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Table 1- Physical and chemical characteristics of the soil

S colan : o JB panliy
g5 ) (0) B Oder oS 0> B jhnd e
H e )-fv‘“‘:)d‘“’ Total nitrogen (3o,3) (ol stst) c‘*’;m#
Texture pH (5 3 (%) Organic Available P (ﬁ_"?f‘s’f’)
EC x 19 carbon (%) (ppm) Available K
(dS.m") (ppm)
e ™ 0 75 0.34 0.11 1.27 14.1 467
Silty- clay

st U 9,8 1y 3ged yiis g 03leeS Laylyd 53 iales]
3oy 0390 Jobo )3 g o0y silwealel loj )3 Lug ol ()32
A5 0oLl ajlogs 53 (pliond s § 395 g5 g

o )L 53 55 20 liee 2 B ) 5 oy (9l8 398
0-20 sos > G 9 Lo Lo, S maw 3 c816i Hob



1395 ¢yliwntli 2 oylas 8 Al «(5yaLisS il pgy sy 206

O 5 s 395 Sl ol el B 50 s0iligy sl
Lo X aliaidl oy Sloe wlul y uolol 5,Slee  puilul o)y
(Clevenger, 1928) w5 auole bl

Or) Sl S Gyl I bolee CutS (gatedgu (b))
‘(Vandermeer, 1989) 15,5 oslatwl (1) alslae 3ubo

LER:L+Y—2+Y—3 (1)
B, B, B3

ol sLnassS 5, Slae oy 4 Y3 5 Yo Yy alsles oyl 5
Jol 455 (alls 2Sdas 35 By 9By By g bylo )3 pow 5 9o
sl pgw 9 pgd

dslia g SPSS 16 35l 5 5l nodls Ll 5 4o (sl
Seopd gy Jloinl o 53 (S0l glatels iz ygeil b oSl
15 23l EXCEl J58le 5 51 S sy Ly .28,8 ploe

wlaabic ds b gs po Gldo

3y Slos sl 0y Slas ol lis il jlg 4355 5l Juols gl
S e ye b & dilialus (uilel 2)Sles 5 il duo yd « S5 5lg0
(2 Jgi2) €85 )5 il oo b o )

Lad g S5y aS oK olo oy bilgl )0 dilialuw cuily
94029 4Bl o BISS I JgSgd joim (Jg 0ad 2y 4 frleta
015 3,5 LaisME (55, &8 ilej el ol o Laulgl )3 Log) il
H03)S by e 93 )0 (b 0395 L85 g0 g
25055 o (25 200350 alo o £589 2 53 2 Sl e
g olo 313,022 pgd> iy g ole 15 16 Jol s iy

3 Slac daloe (g Jpane il sy Jab ol
B/4 Jolao Lnas j1 bxs, 5 alinlius disg) oS dus y (eolial
e Copdy Ojg0 lansls Sl Bls Sl ey @8 il e
oo g 3Bl lod o by, 5 alialw dug) olS dw o (sladiges
colio 28 b o5e &yt o olSim 5 505 Kits o byl
Ladiges SWis i oleie 4 cpje 5l Juols dlael 0,55 odnline
SLid 59 ey 09 e dilialw 5 Loy 5y50 j0 .0 s
50 39 Al 5 Slas dunle (glys g b bl Hods dadiges

g 5 1 b s i 4 gl 5 Al il g5
sl Ly 55 30 g laie iy b plonl slS ol
sl 3l ey 9 03,5 039 &5 o 3l wlialews 54 2530 5 ol
39> 53 g Bad Ay [iome (il S bl > paise (8
A Gdo 4 Ly 9 13,5 8L ladiged 4 yhade Iy Lo 300

C,bcu 9 l.u,’ L -‘991.’590 CulS s dbgi” 2® aladlow u&; 9 gos Olo (ul&’)-o ‘_y.ialw) O‘“‘l‘.’,)b & 35 @w -2 Jg.\?
Table 2- Analysis of variance (mean of squares) on quantitative and qualitative traits of black cumin in different
intercropping patterns with ban and basil
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Table 3- Means comparison of effect of different intercropping patterns on quantitative and qualitative traits of black cumin
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* Means with different letters in each column are significantly different based on Duncan’s at 5% probability level.
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Table 4- Analysis of variance (mean of squares) on quantitative and qualitative traits of basil in different patterns in
intercropping of ban and black cumin

o yd
o3l 5 ySlas 7 5 ySlas 5 Sos
o3lo 3o s wilel oWl ey I Eyoxo
S Swis o S owilw! 3 bl g
a > PSuis  OF Jol ¢ ooy il ol odlo 3,500s >
o gle ' p9d il O ddom P o W
&3l Jol o ield of d Essential ESS?ntI§|0I| o o ik oW
S.0.vV of Yield of dry Yield of dry oil yield in Essentia Essentia Total
matter in matter in percentage second oil y_|e|d in _0|I yield Total dry essential oil
first harvest second in first harvest first in second matter yield
harvest h harvest harvest
arvest
)'_’S" _ 2 72" 3293™ 0.001™ 0.029" 0.25™ 8" 39.25" 0.094™
Replication
N Aes 5 108356.6" 70148.8™ 0.037 0.043" 13.9” 15.4™ 3371.76™ 0.56™
reatment
Eu» 10 10538.6 14384.7 0.008 0.005 1.83 1 452.60 0.034
rror
L ted
‘(:’"'y“’; - 6.26 8.24 12.77 7.72 8.95 8.42 6.87 7.87
W)
CV (%)

** *

Wl o> S g gy e 53 5 gime MR 3939 ¢ H5 gz OS] pae odiad i a4 7T 5T NS
ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively.
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Table 5- Comparison of means the effect of different intercropping patterns on quantitative and qualitative traits of basil

83k 3o ol
o3ke 3,50os o g Said 5,Sdes ool
Qe i . D cpd gD
oy > Suks 9> il doys el awyy  Powlel 3:;))
. - Jof 5 ,a,f) Jol o 42 093 (y> 43 n‘)s) Jol o2 () )
. S (&0 p)5) (&0 550 Essential oil  Essential oil (o050 45 @”’T .
Cropping pattern Dry matter Dry matter percentage yieldinthe  Essential oil Essential ol
ald in i rym in the first second iald i yield in the
yield in first yield in the yield in the second
harvest second harvest harvest first harvest h
> 2 arvest
(9.m™) harvest (g9.m™) 2
(9.m®)
(@m?)
o 28 193.33% 158.67 057° 0.60° 11 0.99%
Monocropping
Wy St Loy cady St ailialws sy SO
ol 116° 145.66% 0.82° 0.96° 1.32% 1.4%
1 Row black cumin+ 1 row bean+ 1 row
basil
Gy S F Logd () 90 il a3y S
ol 167.67° 0.80° 0.89° 1.38° 1.35°
1 Row black cumin+ 2 rows bean+ 1 row
basil
Oy @3y 93+ log () o + dlialw ) 9 . . . .
2 Rows black cumin+ 4 rows bean+ 2 row 17233 0.74° 0.87° 1.2.8° 1.41°
basil
oy aw T lugd () s 1 aliabus () 4w
o 153.67™ 135.6™ 0.63" 0.82% 0.96° 1.13°
3 Rows black cumin+ 6 rows bean+ 3 row
basil
by e T g ) cuta F alialis (@) Jloz
o 136.8° 0.61° 0.74 0.84° 0.88°
4 Rows black cumin+ 8 rows bean+ 4 row
basil

i Moy gy Jlein] gaws 53 (615 gime BMBT el 5SS Cygajl il o cygia b p3 S it gy 35 el pSile *
* Means with different letters in each column are significantly different based on Duncan’s at 5% probability level.
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.(Koocheki et al., 2010a) b .o
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o)y 9ot Lyl ) e F b s 53 5 ol <)
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Fig. 1- The effect of different intercropping patterns of black cumin, bean and basil on total dry matter of the first and
second harvest of basil
t bl () 01D by, cady SO F Loy Cady 90t wlialus cardy G IC (ol sy St lugd sy St el sy Bl (allb cussT A
ol cad) ez T logd cidy cudin  alialis cindy e 1F g by candy aw F log ciudy it aibials (s 4w 1B (bouy cinsy 9 F Lo cid) ke
A: monoculture of basil, B: 1 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil

185 deoy iy Jlein s 3 5SSl yge5] el ()l sime BMB] S jrite g (o> (slapSilio
Means with different letters are significantly different based on Duncan’s at 5% probability level.

(Safikhani et al., s ol cws 4 (2l cuiS 3 gl 5 Sles
b g bogloio S o350l cilisen (slaciorns adllas ,5.2014)
2 glowy 2,8les oS 45 asude (b)) (L35 5 o, olS 9
g sl a1 5 8l 2l g 4 on 30 2
(Bagheri Shirvan et . awls’ obu, 3,Sles 5l balsee cuis )
al., 2014)

byl il Jol cnz 53 glomy pwibsl 2053 (0 5L
S 5l (woyd 0/57) il 2oy o S g (a0 )2 0/82) o,
ialidl 1o 30 Lalls kS b duglie 3 oS 15 ol alls
SV il s s bglie S il slagSIl s 4y STl
2 glowy plsl 2oy Sl )lg pose GRIEIL o)y 4 bl o
o> VL pgd o 3 {0 Jgie) 1 arls” bglsee i
0/62) ()5a0 o yiaS g (duoy> 0/96) iy bglso cuiS > il
s Sy oo 515 4 (0 Jodn) el cowd 4 el S 1 (aus o
e J Yo alon I 55 (59t 0aiS S oS olyan 4 (v
Al byl ctS elmlags 5 oS oyl bl 2oy il

bgloe cdS (gtadgm 9 3)Sdas (2bj)l b (6505 35 )
SIS (g Cp il &5 patuie Hlepddied b bgw 5)l55 5 (23
3y8as e (2208 5 (hu3) bl cutS ) lepaidpen (315
@ bow @) ez T jleadier @) )z )ly byl cuis |l
Lol cuiS )3 adisS & jolne 0956 Amd oo Ui 48 el cwd
0391 Al CudS &) Connd 3 Sloe (BRI L a3l )3 oo Jole
&9y 0 plosl Lilaejl b (Allahdadi et al., 2015) col
osle e Jo) e 3> 5313 Gl g g ol oghin S
CoiS pgd o 50 g dal Cowd 4 LAl Sl b, Suis
Lol g geans Jolg )3 (St o3l g5 WL (s Lalls ol
Gy lgs 6yl bobke glacuiS 3 (St oole 15 OV
Sy 3 palls Gl b () CutS g logd sy 93 + b
(Alizadeh et al., s i oaalin Jol coislby jl y S jlaw pod

e abgle 3y Sloe wyp 43 (6,500 ldis .2010)
(Trifolium alexandrium L.)
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obory Gdy 93 Lug sy e F aliabiw i) 93 9 olox,
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Total essential oil yield (g.m?)

0,5 LS 5l eolawl plin 4 &S cuwl odly i L& wladss
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e ol 25 2liE pole Cle Gl el o il ja
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(Moghaddam et al., 2013
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Fig. 2- The effect of different intercropping patterns of black cumin, bean and basil on total essential oil yield of the first and
second harvest of basil
t bl () 01D by, cany SO F Loy iy 93t wlialus ardy G IC (ol sy St logd sy St el sy B ol (allb cussT A
ol cad) ez T logd cady cudin  alialis cndy e 1F g by candy aw F log cidy it aibials (s 4w 1B bouy cansy 9 F L) cins) sl
A: monoculture of basil, B: 1 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil
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Means with different letters are significantly different based on Duncan’s at 5% probability level.

b, )8 g oy il cou (ylas  Shaed bl 3,Sles
o elim g bgw byl ciS ) L .(Rajsawara, 2002)
S g oS 3, Shes & w5 515 el bl CudS g 5 Sles
Maffei & ) 5o jalls oS 5l pYL bgdsew cis s glis

Mentha piperata glis 9(Pelargonium graveolens L.)

60 ) Jos o ye ivljhl b gl bl 5,Shac &8 by b (L)
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{(Alizadeh et al., 2010) 55 o )los
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Table 6- Analysis of variance (mean of squares) on seed and biological yield of bean in different patterns in intercropping of
black cumin and basil

S aalio il an,s Al a,Slos  SUjgdom 3,Nles
S.0.vV df Seed yield  Biological yield
"_’“ ] 2 4093.55™ 49354.67™
Replication
5 40477.67 2960042.66
Treatment
ks 10 8381.56 125877. 33
Error
(M2 )3) il pundS - 7.30 6.42
CV (%)

2o yd o Jlein] gl 53 )l sxe g I3 grepé cuip 4 ¥ NS
ns and **: Non significant and significant at p<0/01, respectively.
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Fig. 3- The effect of different intercropping patterns of black cumin, bean and basil on the seed yield of bean

talhola ) 931D (gl @d) St Logd ) 0 F wliml ) S 10 ol ) St g o) St dhnls o) B g el cuisTA
ol cad) ez T logd cidy cudin F alialis cndy e 1F g by candy aw F log cidy it aibials Gdy 4w 1B (bouy cansy 9 F Lo cins) ke

A: monoculture of basil, B: 1 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil
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Means with different letters are significantly different based on Duncan’s at 5% probability level.
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ol 2,8es o Jis 4y 5 045 Lugh 43 5 jhgid SalS gy ol
»» .(Hauggaard-Nielsen et al., 2009) cwl s> ials |,
L) 93956 L bglve cuiS” ) ailiabis (091> olS' 3 Shos (o)
slajlas U coo oLS aw o aily 3,Slas &S 03 asuiie
4 s Gl S 3 o ol Sk 5 €85 155 L]
.(Koocheki et al., 2014) 55 5YL bl cuss

S §l (amyorie 3 5 B7313) Sojglom 5, Shos (i
by Lo e ) (gaye o o p,5 04) o Jludo (208 5 (el
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SoP e Gl (o) <) slee g ) cuta t dlales
(B JSs) 31 s g palls cuss' b
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Biological yield (g.m?)
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Fig. 4- The effect of different intercropping patterns of black cumin, bean and basil on the biological yield of bean
il ) 931D oy sy St Lug i) 9 F wlinlis ) S4IC () dy St g ) SoF wlimls iyd) S IB o) (b cuiSTA
ol cad) ez T logd cidy cudin F alialis cndy e 1F g by candy aw F log cidy it aibials Gd)y 4w (B bouy cinsy 9 F Lo cind) e
A: monoculture of basil, B: 1 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil
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Means with different letters are significantly different based on Duncan’s at 5% probability level.

) 3 s 5 4 a3 €55 s oSS et
wolhe il g ooilS sl sbl s 4 cuiS sy il)]

2- Facilitative interaction

lg e y555n slajlass 5 L) (Sfglm 0 Sles a8l
Jlize 51 5 glis ) slitl T LaSo clasSll b

1- Complementary pattern



275 . alanlow i g o5 ©lio o5y )

S 5 S0sSs p oy 0,90 LS lite Sl 0o I S
oanliio T Join 1 a5 455 o sl bglsis 51 o 51 S5 o
il (glaslas g LS o 53 (Fia el S plp S 2980
lanlw e LER 550 ol L glalasdo L6 cglis
it whial ciss) 4 blske xS 3 (0/66) Loy 5 (0/64)
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51 hinls 5 Log) L bogloe CutS 1 s, & Sgai (6 pSdomsi
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48 2ilgn Loy Lawgs (g Seigdom oS & bpe Ve
Gl olyen 0 Jgl v J o by Gl ) i Gl

o

alie g bl b o oliws o Lagd slaaiss (sl gllae bl
byl S Cilisen (slagSl aalllas ;5 .l 01 pal b oo

s 3,kae g o 15,5 S Ll 5 o) il e
4d oSN )5 o Jlabe opyieS g LAl S 3 Log Solelgm g
L (6,590 oliise (Koocheki et al., 2012) ol ons Juols
S wob Gl Logd 9 oluy 0y 5 (g)ls bolowe cuiS ddlllas
- IS S ) S 3, Shac 5 o) 4l > Slac 5V
= YU 4o |y Loy o Shee ialidl cde e ol ol Cawd
(Alizadeh et al., 2010) xlosls caps a5 cutS s Lug W51
CdS ) wde g jewo 5 belswe cuiS calisee (b oSl awyp yo
Soelgm 3y Slas g il 0y Slos (5 i & A asuie ped
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59 L s ) IS (6)lg bglsee cuiS (6581 5l S lae
.(Rezaei-Chiyaneh et al., 2014a) 15 Jols juws i csd,
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Table 7- Partial land equivalent ratio and total land equivalent ratio (LER) in different patterns in intercropping of basil,
bean and black cumin
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e & . Sl Copd
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Cropping pattern Partial land equivalent Partial land Partial land o)
. . equivalent ratio of equivalent ratio of Total LER
ratio of black cumin .
bean basil
Wy St Loy )y St ailialw sy SO
ol
1 Row black cumin+ 1 row bean+ 1 row 0.57 0.54 0.59 170
basil
Obuy cady St Lug) cady g0t ailialis iy S
1 Row black cumin+ 2 rows bean+ 1 row 0.55 0.57 0.66 1.78
basil
Oy @3y 93 F log () o + dlialw ) 9
2 Rows black cumin+ 4 rows bean+ 2 rows 0.62 0.60 0.71 1.93
basil
oy aw b lugd () s 1 aliabus () 4w
ol
3 Rows black cumin+ 6 rows bean+ 3 rows 064 0.66 0.58 1.88
basil
Gy ke T Ly iy cudn t ailalus i) Hles
ol
0.45 0.64 0.48 1.57

4 Rows black cumin+ 8 rows bean+ 4 rows
basil
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Introduction

Cultivation of medicinal plants in agricultural ecosystems plays an important role in the diversification and
sustainability of these systems (Rezaei-Chiyaneh & Dabbagh Mohammadi Nassab, 2014). Therefore, the
application of ecological principles such as multi-ship system seems essential in the production of these plants.
Zarifpour et al. (2014) in intercropping arrangements of cumin and chickpea showed that different cropping
patterns had a significant effect on chickpea and cumin yield and the highest essential oil and land equivalent
ratio achieved by planting ratio 50% cumin + 50% chickpea. Therefore, the objectives of the present study were

to examine the effect of different intercropping patterns of black cumin and basil with bean on their yield and
qualitative traits.

Materials and methods

In order to evaluate some quantitative and qualitative traits of black cumin (Nigella sativa L.) and basil
(Ocimum basilicum L.) in different intercropping patterns with bean (Phaseolus vulgaris L.) and land use
efficiency, a field experiment was conductedbased on a randomized complete block design with eight treatments
and three replications at the farm located in West Azerbaijan province in Nagadeh, Iran during growing reason
about 2013-2014. Cropping patterns included row intercropping (one row of black cumin+ one row of bean+ one
row of basil) and strip intercropping (one row of black cumin+ two rows of bean+ one row of basil, two rows of
black cumin+ four rows of bean+ two rows of basil, three rows of black cumin+ six rows of bean+ three rows of
basil, four rows of black cumin+ eight rows of bean+ four rows of basil) and their solecropping.

Black cumin was harvested when they turned brown, dried and shelled, and bean was harvested when the
first pod of the plants fully matured and dried. Basil was harvested in the first and the second harvest at 50% of
flowering.

Land Equivalent Ratio (LER)
Land equivalent ratio of basil, black cumin and bean was calculated using equation 1 (Koocheki et al., 2014):

Y, Y
LER :—1+—2+Y—3
B, B, B3

Equation 1:
Where, Y3, Y,and Ysrepresent basil, black cumin and bean yield in intercropping, respectively and B, B, and
Bs represent basil, black cumin and bean yield in solecropping, respectively.

Results and discussion

Results revealedthat the economic yield of three plants was significantly affected by treatments and
theaverage yield was higher in solecropping than intercropping. By increasing in strip width seed yield of black
cumin, dry matter yield in the first, and the second harvest of basil were decreased 30, 29, and 24 percent,
respectivelycompared to monoculture. However, seed yield and biological yield of bean did not indicate any
significant differences at solecropping with four rows of black cumin+ eight rows of bean+ four rows of basil.
Higher seed yield and biological yield of sole cropped may be due to the fewer disturbances in the habitat in
homogeneous environment of monocropping systems. Moreover, no significant difference between sole
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cropping of bean with combinations of 4 rows black cumin+ 8 rows bean+ 4 rows basil may be due to facilitative
interaction in this combination. The percentage of essential oil in black cumin and basil of all treatments was
higher than solecropping. Higher essential oil yield in intercropped could be due to the positive effect of bean
such as nitrogen fixation for black cumin and basil. The essential oil content of black cumin and basil are,
furthermore, positively affected by intercropping with bean.The maximum land equivalent ratio (1.93) was
obtained in two rows of black cumin+ four rows of bean+ two rows of basil that represents an increase
advantages in intercropping than solecropping.

Conclusion

The results showed that quantitative and qualitative yield of three species was affected by planting ratio. The
maximum seed and biological yield of three species were obtained at solecropping. The percentage of essential
oil in black cumin and basil of all treatments were higher than solecropping. The LER index was higher than one
in all intercropping treatments compared to solecropping systems. Generally,it seems that the cropping pattern
“two rows of black cumin+ four rows of bean+ two rows of basil* is remarkably effective to increase the
economic income and land use efficiency.

Keywords: Economic yield, Essential oil, Intercropping, Medicinal plants, Multicropping, Sustainable
agriculture
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