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Abstract

Background and Objective: The use of organic fertilizers, in addition to reducing the use of chemical fertilizers, can
also play an important role in environmental health. It is important to investigate the various ecological and economic
aspects of intercropping plants using different fertilizers. This experiment was conducted to compare the agronomic and
economic characteristics of pure and mixed cropping patterns of garlic and fenugreek under organic and chemical
nutrition conditions.

Methods: This experiment was conducted as a split-plot based on randomized complete blocks design with three
replications at the Research Farm of the Faculty of Agriculture of Shirvan, Iran, during the 2021-2022 growing season.
The main factor was the control, chemical fertilizer, and compost as organic fertilizer, and the secondary factor included
pure cultivation of garlic and fenugreek, mixed cultivation of 25% garlic with 75% fenugreek, 50% garlic with 50%
fenugreek, and 75% garlic with 25% fenugreek.

Results: The use of compost resulted in the highest percentages of essential oil in garlic and fenugreek (2.53 and 1.19%,
respectively), and the control plants showed the lowest percentages of essential oil in garlic and fenugreek (1.99 and
0.89%, respectively). Plants fed with compost and chemical fertilizers under pure cultivation conditions had the highest
dry forage yield, biological yield, and grain yield. On the other hand, the highest economic benefit was obtained from the
intercropping pattern, so that the highest economic benefit belonged to the intercropping treatment of 75% garlic and 25%
fenugreek under compost fertilization conditions.

Conclusion: The results of this study showed the agronomic and economic advantages of the intercropping pattern over
monocropping, and organic nutrition system over chemical fertilization in garlic and fenugreek cultivation. Overall,
implementing an intercropping system with ratios of 75% garlic with 25% fenugreek and 50% garlic with 50% fenugreek
with compost fertilization was more suitable.
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Table 1. Soil analysis results of garlic and fenugreek intercropping in Shirvan in the crop year of 2011-2012

Sl M6 i Sl ey ed Sy S0 oS N PP
Available phosphorus  Available potassium  Salinity pH Total nitrogen  Organic carbon  Sand  Silt  Clay Texture
-------------------- mg kg o= dSm’! - % -
e
8.1 99 3.1 7.6 0.022 0.23 49.8 457 45 Sandy
loam
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Table 2. Results of compost analysis used in mixed cultivation of garlic and fenugreek in Shirvan in the crop year of 2011-2012

S s e s A (e pelS e Sod ¢ 50! M s
pH Salinity Cu Zn Fe  Magnesium Calcium Potassium Phosphorus  NH4" Organic carbon
- dSm'! e mg kg'! %
7.99 8.01 35 142 2189 1.16 3.38 1.05 2.89 0.04 30.12
F3 F1 F2
C2 C3 Cl Cs C4 Cl C2 C3 C4 C5 C5 C1 C4 C3 C2
F2 F3 F1
C2 C5 C4 Cl C3 C4 Cs5 Cl1 C2 C3 C3 C4 Cs5 Cl1 C2
Fl F2 F3
C5 C1 C2 C3 C4 C2 C3 C4 Cs5 Cl1 Cl1 Cs5 C3 C2 C4
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Fig. 1. Experiment plan in garlic and fenugreek intercropping. F1, F2 and F3 show control (no fertilizer application), chemical fertilizer,
compost, respectively; C1, C2, C3, C4 and C5 stand for pure garlic cultivation, pure fenugreek cultivation, mixed cultivation with a
ratio of 75:25, 50:50 and 25:75 garlic and fenugreek, respectively.
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Table 5. Means' comparison of traits of garlic and fenugreek plants as affected by the interaction of nutrition system and cropping

pattern
Fenugreek Garlic
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Seed yield Biological yield Dry forage yield Bulb yield Biological yield Treatment
(kg ha™!) (kg ha!)
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In each column, the means with at least one common letter are not significantly different at the 5% probability level (LSD test). F1, F2 and F3 show
control (no fertilizer application), chemical fertilizer, and compost, respectively; C1, C2, C3, C4 and C5 stand for pure garlic cultivation, pure fenugreek
cultivation, mixed cultivation with a ratio of 25:75, 50:50 and 75:25 garlic and fenugreek, respectively.
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Table 7. Means' comparison of land equality ratio, dominance and monetary advantage indices in mixed cropping patterns
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Fenugreek Garlic Total Fenugreek Garlic
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38741475 0.17 -0.17 1.07 0.59 0.48 FiCs
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52198296 -0.13 0.13 1.15 0.37 0.78 F2Cs
34789068 -0.40 0.40 1.06 0.54 0.42 F3Cs
51345223 -0.22 0.22 1.07 0.48 0.59 F3Ca
55684556 0.11 -0.11 1.14 0.33 0.81 F3Cs
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F1, F2 and F3 show control (no fertilizer application), chemical fertilizer, and compost, respectively; C1, C2, C3, C4 and C5 stand for pure garlic
cultivation, pure fenugreek cultivation, mixed cultivation with a ratio of 25:75, 50:50 and 75:25 garlic and fenugreek, respectively.

355 O pan w53 e K55 gm > SNhee 3 e AL R
e pobs m 3Ll 4 AL 1) e sl 3 e
S oS oyl li 5 28y o)y )y Rl 5l e e
55 < b 3l .(Ranjbar etal., 2016; Alizad et al., 2018) sl
(G ez obie 51 B slie el e gdle CewgaS 555
Jslate 4035 L Ll o0 S 035 (2 20 S paeeS olie Sl
b b I e e ol a5 glesll 5 olS
Darzi et al., ) 53,8 2iw 035 Caw) I 5 5 oLS (g0 5
.(2010; Rahimi and Hashemi, 2016
YIOF) o S5t gn il i3 1 iy s 300S b e
it S0 5 alerd 58 Sl 5 sls 0L 1 (A
sms onl b S 15 e 4y 3 (Ao Y/TY) Gk
(VA2) 2538 03 Sl b o paS 355 G oae slact L

Sl e L;J.f._p Q\@j}é 2l Ol Hls pme BV

AO

—dae g a5 5 S olend 5 (S caS el S
hr g oS ol Jm 3 pl e e EalS Las,S s La
23 o O NS e bt mle Gl 4 D S 5,08
Sl Skt T osbe ¢ o slaclad i 5 5550k
Wil an3ls ool oV pame kS 515 ol plaip sy
.(Vafadar-Yengeje et al., 2019)
Sl 52 Siddam 2 Shas 5 s o Sas ol o 2o
CespeS 5 loeed (2205 Bilpd o el s
O3k Gl 3l e 5 Shes a8 S I 3t Jols
IVO ol pan as o IYO bglos iS5 sland 555 5 a0 S
Ssls 3 S5 3 Shas sl 5 (o 5 FICs) abas
ALl IV el san 4 e YO bglies S 5 Cilties 638
o A5 535l 5 55 0S1 5 Aol Coks (F3C3 5 FoC3 FiC3)

S Sl s Sl am 3 S il ol e Wl


http://dx.doi.org/10.47176/jspi.16.4.21751
http://jspi.iut.ac.ir/article-1-1713-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21751 ]

g s

\f'—‘\‘/f)Lﬁ a,L«:«/‘.M;.sL: JLA/@L;JJU- Ly,

Koocheki et al., ) L3 o Jize ladils 4y slge cpl sde
DSl 5 e 03 Sl 3 b aliard 355 5 S saS (2021
o=l el Sl 0 a0 sk Slye 4 aldid D oo s
s Ay o 5 b b B el s
Pez-Bellido et al., ) 4 V.A‘J.é 1y e SOLe Jsb il 58l
e S5 deul, ) s (20045 Mardani et al., 2015
Sl et S Akt oS > Shas By S
.(Kargar and Mortazaeinejhad, 2016)

SNl ol S S5 605 Jelse
SR o il (6355 Slasbed Sl s ddls dldod Gy 5o
Olag ol 31 e 9 55 S snS 355 Hlad 4 Gl Cto
AN lasles o o Jl 3 258 5 et 58
5 e L3 VO Jled 53 Wes 55 OB sl o i (oS
Shalded @ g 5o OMe sl Ll sdaline dldels s s YO
e el olS lgs 5 Shas 53 108 20 5 g 5 Shos 15!
5o Gk 3l g en g als sldas o lgls s G b Sl e
Sy bl (2 Laails (gl (gt laes sl 3 pals s
shess 355 5 CuvseS (Rezaei-Chiyaneh et al., 2014)
fptphjyjh}g.wbwdl;%ﬁbﬂji:w%
— o 13 eSSl s WassS cnlol 1 Gl oS Gy
5 stasy My ey b il alanl sas ol andl s o, S
Sole 02 s e IS AP o iy S el e
.(Marastoni et al., 2019) 535 € & ;> oo O W]y

Codlsy arle 5 dls e Ohs O s dls sl
Ol oS 6 S 5 (6555 lasless 4 (sl omn Gy Al
ol S il padse cpl ekeSUl Wl e s cpl Ll
Cod S g esg oS Sah Sliv b e gty Slis
Azarnia ) 15,8 o )l 3 olS CiS 1 pde belge 5 s 30
(etal., 2015

sl sl 3 T s pleed adis cou S LS
<8 e S ‘_;,LALf L oulsome N (bl (gl gims
ClS slasles e 5y il W 05,58 S8l (6o

5 U Sl b 5y b S 2Bl L e s
oS i 5 Sde jole P> (S OLIL 5, sl
— ke a5 s ol sl LTulg 508 o 15 LT
— o olS G55 el Ol e (2ol 33 sl 56 5 sl (sl
Lo,y a0l 4 4 5 L (Safikhani Nasimi et al., 2019) s .5
oA iS5l gyl pme sba bdse i s o Ll
g5 bl 4 58 (S amt i U p 2 R oS
G655 05,5 Culsy SRl L b ylsve oS (gl ol 51 e
3ol 05 ensn e wls S e ol e co e
oy L lg & sdd s b e 5 e ole
sl gbodpnbe A5 5 s e g St daly &
Rezaei-) ol 4l s Lkl o ol 55 olS olal Ao
.(Chiyaneh et al., 2016
o geaS 555 L o allt o2 Ll 5 s oS SLLS
wiole 5 Shae polie o tiy (Wsy odd gl gl
oS 5 Ladls |y db o Sas 5 Sl o Shes (S
YO olpen 4 e o3 VO Lo 5l Sl cpl sl 5 Shas
CL[L?)\ P A ol 35S OB pae Ol 5 Al Ao s
0 pheed sl 5 A ol vﬂ 58 5,8 e s Gy
on Oeen 38 I Cdo gl SE B ) e )
o 223 VO S 5 b bl pl ) o ity (S (sl S
OLE i 5 e et A3 ol Al A0, YO
Loawslis jo Lol oS s olS gLl B &S s e
e sl 5 Ol o5 sl o) Wse Ll e b sloe oS
Sl sl S0 s, bl 4 0alS & J- s L
Koocheki et al., 2021; Shafagh-) & ls; 5= 55 (5 S gl
23S 5l Sy A= e 55 olS &S Sl (Kolvanagh, 2025
slas S g sl JUml el 4 jmewgs 51 fols g 03y
e olie iy Ol ln 1 Bld iy anes b
mt s Rl el a s w a el ) S e a3
o > Wl 3 dﬁ:L}f Ol e SRt dlge slle 550
JUml b S 4 03 S5 by (a3 851 gy 5355

NS


http://dx.doi.org/10.47176/jspi.16.4.21751
http://jspi.iut.ac.ir/article-1-1713-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21751 ]

g3 iS5 e blsee oS (galaBl g oy sl Shy ez

CLA J‘ JL\;..:.; LSJ"J”)G-‘ 9 (_;)‘JJ‘QLN 6L~£.9 JL&Z‘ @L‘jj 9
by ki 4 o O P sl A, 5 ol (e
.(Nakhzari Moghaddam, 2016) —..5ls

bl e slas Ol (g3l oy e e ls b))
Addol 5 e olS g5 Ll S L anslie js b oS
34 ga uh:m CLA 3l f"ujlh»: oslaial n.,\;;gu.aie_.i.a PLY EpY
il g J IS immen 5 olE ole 5 Ol O son e
.(Bagheri Shirvan et al., 2012) .l bglse iS55 5,a
Slapioew ¢lyl o bolse iS55 el ) slasl
e Sl eslinal 2 2l edasOlis & sy e 4dis
Bagheri) Sl 034 43; 32 O Q,..)G) u;i‘]e‘ 9 u.\a.:}u:
Ghwd g OAE i 5 St ( IS sbay (Shirvanetal., 2012
Jelse G Jsas Aol byl i8S St (3Ll
eJLL\..N‘ éj{}:j gﬁ'il"\; &LA)L:; ‘&'.’.)“}Jﬁjﬁ'e) vﬂjﬂﬁ)}ﬂ
.(Bagheri Shirvan et al., 2012) —ol alS sla

& S 4o
S galasl 5 olhs Cope e Ol s nl b
STl e 5 2SS S & e bl oS
Sl ol il 5 e SLALS S s plend 4 Cod
YO L ehar e doys VO slacind b bylos CuiS n
25355 b Al doys 00 L e o3 Do 5 calid s
ol O b aslie SBE 5 el Loyl 5 53 CogeS banys
(o313 g el samen 530S Blg Ol e Ly Relas]
385 LAkt Ao 3 YO 5 o do 3 VO blse 28 L
3 @S el mer 0 Jled (n Ae SeegeS
Aol o3 YO 5 e Aoy VO bl S gl jlas
S oo 3 A p ol CangeS 5 alerd 355 Lol en
o byls i8S Sl bl S o obe B, gbes
Slgt obasd 355 b ol en Al s B0 5 e Ao

Py

AV

S g B

Loys VO oS 5 sl aldes Hdu bl ds s o ies (b glss
Aoy g eSS sl ol s w3 YO 5
Ao ol (C) ddis el eSSl sslewdy il
LoolS 5L a5 olie jole wl o5 ol sd 2,18
5 el ol sy see (gbed 5 JI sleasS
3 ombal Glo s Gladsle A8 5 Jobo s L1580
Ghanbari ) coul axils o 55 15 0T o 50 slpe (gl g ol 53l
S A Gl s b e S 6l ) (et al,, 2017
OLlS Ole cpl 53 il g o3 1) aldsd Hd s slud S5
L St bl daass ol s C i Cond Laddis
53 5 olS (S15 el of s Yol oS sls ol
s b Lelie mld cal o Gl 8 0555 <o) el
.(Mosapour et al., 2015) ol sl 3,155 0l Kia s
Iyams om e0d (S30lea) dolas S (o) 2 0
23 e S8 G 1B L S sba das e Ol
e 5 el il Ky o gl b sl 28 Wil
YO 4 o o3 VO bylone 28 e Sl el opl Ol
DL il cpl s ol oS Jal s alled do s
aslie 53 (6 i it 1 bgles SIS 53 s olS s
& alkos oS e adiSUunl 6 el 038 il s alkas |
el e oS (sl S (g ol sl 65 S Ol e
SOk S a5l i boles led 53 55 IS el
slosls e w cis Sl ol s S el o
sl am 53 5 bl Gl Sdn s 5 S50
s mlia 5 e 3l eslind TS il slac ST
crl ednsOlis bylse SIS (55 0 cmaan b 1)
A G S SIS IS0 ) S el p a5
ol 0351 5208 (S106,80 555 by 5 CSlhe 4 Ghbesl oyl
bl S1 s oo esls (Dehghanian et al., 2020)
S8 3 e olS Cdle p mi 5 3 Sute e olS 0
Js s cdalie dldos Ao s VO 5 e do )5 YO bgle

oo LS 505550 Lol Sl S5is 4 08 g 1y 4 ol


http://dx.doi.org/10.47176/jspi.16.4.21751
http://jspi.iut.ac.ir/article-1-1713-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21751 ]

‘;\Mﬁjdﬂ \\"—‘\‘/VJL@Ta)w/rﬁéjudb/etzfjssu-hf“”

pbe sl Gl Rl 5 K5

&)‘&M}ﬁw\éljdu)blidﬁ W‘OMMQ)JJOW‘J.})M

References eslazuls ) g0 Gl;.o

1. Ahmadian, A., Ghanbari, A., Siahsar, B., Heydari, M., Ramroodi, M., Mousavinik, S.M., 2011. Study of chamomiles
yield and its components under drought stress and organic and inorganic fertilizers usage and their residue. J. Microb.
Antimicrob. 3(2), 23-28.

2. Alizad, L., Aghaei, A., Mostafavirad, M., 2018. Effect of chemical, organic and biological fertilizers on growth and
physiological characteristics of garlic (Allium sativum L.) in Guilan province. J. Plant Prod. Res. 25(3), 55-68.
https://doi.org/10.22069/JOPP.2018.13994.2258. (In Persian with English abstract)

3. Amani Machiani, M., Javanmard, A., Morshedloo, M.R., Maggi, F., 2018. Evaluation of competition, essential oil
quality and quantity of peppermint intercropped with soybean. Ind. Crop. Prod. 111, 743-754.

4. Azarnia, M., Safikhani, S., Biabani, A., 2015. The effect of bio-fertilizer on crops yield, sustainable agriculture and
organic farming. J. Biosaf. 8(2), 85-97. https://doi.org/20.1001.1.27170632.1394.8.2.9.6. (In Persian with English
abstract)

5. Bagheri Shirvan, M., Zaefarian, F., Akbarpour, V., Asadi, G.A., 2012. Evaluation of yield advantage and economic
productivity of soybean (Glycine max L.) intercropping with sweet basil (Ocimum basilicum L.) and borage (Borago
officinalis L.). J. Agroecol. 2(2), 42—57. https://doi.org/10.22092/IIMAPR.2022.354814.3003. (In Persian with English
abstract)

6. Bedoussac, L., Journet, E.P., Hauggaard-Nielsen, H., Naudin, C., Corre-Hellou, G., Jensen, E.S., Prieur, L., Justes,
E., 2015. Ecological principles underlying the increase of productivity achieved by cereal-grain legume intercrops in
organic farming. A review. Agron. Sustain. Dev. 35, 911-935.

7. Darzi, M.T., Hadjseyed Hadi, M.R. Rejali, F., 2010. Effects of vermicompost and phosphate biofertilizer application
on yield and yield components in anise (Pimpinella anisum L.). Iran. J. Med. Arom. Plants, 26(4), 452-467.
https://doi.org/10.22092/ijmapr.2011.6655. (In Persian with English abstract)

8. Dehghanian, H., Barmaki, M., Dabbagh Mohammadi Nassab, A., Seifdavati, J., 2020. Forage yield and relay
intercropping advantage of grass pea (Lathyrus sativus L.) and annual cereals at different cropping patterns. J. Agric. Sci.
Sustain. Prod. 30(1), 41-56. https://doi.org/10.1399.30.1.3.4. (In Persian with English abstract)

9. Dhima, K.V., Lithourgidis, A.S., Vasilakoglou, [.B., Dordas, C.A., 2007. Competition indices of common vetch and
cereal intercrops in two seeding ratio. Field Crops Res. 100, 249-256.

10. Duchene, O., Vian, J.F., Celette, F., 2017. Intercropping with legume for agroecological cropping systems:
complementarity and facilitation processes and the importance of soil microorganisms. A review. Agric. Ecosyst.
Environ. 240, 148-161.

11. Esmaeelian, Y., Amiri, M.B., Askari Naeeni, S., Moradi Sadr, J., Heidari Amale, F., 2017. Effect of plant growth
promoting rhizobacteria on yield and yield components of garlic medicinal plant (4//ium sativum L.) under the conditions
of  different organic and chemical fertilizers application. J. Hort. Sci. 31(4), 722-738.
https://doi.org/10.22067/jhorts4.v31i4.60566. (In Persian with English abstract)

12. Gangwar, K.S., Singh, K K., Sharma, S.K., Tomar, O.K., 2006. Alternative tillage and crop residue management in
wheat after rice in sandy loam soils of Indo-Gangetic plains. Soil. Till. Res. 88, 242-252.

13. Ghanbari, S., Moradi Telavat, M., Siadat, S.A., 2017. Evaluation of competitive indices in barley intercropped with
fenugreek under manure applications. J. Crop. Improve. 18(4), 821-834. https://doi.org/10.22059/jci.2017.56654. (In
Persian with English abstract)

14. Ghoroori, Sh., Moghadam, M., Farhadi, N., 2023. The changes of physiological and phytochemical traits of fenugreek
(Trigonella foenum-groecum) in response to inoculation with different species of mycorrhizal fungi. J. Soil Plant Interact.
14(1), 1-17. https://doi.org/10.47176/jspi.14.1.121013. (In Persian with English abstract)

15. Ghosh, P.K., 2004. Growth, yield, competition and economics of groundnut/cereal fodder intercropping system in the
semi-arid tropics of India. Field Crops Res. 88, 227-237.

16. Gliessman, S.R., 1998. Agroecology: Ecological Process in Sustainable Agriculture. Ann Arbor Press, Michigan,
252p.

AA


http://dx.doi.org/10.47176/jspi.16.4.21751
http://jspi.iut.ac.ir/article-1-1713-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21751 ]

g3 iS5 e blsee oS (galaBl g oy sl Shy ez S g B

17.Kargar, N., Mortazaeinejhad, F., 2016. Evaluating the amount of trigonelline and growth factors on the medium
reinforced with vermicompost and chemical fertilizer in Iranian fenugreek (7rigonella foenum-graecum L.). Iran. J. Med.
Arom. Plant. 32(5), 868—879.

18. Koocheki, A., Nassiri Mahallati M., Hatefi Farajian, M.H., 2021. Evaluation of yield and yield components of green
bean and bell pepper under replacement and additive intercropping systems. Iran J. Pulses Res. 12, 127-143. (In Persian
with English abstract)

19. Kumar, R., Tripathi, Y.C., 2011. Training manual on extraction technology of natural dyes & aroma therapy and
cultivation value addition of medicinal plants. Chemistry Division, For. Res. Inst. Dehra Dun, India.

20. Lithourgidis, A., Dordas, C., Damalas, C., Vlachostergios, D., 2011. Annual intercrops: an alternative pathway for
sustainable agriculture. Aust. J. Crop Sci. 5, 396—410.

21.Mahdavi Maraj, T., Ghanbari, A., Asghari Pour, M.R., 2015. Intercropping of barley and ajwain under different levels
of manure and chemical fertilizers. J. Appl. Res. Plant Ecophysiol. 1, 63—78. (In Persian with English abstract)
22.Marastoni, L., Sandri, M., Pii, Y., Valentinuzzi, F., Brunetto, G., Cesco, S., Mimmo, T., 2019. Synergism and
antagonisms between nutrients induced by copper toxicity in grapevine rootstocks: monocropping vs. intercropping.
Chemosphere 214, 563-578. https://doi.org/10.1016/j.chemosphere.2018.09.127.

23.Mardani, F., Balouchi, H., Yadavi, A., Salehi, A., 2015. Effect of row intercropping patterns on yield, yield
components, and weed control of fenugreek (7Trigonella foenum-greacum L.) and anise (Pimpinella anisum L.). Iran. J.
Field Crops Res. 13(3), 623—636. (In Persian with English abstract)

24.Mosapour, H., Ghanbari, A., Asgharipour, M., 2015. Effects of intercropping proportion on the quantity and quality
of essential oil in isabgol and ajwain. J. Agric. Sci. Sustain. Prod. 25(3), 1-13. (In Persian with English abstract)
25.Nakhzari Moghaddam, A., 2016. The effects of nitrogen levels and intercropping pattern on forage yield and
competition indices of barley (Hordeum vulgare) and pea (Pisum sativum). J. Crop Prod. 9(1), 199-214.
https://doi.org/10.22069/EJCP.2016.2964. (In Persian with English abstract)

26. Pez-Bellido, L., Lopez-Bellido, R.J., Castillo, J.E., Lopez-Bellido, F.J., 2004. Chickpea response to tillage and soil
residual nitrogen in a continuous rotation with wheat: I. Biomass and seed yield. Field Crops Res. 88, 191-200.
27.Rahimi, M.M., Hashemi, A.R., 2016. Yield and yield components of vetch (Vigna radiata) as affected by the use of
vermicompost and phosphate bio-fertilizer. J. Crop. Ecophysiol. 10(2), 529-540.

28. Ranjbar, F., Koocheki, A., Nassiri Mahallati, M., 2016. Effect of intercropping paterns of fennel (Foeniculum vulgare
Mill.), sesame (Sesamum indicum) and bean (Phaseolus vulgaris L.) on growth, qualitative and quantitative characters
and yield components. J. Hortic. Sci. 30, 406—416. (In Persian with English abstract)

29. Rezaei- Chiyaneh, E., Tajbakhsh, M., Fotohi Chiyaneh, S., 2014. Yield and yield components of fenugreek ( 7rigonella
foenum-graecum L.) in strip intercropping with ajowan (Carum copticum L.) influenced by bio and chemical fertilizers.
J. Agric. Sci. Sust. Prod. 24(4), 1-15.

30. Rezaei-chiyaneh, E., Tajbakhsh, M., Jamali, M., Ghiyasi, M., 2016. Evaluation of yield and indices advantages at
different intercropping patterns of dill (Anethun graveolens L.) and fenugreek (Trigonella foenum-graecum L.). Agric.
Crop Manage. 8(1), 15-27. https://doi.org/10.22084/PPT.2016.1752. (In Persian with English abstract)

31. Safikhani Nasimi, N., Adavi, Z., Mansourifar, C., 2019. Effects of different urea and vermicompost rates on yield and
essential oil contents of two dill (Anethum graveolens L.) cultivars. J. Plant Ecophysiol. 11(39), 21-33.

32.Savci, S., 2012. Investigation of effect of chemical fertilizers on environment. APCBEE Procedia 1, 287-292.

33. Shafagh-Kolvanagh, J., Zehtab-Salmasi, S., Ghassemi-Golezani, K., Amani, M., Shokati Amrollah, B., 2025. Effect
of different planting patterns on yield, yield components, and essential oil of dill (4dnethum graveolens L.) grains in
additive and replacement intercropping with fenugreek (7rigonella foenum-graecum L.). J. Crop Prod. Proc. 15(1), 33—
53. https://doi.org/10.47176/jcpp.15.1.37744. (In Persian with English abstract)

34. Shrimal, P., Khan, T.I., 2017. Studies on the effects of vermicompost on growth parameters and chlorophyll content
of bengal gram (Cicer arietinum L.) var. RSG-896. IOSR J. Environ. Sci., Toxicol. Food Technol. 11, 12-16.
35.Siddiqui, Y., Islam, T.M., Naidu, Y., Meon, S., 2011. The conjunctive use of compost tea and inorganic fertiliser on
the growth, yield and terpenoid content of Centella asiatica (L.) urban. Sci. Hortic. 130, 289-295.

36. Vafadar-Yengeje, L., Amini, R., Dabbagh Mohammadi Nasab, A., 2019. Chemical compositions and yield of essential
oil of Moldavian balm (Dracocephalum moldavica L.) in intercropping with faba bean (Vicia faba L.) under different
fertilizers application. J. Clean. Prod. 239, 1-10. https://doi.org/10.1016/j.jclepro.2019.118033.

37. Yu, Y., Stomph, T.J., Makowski, D., van der Werf, W., 2015. Temporal niche differentiation increases the land
equivalent ratio of annual intercrops: A  meta-analysis. Field Crops Res. 184, 133-144.
https://doi.org/10.1016/j.fcr.2015.09.010.

A4


http://dx.doi.org/10.47176/jspi.16.4.21751
http://jspi.iut.ac.ir/article-1-1713-fa.html
http://www.tcpdf.org

