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"s, * and **: non-significant and significant at 0.05 and 0.01 probability level, respectively
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Fig. 3- Mean comparison for in-traction effects of plant density and planting different ratios with millet on grain yield of

quinoa
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Fig. 4- Mean comparison for in-traction effects of plant density and planting different ratios with millet on biological yield of

quinoa

(38l 155 4 bgiyo pgd d0e cudll S y2 )
(In each planting ratios, the second number is for the quinoa)

U cadly o .ail awib LER (tals' L (il58l o blses slisl
SIS oy e 9 5165 900 culdy lanl Jdsay (ST o158l
B d anb ol cpl a8 ] ol diwlS bl cuiS ¢y e
My ity 5 Jord 8 3,S0ac 15 & 4295 oo 1 dagsm
o )31 M3 &S 53 ooy 5 sl (slagypej 3 IS olS 3L
ol Sy pols iagh wile (ghiese dsbue balpd 5> £
S (e 09l g calio Ji3lo dbul b g ol polie 5
3 ints ogad s plio (55l odlizd g 53 ol byl
S Gped 4 0391 51008 0 05, b (S8 SIS o <)
U ly JS LER caoes 3 5 aiih (5l 0)Sas v (5508 oo
wolg jo .l odls iulial 55l o394 g 395 53> LER il58l
S Hlie cusls Calisee (glacums (18,5 a5 b ob oLl gbs
005 Sl o Gl 3 1518 5 (5)) oS 93 o o i
ol 4l a8 el Hlebl ey o 1 (0 JS5) canl 035 (s5lune
2 g 5 @55 elas 1 ol I (sl bsle i b gy
oo 455l 5 be—w (Ren, 2016) o Liseo sl 2S5
(Phaseolus Lug) s 9> ¢ (Ahmadvand & Hajinia, 2016)
o)l y> (Chapagain & Riseman, 2014) vulgaris L.)

)b césllas LER

oubdl yu bglae &S Juay gyl 3 Coaead by
dily o jSlac
—adls (2 Smke g 2 pswss (LER) (o) (s plp
S5y S gy o J8a balowe cuis bl caa o5 cuwl
S8 aae @dls ool oyl o iSOy bl cuis
»LER & JS i mllas (Tsubo et al., 2001) o sl o S
P @peyie g ¥eog Ve cdlS dilisee slanSTy g bcuws
Oyl bl o S5 YL Fe (ST 0 0= 0 cldlS Cuws
Coa )l GiSSS p bl culS bjlog jl asyn 80 )0 (S
5 i sl g colBy ol ¢ (alls anlp ol Lis o teush
P @rere > Gy TeoSlia by e LER (pyiie a8l o0 S
WYY dsl—uuﬂ 19_.5 Aoy Yo 9 LT’W U))I Aoyd YO Coid
3l gl oolitwl ATy w15 cpl 3 Sy ooy 4 el Cund ey
oz 2 M Lo 9 090> ) ialS g 39290 slaodles
» 3 LER (pyieS.ccwload Job 3 Sles 5,8 ls Joas
P g P @S5 3 19uS 1o)d YO 5 (Jsese ()5 40> VO Jlag
L sbyless 3 pogader padld (pl a8 Jols <AV L @jo e
B9 Sl jleS @y yin > i Fr (S5 53 ilisee (slacans

e o aew 40 S St W pSTy &Sty oo Hlaay



Voo bl « Fojlod OV alx ((65)9LiS (i pog 4 o YA

Millet LER

0.8 1 1.2 1.4

Quinoa LER

& 3,Slas (bl 43 1guS 9 (Jgore (5] bolbs CuiS a0 (910 Comd —0 JSUd
Fig. 5- Land Equivalent Ratio (LER) of common millet and quinoa based on grain yield
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Table 3— Actual grain yield (loss or Gain) of common millet and quinoa intercropping at different densities and ratios
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Millet Quinoa Total

Density (plants.ha™)

75-25 50-50 25-75 75-25 50-50 25-75 75-25 50-50 25-75
200000 0.24 0.59 0.51 -0.25 0.59 0.03 -0.01 0.57 0.54
400000 0.17 0.05 0.73 0.17 -0.27 0.73 0.02 -0.22 0.91
600000 -0.18 0.26 -0.12 0.01 0.26 0.01 -0.17 -0.15 -0.11
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Table 4 — Competitive ratio Index of common millet and quinoa intercropping in different densities and planting ratios
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Density Millet Quinoa
(plants.ha™) 75-25 50 —50 25-175 75 -25 50 —50 25-175
200000 1.75 1.60 1.48 0.62 0.63 0.70
400000 1.42 1.45 1.46 0.73 0.70 0.69
600000 0.82 2.16 0.88 1.23 0.47 1.16
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Table 5- Aggressivity index of common millet to quinoa intercropping in different densities and planting ratios
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Aggressivity index (Millet - Quinoa)

75SM-25Q 50M-50Q 25M-75Q

Density (plants.ha™)
200000 0.49
400000 0.33
600000 -0.19

0.60 0.48
0.33 0.54
0.66 -0.13
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Introduction

Intercropping is one of the main strategies to obtain more stability in agro-ecosystems. The possibility of yield
improvement in intercropping systems depends on various factors such as plant combination, cultivar type, plant
density, planting pattern, and contribution of each species. Introducing new crops or forgotten plants to agro-
ecosystems are other methods for sustainable crop production. Quinoa as a potential new crop to be introduced to
Iran’s farming systems, is well-adapted to different environmental conditions. This plant has high nutritional values
and produces acceptable yield to areas affected by environmental stresses like drought and salinity stresses. Millet,
as a forgotten crop in Iran’s agro-ecosystems, is a drought-tolerant grain, with appropriate growth and yield in arid
and semi-arid regions. This C4 plant has vertical leaf distribution, rapid and short growth period which make it
tolerant to adverse environmental conditions compared to other cereals. The aim of this study was to evaluate the
possibility of quinoa and millet intercropping under arid and semi-arid climate of Birjand, Iran.

Materials and Methods

A factorial experiment based on a randomized complete block design (RCBD) with three replications was
conducted in research field of University of Birjand, Iran, in 2018. The experimental factors were planting density at
three levels (20, 40, and 60 plants m? for both quinoa and millet) and planting ratio at five levels (pure stand of
millet (100 %), three rows of millet and one row of quinoa (75%-25%), the equal ratio of millet and quinoa (50%-
50%), one row of millet and three rows of quinoa (25%-75%) and monoculture of quinoa (100%). Experimental
plots area was 24 m? (6 mx4 m), with eight planting rows per each. The distances between planting rows in all
treatments were 50 cm, while the distances along the single rows were 10, 5, and 3.3 cm for 20, 40, and 60 planting
densities, respectively. The grain and biological yields of both plants were determined, finally, various indices
including land equivalent ratio (LER), relative yield (RY), competitive ratio index and aggressively index were
calculated. Data analyses were done using SAS 9.2 and means were compared by FLSD test at 5% probability level.

Results and Discussion

The simple and interaction effects of planting density and ratio had a significant effect on grain and biological yield of
quinoa and grain yield of millet (p < 0.01). In addition, planting ratio had a significant effect on the biological yield
of millet (p < 0.01). Based on data obtained from monoculture system, the optimum plant density to obtain the
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highest grain yield of millet (4100 kg.ha!) and quinoa (2340 kg.ha'!), were 60 and 40 plants per m?, respectively.
Considering the different ratios of planting, the participation and positive effect of both millet and quinoa plants in
an increasing the land equality ratio has been equal. By increasing the density, the advantage of mixed cultivation
has been reduced. The best intercropping systems in terms of LER (1.32) were the density of 40 plants per m? (for
both crops), and planting ratio of 25% millet and 75% quinoa, which had 26.98% actual grain yield incensement. In
addition, the results of interaction effect showed that this treatment increased the biological yield of quinoa (6935
kg ha') by 9.26%, based on anticipated yield. In this density, it seems that the result of optimal use of existing
inputs and reduction of internal and external competition in order to achieve maximum yield has been achieved.
The results of the relative yield indicated that the millet is better utilized from environmental resources and
conditions due to its predominance and competitiveness. In general, the results of evaluating mixed culture
indicators based on the principles of assistance and competition were complementary and confirming each other.

Conclusions

The results showed that millet and quinoa had significant effects on each other when intercropped at different planting
densities and ratios due to difference of morphological and physiological characteristics. So according to the goals
of intercropping recommended the intercropping systems of millet and quinoa for Birjand region.

Keywords: Competitive ratio index, Land equivalent ratio, New crop, Replacement series technique



