8 cusd (555l eslinwl L Sodergvist (1998)
9l sly o5 cuesd (o3 I ooliul (ggiio il o, aS sl
Lyl 3 piSedl sla Sy (e Cansllas) sl 55
sla Sheas ol (Lis gl uioren A bl oo iy Sl
e SlaCead Wlgi e (aliard dge (a8ly 00l (555031l
Jolos) adgi (cln pusio amd b9 | L il 1 clod s
oS bl oo Jpamo we Sloogad (il 4 by sloyite
oS il dn g Wb md e sy |y b iS el 3 )8 Slogouas
oo & (oalsesd Slsa S 15 (e g 550l & 5,8 o i
alyled e i)l acsl acab @bl Jelge pl 0o s
Iy olas e (om0 (oolail Y Ll Ll wafpéi
g gl o SBass gl asle o Yd cpl a8 asude
oo yobay (Jaroanyj Clod | &S (BaS S pan jl (6555
sobate do (ale Lo by, Ngd e oo o s pf L g
SlS alhblsw J,mu8 g Copis dine) )0 (g)liS b
7593 9 3L p (e Babyy cul Sl (1)l 392y n S cile
(Travisi et al., Al o 5,5liS g)bd) o o0 5 cul 5 b,
Congd 055 S5y y2 4S5 Ly Ol om U9 9 ol 2 .2006)
g jlas (gly 0ybloes 5y Y guaso I ol550lis” da yiS'cale
293 o jl0, S culin oyblsn o S sla S ale Cuow 4
Bl e 1)y l3polsS H18) ((So25 g (omd 5 gy b OlF e
L g comnjlarome (gl plad oS Bl b g ) claisile
LoBAd g (6 S s diojls g5 oS Ailes odlatul s isw yil
A jbi g gl iSaale OT Jasl g &l céby cuwlus (b

Ca S Cossome 4 picmen o (Pimentel & Greiner, 1997)
(Murray, «l, s> {Mason et al., 1986) ,lsbiuy calise
olidss 09 yie (Luhdholm, 1987) 5, 4 1985)
Codw p szfusl ahblbre 3,5 ol550lis a8 cul sl )l
Higley & ) aisb o cmjlar e iS5 o]
Wintersteen,1992; Beach & Carlson,1993; Mullen et al,
OlsygliS as usly Lss Beach & Carlson (1993) (1997

4 gyn sladile S oly il cla gSedl Ol plKin
LYL coggl g cpenl La i Sesl s )8 sl g of cois
Comnl 311 50l )3 biges 9 )5 GBS ST L o 5m lacile
4 g ySle 4 oliwd Bua b b iSdale saiSuls sleolSs
JriS o dsuyil g oS Sle b sl iScale g Jlis
Flas 4 ]y Slaags (a8 32l)8 cnl )3 9 Wb o0 5 slacile
Ldgi d S ol col asuie c\zj coplplo )l lasecun
eodle isuil g jym clacale YL i il L gla iScile
D50 )l dag 2)90 peS Jlojen job & Cumjlaes b gunen
S Sloxa 4 dog5 (g @ly 53 b gshae doul 4 g b
Byans gl Lol o )l5)slis oo g jpo slacale
ollaols el Sis b alb,iSile W)y 4 plidl s S il
PelagisSale ol 8 sl Wb o Jeorocum
Olows i jlogy,S 90yl (gadgi Joase (o S Cued colys
St )3 935 )8 425 2y90 S Cile Bpaa (sl o )5laS
JLs 3 a8 s o ol leMbl o) S ys bl 53,5 gunen
L 5l slagised]) i lagised] Sl b ol
e J5 31 amod 15 L )V sl 400 (i jlar o
[(Navon, 2000; Gaugler, 1997) s 3L o s (sla iScdl
S b e ST il 3 bl o T i 3929 L
10,0 15 510 Loyl a5 395 oo (s 1At Lo Sy
3yLibee 4 152 Ly 52000 Jlo j Y5 ysebs 460 5) Jlo
Sy Ay ol 8 Jb s e a3y a] Jlo 15 6710 5 (5¥s
Menn, 1996; ) 39— snlys so)> 2 haid olews (sla iScdl
L byl dilise clayiso Sl eldllas (Navon, 2000
s LaYls cod 1 aS Gl (sladdlge wiw Cpuss
Fernandez-Cornejo & .cu 43,5 &ypw (S (5,115 Cuaid
S S cwd o 5l oolitul b (gladdllas )3 Jans (1995)
] Cuosd g )b xe (ST Caouw 43 )3 oy a5 L0 LS
L LUl s 0 350 (slacusd pizmen )b (i il (a8

1- Hedonic Pricing Method (HPM).
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Table 1 — Investigation of farmers willingness to pay for reducing the negative effects of herbicides
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Table 2 - Logarithmic model variables in determining effective herbicide price

—‘,aM'.'" »‘9

Unit ) (Described) - cipo o5

(Measurement

(Variables) - piie

(Percent) - as )

(Percent) - as )

(Percent) - as )

- oS dle (681 51 b ol (Sogll tals
(Reduce water pollution due to herbicide application)

TS dle (65,50 5 36 S lapilS lgSee ol Sl Sl
(Prevention of soil due to reduced Microorganism herbicide application)

=Sl S5 51 B pladl Bl dsgg ialS
(Reduce the threat to human health due to herbicide application)

- el 5 S 39
Environmental )
:(characteristics
— T Sagll als

( X4): (Reduce water pollution)
~Sk Sl als
:(Reduce soil contamination)
(X3)
= ol ceodlo g ials
Reduce the threat to human )
(X 3) :(health

~ N SB S 9
:(Reviewing characteristics)

3 oS e pasls) as e > baiSuils Gpmojl (b ite il 1 o syabis ST asls

Lo (S3gll ol 1 i oslimul (ol (Sagll {lap 115 g ;Suo JialS (yinlnyd) S5 Sl
(sl oM 2005 g Con
awareness Index of farmers of adverse effects of herbicide in field
(Composite indicator of soil pollution (erosion, reducing Microorganisms),

(Number)-s.s

=559l dawecaw; (BT adls
Environmental awareness )

( X,):(Index

contamination of water, optimum use of water, environmental pollution and

human health threat)

0=ploy1=L
(yes=1, other=0)

0=ploy1=L
(yes=1, other=0)

(dummy variable) - jlxe ysze

(dummy variable) - ¢jlxe e

i sladle gla S
:(Specifications weed)
S gilie o lacile (g dlucsy
(annual weeds of Wheat fields)
(D)
= S gl i sladdle (g dllry
perennial weeds of Wheat )

(D,) (fields

1- Implicit prices.
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Table 4 - Results estimated by pricing model of herbicides compatible with environment

t o lof Coefficients - cql po Variable Name -y oU
30.63" 9.363 oo §l Loye =52
1.667" 0.202 Reduce water pollution -l  $sgl als
0.625™ 0.036 Reduce soil contamination - st $s4 tals
2.424" 0.568 = el oMl 05 kS
Reduce the threat to human health
4.369° 0.108 ~lagiSdile e )BT ) ofypslis” (ST (et
awareness Index of farmers of adverse effects of herbicide
3.252 0.083 annual weeds - ;,» glacile g dlucs,
-0.756™ -0.008 perennial weeds - j,» slacile g dluwris
0.4880 Adjusted R-squared 0.4915 R-squares
* 143.85 F-statistic
" 0337 Functional Form ;(2(1)
*0.366 Heteroscedasticity ;(2 1)

‘;.\M‘;ns M))lochaﬂ)ﬁj‘ﬁﬁ

M)Jsckwjlj‘lﬁ** .Lp)slc]a.ﬂ)s )lsd'du*

“Significant level of 1 percent " Significant level of 5 percent " Significant level of 10 percent ™NonSignificant
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Pricing of environmental friendly herbicides appropriate for sustainable
agriculture, A case study: wheat farmers in Khorasan Razavi province

M. Ghorbani®, A. Nemati and R. Ghorbani*

Abstract

Awareness of wheat farmers’ personal preferences towards environmental issues and weed types is
important in pricing bioherbicides for sustainable weed management and could consequently be a
fundamental guide to agricultural authorities and policy-makers. In the present study, a survey was
carried out by using data collected from 180 wheat farmers of Korasan Razavi province during 2008,
together with hedonic pricing method. The role of environmental qualitative factors and weed type on
pricing environmental-friendly herbicides on the basis of “willingness to pay” was studied. Results
from the estimation of hedonic pricing method indicated that reduction of water pollution, human
health risk, farmers information about negative effects of chemical herbicides and the virtual variable
of weed type had significant effects on pricing environmental friendly herbicides. Variables of soil
pollution and weed perenniality had no significant effects on pricing herbicide applicable to
sustainable agricultural systems. Based on the results of this study, possibilities of using bioherbicide
or less pollutant herbicides and also the rate of farmers willingness to pay for alternatives in the region
are important factors recommended for additional studies.

Keywords: Access to replacement market, Hedonic pricing, Bioherbicide
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between shoot and root dry weight (b) and linear regression between seedling fresh and dry weight (c).
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Response of bush bean (Phaseolus vulgaris L.) seedling emergence and growth to
different vermicompost amounts

S. Mottaghian, H. Pirdashti“and M. A. Bahmanyar*

Abstract

Recently, increase in crop production depends on better seedling establishment, emergence rate and
uniformity. Thus, an experiment was carried out in a randomized complete block design with 8
fertilizer treatments and 4 replications in 2008 at Sari Agricultural Sciences and Natural Resources
University. The aim of this research was to evaluate effect of vermicompost (VC) on bush bean
seedling emergence parameters. The treatments were three levels of VC (15, 30 and 45 Mg ha™ alone
and plus with 50% chemical fertilizer), chemical fertilizer (100 Kg ha* Urea, Potassium sulfate, Triple
super phosphate) and a control (no vermicompost or chemical fertilizer application). Among all
treatments, strongly linear regression was observed between CER and FER and shoot and root dry
weight, however, amount of these traits was greater in 15 and 30 Mg ha™ than other treatments
specially, control and chemical fertilizers. Analysis of data showed that the highest of field emergence
rate, cumulating emergence rate and seedling and root length was obtained in 15 Mg enriched VC per
hectare and maximum chlorophyll content, aerial parts and seedling dry weight was belonged to 30
Mg enriched VVC per hectare. The orthogonal contrasts revealed that 30 Mg ha™ compost was caused
significant increases field emergence rate (36.18%), cumulating emergence rate (49.82%), leaf area
(44.67%), seedling fresh and dry weight (60.56% and 74.04%) compared to 45 Mg ha™ compost.

Keywords: Emergence, Emergence rates, Organic fertilizer

1- A Contribufion from Rice and Citrus Research Center and Sari Agricultural Sciences and Natural Resources University.
(* - Corresponding author Email: h.pirdashti@sanru.ac.ir)
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2- Cynodon dactylon

3- Amaranthus retroflexus
4- Amaranthus blitoides
5- Chenopodium album
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1- Integrated Weed Management
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2- Exponential decay
3- Sigmoid
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1- Post-anova analyses
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Table 1- ANOVA (mean of square) Amaranthus retroflexus dray dry weight, 15 and 45 days after the application of
herbicide.

JRS 3l om 59y mR g ke IR Gl om ey 005 (golilan Ol pmdS g
45 days after the control 15 days after the control df Source
17.59"™ 28.45"™ 3 (Block) <55,
3354 15%* 190.86* 5 (Planting pattern) (A) c.sls ¢4
50791.95%* 45860.07** 4 (B) piSils il oo
(Different rates of herbicide)
1866.97** 88.65"™ 8 A*B
42
152.99 45.32 (Error) s

**: P<0.01, ns: non-significant

160 4 y=-219+ 161.18 e-19
R?=0.98

140
120 +
100 A

80

60

Dray weight (g.m?)

40 -

20 +

T T T T T 1
0.0 0.5 1.0 15 2.0 25 3.0

Rates of herbicide (lit.ha™)
Fo 33 035) 308 dudy gyt g 5y e SLiS (359 -2 S
2 dHUS2 53 ) (9 98m ol 98 LiSils Blisce palie y3 (2150

(iSile Bpao 3l (g 59, 0355) Jgl Al yo (512 Aiged
Fig. 2- Dray weight of Amaranthus retroflexus (g.m) in
different rates of Foramsulfuron (1.ha), at first stage
sampling (15 days after the application of herbicide).
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Fig. 1- Dray weight of Amaranthus retroflexus (g.m?) in
different planting systems, at first stage sampling (15 days after

the application of herbicide).
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Table 2- Interactions slicing between planting patterns and different rates of the application of herbicide treatments for
Amaranthus retroflexus dray weight (means of square of B levels (different rates of the herbicide) per each level of A
(planting pattern), 45 days after the application of herbicide.
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Fig. 4- Relationship between dray weight of Amaranthus
retroflexus and rate of herbicide application, 15 days
after the application of herbicide in single row, (.....),

rectangular twin row (_._) and crinkle twin row planting

patterns (_).
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Fig. 3- Relationship between dray weight of Amaranthus
retroflexus and rate of herbicide application, 45 days
after the application of herbicide in single row, (.....),
rectangular twin row (_._) and crinkle twin row planting

patterns (_).
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Table 3- ANOVA (mean of square) Amaranthus blitoides dray dry weight, 15 and 45 days after the application of herbicide.

JRS 5w 5oy m g R JRS Gl ow ey 005l (oaliTan Oy 20
15 days after the control 15 days after the control df Source
15.69™ 25.49™ 3 (Block) Sk
372.92%* 121.03™ 2 (Planting pattern) (A) c.sls 53
18.611.89** 11297.45% 4 (B) yisils cilisn ylie
(Different rates of herbicide)
342.27%* 228.64%* 8 A*B
41.53 45.66 42 (Error) s

**: P<0.01, ns: non-significant

Al o 6y e pac g PLO/OL P<O/05 o 13 (6l simo cui s s NS o **
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Table 4- Interactions slicing between planting patterns and different rates of the application of herbicide treatments
for Amaranthus blitoides dray weight (means of square of B levels (different rates of the herbicide) per each level of A
(planting pattern), 15 and 45 days after the application of herbicide.
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Fig. 6- Relationship between dray weight of Chenopodium

album and rate of herbicide application, 15 days after the
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Table 6- Interactions slicing between planting patterns and different rates of the application of herbicide treatments for
Chenopodium album dray weight (means of square of B levels (different rates of the herbicide) per each level of A (planting
pattern), 15 days after the application of herbicide.
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Fig. 8- Dray weight of Chenopodium album (gr.m)
in different rates of Foramsulfuron (lit.ha™), at first

stage sampling (15 days after the application of
herbicide)
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days after the application of herbicide)
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Table 7- Interactions slicing between planting patterns and different rates of the application of herbicide treatments for corn
grain yield (means of square of B levels (different rates of the herbicide) per each level of A (planting pattern)
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crinkle twin row planting patterns (_ ).
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The effect of Planting Pattern of corn (Zea mays L.) in Reducing Foramsulfuron
Dose

M. SafarKhanloo*, E. Zand, M.A. Baghestani, A. Valadabadi and A. Bagheril

Abstract

In order to evaluate of using planting pattern for reducing herbicides dose in corn (single cross
704), a field experiment was conducted in 2007 at research field of Collage of Agriculture, Islamic
Azad University branch of Takestan. The experimental design was randomized complete block with
18 treatments and using factorial design with 4 replications. Treatments consisted of corn planting
pattern in 3 levels (single row, rectangular twin row and crinkle twin row), and weed control
treatments in 6 levels (rates of 1, 1.5, 2, 2.5 I/ha foramsulfuron, A weed free as control and full season
hand weeding control). Biomass of weed species 15 and 45 days after post emergence herbicide
application, and seed yield of corn were measured. Results of statistical analysis showed that different
dose of herbicide in each planting pattern had a various effect on weeds. Application of low rates of
herbicide in crinkle planting pattern was similar to higher dosages of herbicide in rectangular and
single planting pattern. The most seed yield was occurred in the crinkle planting pattern with rate of 2
l.ha' foramsulfuron and the lowest seed yield was belong to single row planting pattern.
Environmental and economical advantages can be obtained by reducing herbicide rates, and selecting
an appropriate planting pattern.

Keywords: Amaranthus retroflexus, Amaranthus blitoides, Chenopodium album, Crop
arrangement, Competiton, Foramsulfuron

1- A Contribution from Islamic Azad University of Takestan, Crop protection organization and College of Agriculture Ferdowsi
University of Mashhad
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7- Conventional Agriculture
8- International Federation of Organic Agriculture Movement
(IFOAM)

.

CYRTTY

M)M.u) 9 W 6lm)9m§ Pl Low 9 L).) )wb)w 50 o)'9)a|

2Ulg yeus &8 sin (65,0l ) (L3l slagiuns JLida
Ele 5 Gy bo 0,55 Jilio ¢85 5 (S Y gase Al
0 e s ol s ol 3l Jls e 0 g aiil p o |y

. . . . 1 . . . & . <
Ol I (S letean  punj (55)liS adl st

90 yh o8l ¢ 65y9ltS oSl el 09,5 ode ol glael -5 5432 1

(ghorbani43@gmail.comEmail: e ot = *)

6- Organic Agriculture



1388 JLu d ojlot d ol (53,0l owliis poz &y 130

kol e alaplejle 1940 das 315l 13,3 jsels 5y
SHLis! e o sl 98l Lawgs a8 o leadSS) > S
4 oLl o adan g s ool L Jal) bawgs oS 15560 53 o,
Pym ile SAoclld N s 55,518 Ayl Sl ol
2 oa b 2lg § Y gae cawz p ol sl 4 s colaﬂ 5
o=l el aily aobl 50 et a8 il e floie b les
Sr9lisS goanl opls )3 bST S50 1930 (gams > oguas
Gl sy 85y9UsS so3ly (Lotter, 2003) sls &1yl 1) b
olsis Ly GRS 5 g S99 3)) b 1940 das 1o 3 oyl
Ol o3, . (Scofield, 1986) w05y JlS'ay K peoj 45 (2D
S ol cly Jolge 5,8 L b3l s Lesas | ol
ol B deyie cupte g (2l Gl (orde plyiea S
el go5 ol 0, S eolatul ply ol - SB- 5.0l 5k 5l
b ol s 553918 sl (satn (dtopllss) (potsms
sla Lo .(Lampkin & Padel, 1994) ¢l ooy LSis
S e laiedy alisee Slawe s Walesls 1970 b 1960
Jlo 3 848 ot (e it (slnyguiS ) (gt j (555088
o=l OB A )y 5l alisce (claa bl il b 4> 1972
Syl s Ml aawlyad o Sl 2,5 Y guase
bl o ogad plojle S plo] 63 el ) (g
3 gae T70 )b pols Jb p3 g ol LT 3 o 350 a5 e
&5r9lisS 1980 gamd 5.8 )5 JLE el Coles Cov i)
2 b8 ) g Cdl dawgi olgl slaygaS ST )3
sy (6598 1980 cams p> 5 iS1ye sl dmwyy b
4y Sl 9559y 4> g5 of e .(Koocheki, 2004) wi 8y
0Pl LS i 2929 b g (S 9 )l (655LaS (Sl
O g (floial (P ((Kim b ol (oLl (5y5laS
Wlawlio ()l 3939 (ylpl S)i jodS 3 &S coite 5 & mlie
Moos gl hogbeisS Glopllss > 35 s g5 cnl joio
Slasls 2l
el e lilinl p Ste sun) GY s Ag slaplls
5148 ol olapllss pgs dr duasy Ll 5l Bam S s B> 4
[Lotter, 2003) sib jlub ooladl g (59587 elas! Jlas
g ool (g Oladgs (Jall (g aslh g o lusliad (gang
It 9 B8 w5 o Yole culdy (E0iS G pns Lol
Cowl oais dz8 )8 jlay 13 gy o (s OY gase ylos jo
2 i j &Y g ae 1 g5 . (Ghorbani & Koocheki, 2006)
ool 1 Wl Lo sl bl oS laswgs Jbs jo (ol yguis
St slad ) lilin] Ygone 45 4Bl daugs (sbygulS (slad sl
Sl yoiS )3 diej (ol o a8 Slaylojle 008 o g iinn

dasgi g (SejsdsST ol by ol g 03y (St xe
S sidols lply ol sl S5gon slasil sl
oty §533LiS i (3IS gl gyl 5 (R £95 9
LS (55 () (51pgldS w5l 3 N9 pe ogune
b g 5l oY guame cuiS g caeS ] )0 &S cul pols e
] eloe ol (S Coodls 08 by 4 Jlinl 5 1315
Anly derge S plyisa o) o)l 5 Latee sl S
g el Jool g Conj baze § (S05oIsS1 Jgol 9 00 cule
Gl 1 48 1 3 Sl 4 plys) 5 ool Ll
€ Sujslse (slaojly Ysore (Ghorbani & Koocheki, 2006)
o) Y garme Mg bapllss oyt sl o €S5S
by o 5l (IS g elom] (sloain g el sl o 03liul
Sl I8 slag s 5l ealatwl ci¥ole iyl (4,58 L dilavais
28 b ol gl (28 sl cole) (e plis
(IFOAM, 2001) A8 o ysbito _stumj (6)yslitS (slapllss

Y g (gl Laylil a3y (goanlis casp ol Js 5
Cul gt Gl 053 Boe ol hinalp a5 (s
Jole 55 & bies Y gao ol sl Lo . (Guthman, 2001)
G0 5 g b g Coodlw (a3 (S S dgd o 00b Loy,
3 o el Cmmjla e Ly Sy w855 o0l 2lpien
Jole (Wl (S5 (6 S 48 5V guaa) i 5 Y gaamo
ol 035y LS4yl ) Stuag; SV guamo g8 (lj3l )3 (5,50
o caby oS canl odb i Ly S ls (NBJ, 1999)
Jelse 51 (S QBMS Bpae bawgi (duj Y gae (g i
031> By () 529U S 4 |y @y 0ljyglitS &S canl Lol
odb plonil glaino glaysiS 3 &5 laawyp ol ol
£ cr] Cyma 48 Llo3, S el L ol yol 51984 o
dgd> ¢ IS yebay (Harris, 1990) wiad o gun i 1y &Y guaxe
A 1) OYgame ool phaie joba o1 el (sl )lgls %10
L oYyl cslaodlgls j3 %4/8 5l a8 aiiS’ o ()3 (6 S
o Jealos oy ySaee o DY gl oS slaodlgils 5> %18
Il 83l (cuze ) ©Moass (cuze ) 2ol Gl ¢ logs
.(Spence, 1999)cu ( aio 5l) 5ol slodss 3g3g o ate )
Slos ) Y gass ] o8alE (BAGS G pns pawcSy dgis
S 5 (6l |y Y guao ] 4 SIS AS G o 1S o
S b 5l T olas pae W19 ¢ Lol s 1y o0 o5 %28
coiS 5l g w2hG U6 § Y game oyl 5l il eMbl %80
Wlo3,S 53 1y e guasms o

OlundSl dlo 5l (txio (gbaygdS ) (i (55)gliS i
dolie o glasy 8 ol 4 1940 9 1930 &as 5! lS\))AT 9 onls
sbadgs 2Loj Byan 0jug 4 g (5))9laS (g3lwedpdd (ByS



131 L o) (SlE)) a3 5599l Lo (gl plastius]

J3==1 1999 Jls 5 ogylitedl (uS08 08 IS 9, (gt
sl lstiwl 2001 Jlow 3 g (LS s Vg ame Ay
anily cilbe 15 Loyl obsl g plg] a0l (olad, ksl b WSaS
Hblie (g Claogad 4 by 2)3 3929 457 o lglis LS
LS Jlo 93 ool 00 95 el (gl sl ol a8 el
D9 pLol LS Jlo slez e (1838 lad bl (S5 ()
i) Y g ao glad lbiwl b g e (Mol o ST S50 5]
A4S (e )bl Tage 45 wilie 3 )libind el e olojls
._\A;‘sl).ggo 65 =53] Cowl 03,8 &l L) Y gamme (2lgS (¢l
3.)._“5;5_%]95 dl_mw;a LSI)" u.mbf )9 ‘_Jyol 1996 JL\» Jel
ploa] a3 )lxel aoliy g sl oduwy Cugal 4 (s j Y guaxe
65 = g0 (bl yo (s &Y gaammo 008 2leS Sluwge 4
W Py

250 shilate gl lustial o Malliy sl lslisl  ogMe
JLs 13 4 Lol andlosl aiile ol dgmgn Lo cilisee S5 )
5 9 (EU-2092/91) alS suw; Glidg & b ye acls 1993
I, (EU-1804/99) ol tuwsj lidgi 4 bgy yo aelgs 2000 JLos
SIS gaameS 1999 JLw 15,8 pMel SlS joboas
<1 * . e . v e T
Pyl )bsen Ly $L8 5 Sl ciliae lojl g lited]
ik s iS5 bbb s Joddhsiod
s oler sloysdS Sl (B )3 0jgyel 03,8 (95 ]y (i
(Ghorbani & Koocheki, cowl 5ls coles cood i
.2006; Lotter, 2003)

o9 5 5 e 5o il Li> slaystS 153 (izen
e L cdgy & atwly dasio Sluwhe «lhe calisee slbyguis
L g olo sl bl KaSay ouusS aleS cluwo ply oo
Y game 2ly S L daly 3 g ols ond aul slad sl
ploal anl (olas,lulinl &8 coils o Wb oS o plBl iuw;
‘.).)9_».’ ool ‘_s_aél> uls.o lJ )yuf pL-s dl)J u:l.p(udu J\ulyw
oo b A W we gaeled Bl lanluliwl oyl aSL
P o b o cglaalais palaw )0 unj (6550liS gl laslil

4- International Organization for Standardization (ISO)

5- ISO/IEG Guide 65

6- Regional/Supranational

7- Codex Allimentarius

8- National standards

9- Certifying body (independent body or third-party
certification or certifying agent)
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1- The International Organization for Standardization
2- The Codex Alimentarius Commission
3- Ajoint FAO/WHO food standard program
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- Organic certification

- IFOAM NORMS

- Accreditation

- IFOAM Accreditation Program (IAP)

- International Organic Accreditation Service Inc. (IOAS)
- Non-profit

- ISO/IEG Guide
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3- Recommendations
4- Basic standards
5- Derogations

6- Draft standards
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2- General principles
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National organic standards for Iran:

I. Concepts, principles and aims of organic production and standards for
agronomic and horticultural products

R. Ghorbani®, A. Koocheki , M. Jahan , M. Nassiri and P. Rezvani-l\/Ioghadam1

Abstract

Traditional agriculture and non-chemical crop production have a long story; however organic
agriculture which relies on local and in-farm inputs, with the aim of protecting ecological balances and
developing biological cycles on the one hand while regarding regulations and specific standards on the
other hand, doesn’t have a very long history. There are numerous environmental reasons for the
priority of organic agriculture to conventional systems such as increasing biodiversity, reducing
chemical residue in plant and animal products, reducing greenhouse gases and air temperatures; and
socio-economic factors like equity and sustainability. Worldwide, in 2006 about 31 million hectares
were managed organically with estimated international sales of over 38 billion US dollars. There are
very specific standards, regulations and criteria for organic agriculture for the security of producers
and consumers, suitable competition between producers and clear regulations for international trades
of organic products. Standards in organic agriculture are principles, regulations and criteria that must
be considered from production up to processing and consumption. Although Iran has a very long
history in agriculture and a variety of cereals and pulses have been domesticated in its regions,
unfortunately, there are no organic production plans and standards for this country. During these
recent years, there have been international interests especially on behalf of European countries towards
exporting some organic products such as pistachio, walnut, date, fresh fruits and saffron from Iran, but
the main reason for the refusal of our products could be the absence of organic standards which are to
be considered during the production of those products. The present paper recommends the principles
and standards, considering IFOAM standards for organic plant products in Iran.
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