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Introduction

Due to the limits of the conventional agricultural system, intercropping is important in terms of production
sustainability. Intercropping plays an important role in increasing production and performance stability to
improve the use of resources and environmental factors. Spinach (Spinacia oleracea L.) is an important leafy
vegetable, of which the leaves and tender shoots are consumed fresh or processed. Spinach is native to Iran.
Spinach contains different flavonoids that function as antioxidants and anticancer agents. Also, spinach may be
used in the prevention of Alzheimer's disease. It is an annual plant and as well as chickpea, spinach is grown as
both an early spring and late fall crop in order to have growth at the coolest parts of the season. Spinach seed
yield varies based on the climatic conditions, optimum sowing date and chose of the best planting pattern.
Considering that the intercropping of this plant has not been studied with legumes such as chickpe, this
experiment was designed to determine the possibility of intercropping spinach with chickpea using agronomical
and economical indices, as well as determining the best planting pattern.

Materials and Methods

In order to investigate agronomic traits, yield and economical indices in spinach intercropping with
chickpea, an experiment was carried out as a randomized complete block design with four treatments and three
replications in 2017-18 growing season in Tuyserkan city, Hamedan province. In this city, spinach is mainly
cultivated for seed production. Experimental treatments included additive intercropping of 20% chickpea with
spinach, replacement intercropping of 60% spinach + 40% chickpea and pure stand of spinach and chickpea.
Plant height, number of branches per plant, number of seeds per plant, 1000 seed weight, grain yield and
biological yield in spinach, as well as plant height, number of branches per plant, number of pods per plant,
number of seeds per pod, 1000 seed weight, grain yield and biological yield in chickpea were measured. To
compare the advantages of intercropping of spinach with chickpea, the land equivalent ratio (LER), dry matter
equivalent ratio (DMER), system productivity index (SPI), competitive ratio (CR), aggressivity (AG), actual
yield loss (AYL ), relative value total (RVT), monetary advantage index (MAI) and intercropping advantage
(1A) were calculated and evaluated. SAS 9.1 software were used for analysis of variance (ANOVA) calculations.
The difference between the means was evaluated by the least significant difference (LSD) method at the level of
5% probability.

Results and Discussion

Plant height, number of branches per plant, 1000 grain weight and grain and biological yields of spinach
were significantly affected by intercropping. The highest plant height and the lowest number of branches per
spinach plant were obtained from the replacement intercropping. Additive intercropping and pure stand of
spinach without significant difference had the lowest plant height and the highest number of branches per plant.
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The highest 1000 grain weight and grain yield of spinach were associated with the additive intercropping
method. However, in terms of biological yield, the pure stand of spinach showed the highest results. Notably,
there were no significant differences between the treatments of additive intercropping and pure stand of spinach
concerning grain and biological yield of spinach. On the other hand, in chickpeas plants, intercropping had a
notable impact on various parameters. Specifically, plant height, number of branches per plant, number of pods
per plant, 1000 grain weight, and both grain and biological yields were affected by the intercropping method.
Among these, the additive intercropping treatment resulted in the highest plant height, while it had the lowest
number of branches and number of pods per chickpeas plant.The highest 1000 grain weight and grain yield of
spinach were related to the additive intercropping. Pure stand of spinach had the maximum biological yield.
Treatments of additive intercropping and pure stand of spinach were not significantly different in terms of grain
and biological yield of spinach. In chickpeas plant, plant height, number of branches per plant, number of pods
per plant, 1000 grain weight, grain and biological yields were affected by intercropping. The highest plant height
and the lowest number of branches and number of pods per chickpeas plant were obtained at the treatment of
additive intercropping. Maximum grain and biological yields of chickpea were belonged to the pure stand of
chickpea. Spinach and chickpea were dominant and recessive plants, respectively. Evaluation of the economical
indices also showed the advantages of spinach intercropping with chickpea at both intercropping design
(replacemet and additive intercropping). So that the highest values for land equivalent ratio, dry matter
equivalent ratio, system productivity index, actual yield loss, relative value total and monetary advantage index
were achieved at additive intercropping system. But, the lowest values for these indices (1.13, 1.06, 1.20 and
1321 for LER, DMER, RVT and MAI, respectively) were revealed at replacement intercropping.

Conclusion

Overall, the results indicate that chickpea is a suitable plant for intercropping with spinach. So that the
intercropping of 20% chickpea with spinach improved the yield performance of spinach and land-use efficiency
and can lead to the greatest economical profit.
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Table 1- Meteorological characteristics of the experimental site in 2016-2017
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Table 2- Soil physico-chemical characteristics of the experimental site
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Loy (S dl>p0 )3 (6)dpdiged 0 Shee lj2l g il 5)Shos
o o, 1S dg Gyso (s (410 pdiged b5 b plodl
Cubld y mipoyio 93 Colus 4 (glaiges daails Bl jlam e S
Soilgn 3, Slas g (i Sl (slom 5> b S I ey g 2
ab 5,Sles il Can g e LUlS 5 ol 5l il puw 2,8 S
oYL U S el o) wg elas)) Glaw S0 op e
3l il jlia oy5g cdis 53 Aild dlial gy yd sl e las)]
e sliw Glas 353956 10 5 glawl 10 Kjglan 2,Klas 5 4l
3y Slos g sl 5, Slas il Jlia 59 «dMe ;5 &ild dlisd cdigy )
NN GPTRYEYJ FONSV-IPNCN IV PES AN
WU by, s oy palld cutS b auslio )3 5956 L zliaul
Lithourgidis et al., ) uoj (50l Cans (adls dusl>e 4y
u=>Lls (Salamaet al., 2022) Y<is osle (6 ply s (2011
Dhimaet)" 0, cows (Banik et al., 2006) " w5590 580
{Bedoussac and Justes, 2011) °cuJle 2505 {etal., 2007
o>l (Banik et al., 2006)” _dly 3, Slos ialS ja8ls
o=l « (Vrignon-Brenas et al., 2016)Y o (55, gg0e
Banik et al., ) *bolswo cuiS (gaiodgw (a3 ls ot Jlo (cdiodgu

43 o2lizul (2006

1- Land equivalent ratio

2- Dry matter equivalent ratio
3- System productivity index
4- Competitive ratio
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8- Monetary advantage index
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Figure 1- Diagram for spinach and chickpea intercropping
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Hakan ) cuol 03 Loy bawes 59505 Cants ey cbgle cuis
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LS S 4 bgyyo (st g5l ¥0) Wi gl 8 5 ol b
.(Mosapour et al., 2015) cuol 03 L5;
o Jlein | pda s 3 gliawl a5g > a3 ls Sl )l 3
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(VIA) o yiaS 5 (VWIFS) ity 45 (535 & 052 S ¢l
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Table 3- ANOVA for the effect of experimental treatments on agronomic triats, yield components, seed yield and biological
yield of spinach

a4

g1 P asliddlans  wg > &l dlaxs

@l> )13 059

wtd 23l . ag sl &l 5 ,Sdos SUielgm 3,5dos
’?oé\’/ &3] Pla:tﬁei nt Number of Number of 1000-seed - gooy yielq Bioféj 9i:al jeld
o df Y branches/plant seeds/plant weight y gicaly
Sk 2 331.44™ 13.14" 231.28m™ 115.44 5305" 42255"
Block
o . . - . -
2 70.77 10.57 812.44m 843.11 8280 46242
Treatment
s
4 11.10 1.20 734.94 56.61 835 3629
Error
e - 8.35 11.08 15.92 13.25 11.32 10.32
CV (%)

k% kg
¢

2oy K5 g gy Jlein] e 50 45 dime I gxe i i 4T g
ns *and ™ : non significant, significant at p<0.05 and p<0.01, respectively.
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Table 4- The effect of experimental treatments on agronomic triats, yield components, seed yield and biological yield of spinach

o agr glis) Wgy 45 43U dlaa &1 4153 &9 41> 5 Slos S2iglom 3,
Treat;nent Plant Height Number of 1000-seed weight Seed yield Biological yield
(cm) branches.plant? (@ (g.m? (g.m?)
T1 45.30° 7.80° 51.00° 195.67° 445 45"
T2 38.25° 11.46 2 75.562 295.00° 623.30°
T3 36.00° 10.33¢ 43.67° 275.00° 683.25°

25,105 o2 b (5,00 cime S 000 O Jleisl mhans 0 LSD ygel bl o caites S jiiie By > slils a5 slo Sile gt ,o 0
Means in each column follow by similar letter(s) are not significantly different at 5% of probability level, using LSD test.
ghawl [ald cuiS T3 g gliawl b 5956 aoys Ve aiolidl bobre cuis : T2 S ife o b glidwhagss 0550k belbke cuis :T1
T1 : Replacement intercropping of spinach:chickpea (60S:40C), T.: additive intercropping of 20% chickpea with spinach,and Ta:
spinach monocuiture

o o e Jy 8l polaid] glinl palls cuiS g Zlinl b ogzs
5 las,Sles b jl Lalls cuiS g iyl bole cuis
VA/EY) &by 5y Slos (1 oS bl 3959 (Sold g liml S 5elgu
(a2 20 1 25 TYOIY0) Sjslm 3 )Slas o (oo 2 p)5
88 315 3555 b gliel (G 3Sole bsle i 4 35 glidel
S ) glibl gaw woly )3 (S5 (ol 4 a2 L (Y Jsoe)
b 465 g0 a5 ool i L) 5 590 yol ) i jals Lol
Olojor ©ysmo & Oglisie A5y (5551 5 (2LS iy Wi g5
ot 45 )1 K0S b1y s, S 55 5138 bglse cuiS o
2 bgldie cutS > Sojglen g als 3 See (il el 990
«—zxen (Borghi et al., 2013) 555 o iS5 SS L dunldo
A G Jo d Vo« )d L by oo ciS jo ML ails 5 Sloe
csS ,» (Koocheki et al., 2017) codl jal5dl oous' S
VB S 1 555 Kesglsns 35Skos i 35 5 b 03 oo

J(Sadri et al., 2015) wi 5,155 J5 0o, YO L yd do)d

9933 i ga yo dald wlaad g g elds
gy L sl g &g gyl culS il clagSl 1
Oy (O Joa) 4b )y gme 22> o Jleisl a5 3556
VWWIES) 2556 aSg yd 4L dlas g (o 0l YA/FY) &g el
L0550 duopd Vo il 8] bolore S &y e iy (a5g p0 a5 L
s 5 Jsi) 288 3l (Ts) 3555 Lalls a5 (To) gl
g gyl s jl g5 pals Sy (Kl bl S g
o=l bl odmlie (o) ixe gl 3950 dig > as b sliss o
Sl it iRl bale CulS )3 3556 K55 gl g2
LG ol jials 4 e gadge opl Ylein] oS 59y 2950 alls
IS i o e s Lyl S 9 3955 50
CuiS y3 2950 g glas,l ial58l a8 3g, o Jlosin] il 0ud 350
295 ;0 2y 1 Bl ()98 By 4 bgiye ol 8l bgle
auily &gy gl gl gy (oI5l ps (LS b 095 0 sl

i ol bydse cuts b ghiawl pals cuis jlog vz ya
a1 5l5e 059 (Jg bl o dne ©olds ghiul &l jlin (o sl
i 59 5l i o 3 VYV Liulj8l bgle cuiS s gl
Al e 5e Gili8l sy e i g (el S s glawl 4l
0395 Sl a5 3l bgle S cute il s 4 T2 slows o
g gl oLS (sl (ole pate cpl ollao anl)d § 3950 Lawgs
wlie (LS Jibgy Jodas ladlS g )So s g Cugh) Lais 5o
iy 5 ol a0sy glis) Lis o &S jehailen bk 5 sl
o pomie (G ile bl ctS ) (5gym 0bj enl e
bl s o il 9 Judd cpmod 4y g 0 db iugy A,
oA 38 sl o ol bgle S 5l iy Ll
ol )bl ogdlae maw )3 gy paie (enlb oS
il G 4y o Meanlgtd sty Jol 5 (52s dlge 35
o sl g (Sl A g oe padie dd Sl g Sl 4
O o) 3 il 4y (gjtingid Slge JUl g sisd (e
15U w0y, (Vrignon-Brenas et al., 2016) sl  Kiu
L S5 3 3956 9 YL 3 ySae lipl g 3 )Sdas p bglse cuts
3956 bglsto cutS (sl loss 3 3955 &lls li (5 oyt (NS
2955 (alls S e 3 o] %S g 2 L o565 S 5 L
bgle cuis” j> . (Soleimanpur et al., 2017) cool ouis ssalie
3 ol Sall adls Jlim i oy 5 o8 g b o Sl
Cowds ol pals cutS s Jlim (g iS5 bl cutS
.(Koocheki et al., 2017) |

gl 35 9 Slas g i 4 Sl
g 4l 3y Sloe daodly il ylg 4500 51 Juols ol bl 5
b S 3 iy Jlo) o > i gl Sl 3S0ac
i (¥ Jyi) 985 3 S i glngS) 13 o
FAYIVD) Sfglgm 3y Shoe 5 (gape yio p p )5 VAB) il 3 Slos
Lo Ve il Bl byl CuiS & oo gy glidl (mye o 32 )5
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Gl odds 4)]55 gl cuiS | agy p> ad L slaay oy S

2 Dy se yomie Ay ) a5l lawi el 4y yel opl &S ail
il 5 (RIFR) ;55 50,8 4 3o )8 )5 Coms (ialS b gl Lyl
BB LS elisy) il58l (PAR) (6o Jlab Oladiadds o
5956 L palS bgle cuss > (Yang et al., 2014) cul o]
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Table 5- ANOVA (mean squares) for the effect of experimental treatments on agronomic triats, yield components, grain and
biological yields of chickpea

5, ) > Y dlass > 435 dlass 13 43 > >
- a > Ew, Sy p sl pule N3 oj9 S hos ks
Pl ol &g N. of &gy e Al il S 59 am
S0V df) Plant branches/plant N. of N. of 1000-grain  Grain Biological
height pods/plant grains/pod weight yield yield
S 2 18.95m 21.43~ 23.77m 0.06™ 1586 " 3470~ 11001"
Block
ot 2 267.71 44.57% 41.44° 0.04™ 1769 39573% 157528*
Treatment
s
4 16.68 2.85 5.78 0.04 211 380 1388
Error
et - 14.22 17.12 10.08 16.41 155 12.85 11.13
C.V. (%)

Mo )3 Sy g doyd g Jlein] prdaw (3 5 e 6> Gmapd ity

* ns

ns *and ™ : non significant, significant at p<0.05 and p<0.01, respectively.

5950 S 9 gn 9yShes 9 Aild 3,Ses ;o (s15a ! w1 inlojl Salowi 1T Joua
Table 6- The effect of experimental treatments on yield components, grain yield and biological yield of chickpea

5oy g5, G R TR it 13 38 oy i S
Jowi g g5, Ao yd d L dlass g &l )l 439 &l 3,5dos 2580 gm 3, 5dos
Treatment Plant height N. of ¥ i 1000-grain weight Grain yield Biological yield
(cm) branches.plant® N. of pold.plant (9) (g.m?) (g.m?)
T, 25.12° 10.232 25332 285 a 117b 279°b
T, 39.432 5.80° 19.67° 3052 58¢ 139¢
T3 21.59P 13.462 26.662 257 P 2802 5872

5,105 b (5,00 cime S 00,0 O Jleisl mbans 10 LSD 9031 bl o coiiieds S piiie g slils a5 slaKilo gt o 0
Means in each column follow by similar letter(s) are not significantly different at 5% of probability level, using LSD test.
3955 alls i T3 5 glidul b 3956 0o yd Vo il bolie cuiS 1 T2 8+ + i b gliduliagss Kol byl cuis T1
Ti1: Replacement intercropping of spinach:chickpea (60S:40C), T2: additive intercropping of 20% chickpea with spinach, and Ts: chickpea
monocuiture

o bgpe il bglore cuiS o &) Cond ol o3 VP
Sl bgdee slacuiS o oS sl 5 LB g 3950 LAl cuss
L ashy (59 Cudlil 293 g (500 gme gl 2550 &il> i )59y
Sy oo i ol i )bt (Stuses g 0 aily dluss
GMLe e idlS asss 1 0955 dgs 40 db ol ials cleay
S 5S35 (6 Jhagid Dlga ol Bl bgle S )3 gy 5
3 g 53 Cunl 0 ot &l (59 Al 8l & el il g oAb @595
osalS @3 L balswe cuis o dig ;0 B slawy ials s
Seyedi ) Cowl sl (5135 (sla5sS o By g o)L (sl S sluws

.(and Hamzei, 2017
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039 9 4o SO Jloin! pda s ;0 3550 digy ;0 AME law
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lil L 3955 10,3 ¥+ (8l bl o 4 b (5 ¥+0)
399 L 3 (p )5 YOV) 3955 &l jli (g cp pteS (5 Jgi) 292
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2 03ga by 3 5L 0j9e awme wlie S (gl (sleigS
olyod 65 5, Slas y2alS s Wl o ¢yl gl caiS

Oialsal o (s IS o ol il balsee cusS jd (3459)
ool S (gt sl o1 55 Slas Slil GEalS 5 tug) A3,
Wlgl a5 Jad o Bow (ew & |y 4565 lawgl 0dd S (655l yal
s 6y g5 Ao )3 g A Gl by g el Ty B, <l
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3 2958 S felen 9 ash 3, Slas ials . (Riseman, 2014
sl 80 5)l55 LA CiS Ay Cand by e (cbcuis
Aby g oduloj] )3 ¢ opizmen (Seyedi and Hamzei, 2017)

Cyd8 g ady Jad glanl o 0950 SWl gluilasle ya8 5 oS
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(Javanmard et al., 2016) cuwl o 5,55 balswe cuis
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Table 7- Advantage indices in spinach:chickpea intercropping

'(LER) omoj gl o "(CR) 4, o
Intercropping e 2959 Js zléw! 2959 zhawlogss 39 s plp (6 98 ket Lo
LERs LERc LERT CRs CRc CRs/CRc Sid SPI
DMER
60:40 (S:C) 0.71 0.42 1.13 1.14 0.88 1.29 1.06 310.58
100:20 (S:C) 1.07 0.21 1.28 1.04 0.97 1.07 1.10 351.96
e (AYL) s 3,Sla inls (AG) ol s i) gee e (IA) blo CuiS (sdiag
Intercropping CL.M‘ 3955 xz ZLA.M‘ 3955 oo o (gledgm zlawl 3956 Jf
AYLs AYLc AYLy AGs AGc RVT MAI 1As 1Ac 1AT
60:40 (S:C) 0.07 0.04 0.11 0.59 -0.59 1.20 1321 2.55 143 3.97
100:20 (S:C) 0.19 0.04 0.23 1.73 -1.73 1.31 2765 6.51 1.79 8.29

1- Land equivalent ratio
2- Competitive ratio
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