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Fig 1. Trend of cultivated area, yield and production of irrigated

wheat in Kurdistan province during 1983-2021.
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Fig 4. Trend of cultivated area, yield and production of dryland

barley in Kurdistan province during 1983-2021.
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barley in Kurdistan province during 1983-2021.
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Fig 6. Trend of cultivated area, yield and production of

dryland chickpea in Kurdistan province during 1983-2021.
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Fig 5. Trend of cultivated area, yield and production of
irrigated chickpea in Kurdistan province during 1983-2021.
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Fig 7. Trend of cultivated area, yield and production of potato in

Kurdistan province during 1983-2021.
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e g8 oBib (5 5liS
( astaraei@ferdowsi.um.ac.ir E-mail:  :Jtue sdiwsss -*)
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Jb@a_w)l otfd.)wa) ul.uow (_s'>)J O )l U9 cusls
3 elis S ool 4 JUsl 5l L 1y (2L cladiges
g 00,5 S el 24 ro 4 35 Bl 450 T0 slod b ol
&l g Sl (LS (ladiges s 103,55 3 St 5
Culam 5 glil J5 pH (Page et al., 1982) (s io0g)0n yigy 4
o S I epyS (Page etal., 1982) glusl ojlac S Sl
(Page et al.,  Jley mes gy b poaigel L gmmlsid o)
J.A_wl L: Dl_af)) POVY Y u*’9) )l d).\a.a wf )AoL_C )))l.o.a 9 1982)
ol 8B g ons ¢ pSo;lul (Richards, 1956) <S8 5 ¢ S5y
HLb 2 .ecs )3 @ yew 670- giolens Joo odl Ll ol b
oiwlejl LB > ol Mol Tob Sypo 4 kel Cowd 4 ol
9 40355 dy90 MSTAT-C (¢ lol 581 p 5 5l odliazul b g5
claials s gesl b laodls (1Sl duglio ¢ 48,3 15 Julow
A5 a1 )3 B liselo] prdaws 43 4SS

SB Oloogad jl (S ouiloj] b lond suilondl 4

Al osle 151 Lais ey 2050 sialosl slojlog s |
15 b xe o3 O lieb paw 3 SB Glusgas p oslesdl
Iize Liolidl Cage « Sy swiladl Sl osle 51.(3 Joao)
S by CangeoS) I (slodgS swilesdl puimon .5 S5 pH
Lol 23,5 225 L dulie 3 S8 (6508 (ialjdl el (598 558
g0 piomed 05 ledl (T ool 513 Jgia) M I xe
T 25 (3 Jgaz) 1 S5 J 8 300 ogine el
4y (SB 695 268 g CawgeeS sbilodl il )gb cos S
- me i3l aals 4 Cns 20> 102/5 5 72/5 Jslee i
2 Ui o3 D liseb] pdaw 3 (65l

S y polic adlyh 1 bglol 5B lagi aailogdly 1
JB g9y paie coalp (L5 CutS I (B pan g9 oulesdl
Sogloas (4 Jgaa) ol b8l ()l mepsho 4y 1) S5 oyt
2 S e A6 1 S5 opras B (g5, b (e &S
4 0kl p S5 lS 3 pyS e 5129 e nals o oS5l

il 3oyd 19 Jolre i3l
AU o5 S gy BB 5 oal polie onl o
s 30y 44 5 318 Jolao iy & B ypas 69y 0silesdls 1
(b pae 55y 0lagdly 1[4 Jgan) amtls 2158l S, e anli o,
doyd 346 Jolae SLs oy BB Lo Hlaie ialS coge

(& Jgaz) ab sals & s

Jib & 039 (alS (sl e 033 Sy glyie @ ol osilasdl
alglogh (S oblS cuis piumw 5 SB ol 4 090 0y
olis g Byae o5 polic g JI sladgs cute osilasdl
Hussain, 2004 ; Zia, et al., 1996) coul ond i)l35 (coasio
oy e—izxe (Rashid, 2005; Gurmani & khan, 2009;
Uiol3-81 (Zia, et al., 1996) l,LSen ¢ L 5 (Hussain ,2004)
olilendl ol sl a s o lals (ils 5 ol8 035l o (g)b xe
Span oS yolis 4 olS 1o (0355 53 03,8 1S (g9, Sl
5,8 500 jlie 4 0yl (S (LB 0lS 5 (Syuas 355 Hlds o
ol o Sy cargn Vel polie (pl sbj palie gy
Singh, ssi 0 LS § SB > Ll jolie Jobs pae 5 ol
5 Gymon S yolie LSl 51 LalST o]k (Abrol & 1985)
op9is can Ll aniladl 5l g SB 3 byme JI cladgS plo
(Maftoun sl o ol3) jlows uomo g Joine (6355 4ol S
Ol wyp yolaie 4 pols G5 5y opl 1 .& Borzoo, 2001)
Mde g SB (sla S5 2 g9y 9 2 polis (I sloagS enilerdly
plool (Triticum aestivum L.) i3 olS 13 B paonS polic

Layidg) 9 2lge

po il b SandS gl Sas T SB Sy s tslo] Ly
3 oS 15 plol 1387 Jlo j5 8 adlato )3 a8ly (clasyje )3 (ou)
e Sl 15 Cidy o dols g jie IXLslal 40 placs S
Wb CowgaeS (1395 45 ol sdoloj] (sl jlows 5 03,5050
» g polie (iSe j3 525 Jlade 4 oS ya) (G5 358 § (e
50 5 yho o 93 5 (595 5 S 13 p)55kS 10 5 jh0 s 90
555 L P g ) 28 5 5 595
Lo, S 5yl 0liS oloyd )3 9 bad aBls) dbgy o (slacs S
Slogas 15,5 cuil p oloyre buwlgl )3 g ons oS il
s Sliogas o 1 Jgun o Jhalojl 9, 5l LS as )30 SB
ol ol 2 Jgan )3 odlisl 3y50 I

o J3h Sl p,56lS aw e 1388 olo cuipud)l
GBS & JU] g g 0 5y w905 (el 0-15) 8
Sy sla IS & 1y oS dndiges s5luoslel o Slisios
S yia Bl 93 Bas ) jlidy o8, puS )d g 03)S 2L
Se gd dy dan g3 jldm S & cladig b cuiS b llS
byl o U gy aw jo GlalS )y 0)90 Jobo p> xiud S
3 oz 59540 Glals ey nad ol (B39 obe) =D

1- Typic haplocalcids
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chalojl g9 51 Jd S Oluogas -1 Jgoa
Table 1- Soil properties before starting the experiment

» ow e ol g,

Colan

Jes ] Sa el SL Gos
B Cu Mn Fe Zn ocC M’tf‘ ST CaCoO; S’ Soil depth
(mgkg™) (%) P EC (%) soil texture (cm)
(dSm™)
0.46 0.8 5 35 0.98 0.42 7.3 6.5 13 CL 0-15
S35 355 9 (5 34 Abj CowgeeS’ Slwoguad -2 Jgi>
Table 2- Municipal solid waste compost and cow manure properties
2o pge o8l Jlons gy S
B Cu Mn Fe Zn ocC H EC Manure tvpe
(mg-kg™) (%) P (dsm™?) P
0.12 66 309 381 194 113 7.5 7.9 Sed
(MSWC)
02 324 476 156 35 145 7.1 7.3 95 55

(Cow manure)

SB Oluogad (& » G935 9 54 dbj CowgeeS silondly Ol i1 -3 g0
Table 3- The residual effects of municipal solid waste compost and cow manure on some soil properties

oS

Sl oty s
EC (dSm™) pH
0.69° 5.96°
0.91° 5.91°
0.4 5.87

395 slowd
OC (%) Manure treatment
78 MSWC CusgyeS
7.7 Cow manure (g45 545
Control Jals

s 53 gime 5SS 9051 D (o ylol pans 45 (gylol Jas ) gt o p> Syde g (sl lael coglés
Means within a column followed by the same letter are not significantly different at p = 0.05

B G5 pne o8 pslic iy B caS ) onlesdly JT dlga
o) D lisebl g )3 )l ime g (—dulidl Bl S oyt
o> 2B 2 g e o2l (59 polie o (B Jgue) catls
36/2 2519 Jslas iy 4 (s pped Al CamgeeS o p> S
SUL Jolse iy 4 (695 565 Jlows )3 9 20y 3313 4 11/1
Al s al3dl aali Yl 4 Comd sy 41/1 5 2112 33/7

yolie onlyd 1 (o)l gxe BMB] S osle g 9y LiiSany
oty (6 Jgaz) o (lis S8 ey LB e 5 02l sy
595 0a5leudl Jlasi > wyiwd BB opal g g9y polic onlyd
S amld 4y s ialidl aoys 411 G 4AIT L (co) 5 (598
e 2 S g JoB e onlyd oy iy .0 odalie
235 oo 2068) jio (9 5 a4l a8 (5>
A5 oanliie (p )5 gk

ol (B utS S (Bpae g9y 9 3 ol odle iSan
M).)S G‘a_w Jel Ss P p—d J_,ls a9 uml «59) ).\oL_C
12/95) (o o> BB ol polie sy (T Jgi) 1 o sine

2 pais U’Jo.lbl)ﬂ )Ibu.bw wl)sl o u’_é).\m).) ohloﬁélg ):l
3y Liol38l sl 4 s 2o yd 181, S5y jlude 9 oss S )
JoB o g ol polie ol (Bpan p oiledly (4 Jg2)
SK 55 oxiledl p paic 45 5y9b 4 390 IS ,5L S oz
s SO yn aals 4 s 20y 33T 5 718 Joleo cuiy @
(4 Jg»2)

e S (S cuiS il (Bpan g 9y polie iSeny
5@9_»3).) Sls P J{&ﬁads) )AoL& g"‘b])éﬁd)b
JoB o9y Hlhe oyt 45 ek 4 .(4 Jous) cuib ao )y
@ s Gl 0o 1TIL L 69y 9 3 gl slows )3 oyt
2 eSS 10 1 g o (g5 Jass 3 o e 2S5 el
A5 oaalie ald 4y Cows il 4oy L L s

S ike 092) SLs s 0B o i o iy
510 4 ol Jlos 5o wals & s ial33l aoy> 84 L (p,5LS
A oamlie ,liSa 45 p,59LS 50 (g,
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oLS SWid (59 pt (srbilejl (51 jloi 0ilenly 31
Suid (g B iS5l (Brae p g 59y polis ouiledly
o 3 olS Sizd (55 033L (8 Jgaz) o ,1)5 sl o) oS
O 52 55 2L Jolas (i i 1 b e (59, paie olerdly
oS byl L amld 4 Cand o) 812 iuljhl &S o3
oielS LS 5 £S5l 10 3o 1 e b ol Sis 5

(PSS 2 25 oo B1B) oys LB (55, 5 (pS5kS 2 p S i
A5 oaaliie SB- )3 oledl 1 g 69y sl 355 ol sless
Nosi 3 (p 59k 32 5 o BI1) Lpoyiaos LB o o (it
Ol seS 5 2 g 59y BB SIS 1 0bladl (g ped Alj CangraS
1478 \, (0/94) S 3 55k 10 25895 355 o> e

A ot lide ol 4 Cuuws yialS Loy

sl (gdoyd Bl xe

P owsad BB g e (59 ol polis odlyd 5 (Gg) 9 ¢ polis SR g (BSile) 2 9 (59 U sloni 08ilonBl 1)1 -4 Joua
S
Table 4- The residual effects of Zn and B treatments (means) and their interaction effects on soil available Fe, Zn, Cu, and B

il (B treatmen? 52 slowd K9y slowd
Mean (kg.ha™) Zn treatr_711ent
10 0 (kg.ha™)
Available Fe (mg.kg™) - ow yiwd S oa
12.1° 11.4° 12777 0
125° 12.3° 12.8° 50
11.8° 12.8° Mean- Sk
Available Zn (mg.kg™) - wyws 2B g9,
46° 45° 47°¢ 0
531 552 51° 50
5.0° 4.9° Mean- 5o
Available Cu(mg.kg™) - _wyiwd JsB o
2.1° 1.61° 2,512 0
15° 1.46° 1.6° 50
15° 212 Mean- . 5Le
Available B (mg.kg™) - wywd b 5
0.68° 0.86° 05°¢ 0
0.71° 0.92° 0.51% 50
0.89° 0.5° Mean- Sk

s 3 gixe 5SS 9051 WD (o ylel o 1 (gylol Jlai 51 g o 3 S pie gy (gl dluel cglis™
* Means within a column followed by the same letter are not significantly different at p = 0.05

S wyiawd BB 1 g guo (2] 59y molis codlyd o JT355 £45 Hlon oilondly ;51-5 Jgun
Table 5- The residual effects of organic fertilizer type on soil available Zn, Fe, Cu, and B

(B) » (Cu) sme (Fe) o2l (Zn) (59, S o gy
(mg.kg?h) Organic fertilizer type
0.68° 2.3 12.4% 4.85” (MSWC) cusgaS
Cow manure 5 >
072  131° 12.2° gye  (Cowmanre Jsds o5
0.51 11 9.1 3.85 (Control) asls

o I3 gime S (9051 U5 (gLl s 3 (glel YL 31 i ya p> Sytde gy (gl dlael cogls™
* Means within a column followed by the same letter are not significantly different at p = 0.05

S5 wiwd Ry g o o3l 59, molis codlpd (59, 9 I o5le LiiKod p oilondly 131 -6 Jou»
Table 6- The residual effects of organic fertilizer and Zn on soil available Zn, Fe, Cu, and B
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B SR 2 695 9 2 polic o JT slaog onilosdly 51 axllla

(B (Culgme (Fe) ol (Zn) 59,  (zn)s, S osbe g9
K Organic fertilizer
(mg.kg-) (Kgha) =TOME S
065 27 12.7° 41" 0 CosgyaS
0.70*  1.9° 12.2° 5.0° 50 (MSWC)
0.71*  1.4° 11.5° 4.5° 0 &5 355
0.73° 1.2¢ 12.9% 5.5° 50

(Cow manure)

o Y dxe S5 9051 UD (ool prdaw ) (olol JLas 51 gt o > S yide gy (gl dliel g™
*Means within a column followed by the same letter are not significantly different at p = 0.05

S o piawd BB g o 0] 59y polis codlyd 5 (595 9 3 ¢ B3lo LiiSan i 03ilandly S1-7 Jgua
Table 7- The residual effects of organic fertilizer B and Zn on soil available Zn, Fe, Cu, and B

(B); (CU) ome (F&) oal  (ZN) w9, 1 1 i oole g9

(Mg.kg™?) (kg.-ha™) (kg.ha™) (B)» (Zn) s, Organic fertilizer
type

0.5° 3.1° 12.9° 45 0 0

1.2 2.3 12.4° 48 10 (MSWC) cusges

0.5 2.0% 12.7%* 4.8° 0 50

1.3 1.7° 11.6 5.3 10

0.5: 1.9; 12.62 4.92 0 0

é:ga (1):2(1 11;) '84an g:gn 100 (Cow manure) 55 sss

1.3 1.2° 12.9° 5.8° 10 50

Conss 53 ze 3551 9051 U (olol o 4> (gylol Jlas 51 g o j> S e g (sl dlael coglis™
*Means within a column followed by the same letter are not significantly different at p = 0.05

44185) 10 5, 550 (59, polic Jlos 1> g 510 5 5 yio (s
Nass )3 0lS e Jlado oy by b odalie (p)55LS 2 25 Lo
2 e 5 (PSS 2 25 oo BA1B5) Jio 51 550 g5, polie
(PS5 = p S ee D413 10 1 5 io (59 polis slow

A oalie

o |y oS Gbyuae oS yolic o S5 > Jholga ol
e 5 b Ay Cungea o3ladly 51.(9 Jgaz) ol )13 55
Jlre i 1y ol g e 00l ) polis ko «SB 5
b 3ol Galisl aals 4 cows o) 14/8 4 5/3 41/1 6/1
e A ly Bgd polis polie (SB )3 (555 355 onilenly Sl oS
Oial33l SOy aals 4 s 2oy 39/1 4 4/6 16 1415 Jsles
b

Jde «SB53 0xilesdly 1 g (59, polie g N olge JiiSany
5 lisebl oo )3) ()l ime sgb 1) 0LS puan oS polic
2oL g9y e oy (10 Jgae) ol 3 53t cos (1o
L sio 2 590 (59, polic ol on (60 dllij CunggeS (g5l Jloss
b odalie ald 4y Cows il oy 16/2

50 &9y yolie 02ilaudl jlow pd oLS Sis 039 o3k O i

2 e 202 Jolue L3 cuiS ) b ypan S 13 p,55kS 10
D6 LS bles plo 4y Cond (g0 Gz glas aS 009y IS

olS 43 B a0 oS polic wlo)i Sl dailoudly ,i1

(o S Bpan g9, JiSa 0 p)55LS 50 asiledly
LoD ghaw 13 (5 gae 5o 4 1y olS Bpme o polic ke
Gl Cage (S 53 oxilesdly (55, (8 Jgaz) ob 1,3 b cos
18 12102 Jsleo sy 4 ol > e 9 (595 oyl polic Hldo
A Al 4 Cuwd Juoyd 2/03

(A S ) Byn S 3 p,SlS 10 sniledly
LoD ghaw 3 (5 gae oo 4 1y olS Bpme o polic ke
O3l cage (S5 3 oxiladdl (8 Jgan) oy i3 st cos
A5 0L 33 e gy cypl polic Hlude

olis o SB 3 oxilel g5 5 2 polie JiiSony Ol
onl o e (8 Jgia) 1 )b ne oS 11 5 e s <02l
910 1 jolic gyl Jlass 3 (p,55kS 12 25 e 8L/07) ol
rolis Jlog 5o oF e a8 5 L8 S I B yae 50 (5
A odaliie (p S LS 1 2y S e 66/52) 10 1, 5 si0 s,
rolie o 13 (pS5kS 2 p)S Sl 69/83) ol 5y e o iy
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Table 9- The residual effects of B and Zn treatments from previous crop (means) and their interaction effects on wheat plant
Zn, Fe, Cu, B concentrations and dry weight

(kg.hat) B- p jlewi  ZN— g5, slow

Mean - -, Kilwo
el 10 0 (kg.ha)
Plant dry weight (g pot?) - ol SWid (439
1.93°7 197 1.98° 0
2.0° 2.2¢ 50
1.9° 21%°  Mean- ,Sike
Plant Fe (mg.kg™) — ol§ o
66.5¢ 713°¢ 0
81.12 73.4° 50
73.8° 723°  Mean- ;Sike
Plant Zn (mg.kg™) - oS 9,
42.6° 42.4° 0
455® 4622 50
44.1*° 44.3% Mean - . Ske
Plant Cu (mg.kg™") - ol§ e
54.38%  46.96°¢ 0
48.75° 54.65° 50
51.56%  50.8°  Mean- ;Sbe
Plant B (mg.kg?) -ol8 »
69.83%  36.17° 0
38.95° 4485°  33.05¢ 50

57.34%  3461°  Mean- Sl

Con Jd gima S 49051 D (gLl pdans j5 (g ylel Jlai 3l ygis yo )3 Syt gy (ol slael coglis™
* Means within a column followed by the same letter are not significantly different at p = 0.05

°‘¢§ ): XN o XN1Y) cc.hi ).aol}& )‘.\.&o r»ER9 ‘5“ 2l D.\sloﬁslg )J‘—g Jg&
Table 10- The residual effects of organic fertilizer and Zn treatments on wheat plant Zn, Fe, Cu, and B concentrations

Mean - cSile (kg-ha™) Zn- 9, ,low Sosk g4
T 50 0 Organic fertilizer type
Plant Fe (mg.kg™) - ol ol
80.2° 80.6° 7985 (MSWC) (05 allj CasgeaS
65.9° 73.8° 57.1° (Cow manure ) 45 358
77.2° 68.9° Mean - Sl
PlantZn (mg.kg™) - oW 9,
425" 46.0® 38.9¢ (MSWC) (¢ 08 allj CusguaS
45.9° 45.6° 46.1° (Cow manure) (¢4l3 545
45.8° 42.5° Mean - ;,Sike
Plant Cu (mg.kg™) -sL§ e
51.5° 51° 52° (MSWC) (500 4llj CawgeoS
50.5. 522 49.6¢ (Cow manure) (545 558
52.0° 50.7° Mean - ;,Sike
Plant B (mg.kg™) - oL$ »
41.6° 32.3¢ 50.8" (MSWC) (¢ ,08 allj CuguaS
50.4° 45.6° 55.2% (Cow manure) (¢slS 558
38.9° 53.0° Mean - Sl

s I3 me 5SS 905 U5 (o jlol o 1 (gylol i 5l g o y> S pie g (sl Slael coglas®
*Means within a column followed by the same letter are not significantly different at p = 0.05
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Table 10- The residual effects of organic fertilizer and Zn and B interaction effects on wheat plant Zn, Fe, Cu, and B
concentrations

(B) 2 (Cu) ome (Fe) ol (Zn) o,

-1 -1 1 odbolons

(mg.kg™) (kg-ha”) - (kg.ha’) ®) » (20 g5 Organic fertilizer type
35.0°  449° 61.1° 385 0 0
66.6°  554° 984"  39.4° 10 (MSWC) cosgas
21.2" 51.6° 109.6° 46.5% 0 50
43.3° 48° 51.7' 45,6 10
37.3 47.0° 81.5" 46.3° 0 0
73.0° 513 346" 458 10 oS 355
448" 55.3° 37.28 45,8 0 50 (Cow manure)
46.3° 47.4° 110.5% 455° 10
36.2 48.8 56.8 40.0 (Control) xals

s 3 gme 5SS 9051 D (ool pans 55 (gylol Jai gt i )3 Spide g o (sl dlael cglés
Means within a column followed by the same letter are not significantly different at p = 0.05

Yloinl a8 (3 Jgis) 95 5 ins o3 5 s 55 Lol 03 sl
slapize 4 g ol Jole lacsies jl is JUiml Jds «
251 290 dgdzme pty Jeail (L8 culS p SB odaw
SLs gyoi 5o (s Al CungeS 9 (5515 (sladeS oiloydl
oSty o a5 4 dmdgS ol (6598 009 YU 4 s L il
395 g9 95 yo > JI 0,5 .(Smith& Doran, 1996) 3,5 i
555 obilegdly il iy )A;L VA )li)"l;g@ ool 3,40 JI
o5 PYL o glgie | SB oS ey alidl 5 g5
Hampton et ) Sea 5 (gialmndls Cons (B pae 368 JI o)
5~ (Eghball et al., 2004) -l,LSen 5 JL3l 4 (al., 2002)
9 CuvgaeS 085lewdl Sl as o 1) S JT )8 ao s Lol
ol 3855yl )0 ol alie a8 05,8 (5155 (£9l8 268

)_AoL_C L_,’_Aml)s ¢‘_;L3 LAMS)l u_e).\a.o 89y pais oJoLmBL‘ )JI
OhSen 5 6565 3 (Il S o ptos BB g ol s
P LS ) g oal cdale (al58l 55 (Qury et al., 2006)
L s a il ool Ll 60,8 (5,155 (59, eilasdly 3l aons
o 3 59y bwss ol L Yiainl «SLs 3 g9y Byune
o2l 9995 (oo Sl S8 3)ly s g ddlie SB- (slaaSslS
b o Ol S ]

b sySoslas L yolie o 5 JT lodsS lass onlasil
el S5l s ) 45 595 Ltlsél 5 4l ine 51 S5 DTPA
9 CaS ili8l s gy sl olie mlio dgS ol a8
e iy clble o) e Wb oo Cgmome S (glols
595 395 oxloul Sl (5 0 Alj CamguaS )3 e 9 g9, polic
- o Yol a8 039y yiin S 5 polie opl onld il
9 Slgoals s (698 368 JT 2)S o )3 9 YU & 1y o olgs

2990 (g5 yolic olyan 4 (59l 355 (55l o olerdly I
G il 2oy> QA4 L 1) oLS yal Hlaie oy i S 5 10
531 203 13T 1 oLS e jlaie o it 03,5 el aali &
S5y olie b s xed b CangpaS (g9l Hled ) dald &4 o
CavgaaS jlans )3 olS o Hlaie (pyieS 05 osalie 10 g yao
Capmd 1018 103813 Joleo jao 2 5 (59 polis L 08 Al
316 Jolas yiio 12 5 59 L 5315 295 Jlai 53 ugp 5 0L
(10 Jgan) s osnlie anli 4y o ialS doyd

2 o.)._)Lm.SlJ 99 )AoL& 9 Uﬂ dllb.); uvaon)) ul))l
u})A_AAM) (10 Js.)._>) W) )I) u_um olﬁf)._‘ s )IJ&A » Sk
S35 255 ol e (r’;ﬁ’u 2 S 73/05) olS p ylde
Oty ab oanlide (E et 5l pS5ls 10 5 jho 55, L
oS 53l o 3 (S okS 13 o5 oo 20125) oL, el
(10 Jgae) 15 osnlie S8 )3 jio 2 550 (59, b (s 068 L5

iS5 ookl 3yg0 I clodeS liowd sla S il Sy
5 5L o 355 o5 > (o LS 2 Jgir ) gy ol (L3
il e (2B Ls PH sl 93 2 (6 dllij CuangeaS
cle ay o JI claslany PH 85 0us i)l liios 1 (g )bons
Afuni &) sl o ialidl (SLS 3 (Sawy 9 (Siill
ol 3aio5 opl > gl alie 5 (Rezayinejad, 2000

M}AA{ dl_m>9_§ oJ.)Lm.SlJ L_Jl)Jl :‘}A.EDU dl ("?L.: ua)Lwl):
Al czrge hpman Sl e Jlo o (59 355 5 (g0 AL
ole 5 ( Eghball et al., 2004) ,\Sen ¢ JU3l .13 S5 pH
U SBpH ]38l CavsseS 5 (595 (sladgS 3 5 L oS n S
b bl Glgs o dm Jlo )l

(915 555 9 (o808 A CawgaaS) I sladgS osiloudly il il
alie > SB (6)58 Ll Gage paiS A5) 095 plail I pug
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OhLSed 5 Lo (Hosseini et al., 2007) S’ o (559>
ol 31y p g g9y owe e Jlie 1 55 (Sinha et al., 2000)
Swietlik, Sdisgw. 55,5 )55 (Sinapis arvensis L.) Js,>
Skisl ) B8 g9y paie oS SlalS i, &5 s ol (1995)
Pt pais g &5 60 (VL ahlS a5 ) e s 4 )b

(b el enleddly Slas ol LS sudos cpl o il
ORIl 1y S ol alom (slaplil 3 g o 2] olis ke
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Fig 1. The effect of intercropping treatments on maize and bean total dry weights at days after planting in weedy and weed

free plots in the side and central rows.
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Table 1. Effect of strip width on maize and bean dry matter yields (g.m™) in the side and central rows

" 4l Side 5 Center oSbe Mean
P et - Y O
Treatment = by s =22 by & =2 by s
Maize Bean Total Maize Bean Total Maize Bean Total
) 2l
H *
Two Strip 651.6b 201.9b  8535a  6516b 201.9 b 8535a 651.6b  201.9b  8535a
Width
ERTR RN
Three Strip g1 1723¢  7905b  5883c 1715¢  7598b  6033c¢  1719¢  7752b
Width
RESES
FourStip 59294 1729c  7658b  4256d  1868bc  6124d  5092d  179.8c  689.1c
Width
) 0)ls
F'\‘/’\‘;igtt;m 5547 ¢ 190.1b  7448c  4002e 149.2 d 549.4e  477.4e  169.6cd  647.1d
s @
Sole maize 691.0 a 0d 691.0a  691.0a Oe 691.0c  691.0a od 691.0 ¢
oAk Ly
Sole bean 0f 305.4a  3054e 0f 305.4 a 305.4 f 0f 305.4a  3054e

it )b gtme (303 5 Si1) (6yLel bl ay gy y3 wliie LBy y> (gl dlacl*
* Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s
Multiple Range Test.
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Table 2. Effect of weeding treatments on maize and bean dry matter yields (g m™) in the side and central rows.

s Side awil> Center ;S Mean  nSibe
P 3 3 3
Treatment =22 by & o g 5 @yd L) Js
Maize Bean Total Maize Bean Total Maize Bean Total

b ile s

Weed free 562.4 a* 192.0a 7545 a 5169a 185.4a 702.3a 539.7a 188.7 a 728.4 a
ile J5S ok

Weedy ;,» 473.7b 1555 b 627.1b 3989 b 152.8b 551.7b 4352 b 154.2b 589.4 b

it 1 gime (1035 (,S5l3) g jlol blod 4y pgiar 2 53 ailite gy (lls slae®
*Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s Multiple
Range Test.
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Table 3. Interaction between strip width and weed treatments on maize and bean dry matter yields (g m™) in the side and
central rows.

M Side awil> Center S Mean  nSibe
Tre;tFnent @) Lyl & @y g 55 @y Wy 5
Maize Bean Total Maize Bean Total Maize Bean Total
) 2l
TwoStrip  6909b 2124c  903.4a 691b  2124bc 9034a  691b  212.4c  903.4a
Width
) 3yl
Three Strip  662.2c  174.5¢f 836.7b 635.9c 185.4cde 821.3b  649c  180def  829b
Width
dile JjuS &3)4)‘9_3
FourStrip  6414cd 180.5de 821.9b 5165f 168.3ef 684.9d 578.9e 174.4ef 753.4d
”» Width
Weed free i) B s
F'\‘/’\‘;igtt;”" 599.4ef 2145c 813.7bc 477.2g 176def 6532 538.3f 1952d 733.5de
JPRIERARS
Sole maize  780.7a  0g  780.7d 7807d  Oh  780.7c 780.7a  0h  780.7c
oAl Ly
Sole bean 0i 37032 37031  Oi 37032 3703a  0i  370.3a 3703
) 2l
Two Strip  612.3de  191.4d 791.1cd 593.3d 191.4cde 784.7c 596.5de 191.4de  788c
Width
) 3yl
Three Strip  574.2fg  170.1ef  477.3e 540.8¢  157.5f 698.3d 557.5f 163.8f 721.3e
Width
s bly
SO oo swip 54449 165.3f  709.8f 334.7h  2052cd 5409  439.6g 185.2de  624.8f
app ke Width
Weedy 3, 5)ls
FiveStip  510h  165.8f 6758y 3232h 1223y 4456h 416.6h  144g  560.7h
Width
oS g103f  0g  601.1d 60L1d  Oh  60L1f 60L1d Oh  60l.lg
Sole maize
oAl ey 0i  2405b 2405b  0i  2405b 2405b  0i  2405b  2405b
Sole bean

it j e (1035 (4S5h) (bl blod ay (g o > il By ol b SSke™
*Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s Multiple
Range Test.
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Table 4. Effect of strip width on maize and bean land equivalent ratio in the side and central rows.

i Side awil> Center 35 , Mean cp&ibe
2% . A " T
Treatment =2 by & ©2 Ly -z )b [N Js
Maize Bean Total Maize Bean Total Maize Bean Total

3y )l

Two Strip 0.94a* 0.6% 1.63a 0.94a 0.6% 1.63a 0.94a 0.68a 1.63a
Width
3y 3l

Three Strip 0.90b 0.59b 1.49b 0.86b 0.58bc 1.44b 0.88b 0.58b 1.46bb
Width
iy 4y

Four Strip 0.86¢ 0.59b 1.45b  0.61ab 0.65ab 1.26c 0.74c 0.62ab 1.36¢
Width
23 9l

Five Strip 0.81d 0.65ab  1.46b 0.57c 0.49% 1.06d 0.69d 0.56b 1.26d
Width

it I gime (1030 (,SGl8) (g jlol blod 4y ygiar 2 53 ailiie Gg ol > slae®
*Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s Multiple
Range Test.
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Oy b pialSand go (Al S 690 5 (2l Blge
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Table 5. Effect of weeding treatments on maize and bean land equivalent ratio in the side and centeral rows.

" awils Side 5 Center S5be Mean
Phoss s O .
Treatment uf’ by & u’_’ Ly * uf’ by &
Maize Bean Total Maize Bean Total Maize Bean Total
ppp il Ji8 0.83b* 0.53b 1.36b 0.74b 0.50b 1.24b 0.79a 0.51b 1.30b
Weed free
S o9 0.93a 0.72a 1.65a 0.76a 0.70a 1.45a 0.84a 0.71a 1.55a
Weedy ;,»

At I3 gine (203D 5SGl) (g lol blod ay gt 2 > wlie g gyl Slac*
*Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s Multiple
Range Test.

T (il 9 Bylg5 39750 9 cnils 43 (US) bglno 5 &3 chuag) (oo (Sl 0 o 2 352 Gle g I (056 Jilite 31— 6
Table 6. Interaction between strip width and weed treatments on maize and bean land equivalent ratio in the side and central
rows.

slow awils Side 35y Center oSl Mean

Treatment

P
Maize

Ly
Bean

g
Total

P
Maize

by
Bean

5
Total

P
Maize

by
Bean

g
Total

s e J s
Weed free

cile JpuS pas
i»
Weedy

23y 2)ly
Two Strip
Width
23y 3,y
Three Strip
Width
3y 4)ly
Four Strip
Width
23, 0ly
Five Strip
Width

0.86¢cd

0.85cd

0.82de

0.77e

0.57e

0.47g

0.49f

0.58d

1.46e

1.32g

1.31h

1.35f

0.89¢

0.82d

0.66e

0.61f

0.57cd

0.50cd

0.45d.

0.48d

1.46bc

1.32c

1.12d

1.09d

0.88c

0.83d

0.74e

0.69h

0.57cd

0.49de

0.47e

0.53cde

1.46¢c

1.32d

1.21e

1.22e

23y 2,y
Two Strip
Width
23y 3)ly
Three Strip
Width
2y 4)ly
Four Strip
Width
3, Oly
Five Strip
Width

0.99

0.96ab

0.91bc

0.85cd

0.80a

0.71b

0.69¢

0.69¢

1.80a

1.66b

1.60c

1.54d

0.99%

0.90b

0.569

0.54h

0.80ab

0.65bc

0.85a

0.51cd

1.80a

1.55b

1.41bc

1.05d

0.99

0.93b

0.73f

0.69g

0.80a

0.68b

0.77a

0.60bc

1.79

1.61b

1.50c

1.29de

At I3 gime (2035 S51) g jlol blod 4y (gt 2 > lie g (gl Slac*
*Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan’s Multiple Range
Test.
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bylys (o paS 5 dilen Ce w9 duoyd 3 4l xe Gil58l csly
;Lo .(Doulatabadian et al., 2005) 59 o (5,95 i
Lo ,)S il 4y Cooglie dgups 50 Sl aal b J3 3 (sl 4zl
Al b ydless i ©)3 olS s (Dat et al., 1998) 54 350
Sl el o last T b 3T g Sl s Sl
5,,LS (Janda et al., 1999) il 13U b Loy 4 Cangli

1- Reactive Oxygen species
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Sl amd o Gilisl ]y 55 dley sy 5 duoyd g 0 M
9 Sa9d S e Il Cpdss )3 (ol ke 4y Sedeadles



1389 (liwli 2 oyl 2 alor g 3yalisS wlih pgy g i 248

hw ol 2 bS58 S5 wles 1 sb e 6y90 & o> Szepesi et al., ) s (Lycopersicum esculentum L.)
Dgd oo axlge g MBI (g9 S29 3 e )5 olS 55 Sl Vb aopd 4 4255 L (2005

[t Canglio (51> ol (ol dasy (oo ylai &y yto 2 e (o0 20

owaia 5 (51 LS 5 35 Blgx Olwogad (Ol e (xSile) wil,ly 4525 -1 Jgaa
Table 1. Analysis of variance of germination and seedling properties of Cnicus benedictus

i qolie e ) Nl wo Gl e A ady, Job e dle b s SWS
"é o V WL Germination Germination Radicle Caulicle Seedling dry
o df percentage rate length length weight
o Gl g9
A 3 2755 8.49™ 600 4085 13276
(
Pretreatment
(B)s aﬁ’l’:vgf:‘“ 4 1411 3.8 1064 5801 10068"
AxB 12 365" 11.8” 249™ 1361"™ 8146™
edalof ol 60
Error
S 79
Total

o3 L 55 Jloin] s )3 )b ime 5 351 o simmn i & 3
ns, * and **: Nonsignificant and significant at 5 and 1% level of probability, respectively.

ns

S99 9 ST (5T lidro (g Lo iy T oo Y (5 Ailg g 5 LS Gl ol Ol 1 (50Sile Sl -2 Jga
Table 2. Mean comparison of germination and seedling properties of Cnicus benedictus

PO - Swis 059
) Al copw : .
. o . . 4 dulyy Job d alw Job aals
Sow o dle woyd (595 5% 53) e
- e (% o) (50 (ko) (55 o)
Treatment Germination Germination rate (seed "'° N e P ke
level percentage per day) Radicle length  Caulicle length Seedling dry
(mm) (mm) weight
(mg)
Al 34.4c 1.4b 11.2b 26.0b 39.0b*
Control
Sepgal e 38.4hc 1.5b 8.0b 20.6b 34.0b
Ascorbic acid
Gibberellic 48.0b 2.3a 14.4ab 26.2b 45.0b
acid
Skl 2 60.0a 27a 18.1a 45.8a 54.0a
Salicylic acid
0s98 54.0a 2.3ab 22.9a 60.0a 69.5a
0 ds/m salt
5 &g 59.5a 2.7a 18.6a 37.2b 61.2a
5 ds/m salt
10 y90 44.0b 2.1ab 11.2b 23.7b 435
10 ds/m salt
15 (gy95 41.0b 1.7¢ 7.9b 16.5¢ 25.7b
15 ds/m salt
20 5y95 30.0b 1.2¢ 5.1b 10.5¢ 16.0c
20 ds/m salt

A 5SS 9051 2oyd D w43 )b ime M) ABB ssl S e B K gyl Jils &S g a0 (slaSile™
*Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test at 5% level of
probability.
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o

] 05 1 15 2 25 3 35 4
Germination rate (seed per day)
(el & dar Bl Jgb g (il G o bl -1 S0
Fig 1- Relationship between germination rate and caulicle length of Cnicus benedictus
UL Jlossl pdaw Iy (dxo coglis™™
**Significant difference at 1% level of probability.
35 4
30 ‘e

y=8.124x - 3.717
25 R2= 0.6867

20 1
15 1
10

Radicle length (mm)

Germination rate (seed per day)
(e 6 da dd) Jsb g (5 Al G o bl =2 S
Fig 2- Relationship between germination rate and radicle length of Cnicus benedictus.
UL Jloss! pdaw Iy (dxo coglis™™
**Significant difference at 1% level of probability.

B Control MGibberellicacid O Ascorbicacid B Salicylicacid

100 A
80
60
40
20

0

Germination percentage

Nacl (ds/m)

(e B (G5 dil 8o yd g1 (69 iliee g gbaw g ol Jlas! (6l lowd (g o Jilike 5T (gl (5:le -3 S
Fig 3- Means of interactions between different pretreatments and salt levels for germination percentage of Cnicus benedictus
L.
L5 oI5 gime glis 5yl slls pollyy LSy SLigran dialy iy (slayuSils
There are no significant differences between averages with similar overlap range according to standard error.
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Control  mGibberellic acid

Germination rate(seed per day)
[ T L - A VS T = w

D Ascorbicacid  @Salicylicacid

10 15 20

Nacl {ds/m)

gie Y (55 dilga Cus g g2 (55980 Ciliee T gbaw 9 0l Jlas! (5 jlowd iy o e O1 T (gl (ke -4 JSU
Fig 4- Means of interactions between different pretreatments and salt levels for germination rate of Cnicus benedictus L.
L5 gyl sime glis 3 jluilinl (sllas bl LSy Sligren atols (gl (slouSike
There are no significant differences between averages with similar overlap range according to standard error.

SS9 ok Jlosl sl Hlos i (9 9 8 JIKal) wsb ons
g bty oo a5 43 Jgia) caslis (g)b (ee 1 aalS
gl ol (sl xS o5 Sl (19 9 S5 sl ojll &
039 = ol fhe Jole 48) 55 il 203 o 29250 sl
Giliseo (sla Jlass iy 5 (59 5% 23 39290 (sl dzalS Szs
ol 045l axxalS Sid ()59 o

Toh Ol s oo (Ui (SSle Slaslie @l (o)
09 9 4 Bl Job o) dlgx Cop g a0y il el ()90
Slllas By (4 Jsiz) 055 o a2 ady) Jobo 5 aals Sis
O e )D ;30 g (55 dlex ialS > (gyeh i aS db LS
Brassica ) IS o (Beta vulgaris) 3 i cls 445 )3 )
L (o9 Lyial-31.(Jamil et al., 2006) >9; 330 (capitata L.
AMOT ) 355 o (55 &l 31 s S gl el glinns] G5 slox]
o S il s ) 55 il doyd ialS (et al., 2005
DUros & ) wil matw oy Cam b g (530l Sl s 4 2l
(Magne, 2008

Slio y il o log il g Slpuss IS K59y wyp
Slews plod p S Al Hlowd 45" s o lis dalllas 500
o ine g cito b (698 cilisen (glajless > adllas 3,90
o G L ol ine sl Lo iy ol Jlas! g s
20 a4y ()55 ey b mitred (cadlts Sipadlis gl
b adllae 3590 Slio )3 (6)b (gine ©gliS yio oy (o
Ol (60 0 Lol i sdaliie calises (sl jlawd (i 1 oolatul
3 15 (5500 paw 53 Seleadlos a9 S pr Ayl (sl o
sl JS5) 59 5 ine adlllas 3)90 Clio plad )3yt pier
ol Ao ol 0 Jols s sy o0 i 2 (958 7
39 Lajlas iy ol Jlesl s )3 Sluas] (51 slac )l

o

s Gl g9 45 > (o LS pibly 4o ol (o)
(5 Al Sy g 2oy (6)5d lime gl 5 0l Jlsl
2 I3 (pSOI00) ety () gino 53b a Bl g 3 ) Jobo
5 o9 cilises ol (3 Jgiz) 290 H5e azalS S
o b dy Al gt ) Jgho oS5 Wl oo g Moy
Do e aalS Sis o9 caio p Lol (p<0/01) sl (o)
o Gl €98 o it D31 b 2 izmen (3 g2
ol e 58U 51 Lt 5y ilisen a9 005 Jlos
s iy 9 4 iy Jsb {PSOI0L) 55wl e puny Lol
(3 Jys) (P0/05) sl ol

D 22 S (9 Wl S g g o> (pyieS g (VL
T6/8 sl (Silae b Syl sl 9 Sy dusl (slojlas
sl Sy oy 53 530 515 s )3 60/8 4 55 53,3 B/L sy
alsr ey g 203 0 SVL s sy oo s (4 g2
=5 Slex > Ggeyen ol Gl B S el e 3 (5
095 9 Sdimss S 0uiS 4325 sla w3l (3l ST ogasy
) Al D el Sl ael byl Hle il Hd 3
lio oy (Ashraf et al., 2008) 39 o yoi baspis cos
Sy el slo 5 QLS 6 da Bl 5 4 ady; Jsb
o e 1416 4 2718 sy Jlows opl o i (pSSbie uild
Sl Yo 3 55 4 4Bl g Ay Jsbo a8 (4 Jga2) 092
Cands yio o 1213 51915 ola Silo b sy 4 Sy oSl
Cosly 5 Wl S p (390 5L s (o 5 4 (4 Jga2) ol
03 &ilg> xalS Lawgi )1y 3 39290 213 ()l 00 SIS
Ceal 3939 40 caw Jale uad gy o JLoin] ol ori
a ddy) g dBlo Job g (5 il Cop o Vb (Stsen
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cble b Yy dl o, (Ferula assa-foetida L.) o]
5,8 .(Rajabian et al., 2007) sol covss (1) p p)5 o) 70

Loyd s me il el Sy sl (9eee 5> crond) 500
s (Trichocereus terscheckii L.) _ogSLS oLS 55 ailo>

S5 4 awlS olS (oYL Cowlus > 4 5)l Jlois] pioren
WU ioen ed 25 Cate Ol ol )9 alaw i)l b
cew Gulidl L awlS jed poad Jlesl gbojlos i Cute
P25 o) 15 clale b Sy snsl 3,3)8 05 5 IS8T (g9
Shah, ) ui Js 3 olS )5 (5)58 4 Cuglio oy el (12
=)l 455 Sidles Aoy iy (6,500 L)ib"‘.aﬂ » .(2007

.(Baes & Arechiga, 2007)

S (5] amalS 5 Jj dlgr Oluogas (Ol o (0Kle) (uilyly 41525 -3 Jgs

Table 3. Analysis of variance of germination and seedling properties of Cichorium intybus L.

e e ) Nl wo )y Gl e ady, Jib e dle Jlb wals S 5
“é o V &33! Germination Germination Radicle Caulicle Seedling dry
~ df percentage rate length length weight
)\.Aﬁ L):“'.e, &93 Kk *k *k Kk
(A) 3 1097 26 321 42 8"
Pretreatment
(B)Saﬁ)fjvgf:“ 4 3330” 143™ 2847 633" 14"
AxB 12 247" 7 220° 15" 18
odalof ol 60
Error
5
Total &

oL 55 Jloin] s )3 )15 ime 5 381 S sinort iy s 9
ns, * and ** are non-significant and significant at 5 and 1% level of probability, respectively.

*ns

S99 9 Ol (T it (gl losd iy GO (S8 (5 il g T dalS Olio (ol OST (:Ske Ol o -4 9>

Table 4. Mean comparison of germination and seedling properties of Cichorium intybus.

5 lgn s g . X S 039
s - . . 4 dulyy Job d alw Job aals
owi o dle o (595 % %) o
ot i (e (ko) (50 slao) ()5 o)
Treatment Germination Germination rate Raé;:Ie Iéngth Cauticle I~e ngth Py
level ercentage seed per da Seedling dr
P g (seed per day) (millimeter) (millimeter) weight
(milligram)
el 60.8c* 5.5¢ 19.5b 12.3b 6.0a
Control
Sl 76.8 8.1a 27.8a 14.6a 6.55a
Ascorbic acid
Sy Al
Gibberellic 62.4c 5.8bc 20.45b 12.6b 5.19
acid
Sebpudls 70.2b 6.5b 25.6a 15.3a 6.9a
Salicylic acid
098 76.75a 10a 43.0a 21.5a 8.3a
0 ds/m salt
5 9 76.0a 8.4b 28b 17.2b 6.9ab
5 ds/m salt
10 595
10 ds/m salt 73.5ab 6.0c 20.0c 13c 6a
15 ()5
15 de/m <alt 68.2b 5.9c 17.1c 12.2¢ 5.35b
20 )98 42.5¢ 2.1d 7.6d 4.6d 4.3b
20 ds/m salt

* xS 905 20y D aaws j3 )b dme M) AEB ssl S rise B K gy Bl 48 g pa 0 cla ke

*Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test at 5% level of

probability.
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y=3971x - 2563
R#=0.783" *

[ [~ +=
(=) =) ]
1 1 1

—
L]
1

Radicle length (mm}

(o)

0 2 4 5 3 10 12
Germinationrate (seed per day)

Sl da Al Job g (55 Slgx G (o Al -5 JSW
Fig 5- Relationsheip between germination rate and radicle length of Cichorium intybus.
UL Jlossl pdaw Iy (dxo cogles™™
**Significant difference at 1% level of probability.

30 4
y=1672x +2.818

25 | R®=0.731"" *

20 1
15

10

Caulicle length (mm)

0 2 4 5 & 10 12
Germination rate (seed per day)
S da dBlo Job g (5 g sy (ol -6 S
Fig 6- Relationsheip between germination rate and caulicle length of Cichorium intybus.
UL Jloss! pdaw Iy (xo cogles™™
**Significant difference at 1% level of probability.

B ®Control MGibberellicacid [ Ascorbicacid BSalicylicacid

o

g 14 -

T 12 A

g_ 10 A

- 5 4 ]
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L 4 A

T

£ 27

E 0 A

o

G] 0] 5 10 15 20
Nacl {ds/m)

Sl (5 il G g (G pgud i b 9 0 Jlos ! (laylond (sl (ot Jiliie 15T (gL (Rile -7 JSCS
Figure 7. Means of interactions between different pretreatments and salt levels for germination rate of Cichorium intybus L.
L5 gyl sime glis 3 jluilinl (sllas bl LSy Sligren atols gl (slaySile
There are no significant differences between averages with similar overlap range according to standard error.
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gz 50 Sialy 9 )9 Alisko ol il anlllae

m Gibberellic acid

= Control

Radical length (mm])

O Ascorbic acid

@ Salicylicacid

10

Nacl {ds/m)

S ) Job 1 (gy9n iliteo b 9 0w JlosT (g Lo (s oo Jiliie ST (gl (10 -8 S
Figure 8. Means of interactions between different pretreatments and salt levels for radical length of Cichorium intybus L.
L5 gyl st glis 3 luilinl (sllas bl LSy Sligren atols (gl (slaySile
There are no significant differences between averages with similar overlap range according to standard error.

B Control M Gibberellic acid

12 H
10

Seedling dry weight {mg)

O N B OV

O Ascorbic acid

10

[ Salicylic acid

Nacl (ds/m)
ol Al SWS ()59 1 (8 g Hlitke ok 5 00w Jlos! (S lowd (i oy Jliie O 5T (gl (il -9 S
Figure 9. Means of interactions between different pretreatments and salt levels for seedling dry weight of Cichorium intybus

L.

)5 oI5 gime glis 5yl ollss pollyy LSy SLigran dialy iy (slayuSils
There are no significant differences between averages with similar overlap range according to standard error.
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b (55 Wl o G 2V (Ssod izren il Sy
A odaldie (wlS olS ) (ogast 4> Ady) g 4> Lo Jobo
So9=8 bl Cou (S g pedie)ls 29yl 465 93 (5 il
48 yte pr udonj 53 20 (5058 53 gl oy ISl 5 YL
los ali Hlas 1oy 60 3905 15,15 55 wlex 5ol 51 6 )lun

LA I.) sz)

8 5 4o
Sy bl il adlbe cpl i osel vy ol obuly

g ooddin)ld agS 93 53 00 (6 ojhl Clas (e ()
hoslawl 4y Cond 4565 90 ol (Jg ccusly glosials )A)b slS
0SSl 5 Sy« SapgSenl dad (slajless (i
o 33 glas ol ol sty o Hlad 4y a0l L SLusS
il glaassS jodn Sy bl 3 d92g0 dlge 5 (35 Al sl
ool 55 3 ls Mol om join a5 il og)h (cladisS oz
0PLS SlapuslSo d92g S conl (Son > il oats (gl
ald |y (Folite slagiisly 35 g Sl ol jod 59y 2 ol
5 =5 Sl dge sl Sl dl Jlodd Sy il
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Table 1- Soil Physic-chemical properties, compost and manure applied in experimental site

i Sl colar i - o i
& au! EC oy Sud O39r <8l
pH (dS/m?) Potassium  Phosphorus Nitrogen Texture
7.4 7.2 1.1% 11% 12% - “5*‘“’ CugeS
Municipal compost
7.2 5.9 1.3% 15% 13% - Manure _el> 3¢5
75 1.2 119 ppm 13.7 ppm 15.4 ppm &”_@’J SOil acyze S
Silty loam

9 (52 4L Slani gy 53 JguasS 31am oo 51 JgunsS gl dhold gy 135 )1 &) boga yo (Sl yo (ilie) (il g 320 gl -2 g

o 3,90 S jlowi )3 digy wloge
Table 2- Analysis of variation of plant height, distance of first capsule from soil, branch per plant, capsules per plant and
biomass per plant

3 owlogws 30 S BLS lans

. g1 55 JgunS Sland o o) JgS gl ol g el ey _—
hadd Number % Distance of first capsule Plant ] oo
Biomass per  ansules per plant Number of from soil surface  height df SOV
plant branch per plant
24.71"™ 45.58" 2.95” 1.06" 83.39™ 2 Block 55
815.2" 1362.0” 1.02" 505.0" 1121.7" 3 (F)_ ’_95
Fertilizer
o o o . . oSy
127.7 100.8 4.24 44.37 356.6 3 .
(D) Density
37.79° 8.75™ 0.43" 19.38™ 6.40" 9 DXF
9.85 11.78 0.366 11.40 32.39 30 Error sLes!
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“, ™ and ns represent significant at 5% level, Significant at 1% level and non significant, respectively.
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23590 L)l )3 JguaS 5> &l dlaa
Table 3- Analysis of 1000-seed weight, seed yield, seed weight per plant, harvest index, seed weight per capsule and seed
number per capsule for investigated treatments

JgmaS 3 ailddland JguS ;’_4’" 039 ol el B 4-"? O3 s 5 Slos al> 152 o9 d‘"”_ e
Seed number per  Seed weight per Seed weight ] 1000-seed 2151
Harvest Seed yield - S0V
capsule capsule i per plant weight df
index
0.199" 0.006" 14.86™ 0.798"™ 354.4" 0.043" 2 Block <ol
381.9" 0.010" 20.70" 52.70™ 3387434 0.630™ Fe”"(';‘;r >
. e Density 31,5
149.1 0.003"™ 0.690"™ 13617.6 0.045" 3 (D))/"Sf
3.09™ 0.011"™ 1.93™ 0.177"™ 987.4" 0.247™ 9 D*F
47.00 0.007 7.15 287.1 0.220 30 Error oLl

Amd oo s 1y Iy xe oglis dgrg pae NS g% o YL o 3 (o) dme iS4 g

* wx

“, ™ and ns represent significant at 5% level, Significant at 1% level and non significant, respectively.
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Table 4- Effect of different fertilizers and levels of plant density on the sesame’ measured traits

JERSERES WRIRTS)

gy > ology D92 53 JguenS S sy om0 3 JawaS (gl dhold 459Pe|&‘35;‘
Biomass per Number of Number of Distance of first capsule he%r;]tt Treatment ;loxs
plant (g) capsules per plant branch per from soil surface (cm) (cm)
plant
42.6° 44.2° 3.8 39.6° 79.3%" (Fa) o558 >55
Cow manure
40.0° 38.8° 3.7 38.1% 70. 7° (FZ)_@LM ’_’_f
Chemical fertilizer
37.6° 38.2° 3.4%® 36.3° 69. 0° Compost (Fs)cwgues
24.2° 19.8° 3.2 25.3° 55.9° Control (Fy) =5
a a a a a Dl
40.0 38.83 4.27 39.73 74.6 (20 plant/mz)
b b b b ab D,
37.2 35.18 3.63 34.08 70.3 (30 plant/mz)
b be b b b D,
35.0 34.42 3.43 33.79 68.5 (40 plant/mz)
C C C b C D4
32.3 31.92 2.83 33.79 61.5 (50 plant/mz)
47.3° 48.0 4.7 43.3 85.7 FD,
44.1%® 43.3 4.2 40.0 80.3 F.D,

42.3%° 44, 4.0 36.2 79.7 F.D;
37.0% 41.3 35 39.2 71.7 F.D,

40.5"¢ 42.7 4.0 40.6 78.0 F,D;

39, 7occe 40.1 3.3 34.3 71.7 F,D,
35.8% 36.3 3.4 39.3 71.0 F,D;
34.6° 36.4 3.0 38.0 62.0 F,D,

43, 07 43.6 4.7 38.1 75.4 D,

39, 70cc 39.0 4.0 40.1 71.3 D,

39.Qpece 38.0 3.3 34.4 68.0 FiDs;

38, 7°% 32.4 2.8 33.1 61.3 FsD,
29.4' 21.1 3.7 29.1 59.3 F.D,
25.3' 21.7 3.0 22.1 58.0 F,D,

13. 09" 19.0 3.0 25.3 55.4 F.D;
19.1" 17.6 3.0 25.2 51.0 F.D,

S5l o5 ()b xe gls (b D Jlaxsl daw ;5 LSD g0l (slive p Syiiio b K Jbs ol slo 1Sk giw o 0¥
* Means with at least one similar letter are not significant different (P< 0.05) based on LSD test.
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OhlSen 5 paio Slys) (A saz) 292 gy e > 452 50
L as 65,8 5,58 55 (Rezvani Moghaddam et al., 2005)
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Table 5- Effect of different fertilizers and levels of plant density on the sesame’ measured traits
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il &l 158 439 J JoweS 2 &> 39 &l 3,Sos digy 43 Ad 459 i
> 1000-seed Tt Seed weight per ~ Seedyield  Seed weight per Treatment jlo.
Harvest weight (g) Seed number capsule (g) (kg/ha) plant (g)
index per capsule
21.1 2.6 74.1° 0.189 955.7% 8.3" (F2) 555 28
Cow manure
19.9 3.2 64.5% 0.206 855.5 7.9% (FZ)_@L’"‘*“; >
Chemical fertilizer
19.1 3.4 68.5% 0.203 853.8° 7.7° Compost (Fs)cuwsues
16.2 31 60.9° 0.193 566.1° 3.8° Control (F,) s
a d a Dl
19.0 2.9 71.3 0.201 762.7 7.9 (20 plant/mz)
ab c ab D2
19.1 2.9 66.0 0.199 803.4 7.2 (30 plant/mz)
ab b b D3
19.4 3.1 67.9 0.200 832.5 6.8 (40 plant/mz)
b a c D4
18.8 3.1 62.8 0.190 848.5 6.1 (50 plant/mz)
20.0 3.3 78.0 0.193 914.0° 9.2 FD,
20.3 2.9 73.3 0.207 952.7° 8.8 FD;
19.9 25 57.0 0.186 971.3% 8.2 F D3
19.3 25 70.0 0.170 984.7° 7.0 FiD4
21.2 2.9 68.3 0.203 799.3 8.6 F,D,
20.7 3.3 62.6 0.210 859.7° 8.2 F,D,
22.1 3.3 66.0 0.217 869.0% 7.9 D3
20.3 3.7 61.0 0.193 894.0° 7.0 F,D,
18.9 2.8 73.0 0.190 802.0" 8.2 FD;
20.0 3.5 68.0 0.203 859.3° 7.9 FD,
19.2 2.8 70.3 0.197 866.0% 75 FD3
18.3 35 62.6 0.220 888.2°¢ 7.1 FDy
15.8 3.6 65.7 0.220 535.4" 4.6 F,Dy
15.2 3.0 60.0 0.177 542.6" 3.8 F4Dy
16.3 3.8 60.3 0.200 591.79 3.7 F4D3
17.4 3.7 57.7 0.176 595.39 3.1 F4D4

Al 5 o) (sine gl g S Jlozo s 5 LSD (0] (slioe Syt B S JBlis (el slo (50 st 52 5
* Means with at least one similar letter, are not significant different (P<= 0.05) based on LSD test.
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Table 6- Correlation coefficients of yield and yield components for sesame
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1000- Seed Seedweight  Seed weidh Seed Bi Number of Number of
seed number per  “ooC Weld t eed weight ee lomass branch capsule per
. per capsule per plant yield per plant
weight capsule per plant plant
8 7 6 5 4 3 2 1 ooled
Number
1.0 1
1.0 0.24™ 2
1.0 0.24" 0.79” 3
1.0 0.81" 0.21° 0.83" 4
1.0 0.88” 0.80” 0.21" 0.89” 5
1.0 0.21™ 0.21™ 0.14™ 0.27" 0.02" 6
1.0 0.56™ 0.29" 0.62” 0.39° 0.17™ 0.39” 7
1.0 0.18™ 0.61" 0.53” 0.40" 0.45" 0.34 0.41" 8
23 o 5L ) ine glis Ss3g pie NS 5 U5 5 UL o )3 (s imo i A 5
“, ™ and ns represent significant at 5% level, Significant at 1% level and non significant, respectively
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O3l 5 Wlgr Mo ) jhudan [l Waejly

.

CYRTTY

Joame oy yioge lois 4 (Tritium aestivum L.) pas

BB i (S g (6y9b delunl Lalpd )3 o 0390 )9S (25
(Kamboh et al., 2000) 1ol o yialS ol 5 Shee 5| g2y
e Cponl Sl as Cil puiS g0 9 45 dloyo (gl (55 il
SBlSs g G (5 Al ogMe bl oo 95 (3L
Ll (o )h Sl mre Syl S 8 A8 Je 9 (03] Sl
e cla (i o e | S5 (Soltani et al., 2001)
Szaboles, ) 54 o wguno oely; SV guaso iy 028 D9l
g 4liS 51 ol Wiy alisee cla adn p (Siis i (1994
sloplil 13 (LalS g (5 wlgr (3Nl 13U @ 5 GialS coge

65> ot obul )l wlis)l comih g 4 -4 4321
cehj 095 (ehi oalS i) ISy Gemdily g (wlid ey 5h5liS
Agudio (gwgd,d oKy (g5gliS” ouSiil
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0) J5 Jlo 3 40550 53 (5,9l 0l oS 2 (390 Cilises g glaus
i Lot 15 35 5 360 5 200 120
4 0) (Sas i Gilisee polas g (il pas Gaudsn (il)
sl ol jlalols o0 5l ghaie onl sl w39 (31 =12 5 -8
acyie » 1387-88 <ly; Jlw > aS palo b, a5 ook
Tohw Ly dadie (w938 oSl (5yelitS 0uSiilsy (Sl
o o5 (2S5 (55 2omiy) Al ye 93 (o 4559y 28 ciliee
laylas w2 odlatal ilejl ol ) wing ab )5 )3
Bl Ll )3 (Sis iliseo zobaw 5 Sujglse sladgS
Jbo 3 gt Bpae 000 .08)5 )15 adllae 3)90 395 59ds
Jlesl (gl ol oas 03,91 1 Jodo )3 asy0 ,> (1388) U3
P el 12 a4 palbl o « Sodm sadgS sl lows
pis Jloi ;5 o (Krishna et al., 2008) w5 oxibud pudli alo
2o Jl sy 53,5 odizl e o | Sl 355 335
(PEG 6000) 6000 JySoM5 oylsl 5l (St i caliswe
A ol
ooly Gl 5 bt oy assae Glalesl 9,5 51 S8
Syl sl 95 e 4 3, Kl 4 )3 120 clos > oMl
Gl )3 )15 oolimul )90 ,b sae 10 Liod (o0 a3 s
ot IS ol o b 2l e i S5 ol Jld
a3 25 clad b yid (50 L g Wb L] ajiod (50
035 g jgd byleui .55 031 13 oliiu o)l Loyl sy o], Silos
Jsb cales 2.085 plonl 55,10 e 4 5 LS el 12 10
o3l (sl o 9 (65 03l S b3 L d> Bl 5 o ey
ol > celw 88 e 4 chn il g dx ady SIS 59 (oS
O3 o 9 505 03l L8 3, Sle v T2 &yl ampd b gl
b8 Sygo w9 010001 cds b Jusod (go5l5 51 oolazal L
595 1A 31 G 035 g 59k 5lass dop> o 1 (55 Wl ho >

el Candy (60 b 4> ok o3l 45 jed IS law

(Rivera-Cruz et al., 2008) 153,50 oblS cuoglio i3]
8 A alex | o) OV gare 3 axalS b cs
{Daucus carota L.) gz {Lycopersicum esculentum L.)
(Phaseolus vulgaris L.) siw Loy (Zea mays L.) <, puS
L3y S e sl 5L 5,8 L (Medicago sativa L) assg
doy> g ol = > (Kloepper et al., 1991) wb o yil33)
- 658U 3l dgu g5 widls Lis (De-Freitas & Germid, 1989)
st sglay sl Lol o 350 455 0uigljil uligogages (sl
@l md Gllidl]) pa S slaasalS j3 b )b
b 3l pol gl (65l &S d9e5 3,15 (Saatovich, 2006)
Cagliio a5 oo (ST A5Lo (alagyge)gn M98 9 ()9 k8
Sloslaiul Jds frod dy aisy dgug (5)9b blyd 4 1) puS
o lalS 3Skos 5y Car gl ale &g 4 o] claasg
Sl Sl pimen ol dpog JB i 3blie 1> O o}y
2 03 e plekily g ada; 5 olS 1)y Mlgie M) S e
- S59 > (Dobbelaere et al., 2002) x> Lioljbl LS
it yolie g Ol Gia 20 by oanlil glo (681 sl
olS 4 SaS g aalS b 5 (5 Wl S92 L lS Lawys
Kokalis-Burelle ) wsb oo Jasxo (sla i Lalys o 0y ¢lp

et al., 2006; Shimon et al., 2004; Wu et al., 2005; Zahir
(et al., 2004

Lol Al p o 48 Hlusl 35 5 a8 Cocal 4 25 L
pej 3 o Suil olidllas g o Gl T 5l Sler
e Conglie o Sfglam (S3gS g ()9 hlie slaw 3]
Saa by ol bl W ao)h gy 5 aly asye p  Sis
PSS (5wl slo el p Jelge (pl lapiiSeny ()
285 plosl

B (g, 9 290
"8 Bl g St G Gilise ol 55U dallls jglaio &
csinlojl o8 Jlo ) as 50 )3 ()59 i cilides zolaw b 0dd jless

Span 2,0 1 )3 (59 B pas jlale g ae50 43 (5,5l 4l obS (59 32 o Jlas! (395 (S slewd ~1 Jgu
Figure 1. Nitrogen treatments in the field experiment and nitrogen rates at each applied time.

Ojor oolwl p Giop slojlews bl (B0 (g S

5 545) 395 B puae 1)U ol

25 45) 355 S pne 2,5 oo
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N't()m f: Pf’l‘"szoiljh (,Ul:.ia: 2 Pfﬁi:”‘ First fertilizer application Second fertilizer application
itrogen treatments (kg/ha) rea used (kg/ha) (kg N/ha) (kg N/ha)
0 0 0 0
55.2 120 36.8 18.4
1104 240 73.6 36.8
165.6 360 1104 55.2
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» S oloul g cud aMe 3 ab Gglae 3 Slas 4 oliwd
Shol 22 S lyis 4 0395 55 Wl sl mpl 1S5
o> olS sl (B ojlul & paie pl el b1 o)l jaus
Banziger et al., 1994; ) 34— o @y (o5 4l Cac poo
395 B yne 4Si] 4y 495 L (Emam & Nicknejad, 1995
239> Job (hlj3l g (olondgn VLGl Jd 5 gy
U paie opl caslio onlyd &5ty o Jlas & 1wl 550 4l
(Lo oS 9y 2 5 598 yoh Mg Car ulie Lyl dloxy]
et .Pilbeam et al., 1997) xsb 3o ab Jj wliy Sluogas
JUis jlde Yiaus! o 559525 slaagS (Lioyd al., 1997;
ceel g ool ilyal 1y ash ay dusy slo Comd I y5e 500
CBlaio g 00,5 o &I gy duoyd g il gm0 clale Ll
Kim & ) 55 oo Juol> sy 55 Sl slopaslo b s o
5 dlgy Slogas JialS Jlas! cde ! (Paulsen, 1986
S Gy 4 Oly WL |y (95 Bpas gdaw (0 5VL
by s Lol ol ) 50550

ay g 55 Sl S G 1 Sejg o gll il

pS axals

555 L 0a s grdli jody a8 ol LS b 4 Sle dunlie ol
() Al ey (S Al Aoy gy pilis SOSgen
Sl pady b duglie > (gykd dx ady ol g (55 Al (a3 ls
Seielsn 355 (4 i) 2635 365 el pas g jhudsn 365 L osd

\ . i s e - R

{ Ao ST L Jloss () 365 il s Jloss 4 Comd jiudgny
Ol 4 (5 &l a3l 5 (55 Wl 2o i b I ks
S92 xS b o 21 lie 4 adyy Jobo g 000 22
6 58U SCojlan 355 L oS yolh gl culley (4 Jpe)
g ey ooy oo (5 Al sy (aSlS LI (e
SOl il 365 zall o Hles 4 Caws (Sidley (asls
Y g amo 3 dzalS ja b Caopuw oS Cadl "j il S syls
b osisy g duheo Lag) )3 (pulS ggp (55 xS dbox 3l 5
Bl li3l elgagag ke ad) Syome (sla (6 3SL )8
(Kloepper et al., 1991)

1: Hydro-priming

o 5 Sl ploj Ske 5 ALl s p il
Salehzade et ) 15,5 oolil 3 52 L o)l Volao jl cui
(al., 2009

no Si

RS =Y o (1) dsles

50 005 aley (gla iy ol =Si ¢ S ale s RS
= codylos ladd™n ol N 55le s U 54, sl =D ¢ i )loss
b

59035 Sl sy slaw) = 55 wlse yadls (2) dolee
(Usbos 53T 55035 il (slaydy sha) + .+ ke Jsl
MGT =>'Dn/>’n (3)dsles

D jgy 0 &S (g9 dhws =N (S dilex boj ke EMGT
HBloe (35 Al g9yl SWjgy Sl =D g Sledj s>

duslis 9 SAS i 8l ey il eolatwl b Wosly Julox g 4y 5o
Sygo oyd D Jlasn] pdaw 13 Sl 905] 5 olisul b lapSSke
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595 gloil ool el sl as ol L uilsly 4 jo0 gl

o olaf 2 (St i oo o3l I3 35 5 Sl
@ & ady) Job Cons (g Sl ploj (xSl J2 4 (55 Sl
Do )b ime cdy dBlu 4y d> Ay SUiS (g Cowd 5 4y dBle
Slio b gyt 255 ilises gl Sl 4l 5> (P<0.05)
M e (55 Sl el 5 (55 Sl Cope (S Sl Loy
s stae 35l Slaogad (S B9 SIAL2 Jg2) 35
Sd ok 9 Sigdm 395 (39 i 395 A aw Sl Jg g

(2 Jgde) 295 ) Lgme ok (65 03181 las

Slapadli 51 450 )3 (Bpan (95 395 Tolw ;U
PS5 aalS W) 9 (Jj dilg>
595 calisee polie b oS olaydy 1 aS ol lis ilejl mls
&) Slor e () Sl a0 )d LS Bdg 0ad e gy
038 Jlogi GLS 5l Jols jod 392 1> (dxe (55 Al a3 li
b les €00 jods plo s JUS )3 09l 355 2,55k 240
Sogb W39 y0y55 0 Sy (5 Wler Sluogas jlejsl 358
33 Llise a 0ygl 395 b o pie jod b duglie 3 baydy ol &
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Table 2. Analysis of variance of germination indices and seedling growth of wheat (A = different levels of N, B =
different types of biological fertilizers, C = different levels of drought stress).

5l l‘u&““ U’)“‘?’“"‘c)“"
"”Thfn:’e;n of 4l pasle (el 12 45 ,d) ) 5; dilgs w0y Ol S lio
germination time Germination index Germination rate Germination (%) S.0.vV
(Seeds/ 12 hours)
0.08" 586 040~ 8.96 (o3s0) A
0.35" 13.00” 057" 20.18" (Si595 265) B
6.93" 155.73" 6.23" 244,97 (S5 is) C
0.32" 0.97™ 0.09" 1.46™ AxB
0.12" 2.00° 0.18" 3.09" AXC
0.60" 3.32" 0.14" 522" BxC
0.21" 1.22" 0.05™ 1.91" AxBxC
0.25 0.90 0.03 1.42 (L) Error
32.37 32.61 14.71 34.98 "*;V e
7 Bl 4 4z o) Jgb ol (’;’I‘u . I“%I‘é“ ;ﬁ” (e 5L) 2 4y Job 4 ayy o S5 s
Radicle to E;tji(r)nule length umtjcr(_en)eng Radicle length (cm) Radicle number S.0v
0.13% 0.19™ 0.40™ 0.087 A
0.30™ 0.74 1.88 0.33 B
437" 36.50" 65.66 851" C
0.08™ 0.22" 0.51" 0.10" AxB
0.12" 0.07" 0.13™ 0.04" AXC
0.14™ 0.32 0.99 0.22 BxC
0.14™ 0.10™ 0.29™ 0.05" AxBxC
2.07 0.14 0.22 0.04 (Ls) Error
23.99 22.52 23.66 15.25 S
Ccv
. éu‘i s (p5) 8 SKis i (p9) 2 aBlo Stz 35 F;Rédicl)e ar < s gl
FUm T Total dry weight Plumule dry weight : y TN
Dry weight ratio of weight SHOAY
radicle to plumule © © (9)
0.37" 0.0000027™ 0.0000005™ 0.0000009™ A
0.86" 0.0000088" 0.0000016™ 0.0000030"™ B
2.07 0.0003173™ 0.0001211" 0.0000491™ C
0.53" 0.0000036™ 0.0000011™ 0.0000008"™ AxB
0.45™ 0.0000013"™ 0.0000003™ 0.0000005"™ AXC
0.83™ 0.0000058" 0.0000010™ 0.0000026™ BxC
0.53" 0.0000023" 0.0000008™ 0.0000005"™ AxBxC
5.05 0.0000027 0.0000009 0.0000006 (Ls) Error
57.54 0.16 0.09 0.07 S
Ccv
**: P<0.01, *: P<0.05, ns:

non-significant.

b e pE g o)z 9 S Jlein] pdaw 0 )b dme sy 4 NS

* ‘**
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Table 3. Mean comparison of the seeds that treated with different levels of nitrogen on germination indices and seedling
growth of wheat (Sayonz cultivar).

_ ) Sl Sy .
)Wl ploj oeSle ) Nl padle o125 (h) ; @il wwoyd  (Kg/ha)yjg yis Biie z ghanw
The mean of Germination (e ) _” ) Germination different levels of
germination time index Germination rate (%) nitrogen (Kg/ha)
(Seeds/ 12 hours)

2.07a* 11.08bc 0.79b 16.38bc 0

1.81a 12.77ab 1.17a 18.88ab 120

1.83a 16.71a 1.24a 24.72a 240

1.70a 7.88c 0.43c 11.66C 360

Bl @ 4z 4l Job

LC g

-

(5o o) 4 o Jobo
Plumule length

Radicle length

(Kg/Na) o i 2l

> adyy s .
different levels of

Radicle to plumule (cm) (cm) Radicle number nitrogen (Kg/ha)
length ratio
1.56a 2.46a 4.42a 1.42a 0
1.03a 3.23a 5.3%9 1.45a 120
1.02a 2.90a 497a 1.40a 240
0.81a 2.58a 4.00a 1.10a 360
I dr ddy) S o
Q)9 T ¢ e g o e 2 Ka/ha) - e s walis
S oy S (A S5 i (o) o o S5 o3 (-9 (Kgfha) s il g
ar dlo 4 &> Ay, : . .
Dry weight ratio of Total dry weight Plumule dry Radicle dry different levels of
. weight i nitrogen (Kg/ha
radicle to plumule © ght (9) We('g)ht gen (Kg/ha)
0.27a 0.0045a 0.0026a 0.0018a 0
0.35a 0.0048a 0.0026a 0.0021a 120
0.51a 0.0046a 0.0025a 0.0021a 240
2.76a 0.0035a 0.0021a 0.0014a 360

B85 5 me glis o D Jlein] s 3 (S pide B S Bl Iy gla pSSle g ya 0F
* In each column means followed by similar letters are not significantly different at 5% probability level.

Gy g 203 (S0l Jpusilly (L2l L & didgad )5 g
soys LimlS Yl cdly jials ol Mo Ll oy 55 wlss
ity ol Ll 3 (55 Sl b (adls 5 (55 Sl
JU5I U pyawg] dlge 5 ataanl a5 5l (56 g5 oo (g pom]
(Soltani et al., 2006) 4zl axalS 4 ous 4550 dlge S
5 ol gy als & (Sts 155 586 cos 55 Wl tals
g ok 031> G o (190,00 e 9 o g Sl 1 o 555
sy eadsy Jb 3 sllshe O Jruily GalS” by IS oo 4
b (e il as iy Job g (55 e Cop o Sl
51 = (Cramer et al., 1991; Krishramurthy et al., 1998)
pas b ials ((Suid i balpd )3 ax dle Job ials LYo
ol 0 53 i 4y )k (sl oyd slacdly j) li Slge Ui
3 e Jelge 5 Ol i cplply (Trautwein et al., 1997)
sl (221 5 Al oo as)je 53 )d (F) Al cebl als
Ay g pand (SudS 5 byl ) S le Jedly g (e

(Priscoetal., 1992) ub o LialS J; algs £98g (slp o

9 ) Al (et ld p (Kid G5 dlisw obw pIU

PS aalS )

5 g i3l oS 3l ol allls oyl ) Jols gl
8l gial S puS dolS Wby 5 ) diles gl sl Sis
)9 (55 g spadls (ooles bl I (Sid (i pas o
Ay d ady) Job Cund o35 Al loj nKle 32 4 oy
A Cuud cdy dBlw d A ddy) S (yjg Comd g 4> aBlw
o 3 &S ysb @ g g b =12 5 -8 -4 o fuusils
(5 Joan) dmy yho 4 yody G allgy (St i )b =12
60 oo am () alen a3li g duoyd b -4 Sis Juwilo
pie cdls & Cond 1oy 10 (e 4 S dilgs Casyu g Aoy
0ali g doy b =8 i maw .l alS (Sas i
o 4 G 2o )3 97 ¢ 55 dilos oo g 2o yd 91 ¢ 55 wilg>
(5 Joso) ol ol yzals sl

lgs aslllas L (Baalbaki et al., 1999) ., \Ken ¢ (SJL
G b3 3 puS piles 5 Jeoie o)) axalS dawgs 5 (5
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Table 4. Comparison of mean effects of different biological fertilizer on germination indexes and seedling growth of

wheat (Sayonz cultivar).

3 Wl ploj ouSke ) Sl el ) Sl e - S259lgn 295 Elgl
' L S (celw12 43 ,4) (%) 55 wilgr wwoyd ST CY OF
The mean of Germination o : Germination (%) Types of biological
germination time index Germination rate fertilizer
(Seeds/ 12 hours)
1.85a* 16.76a 1.30a 24.79 ‘”"M
Nitragin
2.15a 10.98b 0.79b 16.25b | e
Biophosphorus
1.5 8.50¢c 0.64b 12.70¢c (s0Ld) guils pae
Control
. . o i s SAK S259lgn 295 Elgl
a (o (%o > Ay Sl : f
i i Radicle number Types of_b_lologlcal
Radicle to plqmule Plumule length Radicle length fertilizer
length ratio (cm) (cm)
1.34a 3.14a 5.26a 1.61a el
Nitragin
1.08ab 2.92ab 5.06a 1.32b | S
Biophosphorus
0.88b 2.31b 3.73b 1.10b (s0Ld) ol poe
Control
Sl 3y o N il Sas gy TS 0 , .
; (p3)J5 S 39 . (#59) Sajalae 355 gl
d aBlu 4 a> audy, : (e5) f L
F © Total dry weight Radicle dry Types of biological
Dry weight ratio of Plumule dry : i
. (9) . weight fertilizer
radicle to plumule weight (g) @
0.43a 0.0050a 0.0028a 0.0022a ‘”"“
Nitragin
2.30a 0.0045ab 0.0024a 0.0020a . Pedse
Biophosphorus
0.18a 0.0035b 0.0021a 0.0013b (aald) ol s
Control

B85 5 me Sglis o 5 Jlein] s 3 (S ptde B S Bl Gl gla pSle g ya 0F
*In each column means followed by similar letters are not significantly different at 5% probability level.

Ol 4 (B 0355 gy culaliy (2 JSE) s L 1y cdo
il S g g o> dgug Sl (Sl 3 (6y9p8 pais
Sl oo (et 2o B (g i (ol oS sy oo jlai @ andl
Olidl L as > 08 puiS Jidiles (sl ymsld s el
ol e S )3 p,Sols 360 4 240 51 3 pae )59 ade
Syt an oy e ) ol ol e a8 28l el la et
S yhy (Fooygn SO (3098 w2 2 b g (9588 Capenw s
Sl 9osn g b sy ealdl las Sl ezmen D
Oialidl g sy olis 5 O s dguy el olS A3y S poxe
Kokalis-Burelle et al., ) 455,58 s axalS 0k o 5 alo>
e il 311 ‘(2006; Shimon et al., 2004; Wu et al., 2005

Jalie < 1,51
5 Sl 20> g Sdom 395 5 ()9 pokaw Jlite
bods e olals 1 Jols ok (1 US2) 50 ()b (ine puiS
Sl 265 Ly olStlofl ) 4 (59,25 55 ¢S5l 240
P59k 360 Jlos blite 519 ey 20392 005 il (ol
Aoy (nyeS Siglan 095 gl pas b (g 355 S )
1 ol 55 imion (L JS) sy 5
= S5 355 9 395 sk lite ST a8 ob ol Gialesl
) Wl G oS Gy 4 390 D ine A5 (S5 Al as
L plgss deyio )3 (dpan ()fgsis 355 p)SokS 240 las > 3

o=l lade st olislejl jd (pilis 35S L dlols jody il
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Cod Alias (2l 4 Gl pols Gtalejl ) 1y a3sS cpl s )18
90 Jelge S0 el agS (pl )3 39290 Il 1) o5 D
Slonyd S iyl id g ailes > a8 4
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Table 5. Comparison of the mean effects of different levels of drought on germination indices and seedling growth of wheat.

o e D m o algr s e
) dle ploj (eile o Al pasle . . o) 35 &1 S Ao 7 glaw
L= (celw 12 45 ,4) 0) £ Vg Mo yd :
The mean of Germination o : Germination (%) Different levels of
germination time index Germination rate 0 drought
(Seeds 12 hours)
2.74a* 32.30a 2.81a 47.77a 0 bar
3.04a 12.95b 0.73b 19.16b -4 bar
1.63b 3.19c 0.10c 4.72c -8 bar
Oc 0d Oc 0d -12 bar
Bl 4 d aly y Job Coms - 2 " . e e
S : ) @ dBlw Jgb  (Olw) 4> addy, Job o i slass S e g gl
. “ (%o (%o Ra:jicle“r)mmber Different levels of
Radicle to rpéltji?ule length Plumule length (cm)  Radicle length (cm) drought
1.61a 9.09a 14.37a 3.23a 0 bar
2.39%9 1.95b 4.21b 1.84b -4 bar
0.44b 0.05¢ 0.07c 0.31c -8 bar
Oc Oc Oc od -12 bar
Sl (339 S . . ar Bl Sis iy de ady) SWS 0y o i
S » (p5)J5 Sis (39 (o9) (o) S dlise 7 gl
N ) i d‘_‘“‘“ Total dry weight X . A . Different levels of
Dry weight ratio of @ Plumule dry weight  Radicle dry weight drought
radicle to plumule (9) (9)
0.63ab 0.0126a 0.0077a 0.0048a 0 bar
3.31a 0.0047h 0.0020b 0.0026b -4 bar
0.02b Oc Oc Oc -8 bar
0Ob Oc Oc Oc -12 bar

055 me glis o 5 Jleis] s 3 (S ptde B S Bl gl gla ke g ya 0F

*In each column means followed by similar letters are not significantly different at 5% probability level.

§£40 1 2
%35 4 M Nitragin
;% 307 ab ab
225 i b ab b B Biophosphouros
é 20 ab ® ° \ i ab ab
§£1g : ab § § b OHydropriming
= 0 & NN

0 120 240 360

levels of N (Kg/ha)

(Forlw o)) o5 (35 ilsa 0> 2 Sajolanm 355 £lgil 9 (19 iliseo goban Jilie 51 -1 S
Figure 1. The interaction of different N levels and types of biological fertilizer on the germination percentage of

wheat (Sayonz cultivar).

L5l me gl aoyd O Jlein] aws )3 «Sjolan 365 £95 (sl Sytiie B K il )b slo 1 Sibe
Means followed by similar letters for each biofertilizer are not significantly different at 5% probability level.
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2.5 -

ab

Germination rate
(Seeds/12hours)

0 120

O Nitrajin

B Biophosphouros

QHydropriming

240 360
levels of N (Kg/ha)

(Forlw p8) puiS (J3; dilgr o g 52 Sufglonm 355 £lgil 9 (9 Wisee g ghaw Jlie 512 JSd
Figure 2. The interaction of different levels N and types of biological fertilizer on germination rate of wheat
(Sayonz cultivar).
)5l ino glis 0i2)3 D Jlazol e 53 «Sofelses 355 g5 50 sl Sy B S oo (gl slo S
Means followed by similar letters for each biofertilizer are not significantly different at 5% probability level.

ol Ly (55 40l doyd il 55 (55 Wl oy ol (4
293 (St (S i gaw ) Bl Al ((Sad iy
PR gl A Sl 39, 2S5k 240 5 120 5l alols
oled 3 14509 )ly95 sy () Al S g Sl 59
PS5 360 Jlos o (55 il oy (St A gl
a (A JSC) 20 e (595 29 gokaw s 4 Camd (3%
S 53 )59k 280 s b (e 13955 ORal33I b IS g
S olsis 4 sy & bl el Gl (s 4 Cuaglie
bl U 1 il e 55 alley sla a3l jlisle Lol cjo
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Figure 3. Interaction between different levels of drought and nitrogen levels on germination percentage of wheat
(Sayonz cultivar).
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Means followed by similar letters for each level of nitrogen are not significantly different at 5% probability level.
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Figure 4. Interaction between different levels of drought and nitrogen levels on germination rate of wheat
(Sayonz cultivar).
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Figure 5. Interaction between different levels of drought and types of biological fertilizer on germination
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Table 1- Maturity classification of corn hybrids based on GDD (Growth Degree Day) to maturity, in Mashhad conditions.

Oy 09,5 )G9y Ay 8955 (SN yu2
Maturity group GDD Hybrids in group
Sy 1710-1760 KSC260
Early maturity KSC320
biiae st KSC250 BC504
o R 1761-1810 0SSK444 ~ DC370
Early — Medium maturity BC404
oo bawgio 0SSK499
1811-1860
Medium maturity KSC400
ond T bwgle KSC500 0OSSK552 KSC647
1861-1910
Medium-Late maturity NS540 BC666
ooy wgio = (wypd KSC704 OSSK713 OSSK602
1911-1960 BC673 KSC720

Late-medium maturity
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Table 4- Growth Degree Day (GDD) means comparison of corn hybrids from planting to flowering and physiological
maturity in Mashhad conditions in 2 years (2007-08).

Loy
Hybrids

KSC260
KSC250
KSC320
KDC370
BC404
OSSK444
OSSK499
KSC400
BC504
OSSK552
NS540
KSC500
OSSK602
BC678
BC666
KSC647
KSC704
KSC700
OSSK713
KSC720

Planting Date Cwils LU
To flowering 245G To physiological maturity G j9lgs jad (Sawms, U
May,5™  cizews,l 15 May,20™ cuiqun) 30 May,b" iyl 15 May,20M Caiguy 30
942.7 mnopg* 950.6  Imnopq 1604 q 1631 pq
960.9 ijklmnopg 952.7 klmnopq 1680 mnopq 1676 mnopq
977.5 fghijklmno 966.6 ghijklmnopg 1659 nopq 1644 opq
926.8 opq 939.1 nopq 1708 jklmnop 1694 Imnop
958.5 jkimnopq 970.3 ghijklmnop 1706 jklmnop 1711 ijkimnop
926.4 opq 918.3 1695 Imnop 1702 klmnop
961.3 ijklmnopq 963.8 hijklmnopq 1755  fghijkim 1692 Imnop
910.7 q 928.7 opq 1720 hijklmno 1715 hijkimnop
947.9 Imnopq 972.6 ghijklmnop 1673 mnopq 1690 Imnop
1017. abcdefghi 1015. bcdefghij 1774 efghijkl 1796 bcdefgh
998.8 defghijkim 1018. abcdefgh 1792 cdefghi 1783  defghijk
953.2  klmnopq 980.7 efghijklmno 1735  ghijklmn 1795 bcdefgh
1037. abcd 1030 abcdef 1873 abc 1832 abcdef
1022. abcdefg 1029 abcdef 1878 ab 1819 bcdefg
977.2 fghijklmno 1008 bcdefghijk 1823 abcdef 1784  defghijk
995.6 defghijklmn 1002 cdefghijkl 1843 abcde 1771 efghijkl
1057 abc 1034 abcde 1854 abcde 1788  defghij
1072 a 1061 ab 1873 abc 1867 abcd
1037 abcd 1031 abcdef 1865 abcd 1812 bcdefg
1058. ab 1040 abcd 1902 a 1796 bcdefgh

Wl o b 5yl (rme oglis 5 Jlas) s 5> S0 g3l bl 2 e 2 5 e By sl (sl S

* Means with the same letter in each column are not significantly different at 5% level of probability using DMRT

b dilito )3 Sy el jud oiw) 9 (AU CHU Gl (1 &5 (o puu (1386 — 87) Al 93 (5655ko duny o =5 g
Table 5- Crop Heat Units (CHU) means comparison of corn hybrids from planting to flowering
and physiological maturity in Mashhad conditions in 2 years (2007-8).

Planting Date

Cwils LU

:"é"‘? To flowering  »u5 G To physiological maturity <Gj9es 549 (Soww, U
YPN® "May, 5 caigms, 15 May,20"  cuigm, 30 May,5"  cuigms, 15 May,20"  cuigums,l 30
KSC260 1960 hijkI* 1937  jki 3315 r 3346 qr
KSC250 1997 fghijk 1942 ijkl 3473 mnopgr 3439  nopar
KSC320 2030 efghij 1970  hijkl 3429 opgr 3371 par
KDC370 1928 ki 1914 kl 3533 ijkimnopq 3479  Imnopgr
BC404 1992 ghijk 1977  hijkl 3525 jklmnopg 3521 jklmnopq
0SSK444 1927 ki 1872 | 3503 kimnopgr 3494 Imnopgr
0SSK499 1998 fghijk 1964 hijkl 3629 fghijklmn 3489  Imnopgr
KSC400 1895 ki 1893 ki 3555 hijklmnop 3530 jkimnopq
BC504 1971  hijkl 1982 hijkl 3457  nopqr 3473 mnopgr
0SSK552 2110 bcdef 2067 cdefgh 3672 defghijkl 3735 bcdefgh
NS540 2073 cdefgh 2073 cdefgh 3709 bedefghij 3692 cdefghijk
KSC500 1981 hijkl 1998  fghijk 3590 ghijkimno 3728 bcdefgh
OSSK602 2151 abed 2097 bcdefg 3885 abc 3828 abcde
BC678 2121 abcde 2096 bcdefg 3897 ab 3791 abcdef
BC666 2030 efghij 2053 cdefghi 3773 abcdefg 3694 cdefghijk
KSC647 2067 cdefgh 2040 defghij 3819 abcdef 3660 efghijklm
KSC704 2191 ab 2106 bcdefg 3847 abcde 3713 bcdefghij
KSC700 2222 a 2162 abc 3890 ab 3932 a
OSSK713 2151 abed 2101 bcdefg 3867 abcd 3775 abcdefg
KSC720 2194 ab 2118 abcde 3954 a 3725 bcdefghi

W o b gl (ime glis O Sl s 53 (S el bl g2 gt 2 3 alie By b (sl Sile *
*Means with the same letter in each column are not significantly different at 5% level of probability using DMRT
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Mn Cu Zn Fe K P N 0C% pH EC Texture
mg/kg ds/m
54 026 028 22 260 4.8 0.02 0.16 7.6 8.7 o 9
Loam-sand
Sl & o lond & 5205 s -2 Jgu
Table 2- Chemical analysis of irrigation water
2w o o pedS Olgw L8 Ol | Calad
Na Mg : Ca SO, Cl HCO; o S Sl
mg/lit EC ds/m
75 16.5 18.5 43.7 63 2.3 7.4 10.1

halajl 3,90 Clio il l 4 325 -3 9o
Table 3-Analysis of variance of tested characteristics

Wiy jhad Cda A jose pda Cudlp eSS pelegn wlbaSles (alildr s @il
Seed P uptake  Seed N uptake HI Total biomass Seed yield df S.0.V
19ns 826* 0.0003ns 8283692ns 575772ns 2 HHSS
10.5* 458* 0.0025* 3260873ns 353031* 7 o
5 219 0.0006 1835870 169568 14 s
18.5 18.1 8.01 19.8 19.4 CcVv

2oy 5 Jlsnl paw )3 5 gxe g )b srepmt w4 ¥ g NS
" and * are non- significant and significantly at a=0.05, respectively.

Glycine max ) by 5 Shas ialil 4t )3 5 b i 1,

513395 e il oa (Reddy et al., 1999) -, Sen 5 (63,
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Table4- Effect of treatments on seed yield, total biomass, HI, seed N uptake and seed P uptake of canola

Al phd wda Al (950 ol Cuils s WS I oolose al> 3 ySlos o

Seed P uptake  Seed N uptake HI Total biomass  Seed yield Treatments
kg.ha kg.ha kg.ha kg.ha
12ab 80ab* 0.33a 6469a 2098ab*  Check (P1009%)
11ab 75ab 0.31a 6451a 1951ab P750,B1
11.6ab 79ab 0.30a 6966a 2088ab =)
14.7a 93a 0.30a 7916a 2370a P750M
13.6a 96a 0.32a 7735a 2522a P54B1M
12.8ab 89a 0.28ab 8107a 2301a P750.B2M
14.5a 89 0.33a 6322a 2507a P10096B1
8.5b 57b 0.24b 5907a 1388b P1250,B2

B85 203 5 Jlass! e 13 (S y903] Lolusl (655 ixe MBS ¢ygi yo p> S jdie By (sl (slappSile *
* Means within a column followed by the same letters are not significantly different at a=0.05.
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Figl. Stem length in different fertilization levels during growth season (day after planting)
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There are no significant differences between averages with similar overlap range according to standard error.
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Fig2. Leaf area index in different fertilization levels during growth season (day after planting).
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There are no significant differences between averages with similar overlap range according to standard error.
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Fig3. Dry mater production in different fertilization levels during growth season (day after planting).
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Fig4. Crop growth rate (CGR) in different fertilization levels during growth season (day after planting).
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Fig 6. Net assimilation rate (NAR) in different fertilization levels during growth season (day after planting).
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Table2. Effect of chemical fertilizer on the leaf area index duration in different maize growth stages.
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Analysis of variance for sweet corn morphological triats on different Sowing date and plant density Tablel.

il s

S dlans _ W,y dg g5,
- 5’3 ‘F NKeY) d'?)b BA| v .
Gloskel vy TECCN (sl GResl) o sov Sl gt
Stem 0. lea - - s
: No.leaf lant Ear height  Plant height
diameter plan df
above ear (cm) (cm)
(mm)
0.213ns 0.043 ns 0.865ns 66.71 ns 20.78 ns 3 Replication (R) S
23.68* 1.84 ** 6.74** 1872.48**  4957.85** 2 Sowing date (S) culs gyt
2.708 ns 0.080 0.262 51.617 92.64 6 Error (a) s
2.415ns 0.021ns 0.333ns 31.20 ns 9.54 ns 2 Plant Density (D) g oSy
0.400 ns 0.158 ns 0.131 ns 12.97 ns 53.60 ns 4 SxD Gg oSy Xewls g )b
1.616 0.061 0.130 28.99 63.57 18 Error (b) s
5.88 4.07 3.33 7.86 4.92 CV% s oy

**x % ns

2031 95 maw )3 45 dxe g )b sxe pé i s 4 K
Ns,* and ** are non — significant, significant at 5% and 1% levels of probability, respectively.
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(Mokhtarpour et al., 2005)55-5 o odlitul b6 pué s
o9)l=S (Mokhtarpour et al.,, 2005) l,LSen ¢ yo,L5%0
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ald 158 (359
3o 3 008 a5 o sl Slao Sl Al i 5
e bl 055 g )b (a8l CllS G b el b ol
2 e Wb raw 35y 3> Gg WSl Jg (P<0/05) cusls
Sl dmlis s 4 dag L (2090) cutls cdo o)
355/9 Laugio L al3 5 25 cuils gu, Uys aild Jlia (y59 o i
£ S0/14 Lauwgia L sl pe 3 uslS o) 5 ljue . yieS g )5

Coils it (6 U 40 (oMb dild o8y (g3 o 9,5 S 5999 590 Cilbio (aRilue duny o gl =3 Jgua
Table3. Means comparison for morphological triats on different sowing date

.. S o oy a8l yad
R w .. JM'.’ &Lb)‘ 5’) NKeY) » ;Jaﬁ . o U
(owiilw) digy glés (ngil) N;) of I YU (yiowkno) Sowing (3}
Plant height(cm) i leaf /olant  No.of leaf  Stem diameter date Cwils
Ear height(cm)  leat/plan
aboveEar (mm)
th

1431¢ 55.01 ¢ 9.992 b 5.675¢ 20.06 b* Jlu‘L Y

183.6a 79.64 a 11.13 a 6.458 a 21.92a 3 July w13

159.7b 70.93b 1141 a 6.108 b 22.82a 241 July dye 3

gl gme BMB] SOb (g, 4 gt ya 0 dlde By b sla (SLe*
*Means followed by similar letters in each column are not significantly according to DMRT.
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Table 5. Means comparison for traits, yield on different plant density

09 I 2808 39 I 3 Slas J ddgle 3,Sos Cuild YW
23 ) iy ‘:; g “919 ) 0 I slass Plﬁtwl; LS o515
(s é} : ;’dw)w*_“’fé (b2 45 ) &g N ant ° ;j Plant density
ehusked ear yie Fresh f arvest index
Husked ear yield (t/ha) y yﬁisld(;,:;l?e No. of ear/plant %) (plant /ha)
(t/ha)
25.99b 16.61b 28.26¢ 2.121b 29.43 a* 66600
32.26a 19.98 ab 35.16b 2414 a 29.27a 83300
34.43a 22.90a 42.51a 1.890 c 29.77a 111000

D8 gy me BMB] 4SSl g,y 4y gty pd e Bgy> b sy W SLe*

*Means followed by similar letters in each column are not significantly according to DMRT.

Tabel7.The interaction of sowing date and plant density on plant harvest index

Cullon padld (1S 3 ) S oS1H ,
(%h)ols Plant density Sowing date  CwilS' &)U
Harvest idex (%) (Plant /ha)

37.89a* 66600

33.78ab 83300 14" June shys 25
38.37a 111000

28.89b 66600

33.71ab 83300 3" July w13
30.09 b 111000

21.52¢ 66600

20.32¢ 83300 24" July by 3
20.85¢ 111000

b god I gixe duoyd Dl e jd aliie gy b Sl BMES*

*Meansfollowed by similar letters are not significantly different at 5% probability level.
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A3l a3l 252 03l ) 395 sloyw E58y Jleis] 45 29 LSl
Ol b i .5l oy 31,5 ke 433 33 4 S clodg
3y Slas ,LiSa ;5 a5e 111000 4 ke 55 a5 66600 ;1 1315
asly oy Slas (o yidon &S (gy0b 4y cdly o138l oS b8 wly
ol Js el oy 4 e > @5y 111000 o515 45 gpuiS” S5
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0l 5515 58b ot Vgamo A5y Juad Jobo 139 28k (o0 (55
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(Tetio-Kagho &Gardner, 1988; Olnes & Beneit,1990)
Slao auisi g JLasl cuys Ly ab adgr jl pasli gl oyl
o P b pie ple g oladl sle s G g
(Donald & Humblini, 1976) sl
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0.03 0.07 0.20 0.15 0.14 0.12 0.03 12 Error s

*and ** Significant at 5 and 1% probability levels, respectively. ool 100 1 9D Jlain] s ) (6 dne osimd i i 4 *F g
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Figure 2- The dry weight changes of soybean cultivars (032 & sari) in different planting ratios
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Figure 3- Pod dispersal in part several main shoot of soybean cultivars (032 & sari) for different planting ratios.
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Table 4- Actual and expected yields of soybean (cultivar 032) in different planting ratios
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Table 5- Actual and expected yields of soybean (cultivar sari) in different planting ratios
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BUB ()59l an ;0 Spoliw g 5 g iy S (59 o pudin (Mashayekhi & Latifi, ,LSen ¢ Suliie sz ,n.coul
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Table 1: The macro and micro nutrient content of liquid fertilizer used for coco-peat uptake.

N(®%)  P(%) K(%) Fe Zn Cu Br Mn Mg pH
(N) (.05 (K;0) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
10-8 5-4 10-8 1800-1600 1200-1000 800-600 1000-800 1000-800  500-400 7
1.6 1
2.5 (B) 1 09 4 (A) T BAleaf dry weight
’ BLeaf fresh wiight 08 + OLenf fresh weight
= 1.2 1 OLeaf fresh weight 0.7 4
- E os-
0 £
= 0.8 & 05 o
? 0.6 B 04
= E 03
5 7 - T 2
0:2 _ ’—I—‘ 01 - /
0 — . = 0 i .
Field capacity drought stress with tunic without tunic
Drought treatment Corm tunic

313l (g + (eSSl b )5e 5 0l Sy S g 3 (39 51 (B) (S (5 9 (A) iy by il -1 U
Figurel: The effect of corm tunic (A) and drought stress(B) on leaf fresh and dry weight of saffron (mean+SE)
) 6l gine gliay il clls poluly Gy Ligran dials iy slaySilie

There are no significant differences between averages with similar overlap range according to standard error.
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Field capacity drought stress with tunic without tunic
Drought treatiment Corm tunic

31! (gllad + (i Kle U (o e 0SS i Cunlbud 9 055 1 (B) (b (i 9 (A) &y b 51 =250
Figure2: The effect of corm tunic (A) and drought stress(B) on leaf width and thickness of saffron (mean+SE)
) 6l gime gliy il cllss poluly Sy Ligran dials iy slaySilie

There are no significant differences between averages with similar overlap range according to standard error.
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Figure3: The effect of corm tunic (A) and drought stress(B) on leaf number of saffron (mean+SE)
) 6l gime gliay il olls poluly Sy Ligran dials iy claySilie

There are no significant differences between averages with similar overlap range according to standard error.
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Figure 4: The effect of drought treatment on corm dry weight (A) and root dry weight(B) of saffron (mean+SE)
) 6l gime gliay il ollss poluly Gy Ligran dials iy slaySilie

There are no significant differences between averages with similar overlap range according to standard error.
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Figure 5: The effect of drought stress on root lenght (A) and root number(B) of saffron (meantSE)
) 6l gime gliay il clls poluly (s Ligran dials iy slaySils

There are no significant differences between averages with similar overlap range according to standard error.
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Figure6: The effect of corm tunic on corm dry weight (A) and root dry weight(B) of saffron (mean+SE)
) 6l gine gliy il clls poluly Sy Ligran dials iy slaySilie

There are no significant differences between averages with similar overlap range according to standard error.
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Table2: The effect of corm size on leaf dry weight (g/plant) and leaf fresh weight (g/plant), leaf thickness (mm) and leaf width
(mm) and number of leaf, corm dry weight (g) and root dry weight(g/plant) of saffron.

PP ST PSS ESERST & s Eppp Spcdns Eps8lsn, L
WEp e Fpn® gD GE  (al) (e G sD 7
i . . - . : Treatment
Root dry weight Corm dry Leaf fresh Leaf number  Width Thickness Leaf dry
(g/plant) weight (g)  weight(g/plant)  (Per plant) (mm) (mm)  Weight(g/plant)
0.07° 0.56 ¢ 0.64 ¢ 4.0°¢ 1.87° 0.98 @ 0.12° 2-4¢g
0.08 ® 0.91" 0.86 ° 50°  201%  1.01° 015  4-6g
Corm size

0.16° 0.94° 1.07 @ 7.0¢8 2.04 2% 1.06° 0.15° 6-8¢g
0.13° 1.95° 0.45 ¢ 5.0° 2.24° 1.08 @ 0.20° 8-10g

)15 20 5 Jleis] aaws j3 5S5b 9051 il (I3 me BN (S5 y > S jidie gy sl sla il *
* Means within a shape followed by the same letters are not significantly different at 0=0.05.
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Table3: Intraction effect of drought stress and corm size, drought stress and corm tunic, corm tunic and corm size on dry

and fresh weight (g/plant), diameter (mm) and wide(mm) and number of leaf, corm dry weight (g) and root dry
weight(g/plant) of saffron.

E o,
Sy, wasSamgy, AT T S R I . I
(AT SV TR AT G bt W (el (el WD e
Root dry weight Corm dry “,];il?ﬂhfr(ﬁlfs;hﬂ . Leaf number Width Thickness Leaf dry Treatments
(g/plant) weight (g) g r)g.-p (Per plant)  (mm) (mm) Weight(g/plant)
0.24° 0.80° 1.70 2 6.0° 2667 1.30° 0.36° Hunic sl eab
0.16" 0.83" 1.05° 50" 268% 1.26° 0.24 ® -tunic  Field capacity
0.02° 1.83° 0.14° 5.0% 150" 1.84° 0.04°" ttunie s 2=
0.01° 0.90°" 0.13°¢ 5.0 1.31¢ 172°¢ 0.01° -tunic  Drought stress
0.123" 0.34f 1.23°¢ 5.0° 2497 127° 0.22° 2-4g
0.135° 0.56 ¢ 1.58° 5.0¢ 267° 1.29° 0.28° a6g PR
0.298 @ 0.94°¢ 2.00° 8.0° 2647 1.27° 0.35¢ 6-8g  Field capacity
0.243 1.43° 0.70¢ 4.0f 2.88% 1.30° 0.36 ¢ 8-10g
0.007 ® 0.78¢ 0.05f 3.08 1.24* o0.70° 0.01° 24g
0.026°¢ 1.27° 0.14°¢ 5.0¢ 134> o0.72° 0.02° a6g S 2
0.011¢ 0.94 ¢ 0.13 6.0"° 1.45° 0.85° 0.03"° 6-8g  Drought stress
0.010¢ 2.47 2 0.21° 6.0° 159" 0.86° 0.03" 8-10g
0.06 ° 0.47¢ 0.69° 50° 199 1,03° 0.13 % 2-4¢g .
0.096 ¢ 0.99 ¢ 1.58 @ 5.0¢ 1,953 1,02° 0.16 asg T
0.237° 1.43%  1.37° 8.0° 207% 1087  0.27° 6-8g Hunic
0.127" 2.37° 0.80°¢ 5.0° 229 1.16° 0.24 8-10g
0.07 @ 0.64 « 0.58° 3.0¢ 173" 0.94° 0.10 ® 24g
0.065¢ 0.83°¢ 0.90°" 5.0¢ 207% 1,00 0.14 a6g JECTR FPES
0.072 ¢« 0.454 0.77 « 7.0P 2013 1.04° 0.11 2" 6-8g -tunic
0.126" 1.53"° 0.11f 5.0¢ 2.18% 1,00 0.15 @ 8-10g

5,15 0050 5 Jleis] aws j3 5S> g0l bl (6 cime BB (gt p 3 S yidie gy gl (sla il *
sy 486 a2y = by = by (syb 4 = sy ¥)
* Means within a column followed by the same letters are not significantly different at a=0.05.
(+tunic= without tunic, -tunic= with tunic)
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YL 48 35 0 oaalis (4) Ui s 4 a2 L (AB-T
955 BU4 il sl 4t Sy 209250 b g 8 g kS 5
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o5t e )5 1068 g b sladiy 5 (Sts (55 llyd 10 b
S B4 (g e sla s g o ol o OS] Sz 0
D9 3 gize
et i Gl sl iy iy B g S8 5
Sl Olise g 0 0y GRS Sy bk I ey S

S By 2 g ey G9d Sl 0y (il oMy

OHLSed 5 K 29 Jbide cbday jl b Hlow Sis
Ay dewy 45 JlalS S oLy 55 (Sing et al., 2000)
5= o5 4 b o 1 QLS plo 4 G 551 (g Fanlia
(Nour s 5,9 9 (Gupta, 1984) oS .55 )e5 y (Suid i
Camsd Sid 4 polie slaany g 45wzl L& Weibel, 1978)
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Figure7: Effect of corm tunic (A) and drought stress (B) on Chlorophyll a Chlorophyll b of saffron leaves (meantSE)
) 6l gime gliay il clls poluly Sy Ligran dials iy slaySilie

There are no significant differences between averages with similar overlap range according to standard error.
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Figure8: The effect of corm tunic on Relative water content (A) and Electrolyte leakage (B) of saffron leaves (mean+SE)
) 6l gime gliay il ollss poluly Gy Ligran dials iy slaySilie

There are no significant differences between averages with similar overlap range according to standard error.
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Figure9: The effect of drought stress on Relative water content (we,3) and Electrolyte leakage (we 3) of saffron leaves
(mean+SE)

)5 ()l sine glin bl sllas lulyy laSy Sligmen atols gl slauSils

There are no significant differences between averages with similar overlap range according to standard error.
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s 5 4

Mg/g) b Judg IS (Ma/g leal) @ Judg 15) ol yie 5 0bS (w2 3590 (S felgn iud Sliio 3 ol JlosT (Slalon 5T (1Silo dumnilio =4 Jgor
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Table 4: Interaction Effect of drought stress and corm size, drought stress and corm tunic, corm tunic and corm size on
Chlorophyll a Chlorophyll b of saffron leaves relative water content and electrolyte leakage of saffron leaves

“5‘;—. EE LY, ‘-—.r-‘....£ — h-..'?i—‘-"‘""' E'...'?i-f-"‘" E-,_,‘.—-‘_‘.-'f b._."ri-‘.""" E',_,"é—‘..."""
ey g (o 8nn & La) | Ry (o p Bnp & L) (o8 En & L) Ayt
RWC Chl g+ Chl b Chl = Chl b Chl « Treatments

(%) (%0 ime'g leaf: Chl & ime /g leaf: ime /g leaf:

35430 0.352 1.71* 167 0.29b 0.47¢ 2dg
33744 0.29¢ To3® 1.05:k nzot 0.48 ® 4-6¢g atsejlu
56,80 0.26 8.64% 1.59¢ n.3z= 051+ 6-8 g —
5518 254 573¢ 230+ 0.20° 0394  gl0g  CUmIEe
47944 0.224 .45 1.43¢ 0.38= 0.53 +tunic it
351t 0.29 < .96t 172t 0.20% 0.50¢t -tunic  Field eapacity
52.74 031k 72 1.70¢ 017t .46« +tunic CEt
6498+ 0.33= 4,924 2.60% 0.17 0364 -tunic  Drought stress
£3.40¢ 0.3094 8.04t 1.563¢ 0337 0.518¢ Idg
51.68= 0229z 10.34% 1.453% 0.399: 0.563* 46g TR
53,03 0.200: g.0sk 1.530% 0331t 0.541° 6-8g  Field capacity
47.50% 0.189% 737 1.627" 0273 0.430 8-10 g
27480 0.383= 6.494 1.534% 0.2344 0.424F 2d4g
5483 0.351% 351" 14450 0.190¢ 0.3092 46g it
60.55% 0.238f B340 1.5430 0.31g% 0.4764 6-8g Drought stress
§2.57 0.317¢ 4.08f 2974 01321 0335k 8-10 g
£6.634 .35 8.8k 1.5626% 0.321% 0.506" Idg +tumic
46.13¢ 17 9,70% 1.467" 0374 0.526% 46g e
SL681 1= 9,15 1.50¢ 0.349:0 0.518* 68g e
46.92= 0,24 6.514 1.5sk 0.2504 0.427¢ 8-10 g
54.24¢ 0.34t g.554 1.77 0.2494 0.435¢ Idg
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* Means within a column followed by the same letters are not significantly different at a=0.05.
(+tunic= without tunic, -tunic= with tunic)

(Mollafilabi, 2004)
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Figure 10: Regression between chlorophyll content, leaf wide and leaf diameter of saffron
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Table 1: Hybrids and new composition of investigated forage corn

) S o ) S pU 3, S U
Number Hybrid Name Number Hybrid Name Number Hybrid Name

1 K3640/3 7 K3493/1 13 K166B
2 K3547/4 8 KLM77002/10-1-1-1-1-2 14 KLM77014/5-1-1-1-1-2-5
3 K47/2-2-1-3-3-1-1-1 9 K48/3-1-2-7-1-1-1-1 15 KSC704
4 KLM78027/2-1-3-1-1-1 10 K166B 16 KLM76004/2-1-7-2-1-1-1-1
5 KLM78027/2-1-3-1-1-1 11 K3640/3 17 KSC720 (K74/1 x K19)
6 KLM77001/3-1-1-1-1-3-1 12 KSC700 18 KSC670 (K3653/2 x K19)

s ddgle O3 (gl pud Cilise Ol (Wlay yo (50Slka) il lg 42525 -2 Jgo
Table 2- Analysis of variance (mean of square) of growth traits in forage corn hybrids

Stem diameter Leave area Ear Height Plant height No. of leaves No. on ear leaves df S.0.v
@Bl jlad Sy ol Mgl G g Spdiolad MYl (@lfa,y e ae
64.96ns 6082186.05**  1268.59**  9382.33** 8.94** 0.097** 3 “.f’l* .

Replication
275.74ns 65218.75ns 129.99ns 968.38ns 0.92ns 0.02ns 17 o
Hybrid
276.27 67195.52 130.16 9774 0.95 0.02 51 Eura:or
I eyt g 2ol g 10 )3D Jlainl aws ;3 )b dxe cui i 4 FF g F (b dme e NS
ns: not significant, *, ** are significant at 5% and 1% level, respectively.
Table 2- continued =2 Jgaa dold!
Ear to forage Stem dry df
T_otal ratio Ear_ dry weight LeaV(_as dry For_age E_ar SOV
yield . weight e weight weight weight a0
& I S . Sedd 539 e eon . Lo " ] JUEPRA
J5 2,Sdes . I Sds 5 . Sp S B9 Bgle 539 Mgz el
ddgle a8l
385.25%* 0.018* 28311.48ns 0.02ns 357.29ns 270.96** 39.95* 3 “_f’l* .
Replication
133.81* 0.012** 38596.97ns 0.01ns 2874.17ns 70.69* 36.52** 17 HA;/)t;fr?d

58.93 0.005 26041.04 0.01 3506.48 38.59 13.03 51 Eura:or

dopl g 00,30 Jlessl daw )3 ) dxe i 4 FF g F I dre pi NS

ns: not significant
*and ** are significant at 5% and 1% level, respectively.
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Figure 1- Fresh yield and ear weight of forage corn hybrids
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Values in a column bearing different superscript are significantly different at 0.05.
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Table 3- Correlation between investigated traits of forage corn hybrids

10 9 8 7 6 5 4 3 2 1

No. of Leaves

Sy J5 olans

Plant Height
Ay &L&S)‘

Ear Height
-0.04 ns 0.47 -0.58 -0.22ns  -0.09ns 0.13ns 0.59 JM-Q &L&S,!

0.05ns -0.49**  0.58** 0.37** 0.14ns -0.18ns -0.57** -0.84** 0.98**

0.06 ns -0.48**  0.59** 0.36**  0.13 ns -0.26*  -0.59**  -0.87**

Leaves Area
5).3 Coaluo
Stem Diameter

-0.07 ns 0.06 ns -0.17ns -0.12ns -0.03 ns Bl ,Jaé

0-0.07ns -0.08ns -0.19ns -0.34** -0.06ns 0.04 ns

Ear Weight
I 5 0
Forage Weight
agle 59
Ear Diameter

0.39** -0.32** M
I s
Ear Length
I Job
Ear Dry Weight
I S (39

0.13 ns 0.07ns  0.34ns 0.2ns

-0.02ns  -0.03ns  0.09 ns

0.05 ns

10

so L 95 Jlaisl pdaw )35 w5 4B ee pf a4 FF ¥ NS

ns: not significant
*and ** are significant at 5 and 1% level, respectively.
S ddgle &35 (Glasy puad )3 dantly ;oo (lgins § ddgle 3, Sos (38,5 a5 )3 b a5 & B GgrmwsS 5 -4 Jga
Table 4- Stepwise regression with yield as dependent variable in forage corn hybrids

CD Mean of square ~ Sum of square df S.0.v
O pd Oluge (ile Oluwggeme @il aa el e
0.13 508.79** 508.79 1 Regression "
50.23 3315.66 66 Error _Jf £
3823.95 67 Total first step
0.18 347.35%* 694.70 2 Regression .
48.14 3129.25 65 Error F9> £
3823.95 67 Total ~Second step
0.22 279.16** 837.49 3 Regression B
46.66 2986.46 64 Error Py £
3823.95 67 Total thirth step
0.26 250.58** 1002.32 4 Regression
44.79 2821.63 63 Error ez o5
3823.95 67 Total  Foutthstep
** significant at 1 level dopl Jlas! maw 3 )b gxe **
1 agle &5 Gy b (Jopw )5 ) Adlre 105 -5 Jgsa
Table 5- Coefficients of regression equation in forage corn
Stem dry Ear Ear No.  of Fix Trait
weight diameter weight leaves ed o
o Suis o M,k Py i Sy JS 2l e e
15.828* -0.613* 0.38* 2.938* 26.125% oSy cups

* significant at 5 level 20,05 Jloas! aws 3 > ime *
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Table 6- Principle component analysis of different traits in forage corn hybrids

°3‘39 ﬂ.}lﬁg M M).: )‘.\&A M}.ﬁ D}is )‘.\S.A 4.9.)‘96
Percent cumulative of percent value Percent value Specific value Component
30.29 30.29 4.24 First
42.71 12.43 1.74 Second
53.45 10.73 1.50 Third
62.90 9.45 1.32 Fourth
70.90 8.00 1.12 Fifth

bl S ailio & 2505 )3 0au (5 S 0311 (Slapkie b 093 9 Jgl (s allie 0319 510,27 Jgua
Table 7- Eigen vector of the first and second components with investigated variables in principle component analysis

Ear dry E E Ear st Leaves Ear Plant No. of
weight ar orage weight em area height height leaves
.g . Ear length diameter weight . g diameter o loeo LS- | LS- | s
S (439 I Jsb Yo L Lo P o i 1d i) i) JS alass
. e v .. .
] ] » I Gy Sy
First
0.09 -0.23 0.34 0.20 0.12 -0.13 -0.30 -0.43 0.48 0.46 component
Jol ez
py> adlge
0.42 0.19 0.21 0.09 0.36 -0.12 0.18 0.21 -0.11 -0.11 Second
component
Sl dgle O3 (Sl pd 43 L yuiio b 093 9 Jol sl Ao (Suuson -8 Jga
Table 8- Correlation between the first and second principles with variables in forage corn hybrids
Ear dry
weight Ear Forage Ear Leaves Ear Plant No. of
539 length g Ear weight weight d'Stem area height height leaves
ameter - lameter fe fe -
J lameter 43 3 3 T Calwe us,l W, JS slass
s ok o 3 03 PR il 15 " ) &“; >
M aqle N Sy N g Sy
W
First
0.18™ 047" 0.70" 0.41" 0.26 -0.28" 0.61" -0.88" 0.96" 0.94” component
Jol ailsa
py> alse
055" 0.25" 0.28" 0.11™ 0.477 -0.38" 0.23™ 0.27" -0.14™ -0.14™ Second
component

2ol 55 Jlais] a5 3 ine 5 4B ine a4 FF o X NS

ns: not significant
*and ** are significant at 5 and 1% level, respectively.
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Figure 3- First principle to second principle biplot for variables
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by ol Sl 550 S S colus Guzmen 5 S 5 4l
Bld a4y yud cpyp 4 Cans )b Gxe e BMBI L (S g
P adgle S (asls g (JUsSa o 5 83/96) 5 adsle 5 Slae
dld by pd o & Cand wlin Cunsg (0/33)

oS bonyg aelate 255>l La aole 400 plosl
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e g |y S Slis oo 10 5] iy oS 08 Jele
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b O b iy ¢lis) o5 JS ol Sl 55, 5 S
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09 9 @lus Jlad (M (YL Sy ol (S Sy colus (S
S ol i 5 gl Josle o e lole Jb L M Sis
5 35 0 Bl 1 bsle 5 i (IO Jsb iy €85 1S
)5 )58 pg> Jale )3 (ke (Jale )b b S Suis 5

Z Jboy @5 & adllhae 3)50 slajsiio j1 o pp bt 5l g



1389 (liwli 2 oyl 2 ol g 3yalisS ol pgy g yii 342

10-

11-

12-

13-

Ward's Method,Squared Euclidean

240 =
200 - .
160 - .
’ i ]
@ i ]
: L b
8 120 - N
o * i
fa) i ]
80 -
40 - .
0; Tj‘\ —= N
TEPREIREETEEESEIERE
o ECGE AL R G

Ward’s (9, b (sl andigd 4525 @l 59,455 -4 S
Figure 4- Dendrogram of cluster analysis using Ward’s method
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Table 1- Crop management practices and soil characteristics of studied fields.
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*N: nominal variable, R: ratio variable; **: Rates show number of fields for nominal variables and variations range for ratio
variables.
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Table 2- Effects of soil and crop factors on Species richness, Shannon’s diversity index and Simpson’s dominance index.
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tUnpaired Student’s t-test statistic. **, * and ns show significant differences at P<0.01, P<0.05, non-significant, respectively.
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Fig. 1- Relationship between applied nitrogen with Species richness (A), Shannon’s diversity index (B) and Simpson’s
dominance index (C). **: P<0.01
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Table 3- Correlation of environmental variables with first and second axis of RDA ordination.
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A field study on the effects of the herbicide Tribenuron methyl on biodiversity of wheat aphids (Homoptera:
Aphididae) in Mashhad, NE Iran
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Abstract

To identify the impacts of chemical control of weeds on wheat aphids community, a field experiment was
conducted in a completely randomized design with two factors, each in three replicates in a 20-ha wheat field.
The herbicide treatment used Tribenuron methyl, a broadleaf-selective herbicide and the control treatment not
treated with herbicide. All other agricultural practices were the same for both treatments during the season.
Standard weekly sampling of the aphids associated with aerial parts of wheat plants commenced a week after
herbicide application and continued for seven weeks. Among the seven aphid species collected in this study,
Sitobion avenae, Methopolophium dirhodum and, Schizaphis graminum were the most abundant species. After
square root transformation and normality test, analyzing data showed greater number of aphids in herbicide
treatment than in control, but this difference was not significant. However, whether these differences can be
explained by differences in density and diversity of weeds needs tritrophic interaction studies: weeds-aphids and

natural enemies of aphids.

Keywords: Aphids, Herbicide, Wheat field

Introduction

Vegetation diversity has been regarded as an
important factor in insect population regulation,
especially for phytophagous insects (Bach, 1980;
Marshall et al., 2003, Perfecto, 1992). Increased plant
diversity in an agroecosystem has been frequently
touted as a mean of reducing herbivore populations,
either by dimishing herbivore colonization and tenure-
time on host plants, or bolstering natural enemy
populations (Tonhasca & Byrne, 1994; Landis et al.,
2000).

Improved crop management techniques including
herbicides have resulted in good control of weeds and
steadily increasing crop yields, but reducing the
abundance of many weed species may affect associated
insects and other taxa (Freeman & Boutin, 1995; Altieri,
1999). Although herbicides are not expected to harm
insects significantly, at least some have been shown to
affect them in several ways. Reviewing the literature on
the side effects of 2, 4-D, for example, Cox (1999)
noted that oat fields treated with 2,4-D amine had more
aphids than expected due to a reduction in ladybird

1- Assistant Prof., from Department of Plant Protection,
Faculty of Agriculture, Ferdowsi University of
Mashhad, Iran

(" Corresponding author’s Email:
Sadeghin@ferdowsi.um.ac.ir.)

numbers (Coccinellidae). She also cited that in a field
study the number of corn-leaf aphids was twice as great
on treated corn plants compared with untreated ones,
and stem corn- borers were also more abundant on
treated plants. Reviewing the literature, Marshall et al.
(2003) concluded that “weeds have a role within
agroecosystems in  supporting  biodiversity more
generally”.

Changes in the biotic components such as crop and
weed of the agroecosystem can considerably influence
other biotic components of the agroecosystem, e.g.
insect abundance, population dynamics, and species
diversity (Norris & Kogan, 2005).

Taxonomically diverse plant habitats often provide
microclimates, greater availability of food sources
(prey, pollen and nectar), alternative hosts, and shelter
sites that encourage colonization and population build
up of natural enemies. In agroecosystems, weeds may
play some and perhaps all of these roles, providing
diversity, ecosystem functions and supporting many
other species. Wild plants within crops can be important
reservoirs for beneficial insects as well as pests. But,
numbers of insects recorded vary markedly between
weed species, with some, such as Veronica persica
Poiret, with very few records, whereas Stellaria media
(L.) Vill. supports over 70 insect species (Marshall et al.
2003).

One of the commonest approaches used for reducing
weeds in wheat fields in Iran is the application of a
broadleaf-selective  herbicide, usually 2,4-D and
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Granstar DF 75% (Tribenuron methyl). According to
Bagestani and Zand (2003), over a period of 10 years
(1980-1990) herbicide-treated areas in Iran increased
from 500,000 ha up to two million ha. Despite this
increased usage of herbicides in Iran, there has been no
attempt to investigate the ecological effects of these
chemicals, especially the interaction between chemical
control of weeds and insect diversity and abundance.
This study aimed to investigate the effects of application
of the herbicide, Tribenuron methyl on diversity and
abundance of aphids on aerial parts of wheat plants.

Materials and Methods

This study was conducted at the Research and
Educational Farm of the Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran, an area of about
200 ha located 5 km east of Mashhad (59° 40' E, 36°
14'N). The experiment was conducted in a completely
randomized design with two treatments, each in three
replicates in a 20-ha wheat field. The experimental field
was divided into six equal-sized plots (each plot about 3
ha.) which on 12 April three of which were treated with
Granstar DF 75% (Tribenuron methyl, Synjenta,
Switzerland), a broadleaf-selective herbicide (applied at
a rate of 15 g/ha), hereafter is referred to as herbicide
treatment and the other three plots were not treated with
herbicide, referred to as the control treatment. All other
agricultural practices during the season were the same in
all treatments.

Sampling procedure: Sampling aphid density
started one week after herbicide application. Samples
were taken at approximately weekly intervals and
continued for seven weeks. Sampling was carried out in
transect at the middle of each plot. For each sample, 50
randomly chosen tillers were carefully cut down and
examined for aphids.

Identification of materials: Aphids were identified
using Blackman and Eastop (2000) and Hodjat and
Azmayeshfard (1987) and confirmed by Dr. Rezvani at
Plant Protection Research Institute, Evin Tehran.

Weed species in weedy treatment (control) were
mainly Stellaria media (L) Vill., Rapistrum rugosum
(L.) All, Polygonum arviculare L., Descurainia sophia
(L.) Prantl, Convolvulus arvensis L, Sinapis arvensis L.,
Chenopodium album L. Cardaria draba (L.) Desv.,
Acroptilon repens (L.) Dc, Sonchus oleraceus L.,
Centaura sp., Alhagi camelorum Fisch., Daturea
stramonium L., Portulaca oleracea L.,Phalaris minor
Retz,. Secale cereale L., Avena fatua L., Cynodon
dactylon (L.) Pres., Setaria spp, Cyperus rotundus L.
Plant names used here are from Rashed Mohassel et al.
(2002).

Data Analyses: To determine the influence of the
herbicide on abundance of aphids on aerial parts of
wheat plants, data were first square- root transformed to
meet the assumptions of normality and homogeneity of
variances. Data were then analyzed with a two-way
Repeated Measures Analysis of Variance (RMANOVA)
on two factors: herbicide and control were considered as

treatments and time (sampling date) which were
repeated seven times. The means differences were
compared using Student Newman-Keuls (SNK) test.
Statistical analyses were carried out using SAS (SAS
Institute).

The biodiversity of aphid species in different
treatments of the experiment was investigated by
recording the type and abundance of species on the
basis of Margalef's index (Charlotte, 2007).The equation
for this index is: Dy, = (S-1) / Ln (N). where S is number
of species and N is total of all individuals present in the
sample.

Results and Discussion

During this study, 7 aphid species were collected
and identified as follows: Sitobion avenae (Fab.),
Metapolophium  dirrhodum  (Walker),  Schizaphis
graminum (Rondani), Diuraphis noxia (Mordvilko),
Rhopalosiphum padi (L.), Rhopalasiphum maidis
(Fitch), and Sipha maydis (Passerini).

The results showed no difference between two
treatments in terms of aphid species diversity, except in
case, Sipha maydis which was found only in Control
plots.

In terms of aphid abundance, overall mean aphids
density in herbicide treatment (97.04/sample) was
higher than that the control one (63.4/sample).
However, RMANOVA revealed no significant
differences between treatments (Table 1). Only on 3rd,
4th and 6th census dates mean aphid density in
herbicide treatment was significantly higher than the
control treatment. The aphid population in both
treatments gradually increased prior to late May, but
from that date the number of aphids decreased, probably
due to approaching the harvest time and adverse quality
of host plants. The differences in the mean values
among the different levels of date were greater than
would be expected by chance after allowing for effects
of differences in treatment (P= 0.0001). Also, there was
not a statistically significant interaction between
treatment and date (P = 0.264).

Among the aphid species found in the study site, 6
species were common between herbicide treated and
untreated plots. Among them, Sitobion avenae (Fab.)
with (51%) of the collected individuals of aphids was
the most abundant aphid in both treatments, followed by
Metapolophium  dirrhodum (Walker) (21%) and
Schizaphis graminum (Rondani) (13%). Populations of
other species were very low (15%). Biodiversity which
takes into account the number of species present, as well
as the abundance of each species, was measured for
each sampling date. As seen in Figure 1, the index of
biodiversity in control plots throughout sampling period
was slightly higher than that of herbicide plots. The
maximum value of biodiversity obtained for the control
plots on 24 May. However, the index in herbicide plots
also increased towards end of sampling period.
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Table - The Two Way Repeated Measures Analysis of Variance on number of aphids per sample
(square root transformed data) in herbicide treated and untreated plots over seven sampling dates.

Source of Variance df SS MS F P
Subject 2 3.30 1.65
Treatment 1 29.26 29.26 1.67 0.3249ns
Treatment x subject 2  34.95  17.47
Date 6 630.53 105.09 22.38 <0.001**
Date x subject 12 5524 4.60
Treatment x date 6 5374 896 148 020421
Residual 12 7252 6.04
Total 41 87954 21.45

Ns: non significant, ** = p < 0.01.

Margalef's index of biodiversity
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Figure 1- Dynamics of biodiversity index of aphid species during sampling period in a wheat field in Mashhad (NE Iran).

herbicide treated plots (Sadeghi, 2007). Direct effects of
herbicides on insect species are rare; however Ahn et al.
(2001) demonstrated effects of glufosinate-ammonium
at concentrations used in orchards on different life
stages of several predatory arthropods. It seems that
impacts of herbicides on insects to be mostly indirect
effects, mediated through the weed flora.

The protection of the farmer's investment and
avoidance of risk have been the driving forces for
efficient weed control. However, a new paradigm is to
match crop protection with conservation of biological
resources and the development of more sustainable
systems. Reviewing the literature indicate that certain
weeds, such as Poa annua L. and Polygonum aviculare
are more important for biodiversity in arable systems
than other weeds, such as Alopecurus myosuroides and
Veronica persica (Marshall et al., 2003). Moreover,
some weeds(e.g., Stellaria media, Rapistrum rugosum,
Convolvulus arvensis, Sonchus oleraceus and
Polygonum aviculare) might be considered as attractive

Discussion

The results showed that aphid density in herbicide
plots where the diversity and abundance of some
vegetations (weeds) was reduced by using herbicide
over all sampling times was higher than that the control
ones, but the difference between two treatments was
less than that cited by some authors (e.g., Cox, 1999).
As a reason, it was observed that the herbicide used in
this experiment had no effect on grass weeds, and also
little effect on some weed species such as Convolvulus
arvensis, Cardaria draba, Acroptilon repens and Alhagi
camelorum. Moreover, this experiment used herbicide
once and early in spring, so the time and number of
herbicide application might be not proper or enough and
these allowed some weeds grow later in herbicide plots
and might be the cause of reducing floral differences
between treatments. Also, it is suggested that the higher
number of aphids in herbicide treated plots compared
with the control ones could, in part, be a response to a
reduction in number of aphidophagous insects in
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competition on crops, or the relative attractiveness of
these weeds to natural enemies of aphids, understanding
the relationship between weeds and insects needs more
detailed studies at three levels: weeds-aphids-
aphidophagous insects.
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to beneficial insects and hence worth being cautious
about their complete removal from crops, especially in
cases such as Stellaria media that harbours over 70
insect species and is not a strong competitor with crops
(Marshall et al., 2003). However, it should be noticed
that some flowering plants might be attractive to both
pests and beneficial insects.

Although some weed species are strongly preferred
by natural enemies (Cowgil et al., 1993a), it is not
practical to leave flowering weeds at high densities in
crops. However, selective herbicides may be used as
ecological tools to leave only some broad-leaved weeds.
This conservation approach has had significant
conservation benefits in farmland in Europe (Cowgil et
al., 1993b). Also, a more relaxed weed control would
allow the less competitive species to increase, while
controlling the competitive species.

This study did not evaluate the impact of weed
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