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2- Competitive ratio

3- System productivity index
4- Actual yield loss
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Table 2- Climatic data of Darab during 2017-2018 growing season

Wolo Cuigedyl 35958 Nl Cyoke ) 53l ol o
Months May April  March February January December November October

L g 16.9 121 86 45 33 47 9.5 15.9
Minimum temperature (°C)

o sk 34.2 286 225 214 20.1 195 27.4 33
Maximum temperature (°C)

lo> Loy 245 204 156 12.9 11.7 12.1 185 245
Average temperature (°C)

. w5k 1.7 6.4 62 0.4 13 26.2 1.9 0.0

Rainfall (mm)

b3l )90 SB (alions 9 (K508 Oluogad -2 Jou
Table 2- Physical and chemical properties of the experimental soil

Gos o o) s oS Sl eSSl coli ATy
Depth (cm) Sand (%) Clay (%) Silt (%) 0.C (%) BS (%) ECe (dS.m™® (pH)
0-15 38.12 17.18 44 0.977 8.88 1.092 7.42
15-30 38.16 17.26 44 0.970 8.93 1.090 7.54
B 0395 P oy o2l o &9, e
Depth(cm) N (%) P (mgkg? K(mgkg') Fe(mgkg?) Cu(mg.kg?) Zn (mg.kg?) Mn (mg.kg™)
0-15 0.084 10 320 5.104 1.612 0.564 14.8
15-30 0.084 15 300 7.30 1.63 0.540 14.8
Table 3- Competition indices in intercropping
Equation Index
Land equivalent ratio (LER) = (Yap/ Yaa)*(Ypa/ Yip) Oe0) Sl o
. . (CRa) 9 () cous
Competitive Ratio, (CR,) = (LER, / LERy)%(Zy,/ ST j
P 2 (CRa) = ( ¢ o)*(Zoa/ Zeo) Competitive Ratio, (CR,)
. . (CRb) 355 B s
Competitive Ratio, (CRyp) = (LERy, / LER,)X(Zy, / : :
P b (CRo) = (LER, (e Z2a) Competitive Ratio, (CRy)
- A cadle
Aggressivity, (A) = (Yao | Yau * Zas) ~ (Ya o5 Zs2) (A 5 o
Aggressivity, (Ay)
Aggressivitys (Ag) = (You  Yip  Z5) = (Y Y % Ze) (o) 255 e
Aggressivityy (Ap)
i (SP1) s (5590 20 3L
System productivity index (SP1)= (Yu/Yaa) Ypa +Y. i )
ystemp y (SPI)= (Yoo Ya) You +Yo System productivity index (SP1)
bl cuis ) (a) olS s Lap ]o9l.>m cuis » (a) oS a)i.lg_c Yap
Za: Rate of plant (a) in intercropping Ya: Yield of plant (a) in intercropping
bybe S 3 (D) olS s Zpy byl oS 1 (D) olS 5,Shas Yy
Zy.: Rate of plant (b) in intercropping Ya: Yield of plant (a) in intercropping
oAl cus (a) oS s Lga UAB s 3 (b) oS J)S.LQ.C Ypp

Z..: Rate of plant (a) in sole cropping Yw: Yield of plant (b) in sole cropping
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Al s (D) ol s Zot
Z..: Rate of plant (a) in sole cropping

oA S 15 (@) oL 5, 8es 1Yy
Y..: Yield of plant (a) in sole cropping
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e Jelgs Sl aag ooliiwl Jsey iz en g 510595 (490
e g asle olsy 0yl cowa 1y 5956 3,Slas cp 5YL
i lisee glagSl )y ,» (Rezaei Chiyaneh et al., 2014)
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455 93 3,Sdas (5 i 45T 8L ) ped cuiS > (culinaris L.
&g bsle cutS g5 S o] pliee (508 9 oAl oSl
oy el Cddy G 05 ciudy 93 b ade Ly
Lol cuis s (Nigellasativa L.) alialas Sg,ls olS 5,Slas
)ﬁj‘l_,"cadalﬁfm)majba)ﬂacdmumlﬁygsyob
AL cuiS > o opl 5Sile 9 €5 415 (ialal slalas
» .(Koocheki et al., 2014) 555 YL bglre cuiS 4 Cand
- Loyl den 50 il 5,Shes LialS cel oS L5 2950 oS
slaced 3956 +,3l g g oloydl 3950 BT g bgle slacais 3>
20556 dSSS Hloy 3950 olS cidlS slagSl o > S
S 9 e poie w1611 580 U sy oloydl 5 ologsd

(2 Jsis) il 1) 5 Sloe ialS 2oy

dily o ySlac
a8 ol Lis 5956 5 9> olS il 3 Slae il jlg 4o gl
555 ol wiby 5, Sloe g it slagSl Wb cou o> aib 5 )Sles
5 )Ll Loy piiSen s b Cov (g gae jsbe
2 3 b 3 Slae ot (4 Jpiz) €65 5 cuiS (slaS
421517 5y Slae L oloed 55 956 + 31 )3 g Lol cuiS
- b lesl ol 5o (1 JSs) el cawday JliSan 13 p,59kS
St eyl g ol Slusgas Jusa slo)dl j> 9> oS s,
olocgd 3556 5 035 Al olS 3l olo(gd ;3 3956 & Cunss &S
a9 Sk (e Sl g WS oo dbul g2 b (556 <)
A g balswo cutS (5 5 Shas il el coles ;5 g o wlio
(Piroozi et al., 2012) -|,LSan 5 (5595 -2 olocsd 3956 +
Phaseolus vulgaris ) Lug (s sl bolste cuts 45 53,8 lolsl
A G @yd 0)Sles iol58l el (Zea mays L) b (L.
A Lol b oy bgle )3 &3 6l catS b g lojn cutS
3015/5 L, ogdlae gyl buls )5 5950 aily 5 Shas o 5 i
a5l 2,Slas 5 i 5 0lo( 63 3550 (IS ST )0 HLSe (3 p S olS
Loy dy Cond g0y 3T (il 31 b oS i bl )3 5950
Conddy slo 63 13 3956 + )3 )3 g bglee cuiS )d Cgllas (5,L]
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Table 4- Analysis of variance for effect of low irrigation regimes and cropping patterns on barley and chickpea seed yield

e ) @313l e Ola o (ke
S.0.v df Mean of squares
95 3,50os 3955 3, 5es
Barley yield Chickpea yield
I 2 317711 7934™
Replication
e e 1 573967™ 203347600°
Low irrigation regime (A)
kol st 2 47017 56608
Main Error
bste S 555 5 47017 2386388"
Intercropping patterns (B)
AxB 5 2048095™ 1457546
B st 20 327421 9231
Sub error B
17.14 .
v (%) 31.9

Asbge oy 195 Jlain zolaw 13 (g Iy dxo (s b dxe pae Sily udsa ** g% S
ns * and **: non-significant and significant at 5% and 1% probability levels, respectively.
4500 - a
4000 { [
3500 1 [ ¢ ¢
3000 A
2300 4
2000 4
1500 -
1000
500
0

Seed yeild (Kgha b
j=1

bl ‘ b2 blcl ‘ blc2 ‘ b2cl ‘ b2c2

sole cropping Intereropping
Cropping treatments

3959 b bylseo CulS (gl )logd 55 g2 4l 3,5Mos (1xSlo A llio -1 S0
633956 + (63 9 6,3 3955 + (63 93«63 3955 + ) g3 ) 2955 + )3 g bgle cutS oloced g wlaydl g 2SS s e DaCo ¢ D2C1 1Co D1Cy b by
bl os ()b ne gl (gls o )3 B Jlain] o ;3 LSD (y905l (wlil p S yiie Bgpn sl (sl Silio
Fig. 1- The mean comparison of seed yield in barely affected as intercropping with chickpea

by by, bicy, b1Cy, bycy and b,c,: were barley in mono cropping on December and January, barley on December + chickpea on
December, barley on December + chickpea on January, barley on January + chickpea on December and barley on January + chickpea
on January, respectively.
Means with similar letters had no significant difference based on LSD (p<0.05) test.
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cl c2

blc2 b2cl b2c2

Intercropping treatments

&15 Gyand (6w Al o 1 (5 WlS i 1S (Jloyi (g5l IN L3950 aild 3,Ses 51 bglse CuiiS (b ylow g (oS Wi LS pR -2 S

355 + (63 g N 3955 + (63 g3 63 3955 + ;3 g 6,31 3955 + 3 g boglste S wlo s 3955 ol B dg5% iS5 g ey 1D2C2 D2C1 D1C2 D1C1 €7 €1

bl 5 lsine Sl sl oy B Jlazl s 3 LSD ppgofl ol 2 o po sl Jlogi o 5 S e By (sl slaSile
Fig. 2- Interaction effect of low water stress and intercropping treatments on chickpea grain yield. N: Normal irrigation, S:
Drought stress at milk development of barley grain
Cy, Cy, biCy, b€y, by and byc,: were chickpea in mono cropping on December and January, barley on December + chickpea on
December, barley on December + chickpea on January, barley on January + chickpea on December and barley on January + chickpea
on January respectively.
Means with similar letters had no significant difference based on LSD (p< 0.05) test.

o bl 3 050 LER auliél ¢ 8)b 3l 4 (Nadeau, 2014
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5 Sol; .(Mabudi & Salmasi, 2017) sel cossay o 5l 5w
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aS o Gl rej sl G pa3LE el o8 @l
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Table 5- Analysis of variance for effect of low irrigation regimes and cropping patterns on land equivalent ratio, competitive
Ratio, Aggressivity and system productivity index of barley and chickpea intercropping

Slaye el

Oy @olio @) Mean of squares
SOV !yl a0} 6 32l 2 Cannss 18, G cadl e (559080 235
df La‘::;; et ot o i System productivity
quivalent ratio Competitive ratio Aggressivity index
¥ 2959 s ¥ 2955 ¥ 2955 Pl
Barley Chickpea Total Barley Chickpea Barley Chickpea
"_’S . 2 0.0047™ 0.0017™ 0.057™ 0.5™ 0.8643™ 0.117™ 0.117" 385457"
Replication
SleS w35 - - . .
Low irrigation 1 0.023™ 1.052 0.764 0.02 50.243 0.582™ 0.582™ 189113476™
regime (A)
A s
2 0.0832 0.0031 0.067 0.023 1.923 0.043 0.043 589232
Error A
cullS oSl
Cropping 3 0.012™ 0.37" 0.518"  0.3382" 7.419™ 0.068™ 0.068™ 56904
patterns (B)
AxB 3 0.019™ 0.564™ 0.547™ 0.6067™ 10.920™ 0.1917 0.1917 2567996™
E L;Llag 12 0.0066 0.0067 0.012 0.013 0.359 0.007 0.007 78103
rror
CV %) 8.47 16.33 7.57 22.14 18.72 15.69 15.69 13

Asbe doyd 1 95 maw 3 (gl e gyl ine pae Kby s ya FF o * NS
ns,* and **: non-significant and significant at 5 and 1% probability levels, respectively.
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Table 6- The mean comparison of land equivalent ratio, aggressivity, competitive ratio and system productivity indices under
different low irrigation regimes and cropping patterns

oS iy e 003 5152 S Codle JEEC A
o Culls 591 : . . - . Productivity
Deficit h Land equivalent ratio Aggressivity Competitive ratio .
AR Cropping index
irrigation <. <. .
regimes patterns > 3959 5 Pes 3956 Fes Fyc] 5
Barley Chickpea Total Barley Chickpea Barley Chickpea Total
bicy 1.01 0.17 1.18 0.84 -0.84 0.17 5.85 2138.3
N bic, 1.05 1.15 1.20 0.82 -0.82 0.15 6.9 3540.7
b,cy 0.94 0.60 1.55 0.35 -0.19 0.65 1.54 2451.4
b,c, 0.97 0.22 1.20 0.75 -0.75 0.23 4.2 3525.3
bicy 0.30 0.30 1.13 0.51 -0.51 0.38 2.69 1048.8
s bic, 1.46 1.46 2.45 0.13 -0.13 15 0.68 738.1
b,cy 0.54 0.54 1.57 0.52 -0.52 0.52 19 2179.4
b,c, 0.52 0.52 1.41 0.34 -0.34 0.58 1.72 587.9
LSD (5%) ns 0.13 0.24 0.19 0.28 0.22 1.33 680.77

2 ab gy dloye (IS (35S Jloy )l N
633955 + (63 ¢ )N 3955 + (63 g3 «(63 3955 + | v ;3 3955 + )3 9> boglste oS Lo ey iDaCy DaCy D1Co D1Cy
dlgod g bz ol sl o3 5 Jlazsl aws 3 LD pygel ol 1 oy sl oy 3 S o By gl (slagSibe
N: Normal irrigation and S: low water stress at milk development of barley grain
bicy, biCy, bycy and b,c,- were barley on December + chickpea on December, barley on December + chickpea on January, barley on

January + chickpea on December and barley on January + chickpea on January, intercropping, respectively.
Means with similar letters had no significant differences based on LSD (p< 0.05) test.

039 15 li0ds () s sy oS olaged j3 3956 + )3l o
2 o lis oS i Sl S ) s bjless e cund
SYL (6 Joas) ool o3 e 5o bajla ol ,d g3 olS oS
3 olaed ;3 3955 + 3 3 gn e 3 g (0B, Cuns o9
ol cadle o s 3 YU sy e o 2556 oLS L duglis
3955 5 i iaile coldy ;3 ole)dl )3 gn a8 (claigS 4wl e
e anly 3 olS pl (YL W8T 4 asgi b g sl 03)8 Jos
5955 oLS g5y p oLS pl (gilulale 4 oloydl ) > b gl
210 Ol g 595 i 3 olS cpl g el M) Juad Job
Cod 92 53 () Cud Glie A8 YL sl don 3 g o
OhlSed g Sloj (almme gl Ly aS el 0ayn )8 5550
L g byl cuiS > (Mojtabaie Zamani & Norouzi, 2017)
Hamzei & Seyedi, ) (g 5 (Sojon .l cillas MaL
2 e oS a8 WS 5118 2556 by g belswe cuis 45 (2012
P EFRSe g i il 35505 olS 55y p A5y Jab Jsb

piis by lpd g e Cal 4Ldb 2556 oLS & ol je il

4 —wyyp ,» (Motaghian et al., 2013) |, Kan o iz
4>sS o (Ocimum  basilicum L) 4L ou, 5, Slee (g9,
by lse coitS Galise (slacaS 5 5> (Seasamum indicum L.)
s a8 )8 5158 el sl B sl jasls 5 (ol
L 3ouS aoyd 25 + louy doyd 75 bglste S 3 aouS e
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L olae ol cansa 0719 cdle b souS 103 0750 + v,
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(Mashhadi et al., 2015) 55 glie ¢ 3956 9 I e
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Introduction

Intercropping is an old cropping practice, possibly as old as the settled agriculture, and is widespread
especially in low-input cropping systems. One of the most popular intercropping practices is the cultivation of
certain annual legumes with cereals. Intercropping is the production of greater yield on a given piece of land by
making more efficient use of the available growth resources using a mixture of crops of different rooting ability,
canopy structure, height, and nutrient requirements based on the complementary utilization of growth resources
by the component crops. Several indices such as Land Equivalent Ratio (LER), Competitive Ratio (CR) and
Aggressivity (A) have been developed to describe the competition and the economic advantage in intercropping.
The objective of this study was the evaluation of seed yield and competitive indices in relay intercropping barley
(Hordeum vulgare L.) with chickpea (Cicer arietinum L.) under late-season water stress.

Material and Methods

An experiment was carried out as a split-plot based on a randomized complete block design with three
replicates at the College of Agriculture and Natural Resources of Darab, Shiraz University during 2017-2018
growing season. The cropping systems included two factors. The main factor was two irrigation regimes
including cutting off irrigation at the beginning of the milk development stage and normal irrigation. The
subfactor was 8 different combinations of relay intercropping consisted of monoculture of Zehak six-rowed
barley cultivar (b), monoculture of Darab chickpea cultivar (c) sole cropping of barley on December and January
(by, by), sole cropping of chickpea on December and January (c; ¢c;), and different combinations of relay
intercropping consisted of intercropping of barley+ chickpea on December (b;c,), intercropping of barley +
chickpea on January (b,c,), intercropping of barley on December +chickpea on January (b;C,), intercropping of
barley on January+chickpea on December (b,c;) and cultivation of barley on January+ chickpea on January
(bocy) with a ratio of 1:1. Eventually, seed yield and competitive indices were measured. Competitive indices
were including land equivalent ratio (LER), competitive ratio (CR), aggressivity (A) and system productivity
index (SPI). Analysis of variance (ANOVA) was performed using SAS v. 9.4 software and the means compared
by LSD test at 5% probability level.

Results and Discussion

The results showed that the late-season low water stress had a significant effect on all studied traits and the
highest and lowest percentage reduction of grain yield was obtained in chickpea mono-cropping in December
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(80%) and January (16.1%), respectively. Low water stress increased by 58% and 25% LER of chickpea and
total compared to the normal irrigation conditions, respectively. Under low water stress and normal irrigation
conditions, barley was dominant species and at low water stress condition competitive power of legumes
increased. Also, under low water stress conditions, barley on December+chickpea in January treatment showed
the highest CR (0.68) compared to other treatments. In this experiment aggressivity of barley plant was higher in
all cropping patterns than chickpea. Finally, SPI was positive in all intercropping treatments.

Conclusion

The result of the present study showed that the highest LER and SPI were obtained in intercropping of barley
in December + chickpea in January under low water stress conditions. It can be concluded that intercropping
treatments were superior to mono-cropping treatments especially in intercropping of barley in December+
chickpea in January when plants exposed to water stress. Overall, relay intercropping of chickpea in January
with barley in December is the best and useful option in grain yield improvement and can be applied by farmers
in semi-arid areas such as south regions of Iran.

Keywords: Competitive ratio, Grain yield, Land equivalent ratio, Productivity index



