Iranian Journal of Pulses Research
Vol. 9, No. 1, 2018, p. 177-191
DOI: 10.22067/ijpr.v9i1.56037

Ol Sl gy
WY-13) dxio AFAY ol dou 16 lois Al

92 b balio LS ilieo slaeus yi g Jad sled! (Sis s il
Wb g 995 & s 51321 g9 Sos p

T63b dizg) 9" osl5csFu b &y S el s
3y oLG1S (ol yls rab aslio 9 (559l 0uSLAGIS (55909519 5T iy syl by S (g gomiiilo -9
3 s oSG0 ()10 (ramb 2alio 9 (5559l 0uSLiGID (559)aS 19,5 iy HLulilo Y
VROV F widly o o
VYOI o[+ F : o pdy )b
oS

S8ee slizl g0 Shos g2 b byle cotS alides sloceS 5 g Jad bl (Sis 25 Jl sy jskaiony

se5 Jlo 53 15 4 b ol LIS (slocSsly 2,5 B 45 Sl &gty (shie 3o (solef] S, 5 95
Sl shol ,SB oy (Sis h5 Galesl oal p3 ad [l s olSails Slidos aejhe p0 1YAY-AF
@) S LML+ S5 52 5 9950 + S 92 ML 459 50 92 D976+ 5005 57 bglie SS9 S 92 9 590
g ailoY e 3 iy o ails slowi Olaws Jad ol (Sis mis oS ol lis bl L dog £,8 1551 lgieay (A
9 YA Y e 4 o 5 MBL oLE ;0 5 0o 0BV 4 V2 (Fe slaglie 4 cudpas 0956 olE o ) il o Sles
HiSe 50 2 5l SVPY . 5 AV L Cos S ailo o Slee g (a0 Sles (1 ien 9550 oLS j0 ol alS s o -
S Jlewd ;0 2o, VUMD b cslo y als 5 0, YOO L alo) + + 159 liue o yiden 5 9550 alls ciS jles (o
Ol 4 i ey ails 0 Slas g (St 0 Sl (lie o i MBL oS o o] Cawddy D9t jgyend 93 boglie
G e ;0w 0FOIOA L ciilsy aslis o iien o L Lalls S leg jo ,LSe j0 6 5LSOVYD 5 VY47
IOV e 4 ML+ S 92 jlaud ;0 ML olLF ;0 4 VT g /AT /DY slagylie a4 cud dy 093+ S ) 9> bglie
oolaiwl o) Jad slonl Sas s bayls (o w;@xolgsaslf)jb@.mi Cowddy (S s baylpd o
CeiS ay Cumd QLS Cnl Sk s SV o sl eemlie o oly 92 ML g g20g5s bgle iS5 lapllss |

il LT Lalls

) Gy S ng)L.,.fl é_lcﬁmuuo)wy @A 190 9> :‘5.\.5.15 lols

L ologem oaiiSadss sloyoiS o e 51 (Ko Olgies
5 St bt gi o Jlo 53 e sheal0r (Sl oSl
,» (Saman et al., 2010) 555 o (goail Sisaos
5 e S plej o epata (Sid 25 lb ol
Ol 0 Slee camo alS Jolge o 5t 3l ails jos
caS (Tesfaye et al., 2006) 555 o Cymo ol
S CoiS Slaptanas ;5 (i g 03 S By, Sy byl
o, 5l ced Ojle 5 0l e Lis 3blis 51 g ks 5 o3l
Jsb 5o 4,50 S 0 lojed &jgody (ol)5 455 Wiz b g
@ bolswe ciS slagiwews (Anil et al.,, 1998) o, Jas
J=d 5 eoaxin Wlsd Slgu— M bl cuiS pgas
(Dhima et o5 51 s oolaiwl o115 ¢ i IS o Sles

58 sl ol o, Sles 5,00 al,, 2007)
g ol 95 5 e ooliiwl (Lithourgidis et al., 2007)

\YY

doddlo
g Sis sblis (0 i n milie (o odes 5l Olg>
pl olaidl jo slodas il g oud Cgmoe o Sisded
Sl G99l Vb anse 4 azgi by wls bl
& BT e j Gble cnl 5l )90 (g Sl 9L G
Comnd ol 10 100,85 co (sl Oligas o0lgils  pgas
S 1535 ol sl o5l o Shos b g 55 ol
9 ) SLBS E98g (mizmed 9 3yl conlial slaghy,
Al o 9549, o3k Dbl bl Jad (b (s ps
g5 9 9y oa S gase Jsle (nySodes ol SgreS S
St das 5 i bl 0 Slse> alox 5l <)) HlolS
o=l (Koocheki, 1997; Tesfaye, 2006) <.l -\Lo>

bijanzd@shirazu.ac.ir :Jgiue oo g5*


http://dx.doi.org/10.22067/ijpr.v8i2.48451

WAV ol Ao 15 by Al /0 ©lgws GBI /... St (i w1, Ko 9 &y s

Olee a5 ool 4 5l sl sty Ly Lalls csS sla Lo
a9 olnl 0 Seeiny sl pBS rizen 5 g9z Yoy
3590 2 5als il 28l5 @0 55 Sl Gl ol (ogas
L o5 s 59y JSiio b Sliges 0y al> o 25l 5 5L
Sas Clyls adlate o Jad B (S A Lol 4 azg
oS 5SS s (ol 4 (ol raghy col
olels (=l ol adss sl 5o 92 L OBL ws5s cns

gy had Bl o Ol ogeS Lali o

gy 9 dlgo

acyye 0 WWAYAF el s i o alagl ol
oBiils ol ls g mlin g (55,5laS casSliils  Sliams
5 ot kB30 4z 9VA Gldliz o by L
el (St addo ¥ ga= 0 0F oLl o b
2 o eV AF (Sl lin b Lo g 5l s ye) VA
s slads S & goa sialejl pl o bl Jlo Jsb
b Lol 1SS a jo Bolay JolS slaSgly )b JJB 5o
5 ey Slogas 5 aihis glse 5 Ol Slogas Sy
03,51 Y 5V la gz o Giubesl sl Jore S olans
99 50 Seis i Jold dasllas o550 (slo,9iS 1 Ll o0
al> e Slal o 6)L.:-.’] ('_—'43 9 (Il) NEPEUZY t_Q)L.:-.’T GL’-“
slas S le oylgieas (12) g5 ails (ZGS T1) o s
Al ciS el byl cuis” iz slocoS 5 g (Lol
(H2) 59005 o8, 45,50 (Hordeum vulgare L.) s> o,
(Cicer arietinum 5455 (HB) S aj o8, 4o, il o>
(V) 5l o8, (Vicia faba L.) Sl o (C) of5T o3, L)
5= (H2C) 5550t 555008 92 s Jals s, bslre cots
MWl Sy 92 5 (H2V) Mot 59 503 52 (HBC) o550t Sa;
So Sjgmodn 5 Sl Ghgy 4 ) @) Cewd L (HBV)
Fof b S ojlail iog 2,8 b ,S leea L o,
COUPTBSERER JRE S5 JP INCHC VIR
S 53 09 ) S Sk 5 o8 slo S
Al ol e ilu¥ e alol b cails s A 58 slae S
3955 ly g @ye S 0 ¥ e 92 pB)] (gl B (ST
g gy s H¥e ML g

=5 Sadsb ool 5 558 50 6l 3l 0,50 O i
ool Gogy cpl )0 el Cavods (F)9 wo 0V FID) ac,je S
S g oad (et g e el Colis 4y (e dnla
3B kel e jsbas azde> (nl g el o azdse
5 bl @l 5l Gy o ouilingy S L o s 5
G 5L celnf o Gy Jolgd jo ol (05 155,8

VYA

cbla> o5 g Javanmard et al., 2009) lie ,ole
(Anil et al., 1998; Vasilakouglou et al., 2008) s
Ol @t iz 50 9,bes (I LY 5l (S0l
Sl mlio 5 Lol cotS 18 saiieiS slaaisS a5 ol
e Ao 50 5 oS oo ealil So3elsST pleil S5 )0
y aeyss atnts 5 @lid yobie ol asile o s LB
(Wang et al., 2014; oS o wis JoSo &y50ds
ol aix L g0 a5 byl caely; ,o Brooker et al., 2015)
[N ASPRFRCSEN JENE SUNPRVET PNV UK U ST PN
o0l S g olalS st ee (ogmgliie Jd
Sl Gl el e GRSy 5l iz slaaiss slaads,
sl ely; ls oS 5 (Mazaheri, 1998) b  als
oSl g o, Slale o sloaas @glis 52l 5 93950
Silmtins )3 Wlgioo b S cnl &5 W)ls slailale axwgs
Daneshnia et .asb axsls jads cold, jrals 5 sl pusend
ceiS 5 luleS Sl cwyp aas Lislesl s al, (2015)
(Trifolium e oy adgle o, Sloe , s by o
(Ocimum basilicum L.) L=, s alexandrinum L.)
oialS cel g Lol zals as ass S 5,155 wisls sl
et e 50 JS SiS (59 Cn e 9 9B louy SB35
aS ol asiie cdalejl jo ael Cowsdy o ol bl
Ol Gpae TS il ecel Lugd 5 &)d bgle cois
A S w2815 g Lyl alls S @ e
Om boloue (SlatiiS 18 ey S pln S (e g w2 )8
(Tsubo et al., 2003) s VIAZ G V/-#
=,y ,» Rezvani moghadam & Moradi (2013)
allo_s o (Cuminum cyminum) 5w o5 byl cias

slass as” wsls Les (Trigonella foenum-graecum L.)
Oy Shos ¢ gns ) 0, Slos (ML o ails Sl gy jo B
oS opl bolee cons ) iy allas als coss s ails
P LER [asli ol aS 050 Il 0 ool iawl cavsay
Srin S gosg )l YL bl ciS ol (ooles
ol olS g5 als ciS 4 Eens bglsie caiS lagian
c—aS o Gholinezhad & Rezaei-Chiyane (2014)
(Neglla  alaal—w L (Cicer arietinum L.) sg56 bolsa
W@Sgr 40 LS olass 45 o, a4l ol 4y Sativa L)
oAS ciS o aily o Sles g g oS les caslod
Jenani- oskoii et al, .osl cewods ajles plo 5l i
by g &yd by le csS (55, o 45 iulejl 0 (2015)
30 AL vlasd 1y yidon a5 Ao, 4 ol 4 wisls slodl
3 o) Oy Slos g adily o, Slas gy ;o ails olawi iy

.....



WAV ol Ao 15 by Al /0 ©lgws GBI /... St (i w1, Ko 9 &y s

alyg, slwosls jloslaiwl L ET 0 a2 o oS (5,05 - ju5es
e elitlgn oSl o s lidlsn (gl zal L
el Cawsas ol ls oLl

alul, 5leslitul b 5kl 90 50 50 )bl O Glyae -¥
D dle 5

IR=ETc (EaxLR)

LR (ol & s el (Ea s sl o Ol IR
iyl Ol

wodbs skl Sl @l Bras f Glies ggome 5
S i (gl g iS50 S SeDATY (g Lol jeol ) L
15 xS YA (g Ll y30h L il g e Ll 5]
4S 6955 i e yie S iulesl mls wlul 04 ,LSe
a5 35 LS 10 0, 5lSFO ulul o 0ygl 065 s oolal
ao e il a8l g ClllS Al e 90 10 S D jgod
s ailo] a5

e 905, 5 (6)Is sl Aty da gl (5,0 S B Hhe
aalol Ja8T Joe ol o (s S o3lail (G359 gy 4 0] Cagh,
o2 iy (6 S oslail g0 o Cugby Jlade ploxil i ol ools
Jso8 olal 3 Casb) el o5 siss ol oo b Loy
koo 2y Cedb Cugk, b pln )

S g5 Sas S i)l Sas S X ) -
=5 Sadsb o cushlaie= [ (5

al39) eiloe 5l eolainl b ailyg) & g0y ol l5LS
STy olilyn olKan) litlyn (sla el Ly slaools
dole Jolie ol auloe 5 Ll Sleslanal b g Sl
fadlige 2 e 4 asdS jsbay ol 5L

ity it olye 5 (ETO) o 5,05 - -
A o iy adaly 5l solawl L olS

ET.=K:.ETo

- (BT 0 4Gy 5o yro o) ol (5 ,m5- s ETc
ol (LS a5 Ke 5 Gy 0 e o) @z e olS 350

IWAY-IYAF elyy Jlw jo Olyls lvw sl (wbllgn sosld —Y Jgu

Table 1. Climatic data of Darab during 2014-2015 growing season

gyl 05958 il ] & 2! ob! e Lolo
May April March  February January December November October Months
176 132 6.8 5.7 39 5.6 8.6 16.8 L e
Minimum Temperature ( °C)
34.7 27.3 20.3 20.9 19.1 20.3 25.1 33.9 S adns
Maximum Temperature ( °C)
26.1 20.3 135 13.3 115 12.9 16.8 25.3 > eyt
Average Temperature ( °C)
$us,L
5.8 22.3 90.9 0.2 395 34.7 0.5 0.0 . Tk
Rainfall (mm)
7.2 42 35 2 2.4 2.4 34 6 o .
(mm) Evaporation
olojl 9,90 S ol 9 (K38 Cloogas -Y Jgua
Table 2. Physical and chemical properties of the experimental soil
‘SB . B
o saman o Aot el S aln b i
SO'(Cdnf)pt Clay (%) Silt (%) 0.C (%) BS (%) ECe (dS m™ (pH)
0-15 40.16 18.76 41.10 0.04 8.88 2.64 7.54
15-30 40.16 18.60 41.30 0.04 8.93 1.59 7.64
SL 5es 385 b ey ol o $9) e
Soil depth (cm) N (%) P(mgkgh) K(mgkg?) Fe(mgkg?!) Cu(mgkg?!) Zn(mgkg?!) Mn (mgkg?)
0-15 0.16 52 150 411 1.70 1.48 487
15-30 0.16 60 100 7.30 1.63 1.70 1.91
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Table 4. The mean comparison of measured chickpea traits under different drought stress and different combination of
intercropping

o g okl ol S i bglie culss’ iliin sloces ¥
Meas"ured traits Drought stress (A) Different combination of intercropping (B)
I 12 C H2C H6C
St 5> I oluws 239a  152b 21.86a 16.82b 19.97 ab
Number of pods/plant
G2 > s Sl 237a  14.1b 17.93a 17.23a 2151a
Number of seeds/plant
AN - 059 258a  217b 21b 255a 247a
100 seeds weight (g)
sy oSk 5744a 54042 9916 a 3101 b 3705 b
Biological yield (kg/ha)
s 3,5hee 1488a  849b 1630 a 941 b 935 b
Grain yield (kg/ha)
Sl el 206a  196b 16.62 ¢ 20.85a 2740

Harvest index (%)
u‘j"L:"' g5 + g.g.:nj 97 095U + )9 pous 9> .‘o5l.‘>u URAPRIC uaJl:> oS ol 4H6C}H2C C 4> 4ls REVST™ dJ_'>).n 59 uSw.} S 12 REPVIZ9S Lg)L..J A1

A I e D3l 511 o j00 zrhaw 45 LSD g0l bl 3 o o sl L ja 40 S ie g > 6l sl
11: Full irrigation, 12: Drought stress at milk development of barley grain .C, H2C and H6C were chickpea sole cropping, Nimrooz barley + chickpea
and Zehak barley + chickpea intercropping, respectively.
Means with similar letters in each treatment for each traits have not significant difference (LSD’ s test P<0.05).
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Table 5. The mean comparison of measured faba bean traits under different drought stress and different combination
of intercropping

oo s S 1l il (S bylio ciS ilizo sl i
" - Drought stress (A) Different combination of intercropping (B)
Measured traits 1 2 Y HoV HEY
Sy 5> D Sl 430a  347a 3942 373a 4a
No. of pods/plant
Sy: > &> olas 186la 12.49b 15622 13762 17.27a
No. of seeds/plant
Y+ s 1052a  86.30b 96.70 a 98.60 a 92a
100 seeds weight (g)
. f‘“’) s 7738 a 6673 b 11960 a 4909 b 4748 b
Biological yield (kg/ha)
s 3,5les 4100a  2474b 5175a 2253 b 2433 b
Grain yield (kg/ha)
Sl sl 46.9a 379b 40.10b 41.63 ab 4558a

Harvest index (%)

il e D3l 611 o j00 gmhas ;0 LSD ygesT bl 3 o yo sl e ja 48 S e g sl (sla i Sile
11: Full irrigation, 12: Drought stress at milk development of barley grain. V, H2V and H6V faba bean were sole cropping, Nimrooz barley + faba
bean, Zehak barley + faba bean, intercropping, respectively.
Means with similar letters in each treatment for each traits have not significant difference (LSD’ s test P<0.05).
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Fig. 1. Interaction effect of drought stress and different combination of intercropping on grain yield of pea (A) and faba bean (B)
11: Full irrigation, 12: Drought stress at milk development of barley grain. C, V. H2C, H6C, H2V and H6V were chickpea and
faba bean sole cropping. Nimrooz barley + chickpea, Zehak barley + chickpea, Nimrooz barley + faba bean, and Zehak barley
+ faba bean intercropping, respectively
Means with similar letters have not significant difference (LSD’ s test, P<0.05).
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Fig. 2. Interaction effect of drought stress and different combination of intercropping on harvest index of pea (A) and faba bean (B)
11: Full irrigation, 12: Drought stress at milk development of barley grain. C, V, H2C, H6C, H2V and H6V were chickpea and
faba bean sole cropping. Nimrooz barley + chickpea, Zehak barley + chickpea, Nimrooz barley + faba bean, and Zehak barley
+ faba bean intercropping, respectively
Means with similar letters have not significant difference (LSD’ s test, P<0.05).
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Table 6. Analysis of variance (mean of squares) for drought stress and different combination of intercropping on land
equivalent ratio of cereals, legumes and total

(ME) wlay yo (55lo

o) G2l G

U‘g’g\?u ‘5')‘5;:'?") Land equivalent ratio
e LERcreals LERIegumes LERotal
LSS 2 0.001™ 0.007" 0.006"
Replication
S 1 0.003" 021" 0.23"
Drought stress (A)
Ll 2 0.0001 0.001 0.001
Error A
Different combination of 3 0.006 0.06 0.07
intercropping (B)
AxB 3 0.001" 0.03" 0.03™
o ol 12 0.001 0.001 0.002
Error B
oV (%) 6.46 578 384

*k Kk

Aoy 50 Jlaol mhw ;o g b s (g b s pas [ Kily ol Sy FF * NS
ns, * & **: non-significant, significant at 5% and 1% probability levels, respectively
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Table 7. The mean comparisons for land equivalent ratio of cereals, legumes and total
o) S5l g o

)l._".:T 53 Holowo cuis” aliseo lh;ﬂ_f 3 - .
Irrijation rr:gimes Differ::?:ombination offntercrogping Land equivalent ratio
LERcereals LERIegumes LERtotal
H2C 0.49 0.51 1
1 H6C 0.57 0.46 1.03
H2Vv 0.57 0.40 0.97
H6V 0.55 0.45 0.97
H2C 0.49 0.74 1.23
2 H6C 0.57 0.83 14
H2Vv 0.56 0.5 1.06
H6V 0.52 0.51 1.03
LSD5% Ns 0.06 0.08

M+ S 92 9 ML+ 555005 97 3955 + S5 93 3555 + 9508 97 bogliee cuiS o5 i HOV H2V (HBC H2C ¢ g ails s s oy al o o Sitis 2512 cgllan (511
11: Full irrigation, 12: Drought stress at milk development of barley grain., H2C, H6C, H2V and H6V were Nimrooz barley + chickpea, Zehak

barley+ chickpea, Nimrooz barley + faba bean and Zehak barley + faba bean intercropping, respectively.
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Introduction

A growing interest in intercropping systems has been initiated in developed countries due to the
increasing awareness of environmental degradation arising from the heavy use of non-renewable resources
such as water. Cereal-legume intercropping are common in natural ecosystems, but now are rarely used in
developed countries, except for certain intercropping systems used for animal feed. A renewed interest in
intercropping and particularly in intercropping of cereals with legumes has risen again lately. Intercropping
can use the available environmental resources more efficiently and thus result in higher yields than
monocropping. The reasons for the higher yield in such systems is that the intercropped species do not
compete for exactly the same growth resource niche and thereby tend to use the available resources in a
complementary way. lzaurralde et al, (1990) used chickpea intercropped with barley in different planting
densities and found that grain, straw, and dry matter yields of the mixtures increased with increasing
chickpea planting density. With respect to drought stress in late season of Sothern Iran because of cutting off
rainfall in this area, and the importance of intercropping to reach stability and sustainability in production,
the aim of this study was to assess the changes in yield and yield components of chickpea and faba bean
intercropped with barley under late season drought stress.

Material & Methods

To evaluate the yield and yield components of intercropping chickpea and faba bean with barley
cultivars under different irrigation regimes, a field experiment was conducted at College of Agriculture and
Natural Resources of Darab, Shiraz University during 2014 growing season. Treatments were included two
levels of irrigation regimes (full irrigation and cutting off irrigation at milk development of barley) and 8
cropping treatments consisted of monoculture of Nimroz tow-rowed barley, Zehak six-rowed barley, pea and
faba bean and intercropping of Nimroz+pea, Nimroz+faba bean, Zehak+pea and Zehak+faba bean with a
ratio of 1:1 which laid out as split plot arrangement in randomized complete block design with three
replicates. At crop maturity, plants were hand harvested to measure yield and biological yield and yield
components including number of pods/plant, number of seed/plant, and 100-kernel weight. Also, land
equivalent ratio (LER) was calculated. LER is the most popular index for expressing the yield advantage of
intercropping systems and defined as the relative land area that is required for monocrops to produce the
same yields as intercrops. Finally, analysis of variance (ANOWA) was performed using MSTATC ver. 2.1
software (1991) and the means compared by LSD test at 5% probability level.

Results & Discussion

Analysis of variance showed that main effects of irrigation regime and cropping treatments had
significant effect on number of pods/plant in chickpea while these treatments had no significant effect on
number of pods/plant of faba bean. Under drought stress, number of seeds/plant, 100-kernel weight, grain
yield of pea decreased 40, 16, and 57% while in faba bean decreased 32, 18, and 40%, respectively.
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Interaction effect of irrigation regime and cropping treatment had significant effect on grain yield and harvest
index of chickpea and faba bean while this interaction effect had no significant effect on biological yield of
two legumes. In chickpea, the highest biological yield (9916 kg/ha) and grain yield (1630 kg/ha) were
obtained in monoculture of chickpea and the highest 100-seed weight (25.5 g) and harvest index (%29.85)
were obtained in Nimroz+pea intercropping. Also, in faba bean, the highest biological yield (11960 kg/ha)
and grain yield (5175 kg/ha) were observed in monoculture of faba bean. Maximum harvest index (%45.58)
was obtained in Zehak+faba bean intercropping. Interaction effect of irrigation regime and cropping
treatment had significant effect on LER egumes and LERworar. Under drought stress, LER in legumes in all of the
intercropping treatments increased from 13 to 80%. Likewise, the highest LER ereais (0.57), LERegumes (0.83),
and LER (1.4) was obtained in Zehak+pea intercropping.

Conclusion

It is concluded that intercropping of six-rowed Zehak barley cultivar with pea was advantageous system
of each legumes in monoculture especially under drought stress condition because of better land use
efficiency than sole cropping and the other mixtures. This intercropping system can be adopted by farmers
for maximization of yield especially under late season drought stress in Southern Iran.
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