Journal of Agroecology =t $5y9LS (ol pop gyl
Vol. 13, No.3, Fall 2021, p. 423-448 A FYY_FEA (o AFee il oF oylad AT ol

J:"AJ}‘.’. _Lf“"l'p Jlae
;;UJ“ e\:g &l é;lﬁﬁj‘j"j-éﬂu ggiq-ﬁwwsd»o)‘g ;J.:,lf;!
(Vicia faba L) YL L &5, b ooe iS55 (Foeniculum vulgare Mill.) &\ 51,

Ty b, ot 5 s s
1447+ ¥/14 :g:,‘éli)J 'Ci)U

(Foeniculum a5Ljly o)l olS il 5 Slos g ohe jolic Gy CangreS 0yg 38 51AF+ vl ils JSls) 5z (slommo
FYY-FYA (W)Y ()9l wlidipey (Vicia faba L) ML b a5, belsw cuis ) vulgare Mill.)

2>

292l oS 4l 3, Slas 5 By oS 5 By (lié yolis Gy e ;o CowgiaS oy 355 318 b o elaion

C5y9biS 0l Slios ac ey tslojl (Vicia faba L) ML b o550l bl cuiS s (Foeniculum vulgare Mill.) «bj),
ol inloj] celalass 05 1 WAB-35 el Jls 15 Il 1S5 s by ol JolS’ (elocSshy o 5, L5356 &gty o] oSl
s &yl Gy, g3+ MBL iy, 93 eyl iy oSy + Ml iy, Sy bglso S Sl Lalls S wilyjl, Lalls oS eusls oS i
2 V) CawgeaS 09 355 Bpuan Jolis 65 pdaw 93 5 ol Jolo laisds ailijly cady 90 + MBL sy )loa 9 alijl) cayd) 95 + MBL ays,
gy 65 93 Byuns o g Byuasy olie yolie cbale g aily s Slas ol addllas 5)g0 Glas Lidgs pgd Jole laicdy 365 B pno pas ¢ (LS
i 3 S elmsSI 31 L alal, 5 iman il Ll CasguS soyg 355 b o Maly o alyjl, 4l 5,Skas & ol ot ol
o iy 5 ol alls a2 ) (cyngio st )5S VABVIEY) Sl 5 (cyosio 1 55k TONIYY) il ol 5 o i 3,Slec
s 02 5V el sty CsguaS goy9 355 3,18 Ll )3 bgloe Sl 53500 g o w0595 con] e cupdS culiy yid (3%
Jiols ML Candy dws + ailjly iy 93 bglsto cutS )5 CangaeS coyg (I 365 3,8 bl 53 55 (VVF) loj g oS o5 o (s plps
S ymj o Sl Gl a2 b 3g ol 9 2 (alld S Gl e Bpae 5 o 53 (59050 ) Gl enimd L o 0
Jlogd ey Blg5 oo CusgpaS cay5 355 3,8 Ll ) ML o, s+ &l ) 9 adS (69T S s g0 JaS & 0 Ao s
Canl als Sl b duglie )3 bglse CutS (g5 p 0Mm LIS (nl g 298 (Byme g5 93 (allh CuiS 4 s (e Sl oMkl (5590500 3

038 «oloj = e Joleo G o J1 358 Gy (65)5LS e o5 polic 1 gulS (5Wa0jlg
5| S (Foeniculum vulgare Mill.) ke pL5 Ly &L 3, dodlo

ol oy il )b OLalS (S8 5 nyTete
bl sl ol (ol g (ug) 05 pleS & ol (Apiaceae)

) (P S) g 0 (udine 055 el b)) (o)l Az gl 2k )
ALS bjly cad Jgil ol bl S 5 (et 9 2dloo ol cgng) oISl 555LS oSl
plids a5e5 SO i ool 3 as cowl dlw s b g o oSl «(g5yglusS oSl ¢ LS S g Sl wdige 09,5 Hludib Y

ol o))
3 (Email:e.rezaeichiyaneh(@urmia.ac.ir : Jstus sdiws g —)
dblie 5 olomlydl 3 oS oyl .(Mozaffarian, 2013) 59 . DOI:10.22067/jag.v13i3.86789

cbl dog b g clyi Gysody o» Foeniculum vulgare



Voo 3l Yo lod AY ado ((65)9Las wlbisdh pgo 4 s ¥Yy

5 Joame Mg (il 5 clodg cacal 5l I slagS 5,18

ol Jl0y55 50 ol hysliS > SB el s Jols b
ledgs il b duglio 5> CungeoS cagg 355 ofagar I (slasgs
oy shingyy 5 slep e polie 3 polie gl I
A e )8 Glals Ll )3 jgpee |y polic (pl & gy o0
ol s & SB &y CavgreS 09 (2938] .(Timsina, 2018)
byly o b asly cmd o iolisl 1) olS 5Lo 5)50 olie yolic
olo Ay 5 olen slapll Ad) ilil Glage iy, M) (gly
wolyd 5o ]y lals 4S5 (o5 5 Slas dgus ulys jo g Sid
Vafadar-Yengeje et ) ), Kon g 45 5y guioe golis .5 4]
CuvgroS 0)5 9 () (W35S 3l oalawl a8 db L (al., 2018
5ol oS 93 2 0y Sloe il 8l el by e cois o
oy ol ede &8 05 M8b o (Dracocephalum moldavica L.)
slaciS ) Ladse e (ohg) M) 9 218 pole el
9 400D Sy riwgid 5 8L ,0 yo5 duoyd il Jdday bl
Bl (S g (65 30 D9 4 e olig 3 Jale
Linum S5 balowe cuis (0 &S 0d jasuie 2855 3 .40 )
)gl_> o3 (Cicer arietinum L.) sg53 ¢ usitatissimum L.)
Guao baylyd )0 balowe cuis 13 aig8 90 yo 3 Sles (6365 milis
G35 ol J(Asadi et al., 2019) 5,5 1y g CuvgoS 0)9
olis (Amani Machiani et al., 2019) -, 5 Slale Sl
Lol g gedpdb U bolsee cuis )0 ailijl) bolswe cuis as” wob
Jdvasy (S 5gS Gpas )ul) e (Phaseolus vulgaris L.)
yolie Cla (158l el 65 dw (SAiS oSS g Jugaus <l 3]
S8l gy (Bl 3 ) (o 3 A olS Ay Bpaey
UJIJ._Q )_AoL_C u.)._> &ly .))g.\of— » I)))9§v.a C)lﬁ 9 BWJ) J)Z.o
byl oS >SS (Gigdom slapadli jl (Sp g Spany
90 ;b alld S duwlis o balste cusS 13 o juio 5 pelS
) 295 L sless 3 polis ol Cde e 9 29 SYL &5
ob s 1y gy mime (yiul3 8l (aald) 365 Guas pas &) Cuws
Rejaei et al, ) o )LSen 5 ols, (Alizadeh et al., 2020)
Sly iy CuwgeaS oy 9 cutS (oS b oL, 40 (2018
el (Zea mays L) w)d ba e cuss o SB Gl jolie

Joo8 (g2 9-b e CiS dlocSy g0y yid j9dS 3w
ol s 350 s Jlo 53 9 2515 1) bl cpl Glise; (sloj
Majnoon Hosseini & ) 8o o S3jloyw Lo olS
O 34408 4 95 Cuglio il jl, .(Davazdahemami, 2007
adlaio 3yl &Y gae b iile LS 532 Glice 5 25b
o300 2903 (b yme dyog)l dal)> Ol i (talS oy .o 3,90
0o (Sg-de ¢ iz SLpisoygn Sy oglleiil oS oyl
9 b pgllals glossld geiing ¢sele coladl g 3,905 el
Khalaj et ) 1] jlobes obS (0l whe slo 3l ol 5l gspins
[(al., 2018

Yo b0, il lwcss, alS (Vicia faba L.) MsL,
2 o o U g3l o Jemame 3y Sles .0ib o (Fabaceae)
1y 355 L 3350 gy odas (i Bl o yuiza S
393 eonlodle S oo el (5985 (Gt Cons Bl
aad o il ly S o558 ol ls ool lwes ol Couis
o 05 SR 0 p)SelS Ve JIFe ol cliS b &S gk
Gladgs By ims 3 ggnddy o el 5 ud dalgs adlsl S
Parsa ) 39 o0 0l )3 (ganr g olyen SY gz (gl 0059550
(& Parsa, 2008

st 9 =h) 55 2wl s Al e bolie iS5l ool
2l xShe oolawwl Jdoas bolsee cuss 33,8 ac)jo jo dlid
S5 ol 5 35 5ol 3 e e ] ket | L o
5| ealawl Jdsa mda w dsly o wdg Hlade il (S
75 SLE 30920 (lid oy s Ol g il (lame Jolss
Mardani & ) 5)b g,5p 2SS o , Ko ol 5y
s Jolss 4y 0les e oLS bglwe uis”.(Balouchi, 2015
=l OY s iams Dg by oxie plie ol gly LW 5 asye
85 g 3 el GBS K03 L lié slasl i 5 cilisen
Cally il S0sSe JoSo lIE (slajli i 5] el Y guares
31 P 5 oo Al co Sl il walyss (SouG L oL
B ol polic 5l oS Hlaw olie g 05,8 ool Llie yolie
Rezaei-) 1ol aales 3L 5, o slacale oolasl (gl (oyiwd
Coods 4y 8 wYe 3 Jlio 4l (Chiyaneh et al., 2021
Y5 i b Slgice gyt cnl jl (oS o Mt (305
238 )18 ealawl 350 balste cusS j



¥Yo ceedilly (29,00 ol il o Slos g 2lae polic i 3 CawganS (09 0,15 Fldilsy SLo) 9 (guexo

g, 9 3190

S a2l B 53 S ot e
S aeyio 3 WA olys Jlo o )85 aw b (dolas
0205 (Erb AiB3 93 9 23 YO (oldlie Job b deg)l ol
9 by aaw IVYYY gl Jlob a8 YV 5 an p VY oLl
e dlo Ve )90 S (b Al Sk g L (:Sile b
cwuils 3l B ol Tal e Lo YYAIY g 01,8 ool as o ARl
SIS dges (6 yto Bl Yo U o Gos 5l Ginlojl slya! oo )
A 3y90 S8 )3 il 4l (bl 2 (93957 Jlow s 9 45
23,5 Jlesl

Borago  oLysyl (LijsS ¢ (Arachis hypogaea L.) iwj
CaiS )d CuwgeaS 0yg 208" &S 055 S 5155 (officinalis L.)
ot Gliae Jgamd (iliel]y) S jaws hbe cuuily bl
L8l ials
olic clale g &l 5, Slas  CovgueS oy il CELs
" G5 g adllae iojl cbglie cuiS > (lalS pl (e
ot B b 3l (ilejl gsdse cul Cuanl 4 2 il
» 8Ll 2lie yolie Gl g5 Sles p CuvgeeS (ca)g Spas il
byly b ol (o5y0lis” Glaal gluoly jo ML L belsw cuss

15 plosl agog)l olsmoc]

Table 1- Physical and chemical properties of the soil and vermicompost
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Fig. 1- Mean comparisons for seed yield of fennel in different intercropping patterns with faba bean.
Means in each column followed by similar letter (s) are not significantly different at 5% probability level, using Duncan’s
multiple range test.
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Table 3- Means comparison of interaction fertilizer vermicompost and cropping pattern of concentration nutrients of fennel
seed in intercropping with faba bean

Cropping patterns Fertilizer N P Cu Zn
(%) (%)  (mgkg') (mgkg"
M dranpie et 0198 31670 13.05f
abjly JAIB cus No fertilizer use
Sole cropping fennel ooz (2029 2581 020f  40.00° 14.00 °f
Vermicompost
) 35 Spae pus 2.85¢  0.22¢  40.33°¢ 15.33 ¢
aljly ooy o+ ML ) S No fertilizer use
1 row fennel+ 1 row faba bean M#Sga” 313cd (24de 51.00° 1833 ¢
Vermicompost
. . . 395 ‘—é)‘a" pas e de c cd
5L 2.89 0.24 43.67 17.33
algly e,y g9+ L e, 50 No fertilizer use
2 rows fennel+ 2 rows faba oS
bean 5 (5229 3.32%¢  031%  62.002 23330
Vermicompost
)y diyd, g+ My iy, 4w M Spempe 300 g6 51100 18.67°
- § CT No fertilizer use
2 rows fennel+ 3 rows faba ugiaS,
bean T 009 3.45° 033"  58.66° 26.33 2
Vermicompost
L), 51, 3 Sraepie 3400 028 3933¢ 1633
Wil i) 2+ L 3, e No fertilizer use ' ' ' '
2 rows fennel+ 4 rows faba ugiaS,
bean T 009 412*  036*  50.10° 22.10°
Vermicompost

368 Bynn Lyl (61 gre gl Moy gy Jless! 5 5SSl Claialy din g0l bl p et S jiie & Iy &S ol (WSl o5 > %
e A)MS (65D dre CglE Ao )> =y ) Y > 0ol ool Fudo By ghb &8 oo Sle (g 2 )

ol HlSe )0 Ve CavgueS 09

* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s multiple
range Test. The application of vermicompost is 10 tons per hectare.

5 g (Pennisetum sp.) ()l balsw cuiS oy > laisw
alen jl plie ol Qs (il & (Lathyrus sativus L.)
ol (Pakgohar & Ghanbari, 2014) 45,8 o)Ll puwly
(Trigonella )i ba 5w cis a5 w i Lebl 6,5
(Ojoi clale (lidl oy w ailialw 9 foenum-graecum)
.(Rostaei & Fallah, 2015) b ailialuw oS )3 j2ud 5 waoly
byly b5l 50 (00)d VEO) &3l aild muuslty o pd oy yiddins
Aoy (Loyd VFA) g yieS ol el Comddy CansguoS’ coyg 5,18
Jmols CungraS c0)9 395 Bpan pic Laulyd jl 4l jly ab paly
do)d Byme Pl A Cand CuwgraS 059 slod (O Jgi) L3
s by ol e oS by il aoyd VoY 1) SLjl il pals
9 b Clogad 390 g (alé polis &2 90 4
A4Sty oo a5 & 35 pls Bdnd ) b Cas SB(So5glen
g S dde sl o) Cumer (Rl Bo)b | CangeeS ()

uasie ouiydl o (Glycine max L) bgw belsw cuis )
3y S bglste CuliS I bl odd Gl jhud oy il oS D
Sl g g5 93 (glady; Sy Jdsey 9udpdl 3y 93 +hgw
JI2ay CungeeS (cayg 398 3 )8 Laulyd 53 Hhgin) baome (35
(Fallah et al., 2018) sl cowa olie yolic ol
peally uate Gl Jlde (Ao > VYY) (i 131D pawly
L Lol eol camday 5L, sy 93 +MBL Candy duw S (631 )
ol b xe MBI wlyjly cayny 90 + ML (ayd) 93 cuiS (565!
oALs caiS o Sl pawly Jlde (Lo )d VY o yieS 4 0l
bglsco cutS calisco slagSl o 50 (¥ Jgis) del cames il 31,
+ L a0y 5k bl il muulty doyd (Ao ) 10+ oy S
-0 LS 3 prolty clale @lyus 0,8 sdalin &Ll () g0
ol i (sl By Sl Conidg 5 JaSo ally Sy S5
i ol 5 Jols gl anl j0 il blske cuiS 5 pate
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Table 4- Mean comparisons of concentration nutrients of fennel seed in different intercropping patterns with faba bean

CwlS (oI pawly S oo ol P
Cropping pattern K (%) Ca(%) Mg(%) Fe(mgkg!) Mn(mgkg?
abily ol s 131 071¢  055¢ 69.83 ¢ 2927 ¢
Sole cropping fennel
Sbjh iy S ML S o ggap b 76.83 ¢ 32.11°
1 row fennel+ 1 row faba bean

Sy ) 93+ Ml 3, 93 1710 0.84% .64 89.50 @ 33.62°

2 rows fennel+ 2 rows faba bean
Gy o3, 9+ ol o3, 1.74°  0.89°  0.66® 8133t 35.887 ¢

2 rows fennel+ 3 rows faba bean

o o

Wbl 3y 92+ Ml o3, e 1.50°  0.81b  0.67° 75.00 ¢ 36.17 @

2 rows fennel+ 4 rows faba bean
398 CByme )5 (g)b e Cugld oy gy Jlein] s )3 S (glaely w90l olul i S yidie gy (s 45T Lla s Sile (gt b )
ol HUSB )0 Ve CavgueS 059

* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s multiple
range Test. The application of vermicompost is 10 tons per hectare.

ot St Slgige SB35 @il g o S ule aliuns L1 (2007 st 45 3 L 5Sle slbduylie gl 1415 S
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G g i Uy 0)iS o 31 SB lasle o Sk M8l Caydy 93 b (gl sime OS] &S ol Conddy w5l iy, 9
5 Cpmon Gialidl yuogde g ol ilidl ]y O 5 ol jolie 31 (o> < IVY) S o> (568 g 05 L5 b3y caudy 9 +
Je S ol s 0y90 (ol polie (SB ade (il g cold cliios glss (F Jsis) 5 Jols bl alls cus g8
@3> )13 ol LSl )3 1) o jute g wadS g asliy 9 yhund (g k5 2 93 3505 LapsS) adyy SaslS Jols b b 45 sl ool Lt
Arancon et al., ) 4 A algd iy oS 3 Slas g Ay don ) PB sl i o Dol cud )b o alS il e oM ad,
Abbaszadeh ) LS g 00l5 wlae 5 iss gl .(2004 W e 4 1S Ol gyt JRdeds |y byl 93 polie ol
S Ao > o iy 4 S 0 L (& Zakerian, 2016 SYL mrjeie g pedS b b 93 polic Cla o YU culsy @yid
o— = s | (Melissa officinalis L.) a—yg26 0 Loy (pyids wimed .(Eskandari & Ghanbari, 2011) .l
5 5Ll byl cots ) Lo sl Condds CungeoS )9 503 (ypyiaS 5 CusssaS ooy yas I (8oyd +/AD) &l andlS
Gl oS 53 Gl Snge 395 a3l o Lugl b 505 )3L 395 yane pice pil Cou 1 (1oyd +/VA) S5l &1 pends
S 5D yhoand ailiy e jie uaandS (Jgyi0 (2l polis CangeaS s0y5 slass 45 (5ysbdy (B Joaz) ol Cowdty CugeoS oo
ol Gl el g cdl Gl jallb s 4 cund byl Soyd MYY 1) a5b 5l a0l puudS do)d By no pie & G
Amani Machiani et al., ) .5 olS dw y 2 By im0y yolic polic | i ae CongreS soyg ASG) 4 dag b ol yilsel
)b Cdllao ol 3idod ati |y 45 (2019 Syxe sLapigersn g el dageling byae o5 9 Bpaoy

Prabha et al., ) 555 olS 4y cuww 35155 o cunl olS A5,
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Table 5- Mean comparisons of concentration nutrients of fennel seed affected by use and no fertilizer use vermicompost

&35 slond ol S e o e
Fertilizer treatment K (%) Ca(%) Mg (%) Fe(mg. kg'!) Mn (mg. kg?)
35 Spas pie 1.48%  0.78°  0.47° 73.27° 32.12°

No fertilizer use
w’?”su"” 1.65*  0.85*  0.58° 83.73° 34.68°
Vermicompost

398 CGyume )5 ()b e Cigld oy gy Jlein] e )3 S (glaely w90l olul i S yidie gy (s 45T Lla s Sile (gt by
ol HUSe )0 5 Ve CavgueS 059
* Means in each column followed by similar letter (s) are not significantly different at 5% probability level, using Duncan’s multiple
range Test. The application of vermicompost is 10 tons per hectare.
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Fig. 3- Mean comparison of seed yield of faba bean in different intercropping patterns with fennel. Means in each column
followed by similar letter (s) are not significantly different at 5% probability level, using Duncan’s multiple range test.
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Fig. 4- Mean comparison of seed yield of faba bean affected by vermicompost application. Means in each column followed by

similar letter (s) are not significantly different at 5% probability level, using Duncan’s multiple range test. The application of

vermicompost is 10 tons per hectare.
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Table 7- Mean comparisons of interaction fertilizer vermicompost and intercropping pattern of concentration nutrients of
faba bean seed in intercropping with fennel

CuiS gl 255 Ojar shwd el oaeedS ‘g:
1 1 o, o, o, o,
Cropping pattern fertilizer N(%) P((%) K (%) Ca(%) (mg.kg™)
A S g 0095 1707 0787 1278
Mely alls s No fertilizer use
Sole cropping faba bean c,.w#s@” 2585 020 181 084 14
Vermicompost
, . B Sraepd  Hgse 022 1877 089 1566
aljly ooy S+ ML ) S No fertilizer use
1 row fennel+ 1 row faba bean cw%,ﬁfga” 3139 0249 2069 0970 18.33 ¢
Vermicompost
) 3 Sraepd  Hgge 025 209 092 1733
Abjly crdy 95 + ML cand) 9 No fertilizer use
2 rows fennel+ 2 rows faba bean s:wg.,,«f@)g 332bc 031" 226° 101b 23.66"
Vermicompost
) 2 Srenpe 3074 g6 217 093 18.67¢
abjly @) g3 + ML ) 4w No fertilizer use
2 rows fennel+ 3 rows faba bean w#s@” 3455 033b 240b 1100 26.33
Vermicompost
358 B pas pie
ili 3.40° 0.31°¢ 223°¢ 0.95% 18.89 ¢
SLj) sy 9+ Sl i3y Jles No fertilizer use
2 rows fennel+ 4 rows faba bean .
oS sns9 4.12*  036* 267* 1.15° 22°
Vermicompost
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s multiple
range Test. The application of vermicompost is 10 tons per hectare.

oS 5l 3t JUas) JLois) slalSgile Mo pialS
SISy iie (ol ole blie iS5 poS s
W) GBS p S g (S Sodind ddy) (Sdpwgy g o)S
(Marschner, 1995; Ofari & Stern, 1987; 2ol e 00

Allen & Ebura, 1983)

3 (Ao +/Y8) ML, il yad dopd (o yidiy 131D pland

b8 kb > bjly sy 9+ ML ) oz bgloe cuis
1NR) ML il yad o yd 508 Lol el Cmdds CwgaeS o9
59 S Gy ms pae byl B 3 ML, (all 5 e iS jl (o
S e a3 an (Y Jgdn) 2od odaliie CngeeS ()
DIl g oo g (BB plis polie (il Jsa CusgeeS ()
B s plie 4 olS pwyied Sl 1B Sy cullad

Ml byl cuis” ;| (Ghanbari-Bonjar, 2000) jloxy (6,8

5 ool 5 bglo S ) piiS 5 Ml 4 )5 4t piS
Sty SB Sl (i puS 45 L cittean o JoSo (9 i
oly 511y 395 5L 2050 (595 ot YL oS o 5> )l
Cold) il el ol 53 S (oo a6 ptunadl ()G9 k8 S
Gl phlidl ecsl Juslse ol ogde Jt 39
ST 0l 9 (SadlBingsus 29 o ydive CntS )3 (59,
coasS a S wab oLy (Szumigalski & Van Acker, 2006)
L auolis 3 2956 g (Brassica napus L.) ;1S L puiS bl
Olieds ) gy ot (2lie yolis Gpae QLIS (alls cuts
bl cois o oS dad o slis Giuli8l sl ol il ool

Cl) (9t ojmga (e polie Gl (sl psSp L g
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Sl a3l 2956 oS )3 |y ) 9 S g3 eaelS g eanliy clale
So g cassSen clme b Lils 8l (Zaller, 2007) , Il
s oI yole Cla (Rl (alS Ay slaosiSplat
o3l edes Y3 (lsisdr |y CangraS 00)9 > Jlosd 53 maoliy
2 (Solanum tuberosum) _—iusjcumw olS ) paic oyl clale
28 ol aald jled b aunlis

33 (203 VYD) MBL 1y ol du )3 (o yiaiy 131D pmndS’
Syae 35) 8 L bl 3y 93+ ML ) oz bgloe cuis
2 MWLy Al utS Sl (oy < IVA) Gl 2S5 CasgiaS 09
AL S b g del Cundds CaungeeS o9 355 LB ana pac aylyis
S s (o)l pime M CuwgureS’ oyg Bpuas baylyls )5 ML
e VL s S s Gl e ey Y Jp)
i sl balste cldS 5 (g ptdn cold) ©)a8 sy il
G5 gl At oo L Ty majie g mandS ()1 93 polic
aS ob i (Eskandari & Ghanbari, 2011) (5,53 ¢ (g Sl
b ot Logd 9 03 byl S o olid polie s
el pidis Logd 09 allb cuiS” jl i (Vigna sinensis)
Sy Cally 008 oty VL SeslS Jols cud)bs ey
23 S e (85l 93 polie Gl il )3 4 s
S50 Caldy ©)a8 jiud 5 panly ol lp 03 & J
ol badye )] gl 0355 i 4 45 Cudly

Oy dLaodly (1Sl dlis gl 3ubo 11D o jake
Gyl bolswe cusS 10 MBL aily (o> +/VA) oy juie dopd
S L (o)l e OS] a8 wol cuwd sy &iLjly Cindy 93 + ML
Ay S S g8l g bl sy 9o+ ML ) d cuiS
451D oy e o yd (pieS g 3l L bl cansy G+ ML
(A Jgies) sl comday MBL Lalls cusS (663 51 (1o )> +/5F)
A U ol ol ol by olie ol 5l ool 5 wids
S el j ol (pl 3550 Sygo YU L L Sl
S bl cuis glinl (oS alpl b Slgs o bl
by Gos > ol by S by Jobo )3 (2li8 ol
Ml g ogis 3 Al GBS 3 o (g polie Ll cad
i byl o iS izl 1y 0193 b > lis Joay L s

oS 4 o] Jml g ey 5 03,8 wal 1) jaud alex jl ealizl
b (M gloaad W5 )b a8 o Wl Sl 1B
gy b (0D (Ghpl cge Oliud 0aiS o (o ST
O3 il Fl o Slgice S BB jid ot )3 9 00
.(Han¢ et al., 2008) 39— 3151 Loy >0 ;> quundlS (slayo LHT
el Gloj L 5 Cunl S 3 S e s lie pate S Hhu
@3l o Myt g Jolge b sy Jbo 0 sloady, o 90
A 55 S By e it pie oyl e B S
b oo 4o HY Wlgi o (0395 S 301 51 6L o5 ol
SLS 01 b Gl gy (A8 Gl DS gl
Ml G i ol o 3 5 m3m il YL PH L
A8,8 a5 (Zhang & Li, 2003) J 5 SSl5 . (Li et al., 2005)
i bgle S 55 Lug) 5 5,5 LS 53 (slaaty, lize 51 45
gy yhad Clo Gl U1 0yl jhud Ol (I3 ) (cege
ol il ) Ly b o] byl cusS jd o)) claads,
9 S5 peized 0D Caus Lygl (i) lowd 5 dlwgdy yaud
g ML, Ly ) bl cuiS” jo (Zhang et al., 2012) ) Sen
Dl 45 53,5 55 (o 355 &Vl 5 (sl o ) p5
9 M by L Lili8l iSO 4 Cowd paiS g MBL jausd
55 355, 8 Lgw bslso cutS s (Fallah et al., 2018) o, San
Ol cobls bl cuiS j3 JT sladgS 5,18 a8 sisly oL
i o il ) yand g )59yt
aS ol ol Laosh (:Slie dwlio gl :ld pamlly
e bolee cuiS jl (o pd YY) ML by ppuolty dus pd (s i
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Beyk ) 353 (5K e 59y 0] (msio o)
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olie Gl 45 15 Lasuie dul Seoged 398 G yan pi3l cov
oSS SIS sy ke 5 S el aud 9k (2l
Amani Machiani et ) sl> Lis iul58] 4555 90 SuiiS Jugas o
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ol (Eskandari & Ghanbari, 2011) (¢, .8 5 (¢ Sl b

ot Gl i L) €9 ol S 5 o oy 55,5
e o) ot g il LAllS cut Sl ity ()l e
Ol (2aS 5 CgiaS (ayg B ymmo I MLy b (a0y +/VA)
ASssbes (3 Jpi2) 25 ol 355 s pie (10> +159)
Iy MBL &by (o ke duo > Bumo pas &y Copnd CawgeaS 09 jlows
Sl BB yolie (gol> CuvguaS soyg b Liul58l luopd VY/AY
e 9 el quaaliy iud wSle (lid polie Qi LB JS3
Jdlw Jdsa cowgS 0y9 -(Atiyeh et al., 2001) sl o
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Table 8- Mean comparisons of concentration nutrients of faba bean seed in different intercropping patterns with fennel

Sl (glagX! o2 3600 o2l &9 e
Cropping pattern Mg (%) Fe(mgkg") Zn(mg.kg') Mn (mg.kg")
L U,AL& S 0.64°¢" 106.50 4 35.83°¢ 29.27°¢
Sole cropping faba bean
bl ke S+ bk, o g5 142¢ 45.67° 32.11°
1 row fennel+ 1 row faba bean
Wbl e, 92+ 3 k2, 52 073 16433 52.83 2 32.62°
2 rows fennel+ 2 rows faba bean
Alojl) ) 93 L 3, 4 0.78°  167.66° 54.67¢ 35.87¢
2 rows fennel+ 3 rows faba bean
“3L..)") ‘-69.3) 9 + MBL ‘—6%3) )LQ% 0.79 2 156 b 44.50 b 36.17 2

2 rows fennel+ 4 rows faba bean

398 CGyme 55 ()b e Cigld oy gy Jlein] a3 S (glaely w90l olul i S yidie gy (s 45T Lla s Sile (gt b )
ol HUSB )0 Ve CavgueS 09
* Means in each column followed by similar letter (s) are not significantly different at 5% probability level, using
Duncan’s multiple range test. The application of vermicompost is 10 tons per hectare.
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Table 9- Mean comparisons of concentration nutrients of faba bean seed affected by use and No fertilizer use vermicompost

&35 Sl o2 30 o 9 PR
Fertilizer treatment Mg (%) Fe (mg.kg'l) Zn (mg.kg'l) Mn (mg.kg'l)
35 Span pic 0.69° 13647 41.12° 32.15°
No fertilizer use
C‘”’j"s@” 0.782 1582 5227 34.66
Vermicompost

398 Byme 55 ()b e Cigld oy gy Jlein] s )3 S (glaely w9l olul i S yidie gy (s 45T Lla ke gt by

ol HlSe )0 Ve CavgueS 09
* Means in each column followed by similar letter (s) are not significantly different at 5% probability level, using Duncan’s multiple
range test. The application of vermicompost is 10 tons per hectare.
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aS 2,8 a o (Yoleu et al., 2010) o)L 5 59y .20
(Vicia villosa) S_ils g > bl cuiS )3 (595 355 L8 puao
W °lﬁ§ 99 y» 4 u.IbT clale L)wl)sl o
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Cady 93+ ML iy 93 S (69 SN L g tol comdas 4L,
2 pyS oo YOIAY) 108 5 0l L (gl aixe MR &L 31,
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(=hj LS A S p ) (g0)93 sk (A Jg2) 45 Jol
loloe alax jl adn) ST 5 drwgd (Goe > Golas «ublS WSy
Byans jd byl codS glial o culdy i o oS Liun
9 OLalS &5 ) 95 2929 S g )l e b liE polie
yolis dy wyiwd g al halS culsy olie glajls ) cglas
ok 5a55 5l odel Candes ol b b o (il olie
9y Sleize o 5 i (Soleimanpoor et al., 2017) Ko 4
Do MBL «ly jo MBL + puiS bglsee cuiS jlas jo

S hS 53 5 ko OVIVY) (59 e Qla jlade gy
e (5 9kS )3 p)S o VANY) (208 g CuvgeoS (09 B e
" CanggaS goyg 395 e ple il o8 j oAb Gl )
P 4y s CanngpaS a9 Jloss 45 5 pgbodr (A Jgio) ol
CuwgaoS 0y5 b ialil 8o )3 W/EY 1y (g5, wis (im0 Gpuas
k> )0 ‘U’.)IJ._S‘— )_Aol.A—C 9 u] u.\> dl): Jb) C}la») Y l)l.) l)
5y Slas g diy 090 0luS jL dy90 (sl jolie 3,8 waly8
B 5 5o 4368 ol 0,5 LI 5 2o 3o lolS
Clo JB I sl oSS’ S5 cpizeon g 2liE polie Ll
Ahmad Abadi ) s3> o (i3l 1) olS bawgs b )] Gls ol
balseo cuis” (5ol as” wob lis ()50 lais (et al., 2012
368 50, LS byl p> s 43a5 b (V:)) asbalbos bl
Rostaei) 3g; (95 9 o2l paic Ols lie o 5 YL gl cd s
oS 0y)lS cciab ol Gles o o oplpls (& Fallah, 2015

@h Gl Gl (oamlio ] (ST 435l b olyen byl

d ) byl cis ) lals glite (a3ady) o5
SE Jbgn 2 bog Oglite @iy 929 b SB 5 glie olie
i glie 4 ML )gb 03 Ll gadge pl.Cuul )IAf)gb
395 Gymn ySpin 50 Jlo e 5 g bgle CuiS ) e
CuwgeaS 09 D1 bolsee oS calises (slangSl )5 CuvguaS’ o )g
gyt glaSls 4l adyy oYl g Jab Jg s U
yolis ol (lidl ) (ore A 03leiS” slaptunsSTy ST
Sl o5 i G uiod (o laise WS e WylolS olie
CoiS g MLy + pa 8 by e S glajles 1) e
,\_35)97 Cuwddny 3956 + (Hordeum vulgare) ¢ > byl
.(Soleimanpoor et al., 2017)

oy 45 5b L 5S0ke sladuslio gl dild oy
ctS oS 5l (p )5S )3 p S ke VVISS) ol il e
G348 dal Casay 61y cidy 93+ ML s,y dw bglse
oS g ol lis bl Candy 90 + MBL ) 93 b (gl me
citS oSl (p)S5dS )3 p S ke V52101 ol Gl e
Loty bogs (535 s (A Jpi) 28 Jolo Sl s
b (Sl D9 o0 yuginy baome & HY (305 3lj] 4 oo S8,
Ll 53300 YU 1y (U oSS 53 ol i iy lame
mile o)lusls ol (lyie (ke ilee ORI ool Gl
Aol Cowdds 3450 + 9> by e cosS Lo 3 5yn o
.(Soleimanpoor et al., 2017)
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By im0 d S b yLii (Davaran Hagh et al, 2016)



¥¥\ ceedilly (29,00 ol il o Slos g 2lae polic i 3 CawganS (09 0,15 Fldilsy SLo) 9 (guexo

oo SLS )3 paS 5500 5 p] eanly iud clale oS a3 S
2L 1 i (el 365 9 CowgroS) T 2lge 51 G pm b ons
(835 <ol ehud o JS (595 (I oS Gl o o g e
355 (AT osle 93 b ot Hlows S 55 ool JB 5350 g o
55,8
P b0 g ClS 0 ; w5l 3 o
2 0SS, b gladisS alwgay (o) Bpa loj &5 (5o
bole cuiS 13 1y loj 9 omej o900 J e sl olesj
DS g oy ki kS Calisee glagSl y > a8 0b LS oud
eSSl e pan Glej g ey e gl Cons
S)LS Lyl 3 (VYY) ML sy dw + &Ll cansy ¢ byl
b Jols CungeeS (ay9 395 20)8 pae Laalypd )3 (+/VA) &iLj),
g S y b splp Cuns SOl 4 g L (Y )
V) cniS oSl g bl culS slayle olod jd oyl
Coms bglsto cuiS (65 odimd ) Lis a5 sel Cawmnas S5 5 5YL
Sl s 29 YU bl o culS slagSl ol o iS'SS oy
OlsSise ) bolbe culS 3 S jl lej 9 ciS pj o
CmwgeaS c0y5 355 1D dg3g0 olie yolic jI L (gdiodgw &
Ol 5 56 g e S 5) i ATER (pioman 0 cons
d\.L_wsd\_: )99 uT C)Lm 9 d.bw .5194 )I ‘_JAS@ oolarwl 9 uduo
4 3905 Ol a8 (21 sl 4 Sl g bylee cutS (sl

g drwgl Bos 1) Wgld (S WS1y5 cely; ol Ay sy o Cand]
S il om ) Olise p o8 dien lse jlady; 651y
oo > SRl SIS o il lid jolie By > byl
(Vicia faba L.) 8L 5 )3 bglses coiS 3 plié yolis |
LS g3y il 318 b cos (alls s & o
Alizadeh ) l)LSan g ooljule lawss 15,6800 )18 5 by S e
5 oS3 s slmyl (psimad sl 05 o l3S 5 (et al., 2020
(35 5 ey sl oo 5] il s )3 (SO e
g o>y buwg 5YLATER & olows ¢lp @l Gpae o8
g dlaalw by e ¢S > (Rahmatiet al., 2020) ,LSen

ool S )5 gliofy) sbayais (S ol

Oy Lmold 5 Slie duslie guls wluly 11> 3350
]a_wy 04 u.).> )..i.uo s )L\S.o (f)§9l.§ 5 rb)fu_L.A Y‘;/\V)
bjly cayny 0 + ML ) Hles balbs cuis” (g651 o ML il
asbjly cayay o0 + MLy oy dw cuiS oSN L &S 0 ol
2 pyS o YANY) oy iaS 5 0l LS (g)b —ixe M3
69_<” )I MSL) b Ja_.wy‘ 1AW uJ.> )a.iuo s )]J.u (F;M
OlSen 5 Slang (A Jsis) 4d odaliie ML, allb cois
(Anethun 355 be b ¢S > (Weisanny et al., 2016)
o 50 gl Jady a5 00,8 5,55 Lol g graveolens L.)
bylse cois p olid jolie Clo (ly (llS wiy) dnuy
O =i (Soleimanpoor et al., 2017) |, lSan 5y lowkes
PSS 1 )5 s FYY) Yl + S Lglss i gLnlas
cale LML ol iS4 s i3l duo 3 AF i puais
pcie oSS 1 05 o YF) 555 + g1 glsia €08 (50
(jyoaale Logs Ll cuis 4 o il 0oy VF S
it S5 S 5 e YA) Bl + IS5 bl i
@ e Ly ML, alls cuiS & s (lil 0o )d VF i
PSS 2 25l TY) 3y ile a2 S, alls S 5 (5,0
cale L MBL allb iS4 s il 38l duo 3 VY i puais
Aol Condas (jym

Gran 15l cov Wb pole Gis lapSile dwlie s
YYIEF) oy 48 01 LS CawgueS' oy 265 L8 puao pic o
ML s Lo 005 ol 5:Sim paie ke (p S5k > 1.5 ke
YY) (o yieS g Aol Cuddss CavgaeS oy CByune baslpd 5
pios Jlosd 4 odd Gl iSUe pais Jle (p)S5kS ) )5 e
o 45 )9ban (A Jgaa) ©8)5 Bl CungeoS (00)9 B puae
VINY 1) 3o i (e Bpae pis 4 ol CungraS (0099
$io gy JMo0l Jdsay JT (sladgS 5,18 ol Liol38l sy
JWiddy 5 (25 ,Se0 Cudled bawgs (a9 0ud 5 Glawsd dacly )S)
Oili8l i) polie plo g Goytuos L6 38 PH i o
4455 (Rasouli & Maftoun, 2010) (ysas g (Jgww) .0l 0



Ve 3mly « Yoslod AY als o53yalisS ol pgr 4 25 YYY

(Satureja &l 05,0 byl cis s (Avalet al., 2014

3= (Trifolium resupinatum L.) Jly) ;a0 ¢ hortensis L.)

1

Bagheri Shirvan et al., ) ;,LSen o g (8L allis
ol olS 93 b (Glycine max L.) Lgw bl cuis )> (2014
(Borago  olg)l L3989 (Ocimum  basilicum L.)

Hassanzadeh-) )L Sea ¢ Jsl 03lj;y s g officinalis L.)

sl 045 u»)')f
~ 1.2
é 1.09
= 1
2 0.82
= 0.78 :
=08
3
~
= 0.6
2
m
2 04
8
=
g o2
<
0
g 2. £
] =} 2
] g O
E
Rl
=4
1row fennel+
1row faba bean 2row faba bean

Vermicompost

2row fennel+

13
‘ 1

1.14
.08 ‘ 1.07 1.

2row fennel+ 2row fennel+
3row faba bean 4row faba bean

Control
Vermicompost

Control
Vermicompost

Different intercropping patterns affected by vermicompost application
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Fig. 5- Area time equivalent ratio (ATER) for seed yields of fennel and faba bean in different intercropping patterns affected
by vermicompost application
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Introduction

Application of organic fertilizer is a major approach to managing soil fertility and plant nutrition which can
alleviate chemical contaminations, preserve soil biodiversity and the quantitative and qualitative yield of crops
expected to be increased in sustainable agricultural systems. Consequently, demand for organic products has
increased due to health and sustainable environment consideration, particularly for medicinal products.
Intercropping is the cropping system of growing two or more crops simultaneously in the same field and is a
sustainable method for increasing crop production compared with sole crop. The main objective of the study was
to determine the effect of vermicompost and intercropping patterns on seed yield and macro and micronutrients
uptake of fennel (Foeniculum vulgare Mill.) and faba bean (Vicia faba L.).

Materials and Methods

In order to compare the different intercropping patterns of fennel and faba bean under the application of
vermicompost fertilizer, a field experiment was conducted as factorial based on a randomized complete block
design with three replications at the Research Farm of the Faculty of Agriculture, University of Urmia, Iran,
during the growing season of 2018. The first factor consisted of six cropping patterns including sole cropping of
fennel and faba bean, one row of fennel+ one row of faba bean, two rows of fennel+ two rows of faba bean,
three rows of faba bean+ two rows of fennel, four rows of faba bean+ two rows of fennel) and the second factor
included the non-application and application of vermicompost (10 t ha'').

Plant samples were digested according to Jones and Case (1990) procedure. Seeds of faba bean and fennel
were analyzed for macro- and micronutrients. In addition, Area Time Equivalent Ratio (ATER) was calculated to
determine the advantages of intercropping. The analysis of variance was performed using SAS 9.4 software.
Means were compared using Duncan's test at the 5% probability level.

Results and Discussion

The results showed that the effect of cropping pattern on all measured traits was significant. The results
revealed that the seed yield of fennel and faba bean increased following the application of vermicompost
fertilizer. Moreover, concerning the effect of cropping patterns, the highest seed yield of fennel (2568.33 kg.ha'!)
and faba bean (2851.67 kg.ha'!) were obtained in the sole cropping of these two plants. The higher production in
fennel and faba bean sole cropping may be due to the less disturbance in the habitat in homogeneous
environment under sole cropping systems. The highest amounts of N, P, K, Ca, Mg, Fe, Zn, Cu, and Mn were
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obtained in the treatments of intercropping and vermicompost application. The higher concentrations of nutrients
in intercropping pattern could be explained by increasing root exudation and also better use of available
resources that increased the accessibility of nutrients for component plants. The highest ATER (1.14) was
obtained in the three rows of faba bean+ two rows of fennel intercropping system fertilized with vermicompost.
According to the ATER, it seems that three rows of faba beant+ two rows of fennel under the application of
vermicompost was suitable for increasing productivity and making the best usage of environmental resources in
order to achieve an optimal production, decrease costs and dependence on external inputs, and reducing pollution
and environmental pressures on sustainable agricultural systems.

Conclusions

In general, the results of this experiment showed that the faba bean and fennel yield were influenced by
different intercropping patterns and vermicompost. The highest seed yield for both plants (faba bean and fennel)
were obtained in sole cropping. In the present study, the application of vermicompost could improve the yield of
faba bean and fennel and nutrient uptake. It seems that the use of vermicompost in intercropping is one of the
suitable strategies for achieving optimal yield with minimum inputs, which in the long term can reduce the need
of chemical inputs for cropping systems.
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