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Introduction

Intercropping, the agricultural practice of cultivating two or more crops in the same space at the same time, is an old
and commonly used cropping practice which aims to match efficiently crop demands to the available growth resources.
The practice of growing two or more crops simultaneously in the same field is called intercropping and it is a common
feature in traditional farming of small landholders. It provides farmers with a variety of returns from land and labour,
often increases the efficiency with which scarce resources are used and reduces the failure risk of a single crop that is
susceptible to environmental and economic fluctuation. Intercropping of chickpea with linseed reduced the chickpea
yield by 60.3%, although linseed occupied only 33% of the total area. The loss of chickpea yield was compensated by
the additional yield of linseed, and thus the system productivity of chickpea + linseed intercropping was increased by
43.4% compared with sole chickpea. Of this increase in system productivity, 65.3 and 34.7% were contributed by
higher seed yield and higher minimum prices of linseed, respectively as compared to chickpea. The objectives of the
present study were to study the competition indices of chickpea and quinoa intercropping such as land equivalent ratio,
relative crowding coefficient, aggressivity, chickpea equivalent yield and effects of nitrogen and different intercropping
arrangements on yield of sole chickpea, sole quinoa and intercropping yield of two plants. The objectives of the present
study was to determine the best appropriate treatment of sole cropped, replacement and additive series of chickpea and
quinoa in terms of yield and investigation of competition indices in intercropping replacement and additive chickpea
and quinoa.

Materials and Methods

In order to study the effect of planting pattern and nitrogen application on yield and competitive indicators of chickpea
and quinoa, a factorial experiment based on randomized complete block design (RCBD) was conducted with three
replications at Gonbad Kavous University farm during the 2020-2021 growing season. Nitrogen factor was included
three levels of non-application and application of 25 and 50 kg N.ha* and the treatments of intercropping were included
9 levels of sole cropped of chickpea and quinoa, 67% chickpea + 33% quinoa, 50% chickpea + 50% quinoa, 33%
chickpea + 67% quinoa, 100% chickpea + 33% quinoa, 100% chickpea + 50% quinoa, 100% chickpea + 67% quinoa
and 100% chickpea + 100% quinoa. For analysis variance of data software of SAS Ver. 9.4 was used and treatment
mean differences were separated by the least significant difference (LSD) test at the 0.05 probability level.

Results and Discussion

Results showed that the effects of planting pattern and nitrogen consumption on yield were significant at confidence
level of 1%. The maximum total yield belonged to the treatment sole cropped of chickpea with 3529 kg.ha*, which was
not significantly different from the 67% chickpea + 33% quinoa treatment. With increase of nitrogen fertilizer
consumption, total yield was increased. The lowest chickpea crop equivalent yield related to the treatment sole cropped
of chickpea and mixed crop was 33% increase of quinoa to chickpea crop with 3529 and 3551 kg.ha™t, respectively, and
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the highest was related to sole cropped of quinoa with 8876 kg.ha. Land equivalent ratio was higher than one in all the
additive mixed cropping treatments and alternative mixed cropping treatments. The maximum proportion of land
belonging to the treatment of 100% chickpeas + 67% quinoa was 1.10. The relative coefficient of total density in all
treatments was more than one, which indicates the desirability of mixed cultivation of chickpea and quinoa. The
examination of the aggressivity index showed that quinoa was dominant in the mixed cropping treatments, increasing
and replacing the plant. As a result, the dominance index of quinoa was positive despite the favorable yield of both
plants.

Conclusions

Of the two plants of chickpea and quinoa, quinoa plant produced more yield than chickpea plant. The maximum total
yield belonged to the treatment sole cropped of chickpea with 3529 kg.ha*, which was not significantly different from
the 67% chickpea + 33% quinoa treatment. With increasing of nitrogen fertilizer consumption, yield was increased.
According to the results, it seems that it is not possible to increase the density of two plants in mixed cultivation to
obtain the maximum vyield.
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1- Land Equivalent Ratio (LER)

2- Relative Crowding Coefficient (RCC)
3- Aggressivity (A)

4- Competitive Ratio (CR)

5- Actual Yield Loss (AYL)

6- Intercropping Advantage (1A)

7- Equivalent Yield (EY)

8- System productivity index (SPI)
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Table 1- Soil characteristics of Gonbad Kavous University farm in the range of test
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Depth of sample  Organic matter EC pH K P N
(cm) (%) (dS.m™) - (mgkg™) (mgkg?) (%)
0-30 0.78 0.77 7.94 409 11 0.08
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Table 2- Competition indices and their equations in intercropping

aloleo el
Equation Index
LER= (Yab/ Yaa) + (Yba/ Ybb) ) Splp S
Land Equivalent Ratio
K =Ka x Kb w15 o
Ka=_ (YabxZba) Relative Crowding Coefficient
(Yaa - Yab)(Zab) aolS sl
el
Aa= (Yab / Yaa x Zab) — (Yba/ Ybb x Zba) Aggressivity -
a ol ly el
Aa
=By o
Competitive Ratio
CRa = (LERa/ LERDb) x (Zba / Zab) a ol o
CRb = (LERb / LERa) (Zab / Zba) CRa
b b, cuus
CRb
8ly 0 Skas uiedgu b alS
AYL =AYLa+AYLb Actual Yield Loss
AYLa=((Yab/Zab)/(Yaa/l Zaa)) -1 a LS ol
AYLa
bolxes cuiS saindguw
IA=1Aa + IAb Intercropping Advantage
IAa=AYLax Pa a oS ol
1Aa
Joleo o Slos
EYb = Yb + Yaa x (Pa/ Pb) Equivalent Yield
b oL Jobee o,Slee
EYb
SPI = (Sa/Sh) x Yb + Ya e 290 % oA LS

System productivity index

(allE i j0a olS cus Z8a byl ciS o b olS cos Zba (bl S o8 oLS e Zab
(At i 508 ol lawgie o Slae S8 @ ol Jgame cuod PA (2B ciS o b olS coes Zbb
A elS 5 Sles :YAA cbglie ciS 08 oLS 5 Slas YA cbglse S 08 ol lawgio o Slas :Ya

Jyamme cosd Ph  alls cuiS o D olS o Shae :YDD (bglue coiS 5 b olS 5 Shee :Yba (ol cs

Lol ciS 1o D ol Lwgie 3 Shee YD ( als csS o b olS Lawgie s ,Slas :Sb b oS

Zab: The ratio of plant a in mixed crop, Zba: The ratio of plant b in mixed crop, Za: The ratio

of plant a in sole crop, Zbb: The ratio of plant b in sole crop, P: Plant product price a, Sa:

Average yield of planta in sole crop, Ya: Average yield of plant ain mixed crop, Yab: The

yield of plant a in mixed crop, Yaa: The yield of plant a in sole crop, Yba: The yield of plant

a in mixed crop, Ybb: The yield of plant b in sole crop, Pb: Plant product price b, Sh:
Average yield of plant b in sole crop and Yb: Average yield of plant b in mixed crop
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Table 3- Analysis of variance (mean of squares) of grain yield and pea
equivalent yield under planting pattern and nitrogen

4> 40
ol oo ;1)’7 WlooySlas  oelyiosns Joles 5 ,Shas
SYOAY) ‘Sdf) Seed yield Chickpea equivalent yield
‘ .
)_‘SJ . 2 135994 1077308
Replication
“”‘U 55 8 3526393 32607117
Planting pattern (P)
Ok 2 5063809" 24287811
Nitrogen (N)
R o C T 47640 193393
PxN
Uas
52 123893 550445
Error
(20, Sl o2 . 13.03 11.86
CV (%)

*k * NS
9 f3

Ao 0 S g iy Jiol e jo jle pxe g o gxe Dglas 9525 pas o Sy
ns)*and **: Non significant, significant at 5 and 1% probability levels, respectively
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Table 4- Mean comparison for yield and chickpea equivalent yield under planting pattern

Traits S ySlos =ly30e56 Jolro o Sloc
cbls 551 (LS 59 0,5 5ls) (LS 5o 0,5 5bs)
Planting pattern Yield (kg.hat) Chickpea equivalent yield (kg.hat)

=iz Al WS 35202 3529
Sole cropped of chickpea
55 1T+ el o 7Y 3316 6346¢
67% chickpea + 33% quinoa
S 10 s el jos 0 30710 7342
50% chickpea + 50% quinoa
lgxS /-.?V + <ly09%0 \"\t’/. 2857¢ 8126
33% chickpea + 67% quinoa
lgS ‘/.\i\“ + =ly39856 ) / 1532f 3551
100% chickpea + 33%quinoa
IS 100w elypegi 2113¢ 5088°
100% chickpea + 50% quinoa
IS 1PV el 24739 6063
100% chickpea + 67% quinoa
s ) el jegs ) e 2979¢ 7386¢
100% chickpea +100% quinoa
IS alls s 2441% 8876
Sole cropped of quinoa
LSD (s) 333 701.8
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* Different alphabet in yield and equivalent yield columns indicate significant difference at
p=<0.05 based on LSD.
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Table 5- The mean comparisons for effect of nitrogen on total yield and equivalent chickpea yield
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Traits 5 o Shos =133995 Jolaa o Slas
05958 (LS 58 0 5 5lS) (US> 50 p,55kS)
(S 50 o5 okS) T((:(talhyl_(ild Equivalent chlt?Il(pea yield
. g.ha’) (kg.ha'®)

Nitrogen (kg.ha)

0 2238%* 5220°

25 2771° 6467°

50 30952 70822

LSD (%5) 192.2 405.2

il o LSD (g5l ulusl 1 auo o gty Jloisl lans po lo e OIS snimoylis (gt ,o 0 ailie 8 g, 5
* Different alphabet in each column indicate significant difference at p<0.05 based on LSD.
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Table 6- Comparison of land equivalent ratio, relative crowding coefficient and aggressivity of chickpea and quinoa
under different intercropping arrangements

Sle 03 Sy o ®S 15 (o o cadlé
Index Land equivalent ratio Relative crowding coefficient Aggressivity
sloss Ehiveds eSS ehioem TS U5 elioe IguS
Treatment Chickpea Quinoa Total Chickpea Quinoa Total Chickpea  Quinoa
ly=eS XY+ el 5095 PV 0.63 0.47 1.0 0.84 1.77 1.48 -0.47 0.47
67% chickpea + 33% quinoa
Iy 0+ g£l,095 B 0.42 0.66 1.09 0.73 1.97 1.45 -0.48 0.48
50% chickpea + 50% quinoa
lgS . 50955 VY.
5= / PV elsoem V‘_ﬂ/ 0.25 0.82 1.07 0.68 2.28 1.55 -0.47 0.47
33% chickpea + 67% quinoa
Iy TV - ey ) o 0.69 0.31 1.01 0.74 1.35 1.00 -0.32 0.32
100% chickpea + 33% quinoa
Iy B geljogi 0.60 0.46 1.06 0.75 1.74 131 -0.50 0.50
100% chickpea+ 50% quinoa
S /. [)59956 Vv 7.
S PV seljogi ) 0.54 056 110 078 191 150  -050 0.50
100% chickpea + 67% quinoa
lginS /N oo+ ely50958 Ve o
100% chickpea + 100% 0.41 0.68 1.09 0.69 2.17 1.49 -0.56 0.56
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