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3- Land equivalent ratio

4- Setaria italica (L.) P. Beauvois
5- Vigna radiata (L.) R. Wilczek
6- Cuminum cyminum L.

7- Trigonella foenum-graecum L.
8- Glycine max L.

9- Ocimum basilicum L.

10- Borago officinalis L.
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1- Vicia faba L.
2- Fabaceae
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1- Mentha piperita L.
2- Actual yield loss or gain
3- Relative crowding coefficient
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Table 1. Meteorological data for Khosroshahr station in 2019.

Slale S0L g pere o i sby Lo gt Los Jacs 20
Groishen) o g yomme L
Total evaporation (st (1222) R Month
(mm) Total monthly rainfall ~ Average relative humidity ~ Average temperature ont
(mm) %) ¢C)
ot
10.32 45.35 55.23 10.23 23
April
o
159.32 9.85 50.34 1221 =
May
31056 13.65 37.8 25.29 a
June
|
386.45 0.35 31.23 26.84 e
July
365.32 0.2 31.25 25.83 S
August
226.13 0.3 39.31 20.53 il
September
oL
132.8 14.1 49.44 15.62 o
October
51
14.43 55.43 54.16 5.94 ’?
November
0 16 74.15 355 ¢
December
0 27.2 77.40 -2.43 R
January
0 18 72.21 0.46 -
Fabruary
0 58 58.26 8.65
March

s et o) 3,3 Olruby3T Oltad bl ga ol e
Reference: Meteorology office of east Azarbiajan, Khosroshar Station

YAY



VE++ (¥) 2)lond (VA) s> (2L g5 (5L iyl & it

Sl YT a8 5 iy 4SS e
el 10 5o ey 6oy s aholb sy
Bl LS o5 o 5 s
B ol 2 Yo Sk o s e Sl 00
Joe 2 02 Odd s 1 Olebl g A 3 S
DAE 5o S5l e 5 ook 4y, Ly s Y B Y IS
e S 53 al e 4 LOT ey 5 aazalS
o) 80 oyl 35S LaE S5 Lol glaw
Ol e a5 1S 5o p S S Y e w0 (035 %
g e Sl A esls e 4kl
Ay Jead gl s S sbay (Al plasl 20
3 b dole 4 Odes b ol ool JLSS 5550
5338 Sy USG5V A Al b ol
ez 53 ol ol b5 3T, fuad U b
033590 S alacile D LS edali
e 5Tl Sy Sl L e
Sy Sl Ut 3 s Sogo & S ding i
i S ol Al e 4 ALl 5 L e

RSV s)

G BV Colas 4 ) 5o 8 lass

s oot 3 Jl 5l s Sigsbey 3 |
(S d S e sl Rl s Oy Ul o
O3 03 sk S Sl S S e S 5 mdad
W (5831 51 oslinal b i 350 ey anda 1 ol
s (5S4 god Sbt (g pe il T e Gas 5l
25 S A s O 55 397 50 oge jolie Ao
e el 0ol ¥ Jgd s St ilesT 4 bg e
o OLSL os d (Home L1 51O 5 ksl
Ao 3 Oliabl 5y liaay 5 sdd ag Olgiosl
53 1S5 g s Laol Slsae 00 U sal e
D2 sl s o5l S5 s g b
S5 Ll Y el o5 51 bl 51 ey 8 S
Celw YE 51 ) DBL 5 5 (S &0 @)
Lo SL sl Jpdoe 4 (O s ol
Txt bl b oo S 55 5 ol el Lass)
= lacin; o 5o a5 ol il allS
ety Sl 00 s S 53 sy N LSS

ﬂjj_:adul_wﬁ“\//o cug:))j).h %J)/\Jc.{:‘;

YA Do s 23— ) 3L b lesT as 50 51 ek 48§ S i gad 450 s —Y Jpus

Table 2. Analysis of selected soil of the experimental field by texture of loam-sand in 2019.

Sl il
T LSUIRVY H 3
. .. | sl — Soil texture s
el b DS 5 bfa < ey A 15 0 aas
S Che Y
Potassium Phosphorus Nitrogen n:gf?tr:rc e H . . } SRy
(mglkg) (mglkg) %) : EC P oo Depth
(%) (dS/m) Sand  Silt  Clay  sampling
(%) (%) (%)
980 56.5 0.05 1.01 5.8 7.5 65 17 18 0-60 cm

1- Acroptilon repens (L.) DC.
2- Convolvulus arvensis L.
3- Salsola kali subsp. tragus
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1- Lens culinaris Medikus
2- Phaseolus vulgaris L.
3- Sesamum indicum L.
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Table 3. Analysis of variance (mean of square) of fennel: faba bean intercropping on fennel yield and its

components with faba bean biomass.
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: ; Fennel yield per Umbellets
bean essential  essential  harvest eld seed er umbel per
biomass  oil yield  oil (%) index Y weight ~umbellet P plant
Sk
155496 0.20 0.04 49.69 21084 102154 0.14 6.64 10.22 0.55 2
Block
slasles
979638** 5.69** 0.03* 53.31**  68989**  467940**  0.52** 2.11* 10.59** 0.78** 7 g;:'iL“)T
Experimental
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Q,J'..ll.»ﬂ sl
80795 1.26 0.01 12.89 9649 24666 0.10 0.90 2.55 0.18 14
Error
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CV (%)
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Fig. 1. Effect of faba bean:fennel intercropping on relative crowding coefficient (RCC). [6 Faba bean + 3
Fennel (A), 6 Faba bean + 2 Fennel (B), 6 Faba bean (C), 4 Faba bean + 2 Fennel (D), 3 Faba bean + 3 Fennel
(E), 2 Faba bean + 4 Fennel (F), 6 Fennel (G), 2 Faba bean + 6 Fennel (H), 3 Faba bean + 6 Fennel (I)].
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Fig. 2. Effect of faba bean:fennel intercropping on land equivalent ratio (LER). [6 Faba bean + 3 Fennel (A),
6 Faba bean + 2 Fennel (B), 6 Faba bean (C), 4 Faba bean + 2 Fennel (D), 3 Faba bean + 3 Fennel (E), 2 Faba
bean + 4 Fennel (F), 6 Fennel (G), 2 Faba bean + 6 Fennel (H), 3 Faba bean + 6 Fennel (I)].
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Fig. 3. Effect of faba bean:fennel intercropping on actual yield loss or gain (AYL). [6 Faba bean + 3 Fennel
(A), 6 Faba bean + 2 Fennel (B), 6 Faba bean (C), 4 Faba bean + 2 Fennel (D), 3 Faba bean + 3 Fennel (E), 2
Faba bean + 4 Fennel (F), 6 Fennel (G), 2 Faba bean + 6 Fennel (H), 3 Faba bean + 6 Fennel (I)].
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Fig. 4. Effect of faba bean:fennel intercropping on intercropping advantage (1A). [6 Faba bean + 3 Fennel (A),
6 Faba bean + 2 Fennel (B), 6 Faba bean (C), 4 Faba bean + 2 Fennel (D), 3 Faba bean + 3 Fennel (E), 2 Faba
bean + 4 Fennel (F), 6 Fennel (G), 2 Faba bean + 6 Fennel (H), 3 Faba bean + 6 Fennel (1)].

L e e S pslan i 4 bl 28
By s el (sl e 2l ole 5 T O
el 48 S5 o OT 4 bt g ki
s i G S8 s ks
S s gilhe g byl 25 S
j_gu_xﬁljsj_iiwua}ubf«_?%:;);«fw\
Mol b glove S sl 3 el 003 OLES il 30
SLags e B 5o 0000 Y] o L all, +
03 SR s i T e it S 2 S0l

:F&WJSMW&‘}&)QTJ@D&

Sy Sl
el 5 el 055 SolSan Sl s pds
e sze 5 oS tlesl p e st e 5 SLSL
e A o8l (63,5l suSliils Slidss
) olSan JS Gl ol (5121 3 S Ol 3]
.:.ajfda 138 laes il

Y

S 35 4o

esle 5, Shos S 5ls 0L Jrasiy ol il

Sl o, Ses glarl 55, Shas SBEL i
D5 by dse cniS Gl gl S Sl
38 e DL S esle s Shas 5 358
LS 5 ;o Lalls coiS sl el 5 il
oolal dss S e ol bl s
Aol sty bglsee oS la Sl s L8 51 6L,
S b CiS S 5 o e bl &S g0l )
CiS Rl s, Sas 5 gl 2Ll o)
SLas bl () 35S e il bl
B Sl B s e L aglie 3 5SSl
2 el s Sdes 5 e Gl s e LS
CiS sla Sl o3 Adls 13 (6 e Cands
ML s, VeSS Sl glags
3 80es 5 Gl s 1 5 A Sls AL, s, Y

‘_gj_fﬂ o=l o3 aS s e Ol el pl s A3l



VEo w (1) o,lond {TA) s (ALS g3 (Sla gy &y

1.Aghababa Dastjerdi, M., Amini Dahaghi,
M., Chaichi, M.R. and Basaghzadeh, Z.
2014. The effect of different fertilization
systems on nutrititative and qualitative
characteristics medicine forage (Case
study: alfalfa and fennel). J. Crop Improv.
16: 111-125. (In Persian)

2.Ahmadi, A., Dabbagh Mohammadi
Nasab, A., Zehtab Salmasi, S., Amini, R.
and Janmohammadi, H. 2010. Evaluation
of yield and advantage indices in barley
and vetch intercropping. J. Agric. Sci.
Sust. Prod. 20: 77-87. (In Persian)

3.Alizadeh, Y., Koocheki, A. and Nassiri
Mahallati, M. 2010. Investigating of
growth  characteristics, yield, yield
components and potential weed control in
intercropping of bean (Phaseolus vulgaris
L.) and vegetative sweet basil (Ocimum
basilicum L.). Agroecol. 2: 383-397.
(In Persian)

4.Amani Machiani, M., Javanmard, A. and
Shekari, F. 2017. The effect of
intercropping patterns on peppermint
(Mentha piperita L.) dry biomass yield
and essential oil content and faba bean
(Vicia faba L.) seed yield. J. Crop. Proc.
7:79-97. (In Persian)

5.Amani Machiani, M., Javanmard, A.,
Morshedloo, M.R. and Maggi, F. 2018.
Evaluation of yield, essential oil content
and compositions of peppermint (Mentha
piperita L.) intercropped with faba
bean (Vicia faba L.). J. Clean. Prod.
171: 529-537.

6.Amani Machiani, M., Rezaei-Chiyaneh,
E., Javanmard, A., Maggi, F. and
Morshedloo, M.R. 2019. Evaluation of
common bean (Phaseolus vulgaris L.)
seed vyield and quali-quantitative
production of the essential oils from
fennel (Foeniculum vulgare Mill.) and
dragonhead (Dracocephalum moldavica
L.) in intercropping system under
humic acid application. J. Clean. Prod.
235:112-122.

7.Asgharipour, M.R. and Khatamipour, M.
2013. Effects of farmyard manure
application on weed control and yield in
millet-mungbean intercropping. J. Crop
Improv. 15: 175-190. (In Persian)

&b

Y.y

8.Azimi, S. and Vaez, N. 2019. Comparison
of population of Aphis fabae and its
natural enemies and yield in intercropping
of faba bean (Vicia faba) and marigold
(Calendula officinalis). J. Agr. Sci. Sus.
Prod. 29: 305-317. (In Persian)

9.Bagheri Shirvan, M., Zaefarian, F.,
Akbarpour, V., Asadi, G.A. and
Bicharanlou, B. 2012. Assessment of

growth indices of soybean, vegetative
sweet basil and borage in intercropping
different ratios. J. Plant Prod. Res.
19: 1-26. (In Persian)

10.Banik, P. 1996. Evaluation of wheat
(Triticum  aestivum) and  legume
intercropping under 1:1 and 2:1
row-replacement  series system. J.
Agron. Crop Sci. 176: 289-294.

11.Choi, B. and Daimon, H. 2008. Effect of
hairy vetch incorporated as green
manure on growth and N uptake
of sorghum crop. Plant Prod. Sci.
11: 211-216.

12.Dordas, C.A., Vlachostergios, D.N.
and Lithourgidis, A.S. 2012. Growth
dynamics and agronomic- economic
benefits of pea-oat and pea-barley
intercrops. Crop Pasture Sci. 63: 45-52.

13.Eskandari, H. and Aalizadeh-Amraie, A.
2018. Effect of planting pattern and
alternate  furrow irrigation on
productivity of water and land under
wheat and Persian clover intercropping.
J. Water Res. Agr. (Soil and Water Sci.).
32: 179-186. (In Persian)

14.Gholinezhad, E. and Rezaei-Chiyaneh,
E. 2014. Evaluation of grain yield and
quality of black cumin (Nigella sativa
L.) in intercropping with chickpea
(Cicer arietinum L.). Iran. J. Field Crop
Sci. (IJFCS) 16: 236-249. (In Persian)

15.Habibzadeh, F., Hazrati, S., Asghari,
B., Gholamhoseini, M. and Javad
Nikjouyan, M. 2018. Evaluation of of
yield, essential oil and productivity
indices in different planting
combinations in the intercropping of
hyssop (Hyssopus officinalis) and lentil
(Lens culinaris). J. Plant Prod. Res.
5: 3. 83-99. (In Persian)



Oy g 0315de 105

16.Jahani, M., Koocheki, A. and Nassiri
Mahallati, M. 2008. Comparison of
different intercropping arrangements of
cumin (Cuminum cyminum L.) and lentil
(Lens culinaris L.). Iran. J. Field Crop
Res. (IJFCR) 6: 67-78. (In Persian)

17.Jamshidi, K., Mazaheri, D., Majnoun
Hosseini, N., Rahimian, H. and
Peyghambari, A. 2008. Evaluation of
yield in intercropping of maize and
cow pea. Pajouhesh and Sazandegi.
80: 110-118. (In Persian)

18.Khorramdel, S., Siahmargue, A. and
Mohmoodi, G. 2016. Effect of
replacement and additive intercropping
series of ajowan with bean on vyield
and vyield components. J. Crop Prod.
9: 1-24. (In Persian)

19.Maffei, M. and Mucciarelli, M. 2003.
Essential oil yield in peppermint/
soybean strip intercropping. Field Crops
Res. 84: 229-240.

20.Malik, A.A., Suryapani, S. and Ahmad,
J. 2011. Chemical vs. organic cultivation
of medicinal and aromatic plants: the
choice is clear. Int. J. Med. Aromat.
Plants 1: 5-13.

21.Mansouri, L., Jamshidi, K., Rastgoo, M.,
Saba, J. and Mansouri, H. 2013. The
effect  of  additive maize-bean
intercropping on yield, yield
components and weeds control in
Zanjan climate conditions. Iran. J.
Field Crop Res. (IJFCR) 11: 483-492.
(In Persian)

22.McLaughlin, A., and Mineau, P. 1995.
The impact of agricultural practices on
bioeliversity. Agric. Ecosyst. Environ.
55: 201-212.

23.Mirhashemi, M., Koocheki, A., Parsa,
M. and Nassiri Mahallati, M. 20009.
Evaluation of growth indices of ajowan
and fenugreek in pure culture and
intercropping  based on  organic
agriculture. Iran. J. Field Crop Res.
(JFCR). 7: 685-694. (In Persian)

24.Mohammadi, H. and Rezaei-Chiyaneh,
E. 2019. Effect of wvermicompost
application on seed yield and quality in
faba bean (Vicia faba L.) and fennel
(Foeniculum vulgare L.) intercropping.
Iran. J. Crop. Sci. 21. 139-154.
(In Persian)

Yoy

25.Nakhzari Moghaddam, A. 2016. Effects
of nitrogen and different intercropping
arrangements of barley (Hordeum
vulgare L.) and pea (Pisum sativum L.)
on forage yield and competitive indices.
Agroecol. 8: 47-58. (In Persian)

26.Pandita, A.K., Shah, M.H. and Bali,
A.S. 2000. Effect of row ratio in cereal-
legume intercropping systems on
productivity and competition functions
under Kashmir conditions. Indian J.
Agron. 45: 48-53.

27.Parsa, M. and Bagheri, R. 2008.
Pulses. Jihad-e-Daneshghahi Publication,
Mashhad, Iran, 355p. (In Persian)

28.Ranjbar, F. and Koocheki, A. and
Nassiri Mahallati, M. 2016. Effect of
intercropping  paterns  of  fennel
(Foeniculum wvulgare Mill.), Sesame
(Sesamum indicum) and bean
(Phaseolus vulgaris L.) on growth,
qualitative and quantitative characters
and yield components. J. Hort. Sci.
30: 406-416. (In Persian)

29.Rezaei-Chiyaneh, E., Amirnia, R.,
Amani Machiani, M., Javanmard, A.,
Maggi, F. and Morshedloo, M.R.
2020. Intercropping fennel (Foeniculum
vulgare L.) with common bean
(Phaseolus vulgaris L.) as affected by

PGPR inoculation: a strategy for
improving yield, essential oil and
fatty acid composition. Sci. Hort.

261: 108951.

30.Rezvani Moghadam, P. and Moradi, R.
2012. Assessment of planting date,
biological fertilizer and intercropping on
yield and essential oil of cumin and
fenugreek. Iran. J. Field Crop Sci.
(FCS). 43: 217-230. (In Persian)

31.Rostaei, M., Fallah, S., Lorigooini, Z.
and Abbasi Surki, A. 2018. Crop
productivity and chemical compositions
of black cumin essential oil in sole crop
and intercropped with soybean under

contrasting fertilization. Ind. Crops
Prod. 125: 622-629.
32.Sadri, S., Poor Yousef, M. and

Soleimani, A. 2015. Evaluation of yield,
essential oil and productivity indices in
fennel and fenugreek intercropping. J.
Crop Improv. 16: 921-932. (In Persian)



VE++ (¥) 2)lond (VA) s> (2L g5 (5L iyl & it

33.Salehi, Z., Amirnia, R., Rezaei- 35.Wodnicka, A., Huzar, E., Krawczyk, M.
Chiyaneh, E. and Khalilvandi Behrozyar, and Kwiecien, H. 2019. Synthesis and
H. 2018. Evaluation of yield and some antifungal activity of new salicylic acid

qualitative  traits of forage in

. . . : derivatives. Pol. J. Chem. Technol.
intercropping of triticale with annual

legumes. J. Agric. Sci. Sus. Prod. 19: 143-148.

28: 59-76. (In Persian) 36.Zimdahl, R.L. 2007. Fundamentals of
34.Vandermeer, J. 1989. The Ecology of Weed Science. Academic Press, 758p.

Intercropping. Cambridge University

Press, 237p.

\R%3



