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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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4- Water dependency (%)
5- Water self-sufficiency(%)
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2- Water use intensity
3- National water availability
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Table 1- Livestock and livestock products content in (t) In Khorasan Razavi Province (2006-2007)
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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)
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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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427.6 -
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(%)
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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 )
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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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23 e e it 4 Jsiz 3 0SSl Slaglie Gulal (3
) 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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438U 25 Lldlis oye) S caxdge Jus 4 oyl
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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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S oy & psb a (L s0n) 350 o sine 5 0)lee KI5
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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
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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
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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
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Gy €5 i SYEslams paibslas IR O Pab ol 3Skes

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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1- Hedonic Pricing Method (HPM).
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