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el 342 286 225 21.4 201 195 27.4 33
Maximum temperature (°C)

o3 Lawsis 245 204 156 12.9 117 12.1 185 245
Average temperature ( °C)
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5 17 6.4 62 0.4 13 26.2 1.9 0.0

Rainfall (mm)




VFE-VAY azio TR Jlo ¥ ks 1 (0599) Sl [0l 31 U g GBS /... bolics CoiaS 511,50 g goanol s gloo

W g = ¥+ C (slos y0 358 slove il (5,5
(Chance & Maehly, 1955)

VB o 35T olad (g S0l

Jolis YIS 55T b s (sl 2STly boglies
9 059090 denSTy Veo Lo VO (Voo (Lo B0 Slans 3L
o)l_.a_c QQ;ASLal )l u= .05..' ‘50_1).7] O)La.c )l )...J j)i».n a’
4l Sae 4y gl Ve oo Job 50 iz lime (ool
i e (UV-160A) Joe jregidy Sl olfiws lawgs
r‘*’ﬁ-‘l’ w)_.o )‘ ooLa.._...J l_| )Yl_‘lf ‘QJ)_J u_..ll.’ﬁ
039,92 Ay Jg0g,San & js0 4 (YA/F MM cm™)
b ol B 0ig psS p kB pasly Ojge 4 g cada o
(Aebi, 1984)

oSy o 35T el (g S0 1!

Jolis 3l o531 e a6l 25Ty bgloes
S5 eyl o)las ;s e e g 39,008 SeeST e
SOl B a4l P O)goh gl TV zoe Job 0 i (e
=23 o)lac s olge opl aled Jolis aals Jgloee .o
S5 J5SUIS 13 Oliee Olgieas STy ml colled o
Ko )‘ oolaz_wl l_> 9 = O)9 Io)j)_: ‘u.,sa 5 .\>|5 0l
Chance and Maehly, ) o—s awlxe (Y#/# mMM21cm?)
(1955

=) QllS (Fowm) oo 10 )0 paigel Grizren
S, los pnd (6ly olociiguud I VY 2o\l )0 aoye yie S 5l
Ceilo 3l e 00 )T pll el kS o Slee sli>l g
loY e e g BME o ails slaws w@igy o B slaw wlas
05_50‘ OLS Gls u.u‘.)s): 9 wa ua.>l.~u “_i))}‘ﬁ_u Q)S-Lo.c
Si-8le i 5l ool Jodo g 5o Coled 5o 0l (5,503l
L Lo pnSile duolio g o oolatwl (9.4) asews SAS (5,L]
plosl oo o miy Jlois! mhaws ;0 LSD 905 5l eolaasl

JOCK 4

a Judg 5 (glgsiono
Slews 51 as oy plas Cio ol il g 4y gl
o e s 25 i laS 5 s )
ey S Jletol mhaw 5o byl cuiS 5 55kl jles
N}" G’L" (Y JB») ‘59-’ )‘Q 5*-&0 a &39)15 6‘9}2@
A 9IS (slizme p bsline cutS 5 ()Ll (slalos

\FY

5o adls olaws @igr jo BME slaws Slaw cudlo 5l
o3lail 0gz0 oLS o Sloc 5 ailo putigy ciloY v e v 59 BME
Ol 89, 3l 0958 &ils (g liee s Sl 0D (6 15
K-) Jome JlodxS 9,8 oKiiws 5l oolaztuwl b g diges 159 5
Ol ¢392 Ol S olasl b oS i 5 cpl o
396 53 (3 8oy oy ol Sl 3955 oS &l iy
Lopez - Bellido & Lopez - Bellido, ) sl cuvsas £/70
(2001

Syt slaoy oSS, 6 S ojlasl Cpz (6 S diges
8,8 O ygo uis Jleel 5l o atan 9o (GlawST,

S Fmgid Lo 5T (5 S0l

Oy 510 g8 de)lS plie i g gl sl ol
ages 3l p,8 10 Helaie ol 4 ol solazwl (Arnon, 1967)
et Ve L psle J310 50 e ) e S 5 sle
3 Jeol> o lac s 0l (6,50 liac as oA gl
Sl olse 5 ol (55l Jlarte 5o FOC slos po 5 (SO0
4885 0 Feee 190 b faudy yile 10 4885 V0 Do 4y Lol
Lty 2oy Bld Joloe 51 yid oo G olSST 0l 031s g,
g ol S hee Ve o 4 wo oA gl i (e A
sogiby Sl 5l esliiul b oad gl Siul o las widx Gl
Jsb ,o opl5 Shimadzu «s o csle (UV-160A) Joo
Ol g 9 9205 S8 gl (FFO 5 77Y) slagse
2 Al ) bly) 5l (6 wgid (slao ST
(F) abail,
Chlorophyll a= (19.3xA663 - 0.86xA645) V/100W

(0) akl,

Chlorophyll b = (19.3xA645 — 3.6xA663) V/100W
5l ol (SLEgs Jglome) onisblo Jolxe pn> =V

PYO 5 PPY lagss Jobo 53 j9o i =A «Gomi 5l

P o Wigad 5 (39 =W ¢l

o 5T (5 S0l
S erS oI Glagslyy o YU glag 3T el o
3 L g 8 LS iz (gl 3l ool b 5 eiged
Slid BL 5l (e O O a5 02 oanle e
LY Ml slacgsy,See a0 JES! 51 s g 0l adlal (PH =V)
498 3w (Z326K) oo 5908 yile oKiws 51 solawl
V0 ae as ¥ °C glos gaids jo ,00 10+ L oLl
ojlasil loy L eadzmrin! gladiged ol . il s



VFE-VAY azio 1] Jlo ¥ ks 1 (059) Sl [l 31 U g GBS /... bolics CoiaS 511,50 g Goansl s glo

Ol @iz 5 S 0 YL (55, 052y Jedod S oo
cesS o s Baharloei (2013) .o il o olS Lawgs
I,1s 5 (Pisum sativum L.) 5,805 36 by I
S5 ,80455 D L8s IS 5405 samline (Brassica napus L.)
CoiS dn S ) re jobay bolse et jlas o
—,r » Rasti sani et al, (2014) .csl  zl58l alls
Sl L a5 s S esalie Lyl olS sl b wlio
Ll 5o Lugh slaazalS js dg IS asls Sas o5
ol lssiiems 23l (I3l 5l sine jsbay (Sid a5
57 blse ot 3 b Lig 5 (slyiome Jials cle a5 o5
O sl o L Lot plw a Caid ola )3 0g5i+ g0
g ole,d] 40 095 Bgody CuiS aS bl ade ol 4y Sis
350 oLS aS Cewl ouls Eel ologo o 9> cBlS o ).._>L:
Al po 4y g wles (b 9> ol S Sl Sy |) 993 505 S
2955 $95= 9= oS (silaslnl 5l g s p (Laly )
SaLS Jlass ol oIS slsioms i 4o 5 355 4l

(VS8 ot

YU o 57
Soss 31 85 918 (i VS T il ly 4 s
o s 31 5 bslie i caliis sl 5 e ]
o=l = ao 0 SO sl maw jo bgle eS¢ 5Ll
Lyl s o aS ol plad gl (V Jgu) 09 o gine Cio
a3l Lo Lo aas yo VLIS o5l liee (St 5
SV E L YU o5l Gialidl e op yidon 9 28l
Sil3) Gl (iS5 olegsd ag5u 31 g2 bglive cutS
a5 del oy ole, 3T 5438 LAS ST 40 o 3 VYNV L ]
Syl e (5, Lol glas ole,3T szt 3l bglse S L
Seid i bl s e Gulesl oty (Y JS8) sl
o (s el Gaal8 b jla ann 50 VB 35T liee
il Gli8l oy e VYN L ole 3 0950 oaS' ST
Sl ol &S CaS lgs so g ols plaisl ses 4 1) VLIS
o i jo Lajlans ple b blis (o 1) (55008 Cueglie
ploa a6 b jle 5wl aily S
5 olacss 956 cilS o LU riomen il oo byylos
AolEa g ol 4 ol oo el olo )3T g aBgeds oS
by epld g 0l Joad Bl o S cosh, Lis
LS L b el (Sts 25 Ll 53 i e
Sl el sy 45 555 e s140sT s
CeiS 0 0, Shae ol 8l a0 g YUK w3l oljee

\FA

5> bolowe cuiS [, Cio (pl Gliee o yidian a5 olo lis
Ll it 00 5 059 0 05 2 e S ke VITA L 65 095060
St 5 ol Ol S g asl Cws s Collae (L]
039 00 PS5 2 S ke IOYY L 5T agsun )3 52 bl
glis )3T st g0 52 bslie cotS L 4 wel Cawsay 3
Lyl b jo as ols (Lis mls izmen Cllad (6,10 Sxe
dop ;0 A Jd9)lS (lytome Jad slsl (Sois s
Ol 2lS e 1S 5 it 5 28l GlalS Layles
5o by s slac iS5 oo, YYIY 5 FFI5 L ol 5a
() J5s) sl Cawods olo(gd 3953+ (60 93 g (60 dg5u+,d]
Sy (loosSS) oS pol> Ghagh mls b il
Zedeh-Begheri et al., ) 0,8l o Sas 25 )l 50
Ll oo 5,155 (Naresh et al., 2013) sl 4 (2014
o) sl ol adss o Pl ol cely  Sis ius
A e el ol aS 00,8 co ST ol sla Gl 0y
Dyl aziS 9 g olid a0y GemlinSTy S
S9d s LoallaSs) w58 (izred 9 (sl slid 4y
o= 5l saelewoan, s (Masoumi et al., 2010)
Joad sl (Seos s Ll pe a8 ol plas b
A 29,15 slsiome olagss 0958 by oot slajlocs
U8y asls bglse cotS slayloss ple 4y S s 5L
oo Eel olags 3950 cuisls jo 3b i oy e ()
Ay 0 b, Jad 0,90 Lol jo 93 olS sladig a5 ol
Gilasla o cow 9 oS oy 0950 oS 4 Cand (6 i
9 039 e 23 Saled 53 9 397 5y 2 9> sladin
329905 olS 93 (nl G (9w @i lp Sl alS

el oa@ 89 1S glgime yioli8l el s

b Judg 5 (lgixo
b Jeds 15 Glymome 2 palosT ol (mili)ly 22525 @l
cesS Gl glacasS 5 g lol s 1 as ols oylas
)lob_;.m 345 oS b S, IS glgizme p o0 SO Jloss]
iS5 bl Jlesd Sl (iSen 1 @l (F Jsoz) o5
50 aS ols las 0956 ol o b Ldg IS slgime p bolsea
aop o b g IS lgime b slol (Sis s bayls
Oy g <l jials olegs 8958 SIS ST o o leys
CiS 50 0o, YOI LD by S lgime pals a0
Y JSes) asl cwsans ols, 31 0gsui+ 60 g bglse
Sl sl 8l aS ws,S 5,155 Argenta et al (2004)
B (St S e 0 &S GaLS 50 S n )5



VFE-VAY azio 1] Jlo ¥ ks 1 (059) Sl [l 31 U g GBS /... bolics CoiaS 511,50 g Goansl s glo

9 3o 8key) =) Dlio als o (SiS A5 as culls
SYBLS aloz 51 oS 5T sla 3T codled e ial53l
el Gl aS oS e e 5 Cal oad STy
Hheamsplas (Sas (i balyd 5o plaesl sl gla
O g gl ST i slacs lus galS s laes 31 oyl
L a8 wil oo Jlb ST sloaiss b ablia ,o ooyl vge
2o mls b gllae o)l cdills (ol fagh mls
ool ecdles ol sl s Anjun et al, (2012).,_sl>
bl lulyd e (Sas i ylys o 1) VBl

5903 ()55 wollas

slac Sy plaw as coud olasd .)5_7’;;+).51 > byl
(¥ S ol od 950 oS Cilisee

00 1S 5 pglaax Lo 35T o ySese 5 (S0 VLIS
o=l e dled polidlas ool s jledids (g 0mp dnST
9 >.LA-M> > ru.»_"“ s .‘a.a‘)_..u )O DL.S u.osl.fu w.l‘)ﬁ‘ u.clJ I”J)"]
S9yy— &S slaalllas ,o (Hasanpour et al., 2012)
Sz s a5 W 8 easlice il plxil 0950 gl sl
5 YU slaps ol codlad Jlo o ialjl s ;xie
RV 1 29 ‘5)L:.3’| byl o Lo awolin o jlauSTy,
,LeLsl Poursmaeil (2009) .(Rahbarian et al., 2012)

99 5o g (009 3T Callad (g 3tmsis oo 1SSy » 92 b balso ClS 5laylowi 9 (5Hlal oSy slowd ST (Wil lg a1 3o - Y Jganr

Sg5 & Shoc (gl
Table 2. Analysis of variance for the effects of irrigation regimes and intercropping treatments with barley on
photosynthetic pigments, enzyme activity, yield and yield components of chickpea

Ol po (Silo
MS
s . . 30 e olaay 50 ailo oluws . R wloo, >
O yuadd” 2bio .I)T ghf:s”hjl cbhf&”b] M sy &g e ]‘.‘;)‘:)‘OSWS &l 393 9 4l
(O orophy . : -See -
S.0V df) O'Z:p b Catalase  Peroxidase  Numberof Number of Weight Seed Seed&ueld yiz?gdof
pods/plant seed/pods protein Chickpea Barley
Rep;li);tion 2 0.008 0.0001 0.035 0.047 0.107 0.001 1304.8 0.732 7934.5 31747&1.9
d)LﬁT 255
Irrigation 1 132" 0.036™ 15.5° 154° 335" 0.049™ 357.8™ 03521 203347600° 573(?”?7'7
regime (A)
ol sl
Main 2 0.0006 0.0001 0.026 0.162 0.008 0.014 1474.6 0.817 56608.3 47017
error A
Ll oS
Intercropping 5 0.405™ 0.011™ 4.61% 10.1% 231.2™ 0.063" 9138™ 26.6™ 2386388.7"" *47017
(B)
A) x (B
(th \) 5 0.29™ 0.014™ 274 135¢ 1.0220 0.011% 3499.9" 86”  s7saes” 2050
e 5
= sl
Sub 20 0.003 0.001 0.100 0.135 0.446 0.004 426.1 19 9231.08 3272‘)21.9
error B
”'é\*/”(;/”))“’ - 6.36 12.49 19.2 7.09 4.22 6.43 357 5.46 319 17.14
0,

2o)3) g ao,00 Jleisl mhaw ;5 (95)l3 sine 5 65 sre pas oaad LIS o T 4y Iex g NS

ns, **,*: Non-significant and significant difference at (p== 2.011) and (p== 0.0 5) probability levels, respectively
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Fig. 1. Interaction effect of irrigation regimes and intercropping treatments with barley on

Chlorophyll 5 (ng. g! Fw)
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N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, C2, bicy, bicz, b2 and bacz 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, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 2. Interaction effect of irrigation regimes and intercropping treatments with barley on

chickpea chlorophyll b content

N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, C2, bicy, bicz, baci and bacz 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, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 3. Interaction effect of irrigation regimes and intercropping treatments with barley on

chickpea catalase enzyme content

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, baci and bacz 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, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 4. Interaction effect of irrigation regimes and intercropping treatments with barley on

chickpea peroxidase enzyme content

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bic1, bicz, b2 and bacz 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, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Table 3. Mean comparisons for measured chickpea traits under different irrigation regimes and intercropping
treatments with barley

ORIV I .«5)_9.*.‘ m-.'.S)_ "991"“%“5«5“)“33
Measured traits Irrigation regimes Intercropping treatments
N S C1 Co b101 blcz bzcl bZCZ
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NG s s e
s o slas 1.04b 1.11° 116% 123  105¢ 0975¢ 1.083% 0.975¢

Number of grain /pods
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N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, C2, biCy, b1y, bocy and by, 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, barley on January+chickpea on January intercropping, respectively.

Means with similar letters in each row have not significant difference based on LSD (p= 0.05) test.
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Fig. 5. Interaction effect of irrigation regimes and intercropping treatments with barley on chickpea 1000 seed weight

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, baci and bacz 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, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.

Sz aild 8 Slos

Shas ol plas asls o, Sae il lg am s gl
adils 0, Sles p ao sz Jlixl mhuw jo g lal slojles
Oizped 5 by lie i i GlaceS 5 il 5 5 0950
ctS bz bS5 5 gl sl (iSen
Sg50 adils 8, Slos 1 do 0 S Jloio v o byl
X Jpaz) o5 o sias

L oloso 9956 SiS ST )0 0950 ails o Slos o i
Cwdds wglhae o Lol byl i jo LS 1o 0,56LS ¥+ 10/0
CiS 50 5 (Sets i bl 50 T Gliee (eS g gl
A LS 50 0 5ol S YVO/FY L oleso dgzuit 60 9> Lol
5> 9 60 dgFuit 3] g by e ciS L aS ol cewd
o (5, el S Gglhae (oLl Ll i jo 43T og56+ 31
(Y JSs) cslas gyls

\Y¥

PR 1 S P W N PN EO L S
9 )QT 05_?'L3+)..)] 9= ‘109_1.799 C,‘_&S)Q S0 y0 Y. l_> é‘“}
[ )[ﬂ Sgsuit 68 g g lore i o Q] Ol o ymieS
S g olagd 9950 S S L aS el cawsas YY/AN
noaS g Scad i byl d o 60 9950t )3 9> bl
G)L.t-.’—‘ Lyl s o 6o é55d+)51 s> 9 ).S—‘ D9t 9> bglie
(F JSs) cuslss g s sae (s kel ST Lgllas
Ly Ise oS o Shaker koohi et al, (2014)
(Vigna radiate sl 5 (Sorghum bicolor L.) ¢55 4w
CdS 50 465 90 o 0 dild ey e aST a8l o L.)
oo e 3YL LBl GliEl alls S 4 cos bl
= Sl s o cos (Sas s lls o s
S i bl s ol 0y90 Job ralS Jdods wilgs
ss3s o3| ,o Jalilian et al, (2005) wlaalin b as il

Syl casllae



VFE-VAY azio TR Jlo ¥ ks 1 (0599) Sl [0l 31 U g GBS /... bolics CoiaS 511,50 g goanol s gloo

35 4

ab

)
o
1

bed bc

Protein (%o)
= = N N
o wu o wu
1 1 1 1
4+

i
1

ON

ms SE=1.40

bcd

cl c2 bicl

bic2 b2c1 b2c2

Intercroppin treatments

3950 Al (g boldo ClS byl g (5 lal 3y SiiSod p -5 JSi

92 1Syl g i Al o )OSl i S (Jloy (5Ll N
6O D95t (63 92 )BT DBt (80 92 (50 d95it 43T g ()BTogii+ ;3 g2 bglie i colo g3 D950 coloydT gz (LS K e iy 2 D2C2 tboCr ¢biCa <baCa <C2 <Gt
il el (5l cime Dgles gl o0 O Jloil mhans 10 LSD (yge3] bl 5 o jo gl Jled jo 40 S e g gl s slapSile
Fig. 6. Interaction effect of irrigation regimes and intercropping treatments with barley on chickpea protein seed

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, baci and bacz 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, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 7. Interaction effect of irrigation regimes and intercropping treatments with barley on chickpea seed yield

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, b2 and bacz 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, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 8. The mean comparison barley seed yield intercropping treatments

C1, C2, bicy, bicz, baci and bacz 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, barley on January+chickpea on January, intercropping, respectively

Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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(MS) wla yo (nuRilso

o) Gl p o

Ol i 2slio o151 a4
‘;g\é/' ¢ }df i Land equivalent ratio
e LERbartey LERchickpea LERwtal
<5
’_’SJ . 2 0.0047" 0.0017™ 0.057™
Replication
[Ny o o
i ‘S)L” ) 1 0.023™ 1.052 0.764
Irrigation regime (A)
| glas
“P ¢ 2 0.0832 0.0031 0.067
Main error A
Lolis ciS  cla Ls - o
o 255 el 0.012" 0.37 0518
Intercropping treatments (B)
AxB 3 0.019™ 0.564™ 0.547™
oo sl 12 0.0066 0.0067 0.012
Sub error B
CV (%) 8.47 16.33 757

ao,3) Jloix] mhaw )0 (09:)l8 fre g (58 gire pas odiedHLiS s Ay T

ns and **: Non-significant and significant difference at (p= 0.0'1) probability level, respectively

\YY



VFE-VAY azio 1] Jlo ¥ ks 1 (059) Sl [l 31 U g GBS /... bolics CoiaS 511,50 g Goansl s glo

599955 (0 (5l S (12 Slo A lilo =B Jgu
Table 5. The mean comparisons for land equivalent ratio of chickpea and total

o) Gl S

Sk w3 baloeo culss’ sla Lo : .
Irrigation regimes  Intercropping treatments Land equivalent ratio
LERchickpea I—ERtotaI

bicy 0.17% 1.18«

N bic, 1.15¢ 1.20%

bacy 0.60° 1.55°

b,C, 0.22% 1.20¢

bicy 0.30¢ 1.13¢

s bic, 1.46° 2.45%

bacy 0.54° 157°

b,c, 0.52° 1.41%

SE 0.08 0.11

52 alls (i gyt dl> e o (Sid 135S by gyl :N

(S 397+ 9> ‘)5] SgFTHGS 93 ¢85S oy’dgf{l pes ;)Cﬂ oy’dgﬂ 5> bolsre oot ologs 945 wole )(ﬂ 3956 (SASSS i iy baCa¢hacy <hicy <bycy <o <cy
Al sed (g o sime Sglis glls o yd B Jlezl a5 LSD 3l ulal i jo gly sy 0 50 S s Bg > (6l slopeSiloo

N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, Ca, b1Cy, b1Cy, bocy and by, 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, barley on January+chickpea on January intercropping, respectively.

Means with similar letters in each row have not significant difference based on LSD (p= 0.05) test.
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Introduction

Intercropping is an old cropping practices, 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 of two or more crop species not only improves yield on
a given land area by making more efficient use of the available growth resources but also enhances
biological activities in the soil and suppresses weeds, pests and diseases. Intercropping of barley and
chickpea improves the use of plant growth resources, i.e. species do not compete precisely for the same
niches. Relay intercropping refers to a cropping system in which the lifecycle of one crop overlaps that of
another crop. Usually the second crop is planted after the first crop has reached its reproductive stage of
growth but before it is ready for harvest. The purpose of this experiment was to detect the most suitable
intercropping system and appropriate planting dates for chickpea and barley for sustainable production of
these plants under water stress conditions at late growing season.

Material and Methods

An experiment was carried out as a factorial split plot based on randomized complete block design with
three replications at College of Agriculture and Natural Resources of Darab, Shiraz University during 2017-
2018 growing season. The cropping systems included of two factors. The main plot was two water regimes
including cutting off irrigation at the beginning of milk development stage and normal irrigation. Sub plot
was 8 relay intercropping ratios as additive series consisted of monoculture of Zehak six-rowed barley
cultivar (b), monoculture of Darab chickpea cultivar (c) cultivation of barley on December (b1), cultivation
of barley on January (b), cultivation of chickpea on December (c1), cultivation of chickpea on January (c2)
and different combinations of relay intercropping consisted of cultivation of barley on December+chickpea
on December (bic1), cultivation of barley on December+chickpea on January (bic,), cultivation of barley on
January+chickpea on December (b.c:) and cultivation of barley on January+chickpea on January (b2C2) with
a ratio of 1:1. Two weeks after drought stress the traits of chlorophyll a, b, catalase, peroxidase, were
measured and at crop maturity, plants were hand harvested to measure biological yield, yield and yield
components including number of pods/plant, number of seed/plant, 1000-seed weight, grain protein and land
equivalent ratio. Finally, analysis of variance (ANOVA) was performed using SAS v. 9.4 software and the
means compared by LSD test at 5 % probability level (p<0.05).

Results and Discussion

Analysis of variance showed that late season drought stress had a significant effect on all plant traits
except the number of seed/pod, 1000-seed weight and chickpea seed protein. In chickpea drought stress
reduced the amount of chlorophyll a in all treatments and minimum amount of chlorophyll a was achieved in
intercropping of barley on January. Also drought stress reduced the amount of chlorophyll b in all treatments
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except for the cultivation of chickpea on January. Interestingly, drought stress increased the amount of
catalase (74.04%) and peroxidase enzymes (81.36%) in intercropping of barley on December+chickpea on
January and barley on December+chickpea on December, respectively. Water stress increased 58% and 25%
land equivalent ratio chickpea and total compared to the normal irrigation conditions. Finally, the maximum
seed yield was obtained under drought stress conditions in barley on December+chickpea on January
intercropping.

Conclusion

The result of this study showed that in general, late season drought stress reduced the amount of
chlorophyll a and the maximum and minimum amount of reduction was 46.6 and 22.3% in intercropping
barley on December+chickpea on January and barley on January+chickpea on January, respectively. Also
drought stress reduced the amount of chlorophyll b in all treatments except chickpea on January, while
drought stress increased the amount of catalase and peroxidase enzymes with the maximum increase of 74.04
and 81.36% intercropping barley on December+chickpea on January and barley on December+chickpea on
December respectively. In this experiment, in barley on December+chickpea on January intercropping
treatment, drought stress increased 58% and 25% land equivalent ratio of chickpea and total compared to the
normal irrigation conditions, respectively. The results can be recommended for intercropping in some areas.
Therefore, relay intercropping can greatly increase the economic efficiency and productivity of agricultural
land use.
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