YY-AY .o AY Ol ¥ ookt € ) >

SolT (gwkigo 9 pole ﬁ‘rﬁ

Jnr,lc);f,.:-f,ﬁu,

bolote cuis” 30 T Gl 31 (B 9 8 5kes p pliie § D9k & ilsTes” I 1 b3,
(305 gl - po5s9w)

Yo, . g # o, . \ .. .
JL‘;@E_.JSU;}.»} @}f&x‘@b)wun 6,&;—%\?4‘:&0

Ol e0le S b gl olils o655 9LeS” suSasls (T e (olige 351 )1 (5 il - )

Gsls ouSiia s bkl L1l Ol S Ol ST el dgd oSt (g slaS euSlails (O widige it LLskul o] sts odins - Y
rezaei@mail.uk.ac.ir .ol 1 cole S b agd ol ¢ aE IS 5

Ol 0l S 0l S il g ol ¢(55,5LS outSitils «oT wdign idu JLokul ¥

WO/ /YAy b NIVl 5 b

o>

B ;3 AY-AE Jlw )3 (gl 50,8 bugh-095 j9m bolie CulS 13 o sljal 9 3,800s 1 (55leleS 50 251 (51
ol b gy 1] AL e oIS ds 50 3 1S5 A b (B3lal JolS (SSTsl arly i oadd B LS g S
ligd = 095 pow CudS s gy 32 (2 55 M0 )3 Te 5 VO L oIS p Al (midge (Sl g (w (5lleS (ol (55L)
0o W oS g dlaad (g Culpd 55 wad JlosT (30,8 iy dao)d Lo g 995 jow Juojd YO 9 0+ VO (055 jom o yd Ao) 30,8
i (5 S 031 LS (B, gl yad L g (e (Gl 52 Commnsd DT Bpaan (5590542 (s2lop @I SS9 5 (5 oS ) et
Ol (8590500 2253 YL i) 38] Gty el ) (xadg0 (S § (81 x0 3 U o (olod o o i3 Jlos! 31> (Wi gl
w235 (Fhaw (6 ke b Al )3 (Call Gl G 9 (5 g Sy p3) 50,5 Lagd LS 53 00 3 VT/Y g 095 9 0LS 1

0ol g b i Lol bgbke cuzs (Akunda, 2001)
Caws b bgbro S o Jaamme dySles ol ol (glasgle
Hosseini et al. ) cosl suS'SS 5l i oy YY be:bd-
Gcuws oy ob ol 0By jedls duwlxe (2003
CblS s  (gyeS ColBy (uis g 5 b S s
log) bglsewe cuiS ,» (Tahir et al. 2003) 31> s¢9 +:-
A oIS )l i Jols gy 5 s s 53 9 (e
Sl oy o i el 3 Jlesl (ol 5l aoyd £+
iy 9 sl ©)d 3Slas g (Gialer (i p )bine S
5 (Adeniran, 2004) cusls 1y asy e o508 duoy> £
S e Ol Gpas (5)5000 pA5 g Ligw byl cutS
» 0Slee liél (Caviglia et al., 2004) s5 a5
Myaka, ) oais a5l 28 S5 b duglio ,3 bgbe (slacass
ol 5l Loy g oo, Skl bglse cuiS 5> (et al, 2006
Morales et al, ) 15,5 odlitwl gyt o) L Joo
MG s @l g bl cuis I skl L (2009
| 3Skes €8l 5 cudls’ o 099 Jobo 5 (S5 (5 (s
(Ansari et al, 2014) sl zals
ol bl Gt polaw j3 @3 = Lgw byl cuiS
lp G g 00l Ol e (lodily d9i00 s ()lulS 31
Sherif and Mahmoud, ) ¢ aalys G 5l S5 omej

4o

@ty sl Ol 0SB pme 35 )5 (455l Lisu
P Fe apte sla)aly lae)ie o Ol p)lS cuslie
288l (Byy (5)lleS Al oo Ol Brae (9000 S
ol S N ] cov wedia ©pgon alS
JLo.Cl Bel ‘bl...s M) ALY u.’?dam 9 u_{m} 4{05 CM.M)LMD
) ).:9.4 U’l u.\.m.{ 9 Jya.’xn &9 uu.u bl)9§ le.&m)?.)
Sy asy Sl olels (Shahnazari et al., 2007)
Dhanda and Sethi, ) s)ls paiitwe 51 oLS 559l 5

(1998
&bo 3l dae ool Hae (gla, ol 5l oS Cunlio i
2B lleS lacupio b S5 )3 ble cuss .l
5 it bglste cutS 3 Slae ) O G LialS 5 clogg
o3l o I balore cuiS o Ll (LB (oolyal cuis
Splsl buwg SB35l g yiin e doeS )0 dgd 0 (650
4 SB opdl g phle 5 ends oS ity 5 2lse
b odulis o bole cuts jl o)lae el o w0 JBlas
Mo Candts maw oy opie My Ll cus


mailto:rezaei@mail.uk.ac.ir

YA

w33 Sas olite 5 sline (LTRSSl L5 OLKes 5 (5 s el

S5 55 e Sl siess (BLO0) e L sos -
al ool (V) JS5 0 )b (plesls s wis S

oSeislej] dpogs 5 S 555 gl olualyy S ) 3
Weoojl 355 9 S 3 p)Seks VO- Juy Clawd pgw
NS 50 2,5l VO Wy 090 40 A oolitwl HiSe 40 £S5
g o 3l gw b o SBoa Sy lgied oygl 28
5 Fogsls Yo glis)) 9 00 ()0 & oty 5 (592 gjlwodbel
w@d) gy O 3 D GO S (mej g dbml e £ g
Ot 9 OMECAIS Cd) Sy O 93 o A a8 e
) o S A5 S a5 Aol e 110 acS
@9 ¥ Bes 3 () Oopods (U 05)) o) Lugl g (A
Dyl ) sy Pl oo Cugmsy) > yia il Ve dlols
o5 ol oty ol o3 3 3y 5 Jacl LS
SlSs Sygo a4 ASy olyed pld > il g 5um cladale b
S99 (ol oMo oY ookl b lalS ol 5L i plol
0920 PoSyew doyd B CudS Camd Wb pasd dsyie 5O
soy i dilaie Bye bl ()bl 590 0 Cole) annY
S do)s £ g VO) A5 el sled o Sl 3,00 O bl
o9 S gy 99 B e 4518 L g e (]
Caildy B cwsls s ooy aes)S 4 i (6yloleS g 4,
093 pladl b 3028 Jobo o) Vo Lugd gl 5 WY+ 559 sl
Sl s, jl @pSases 5 Bl 4l gl A3
b (g S0l olS g Slaws I By g bl

Sk 9 UT é:Luc )l Ak o3l LS‘)’ Josbu cuS (2015
Jlesl diej 3 Baiod (@lie Lad ialS 4 oy b il o
sl 1 05556 enl p3Y S ) )3 sl slasits)
Tohw » ooliie il alea I o)lol cilie oy pao
adllao 390 u‘"‘)j ")Ltal...f oAb slcds Sy i iz
o FeS bolie (slacutS )50 13 e ol Lol tad S 13
bolswe cuiS jl o5 adlas & pob imgh > ol o

Dgdige a1y 6)luleS il (gla b, L ply

B w9 9 dge

g o8l as 30 40 AY-AY L ely; o o il Gudss

Vg ayd Ve g (Byd Jsb add OA 5 423 05 L (oS yials
A5 ol dy s ) £lis ) o WOY/A o Jlas ope disds
e W L Siddas (hlogd iy, b dibaie o8l
Bakhtiari et al. ) cul sid s 4Vl glod 31,5 il
2 ey SB lerd 5 (Sijd Slogad 5l (S (2010
oaid B LSS laes,S LB s s .ol oal (V) Jodo
o lolass 15 Ll )55 a0 > sl WIS Sl &l
Feog Vb Sis i Fl) ol Lg)b]) d)‘:?i‘ aliseo g glow
90 Suis g (D) it )leleS Uag) 99 IB 3 20
lbas 535 Jlosl Lol 4556 sty (PRD) ady,
f;)’w M))VO ‘(SlOO) P;)?‘“ oy Voo ) 10917(..0 WAL
5 (S25) psS g Loy YO (S50) psS g Aoy B- (ST5)

deyp S Sbowd 9 b 48 Y Jou

o> Cusby e Cugby by (BB jald S5 " e
PWP 5 FC,  oiadb o pH FC e T Y A
) ) (dSm™) 5 Sk A A A (cm)
(%) ) (ppm)  (ppm) (grem-")
\. ¥\ Y. ¥ ViEY ¥y Vo SC-L Yolf  \S/a ONF Y.
! y. Yoy ¥ VIV YI¥ VY sL \ Voo YA Y.
Jsl s P S Py S5
FI1-S50 FI1-S25 FI-B100 FI1-S50 DI160-S100 DI160-S50
FI-B100 FI-S100 FI-S100 FI-S25 D160-B100 DI160-S75
FI-S75 DI160-525 FI-S75 DI160-S50 DI160-525 FI-S25
DI160-S75 D160-S50 DI160-B100 DI160-S75 FI-S75 FI1-S100
D160-B100 DI160-S100 DI160-525 DI160-S100 FI-B100 FI-S50
PRD75-5100 PRD75-S75 DI175-B100 DI175-525 DI175-S100 DI175-S75
PRD75-550 PRD75-525 DI175-S50 PRD75-525 DI175-525 DI175-S50
PRD75-B100 DI175-B100 DI175-S100 DI175-S75 DI175-B100 PRD60-525
DI175-S50 DI175-525 PRD60-5100 PRD60-525 PRD60-S75 PRD60-5S50
DI175-S75 DI175-S100 PRD60-S75 PRD60-B100 PRD60-B100 PRD60-5100
PRD60-5S50 PRD60-B100 PRD60-S50 PRD75-550 PRD75-S25 PRD75-550
PRD60-5100 PRD60-525 PRD75-B100 PRD75-S75 PRD75-S75 PRD75-B100
PRD60-575 PRD75-525 PRD75-5100 PRD75-5100

T il ) S




va

AV Oy ¥ goslads FYV o (53— ook (6 alms) (LT (puilige 5 p5ke

cr_[LER: [ Zs o)
LER, ) | Z,,
P9 egae (o) S ply G LERG ieles gl 3
8lioe 3005 byl (e s plp s :LERy

(SP1) s (5590580 pa3Ld bglsee culS b)) (sl
Dy oo Ao (F) daleo I odlawl b

SPI = 5wy, 4y, ¢)
b

S 30 Lugl 5 poSyew 3Sdas 1Sy g Sy iblee (ol
bl uiS 13 g 5 255 9 3,50as i 5 Vi dp.5) alls
2l )

5 4355 3590 SAS 9.1 158 55 b odd (g,S03lul yoldo
oS3 gesl 5 ookl b la pSile duslie 08,5 |15 Lo
W pll dopd gy Jleis] e 5o

o g @b
5 (V) Jsha 3 eadig Sl lao il )ly 4528 s
5 (8) 5 (F) Jshe » clio (:Sle amlis mls 5 (V)
ol @l pelely canl oral 0) 5 (F) (¥) (V) sl Ss
g con ol lipl g 3,8kae 350 )3 Jglax

ol iyl - )

slajles g SMST amd o Gl uibly wjos
it 3l 5 gy o )3 S lans S o 3 ()l
Cusl ogine poSygm olS i)l g9y Moy S ghaw
Gt 45 oS 3 £l nlS cely 5 Jlael (Y g
o> VD S i b JolS o)l cos oS s glis))
Gl 45 sl 5l e le VAVIDY [lie 4 s g
3V i b JoIS ) o 5 LS L 5 sine
oblS 2 Can (pl Hlaie (pyieS (Ul peSyaw doyd B¢
G g dopd £ b )bl adyy moge Sid oy cov
odbliv o Sl YY/EY Jade & psSiow oy YO cuis
Joyd SYIVY ol ol cov kS 4 cuws &S ad S
Eslos o Ly olS glis)) GOMST L Jpin) cudls zals
ol Mlize 51 g S Gilises clacams s losl )l
syl e oyt (Y Joi2) Canl Jlogine dops S
o YD i g oS o)l Sles cov bS5 olS
S5 3 ol e (a8 5 yie gl OF Lyl psS e
P95 yom oy VO Cani g dopd £o (Ll b ady (mdge
Cot diged 4y Comd &S 1305 odnliio yio e VW/EF jladea
(0 Joaz) cuily ials ao s SAES LolS (o L]

xSl S e ) 8l il Jsb ogli)l sl
Gy b oy Sy sl g @l ol Llga plul s
olS Sy g 4lo ggarme lgm plul St 5 5jg 5 xS ejl
g Suis el FA Cao a4y pd Vo glod byl 5o 39
Land ) cpej (sl Comd o)l solateds A cpjes Toaome
b ool (V) dolss 51 (Equivalent Ratio

LER=1 . P )
M, M

1 2

cuiS )0 bugl g pgS 0w 3Slas [Py g Protdbilee ol jo
cuiS 3 by g pgSigw 3Mes Mz 5 ML (p5) by
sl (p)5) Al
(Byas Ol pr p 3,Sles pundi | ol Grae (6y90,0
Ehdaie and ) (v) w awbee Su)b Claasl oon
.(Waines, 1994

WP = (v)

Y

v

Fo 2 pSIS) Gl Gpas 590,00 WP tdbleo oyl )5

hrae Ol oz V(SIS Jsaxe 5 g Y S
o (S )

Jsslkae 45 (K) (ond 0515 oo 5l ) )l ol

s odlaiwl Cusl 0 A Cuwd K s Cudle

(F 5 ¥) bty L culps ol (Agegnehu et al., 2006)

L533,5 duwlrs

K = Yab *Zba (Y‘)
’ (Yaa _Yab)*zab

— Yba*zab (\‘)

" (Ybb _Yba)*zba

e 1051y copd iy (Kpy g Kap ioYoleo ol o
23R8 g g poS g 3)Sdes Y 9 Yaa o3 log) 9 po5 0w
iS5 3058 Lugl 5 pS5 3)Skas Y $Vap s S
bglste cuiS )3 sjp po culS Cuwd Zbg 9 Zap 5 byl
(KoaXKap) JS (oms o515 upd 0op ol il
sl (28 5 5l s o] 5Vl IS S0

by iS5 ((CR) () o) 6503 (a3la
polie Lasls ool j> (Willey and Rao, 1980) s,ls ¢4
ol e bolyen bl 3 cia ol (e Sl s
oo (B) doles b g o 43,5 a5 )3 s ym ) ond S
.(Davies and Hartung, 2004) >3 .»



w33 Sas olite 5 sline (LTRSSl L5 OLKes 5 (5 s el

PP g — PoFrgw ol s alhe SRl 53 Po5gw (a5 3390 Do illg 42 - Jou

(MS) laye 55k a0 el
Ol Gpas gygope el plul Suss 59 sl 5 59 Slass olS glis,) <3l S
(kg m”) S g ) &l @) &l Sy (cm)
™ ™ Vloy™ Y/ AT vaa/ Yo" AN ¥ R
TE/FR AR/ T YA/ FYEFV/sT YYA/ART VeV A bl ey
o[-y o[A \#loY FAY/-Y #100 YAY/-¥ A ) sl
Ak \lAr2 YAV WAY/YD" YAISYH vis/Fa’ ¥ bglsee oS Cand
YAY™ - [oA™ VFY/AA™ vora/s. ™ /oy Yo¥/- N WY i Cad X 5yl
o[y -Iy- YY/AY NAYAW \TA Y- 0/As Y. Y slbs
\RAR VV/AY AY/YA W/VA 1Y/Aa Y/rY Tl s g o

e w9 duoyd g oS pdaw 0 b dre g 4 NS g X KK

PP gl — posgm bole Culs” Lalide SN 53 30,8 Lagd (owsp 3990 Do Wil sl9 4 325 T J9u

(MS) cluye (pSile
X ) &l
Gras sy gaw padls plul s g )] s olS gl i
kgm®)ol S, (99 (99 Sy em 7 il
o[\ v VY™ WAL ¥IA/A0™ YYYYA™ v s
AT o/ MW" YSVIAR® FUAPE VY/var ¥ &kl g9
ofo¥ -/+4 I YY/0) Y-Y/A YAV A Vsl
AT [EA" AR YYYIVA" YYa. /1" \AATAR A ¥ Loglste CulS Cand
I8V \lAYae \w/ov® PYE/ET VVE/VET YEAANT WY CuiS s X (g5l
-/ -1 \E w/vs \ZA% Yy ¥ Y slbs
YEIY \A/VA Y£IvE Yo/a¥ YY/YA /¥ L]y gy

gl b 2o VO b adyy adge (SUiS o cod LS
Suis Jles cod LS 0 9 VY CuiS Cus dop B
Loyd Ae doyd B0 CulS g dop B ol b ady, adge
G 5 el b G )lleS Jlow cou lalSa o
Sis 0¥y Crp Q,.,.l sl u,wl)ﬁl lin Cuss
ol amde Ui (e )bl & s |y Ay (age
Sk 2 d9>g90 uj )i‘-.>:3 9 C)'Lol )'I oy sl J:J.)‘tg Sry
Ay el adyy Jlgie (08 iS5 5 g ool Jlasl Bl
Ol coles 5 gy Gl bl BlE1 g uge slaady,
Hassan et al. 2003; Shahnazari et ) 95 .0 o5 ¢lis)|
5 SB ) oigns clale (Ll agb e poS i by
mose Suid bulyd o el Giliel el adyy ods el
Ol alde Clidss (0 ad 0 bolswe cuis” o ady,
Banik et al. 2006; ) cuwl oas )5 oS glis)l

.(Qurashi-Adel, 2005

**
3

isine 9 2oy gy oS aw )3 Jgne i 4 NS o %
ol @ly ) b SRl ol el ¢ i Gl L
olal case o) sk 0 (eteape ol o ity
oM Soi sl Y Ol ) S gasa LS Jeily
5 ] s ol |y oS gl nls 8 o b ko
iy ey ialS Gl (Sis (1 o Cawd Jrwgid
o) & 5 Jloe] 4y 3950 6lis) LialS cely wlS
sials o)l gyl (sieS b ABl pSpp s Juab
Ja dlg e (Sutd 15 cod bobe cuiS )3 olS el
b dwlio a3l g ol Gla g Gla LS jlulabe
g S lleS dilsee glacypie Jloel ol
2 P olS EB)l & amd e U CudS Cus g I
920 VO (Ll b adyy (mdge (S o cov LS
cod lS 4 Caus duoyd YD oS jaw oS CuiS ao)yd YO
il wuiS Cand 5 el e plon b e s)llS
2o 5o ol b mdge (Sitd o cov olalS s i
by o > WIR s (3l 30 35 35 Y0 o 5
2 gl lisyl sl Gl alie e g lleS cov glals



AV Oy ¥ goslads FYV o (53— ook (6 alms) (LT (puilige 5 p5ke

Boloeo culS” Cilides (S s § (KiS L Lalisks mgtaw T 5Ol duslis —§ Jgi>
PO 9w 33 (wiy S50 Slaw (595

aw asls plal Sis 59 plil 5 59 olass olS gl sbyles
Sy @r) e @ar) s Sy (cm) sdilel
a/av? 5/vs YAVFYR Y/ AV/a-2 FI-S100
oo™ VA vo/fv? yr/ve? yav/ar? FI-S75
fy.P o8IV YAF/N 2 VA/syEed wy/..? FI-S50
aivy? .2 vis/n.® ¥ /sy N FI-S25
T va/ey e VFV/ A% yo/pyledef /.o DI75-S100
vyt va/yade Veo/aye 1Y/ .M Vys/yyPede DI75-575
v/¥a YAIrASe /e Aprfon Wy DI75-S50
v/ARc YENY® VY /sve yy/o. c0€Tan A &1 DI75-S25
el v/ v o/Ave JYARLEL A¥/sYTY DI60-5100
vt Wi soivy | oy Av/sv'® DI60-S75
VEYe vriy-© W/ .8 yy/ppdefoh av/Arel DI60-S50
Voo vo/ss® \WAINYS y/syan Ay DI60-525
f/as% wWiat alva® ya/pyabe V¥ yyPedef PRD75-5100
/6P fr/ea viv/va yo/vyedef qa/py o1 PRD75-S75
5P YAIAQ® veE/vat VE/pyDedefo Voo fypdefo PRD75-S50
/5ol ya/as® VEUAT Vs Do y+y/. .01 PRD75-S25
f/50° vrive® VWAV VE/pyDedefo /.1 PRD60-5100
v/o. 0 v/.ve o/ - yy/. coefgh yy/sv9 PRD60-S75
/5 v/ A/ A% Vo - .Dedefd yy/syCaen PRD60-S50
¥/ yode va/ande yea/avde yy/pydefoh WY PRDG60-525

L5 gl gime BB hoyd B prbans j3 (Sl (yg05] bl S e g > (gl dliel gt oy
Dalsuo il il (S s § (i i il gt T (Sl dulio 0 g
PP gl 3 (wrp 2590 Dlho 95

s Ll Pl S oy Pl 5 o Sl oS ¢l oyl
Sy an) s ar) ls» Sy (cm) ilel
v/ss? a5 YLD ¥ /yv0eT vasred FI-S75
viveP VA va/n.% av/..« vy/rydh FI-S50
Y/AR? a/.5% fa/vy? /.2 o5/ 2 FI-S25
vive? A0 /a5 yviss® vy/ss9 FI-B100
Ve ACOer via.Pe v5/55%0 iy va/yPede DI75-S75
Yiaaed Vi e \$fe vo/ss°n DI75-S50
\/\oUef A5 vy /vy vs /55O £y DI75-S25
VYo 515500t AR sy). . Y52l DI75-B100
LInsT a/ss9ef /.. v /5o vy/..o DI60-S75
YRS SIAYSe vy ¥/ . Cfon vo/. 1o DI60-S50
/559 AL FA/EAD ve/s5TON yy/pyefn DI60-S25
L 5. e va/rvl fa/ssdet i DI60-B100
y/s. 0 yivyRe ey fa/s5%0 v/ .00 PRD75-S75
v/vAZD Viased /o /. 06 ya/py e PRD75-S50
v/ya® AP0 N fy/ryoel /55 PRD75-525
v/er? s/ 0%f vy/s5%0 so/ssP fy/. .2 PRD75-B100
Jayeefo a/ardef ya/yye vy/. 90 /vy PRD60-S75
v/aade o/ss9ef YA -5 yA/pyoeran /-0 PRD60-S50
\ ey caef £/559 vo/vs?® ey/. e V/ss! PRD60-S25
Vivabe o yv/ss fof. . % Fr/ss" PRD60-B100

5185 ()l ime BB 8o y3 B gedaws y3 (ySil> (905l bl S yiiie Gy > (slld Slael ygias ya p



AY

w33 Sas olite 5 sline (LTRSSl L5 OLKes 5 (5 s el

il & e g A3L ge g due Sl e Mol 5 Ol i

295 ol 3Kl

&lsd Pl 5 039 T
Blize 1 g iy o > CudS il (glacins Sy gedaus
Sl Jlasize 2lom Bl 5 (55 g9 hopd So a3
plil 5 ojg Lhels cel oad Jlasl (Sid (i (Y Jgis)
Cao ol lde cpyido (P Jon) cwl ond bgle ol
CutS Cons b JolS ()l Jlos cos GlalS ) poS0m sl
» ol e (pyieS g G 0 p)S YAF/Ve Jladeds o> O+
P55 sy CutS Cunmd g (2l 5l 2o B b i (6)lleS o
cod LS b as’ 15,5 saalie a5 )3 )5 FOIVY oy YO
Voo psS g Cand g ol b 2oy £ b e ()l Sles
Gl Cot diged 4 Cund g il s gxe BB o)
059 obly e (P Jgse) cuily Lials” jopd YE/A (JolS
Gloles om OS] e ol Ly s syl
s 3 b blite 51 5 S il (sl cms oS les]
Pl 5 g e oyt (1 Ja2) Canl J3gine b0 iy
P 22> YO S g S5 (ilel Jlow 3 g (algn
G me BMiA] &S 53,5 osalie g 3 p,5 FOINY jladed
o 53 o o (2 55e8 g Sl 2 3590 slojles b b
VO Jlaiedy poS yom s 9 (o S o> Fo b (i ()l
Wgod & Coms 45" 13,5 odalie gy 13 £)5 VY l5sedy o
5 oj9 siels (0 Jgas) cusls Lials we )y ¥ /Y JelS ol
58 pw oy cunl (Sae (Siis oyl i cods oS olgn plul
Al ol peledyg b a3 o A8y 5 Jshe paeds
Sy o SWiS i Cov bl S (3 cans oyl ials
by i polic Gl (K0S als gjlullo Jdow
Wl S olS hwy ol s ol g oblS § S
2 r°9§)9‘“’ U)be PI.&J] » )9 MLM (GhOSh, 2004)
e ol Jesl amoe ol ady) (g (S5 lajle
D (omms (§ 52 (e (S)lleS L duglio )3 (6luleS e
o co5 QLS 3 psSisw alen plul 5 )y &S yeba
VO cutS o0l 5 dopd VO (il b ady) mdge (St
b ady) (ndge (K3 o 13 9 do > TNA o555 20y
20)3 VOIY g3 yom duop> YO S (665 g ()bl doyd 5+
Al caily Gioli8l bylys oled b i d)L,jwf & G
5 adyy (moge (St sbyles ) L g pll 5 0
2l o pll 5 0js o5 amde (Lt (e )leS
5 Sl 1oy YO L adyy adge Suis e cov el
e cod Gl g do D VY lop B CdlS Cawd
O cuiS Cound g bl doyd Fe b Ay, abge S
oboa b i (oS & Cuns 20> VOIY ey dop

D39 Jib 5 ol o) s &t il Ll

& g olasi Y
Gloylas o M) md e ol Ll A gl
S w3 U blize Bl g S il lacuns ()l
Y (Y J9A>) Sy )I.}uJ:.A P;)?“” oL:f &ﬁ iy 89y Joyd
Bl oy o JolS gylol 4 Cnd Sy olaws galS el
1oy VB S Cuns g o ()bl Sles > psS e Sy
b oobgme M3 &S 15 odalie VY olaw & pgS ow
CuiS o> YO g Br v s b Ll o)l sbajles
2 (Sra) Syl S (P Jgia) cals pgS
CulS g a0 £ ll b Gt leleS Jles oo alS
Wgad &y Camnd 45 105 odalie dopd VO Cand &y poS gm0
w500 gls (F Jodo) cudb ials aop YW (Ll &l
oo OMBl & wed o i 3o Loy Sy odlas il g
Sl cuS dile glacaws wus]lel o slales
O (1 o) oyl gian 20> G s )3 (Lo Blite
2oy YO S Cans g JolS (o)l Hla o Lo Sy ol
b s leleS 50 ol 028 9 S WYY Sl 4 S 0w
S V8 ol 4 S Comd o> B0 g dop VO o)l
Uil aoyd AVIY (JelS o)l 4 cuns 457 30,5 sanlie
Syt 5 any it (a5 Jlae! dallle ) )3 (B pde) sl
Sg 5,56 Sy olus ialS goy pol ol a5 o plol olS
9 u_i»o )Jl)) 2 bl...s wgl.a.n dl.muga) )l S)J Sliss uu.fblf
Munne-) cusl obS > olie dlge sase Hlial (ol Jole
Syl 5 mlaw ialS (Bosch and Alegre, 2004
Ol g Gy g ol B talS s ¢ Sits 5 ald 51
Khurana and ) ses 0 (Sid plp 0 olalS cuglie
S e b |, s gl s ols)ls (Singh, 2000
.(Petropoulos et al., 2008; Shafshak et al., 1989 )
badyy (nge (Sl ©o8 LS )3 oS y9m S s
HBlS )3 5 oy VY o B oS o 5 (k] Ao yd YO
0 Cud g ()bl Mo yd Fo b ady)y mdge (S et cov
ol @l siw )WleS 4 Cund doyd YYIY wsp
VO L ddyy (udge (Suis cou LS 0 Sy ool b
P9 ko 2 DAY psSi0m ko) VO Cunsd g syl 2oy
2oy YO Cond g oy 5o gylol bl moge Suis
blid e b (s ()lleS 4 Cond 20> £O 55 5
SyeS By B bl Ll belwe cus p» .casb Ll
Fgligas Lug) g psSygm sl SouSs JaSo o9 4 g il
bug ol & 48 o cuds |y SB 5epm0 by el o
dox jlolS alp laplul sy Gl 5 Gl pgS)se
ub Vu.bls 9 0Oy UL»S‘ F}f)%"" Ao Lol ).:540 «5).: Sl
P S ol )b SB Gl by ) #Mel g Oyt

o g ladyy piww g Gres Jdda (35 Jlesl Lulys



AY

AV Oy ¥ goslads FYV o (53— ook (6 alms) (LT (puilige 5 p5ke

LS s oo QLQ’LS 5 L“u?j ols &l}m (:L\.'sl Sis
SIS Cumd Jwoyd Yo 9 Lg)l»] Lo yd A L’ ) Wﬁa
< i )lo.u oS uLtaLf ) ()“"‘Q’K Loy y/Y ‘P;)W

i s dopd YO ‘5)[,31 Aoy Pl adyy (moge
e 5l S5 oS s A 1 T 1
35,0 dlse

& o 20 -0

Slllhe » pre Sbaysie I (o Sy gaw jadls
SSoil 900 ladey (o5 Sl g (SjglsST (ol
9 0LS 9o g My o Jlie SISI S0 el paSld (nl 385
3o (i byl 438 @l sl (5y908 el bame
b blize 1 5 S clacuns o)l eloyles om OS]
G5 (Y Jgie) sl b ine 3o yd S aw > Sy g
ol o cppdir (¥ Jgdn) sl 005 o ol LialS el
Cuns b Jo5 )l Jlows cod GlalS Sl psSpow > cae
b oaS del Comds DIV ladody poSygm Sy YO cuiS
psSsge 223 Voo g VB S s b ol (5] (sloyles
s cos oblS o] e el s dxe B3
B0 Cuws b oolyen olS a0y £o (Ll b i LS
o b &S 45 sdalie g 40 o5 VEY Jlbe 4 wop
(955300 Sl 203 Y0 5 ol Sl oy Fe b (s (5)luleS
JolS (bl @ cons doyd YO/ g ansly Iy dxe B3
L) S o (a3l (uibly 35 (P Jgix) ety ials
o 5 o5 Jlacl gl lalass o NS amd oo (s o3
» oWl Sl g g aw > CulS diltie ladiws S
gaw pals o i (1 Jgi2) Canl Jlogtne diop> S
pSygm Jopd YO Cuns b JolS (il Jlow I Logd Sy
Sl b (it loleS sles 1o (558 g YA ladon,
Qb Cawdds 55 Jlaie 4y poS yow Juoyd YO Capnd g doyd £+
(0 Joan) cuily ials JolS o lol d o o ps VYN o
1 o8] bl Sy 3las LialS s Sy paw ials
saals s (Chapmane and Westgate, 1993) &,
e S Cusl Jobo (ol ials (St (15 )5 S o
P ol W 9o o395 pled g (Jobe e 2l
o @ pials 5 S0y p pblS il 4l blse cus
025l awlis (Zhang et al. 1993) wib o vy of Cls
L gy (9o (St bylasd 3 psS e Sy pdaw
anl (gt (§)lS 4 G ()l Copto g5 ol 555
2 el Sl W5 oy ety (ndgo (Sl Copde
slaaijs) oS oo plul 4 o Janl 5 ady, Sis iy
lje) cole pials bl g dln (s jobay 1) 395
03,8 Lais (5 5V haw )3 1) Jdg IS yadld 5 jiiwgid e
3fdes 5 Sy ghaw (S bgne il a5 g
s ol (Davies, and Hartung, 2004) S’ s (s ,Ssl>

5 ol e ol g adyy (moge (StS Ll )3 olS 4y
&S SBpd iexs @le Lialidl LS 0 (S jd 2450 Ml
Sy o sl bglbie cutS 55 peS) oolgls ) oozl aes
ady) (mdge (Suld (hgy 3 oS (algs plal Ay sgg el
Tohaw plos 3 olS olgn plil 5 iy pole imgg 5> 98
Amdge Ui (g)bdre il Ll (g)lul 4 s (Sts
Ghosh et al. ) 5> Jlgs om0 alyl &l )3 b ases oyl

.(2009; Arje, 2007

29 Pl eis 035 ¢

93 ool sl lags oy BMS] a3 o LS il ly 329
2 iz 5 g g gl 5 S Slacund Sy gl
als el G5 (Y Jgia) cul e 2oy Sy daw
Ol e i (P Jgiz) ol oad lga plil Suis 5
S s b JolS o)l cov ol 13 o680 (sl o
o 3 o cppieS g Wy pd p)S OSIAY Hlade 4 oy B+
—dy oS S 2o > VO g (o)l do > Fo b e () lleS
olaleS Jlo b aS” 153 osalie aigy ,d )5 VWY laie
PSS ypm CulS Camd Ao Vov g ol sy Fe L s
2oyd VEIN JolS ()bl 0 s g cudlis Iy dxe M3
bogl > o ool uibly o0 @lo (¥ Jgie) cutly rals
Clacans w0rs sl ol lajles o OB amd o oL
sl Hld gz Moy iy pdaw 0 i Jliie jil g cuiS Calise
o )l e 1 Logd o o oyl e i (Y Jsie)
oS 5 &g p)S AN Hlaieds CuiS Coms doyd YO L
VO 5 olol oy £ b ady) (adge (SUS les I ke
&S ol Cundds &gy )3 )5 FIFF Jabeds (pgSyom o doyd
Josa) cusly gals aoyd YAV oS (gylol e 4 o
ot blae (S8 G5 51 2 olS olgn plul 59 tals (0
oaliul 03}l (Bl Ly g olS lawgs odd Clo @iads ialS )
Tesfye, Walke and ) asb e 5 opl 5l (oS5 b g 2l 51
culS 3 ol plil Sis 35 Lials (Tsubo, 2006
2 oLl ilulale Jdsas wlg o (Sid (1S o babe
s @l blS (S ey glie ole Gl (RS
o 50 5 Syl ptals elis)] Gials (S0 olS by
odd &l zls (Ghosh, 2004) ail olsa plil (5 pials
Ghosh, et ) s)ls Slosean osd (5155 zls b (isu ol
Sad ojs H(al. 2009; Boutraa and Sanders, 2001
Ol ady) (g (S clajles )3 psS 5w (algr el
=S L duglie > b 50 SIS £ il Jles] am3
OalS )3 psS 0w alen plul S (g )b e ol
2o V0 g bl Mo d VO L sy abge (Suis Hlod Cod
9o (Suid o ) 9 do 3 YAA (S 5m CulS s
YOI pgS yqm CaiS Cand o3 YO g (6yll o pd £+ b ai

Oig sl Gall e 6)leleS sbjles 4 Cons do



A¥

w33 Sas olite 5 sline (LTRSSl L5 OLKes 5 (5 s el

VO ol b ady) (mige (S8 g cod LS Sl Ly
p)SohS YINS Jide 4 poSyomw duoyd YO CulS Cad g duoyd
oy o bt )l Jlos 31 T a8 g e o
o gio 3 p SIS IV Glise 4 20> YO Cud g )l
YO L ddy) abge (Suid 4 Cams Loy AF/F &S Lol Canday
S S5 gd duwlie b (Y JS3) cusly LialS o)ll ao )
Cho ol o Lb sanlio ady) (e (S g o )l
Gl b ) (g0 (S jlog Cov alS )3 psS 50 5
P g Moy YFO Glie oy VO CuiS Caws g duop VO
S g o> B bl b ddy) (mdge (St cov balS
casly il wlie (g lleS 4 Cams oy YAF as ) YO
L adyy 9o (Suid o cod ol ) cao ool bl
2 9 doyd AS/FF dgis dopd Br Cams g oy YO (gl
g 2o 5l b Ay (mdge (Sl cov S
=S ot lS 4 Cuws Mo WY Jlade duopd B0 G
adyy mdge Sutd b Gl alie e @l
4 e 4 dul Sojnl den LS (slagigarsn iy
oS 5 ol d)yum g 5y 5l g e i) s (b 4y
@ e ol pl & 038 (6 pSole ()Ll L anslie
2 5 0kS s plul (g Gal3l Caled 3 9 Ol 5l e eolitl
Sla)liS @ls 93 ol Bras (5900 gt Sl gome
bglseo glacuis’ 3 ol Bpae (s 3j90 ) oad )
Gt Limgh 4D b oodel Canddy ol .l cglite
Borhom, 2001; Caviglia etal., 2004; ) 5> lgscen
O Gpan ()90 0 onymiw (Khoramivafaet al. 2013
Shiri-e-Janagard et al. ) culoss 355 JolS ()bl
byseo cuiS 3 ol Gpae (gyg0080 0d )55 (2009
Cdl s a5 o8l Ly oS ) sey S o iy 2018
ol po ealatwl Dyge dlyly £43 g odddly IS Cus SB
Wload ploul dsyie » (Sed 5 0dg Oglate b iyliS

(Xu, et al., 2008) 1il o ,lusl 3,50 oas ]y (glacglas

P
1

(kg m) ol gy 050
rJ
1

(=R L)
1

S75

S9e (S ey S p e el Sl (B )L
Hassan et ) sl célae Jooro o lolnS b anglio ;5 ay,
[(al. 2003; Shahnazari et al. 2007

o> VO poS jou i g 2l Sl 203 VO (o)l L 4ty
boady) moge S leg cog Glals g aop VY
A Cad Moy g o )3 YO S g Juoyd £o ylhda 4 (gLl
2 g S s sl atls Gl alio i 5o
5 2o YO (oylol b iy asge S jle cov lals
cos GlS 3 g do P AY e YO L ply oS yaw o
G g hop> Fo jlade a4 (ll b ady) (adge (St o
doyd Cped b i (65l 4 s 20 )3 VYIY o> YO
5 lagd S s S il Lialidl cutS gsS g o)l
o @l b oS ol 035 IS (K5 5 9 15 bl
bglsw cuis s (Wang et al., 2001) s)ls ilss on s
Singeret ) col osd &l golie @ls )i 50,8 )0 g paS
J(al. 2007

ST G pan (539050 -1
Ay et Gacaws (ol sbles o SNS
soy> Sy s 5 p3S 9 Ol Bpao 55000y L ilite
P Cano cpl deup el (S i (Y Jogd) Canl b ize
(Y JS8) cul oas palld cutS b awlie o byl cuis
Cos LS )3 psSigm o Bras (550 Mo it
Capd 5 20> VO jlade 4 ()l b sy (adge (St oy
5 oS yio g pSolS VIFe Jade 4 aopd YO pS 5
YO 5 bl dop Fo b i )WleS e ol oS
oS dol Cawddy CxSayio ;0 p,SolS /A8 pgS gm o oy
VO (Ll b adyy (adge (SUS slas 4 Cuns Aoy AVIY
Gpas (590500 byl aizs (Y JSS) cush Jials sy
o 3 ol lles e M| w3 i Loyl
chw s bl Bl g S paw o culS i

S Byas 550 00 i (1 Jgia) Col Yo tme oy

=)

OFI
BDI75
@|DIc0
BPRD75
BPRD60

S50 S25

(59058 b (595 balbre Sl ilidis Gmsd § (i A i T gk 1 (Sloe dullio T SO
P9 29w oS ST U yao



AD

AV Oy ¥ goslads FYV o (53— ook (6 alms) (LT (puilige 5 p5ke

¥,0 -

Xy,

3v,a- b b
Dy A 7 ]
l\,a-ddddc dddd
@ = AT -
E e :aé::: I: §=

oFl
=DI75
aDI60
BPRD75
BPRD60

(5290, o (859 baldo Culs” Liliske S Cwwd § (KiS i Liliske zalaw T (puOlo dug lio -1 IO
8 Lyl ol O Oy

ol ol byl cuiS 3 () slagasls b))
Cuomd (pl 30 0By glo yadlis oy yioge | Sy sl
7 Jgi) 295 dsmlmo
K) S o o515 2 52 oK) (i o515 s — i
bobre cuiS )3 si2 g3 b 3555 (5008 Lug) K xpsS 5
Gl g (L g il SouSy S () )
BSOS e s 3 35ke Gl e Sl b
CutS Slapians )3 Cglie sz 50 3Sles iS5 (L)
Gy o pilie) 3Sdas (655 3l p jd b duw bgle
O Sy S pdlie) 3)8hes b3 oV ) 505 K g (e
Kg oej Gnlp Cond polie) lawly s 5 (1 1 jSass Ko
weles @i opl > (Vandermeer, 1989) (v L i,
S5 cops Gl g g psSige bl culS lacus
eyl YL LIS Sl &S Wog SO iy s
Cely; Wb o Jaore balyds gy edlitwl 5 balsee cuis
38bes I3 gme 55 jl g Miedg boliie ©jgody ol 93 ()
o) Pl b O culS aiedges (F Jgan) el jl)55
(Ghosh, 2004) cul ouis (5,55 dal i SO 4 cos
o1 ()15 (bt ol 4 g = poF 0w bolie cuiS (4l
.(Ghosh et al. 2006)
S lp Sl 5SS CR polie el lipl (1B, oUly
SyieS By il e ol &S Canl gxe cpts bglste )3 s ja
b bylse S sl cogllas oS Sy lsiear 5 3
aJS e opl (Willey and Rao, 1980) » 5 .
obS sip Nle o5 cul K45l jide pS 5w ol slo oy
»abe jl Joame cnl i oslitl )3 Logl & Cus pgS o
Gy olS ol jin 0By @8 Slis g byl cws
b gB) Slgice 63 p ol Jd> el (I3 polie I (S
7058 Lagh b aaliie )3 poSy5m 0lS o30S (glady) w5
» sllas 85 K s oS (alyd i S8 5L
D)1 (6508 Hlaws (0B, Ul &S Cawl 30,8 Loy b boles

(LER) cywo3 5 21 5 o =¥

dobre iS5 (o) gaw (eluly (o) Sl G
09l Conddy gl oSl ol adls ) parde 3,5 e
@ () e ar bgbe cuiS Se S Jgare e
S ey Splp S STl )90 (IS S5 g0
o3> 2 5 g 0391 Al it I 5 bl cutS il S )
9 P95 sgw bglse cutS (slajlas (oled oS cpl )3 9 o0
Otpbbe b Sl S)n me) plp Cand 308 Lag)
Jogi e GlS Sl peSiew )3 (mes splp Cuns ke
Comd g oy YO Hlde & bl b ady) (aoge (S5
OalS 1 ol e 5 YIVE Joloo o) YO Jlake 4 po5 50
g dop S ket (Gl b ady) dge (SUS e cov
dol Caoddy VoY Pole doyd VO lbeds poS 0w Cows
o 3 g 3> o) il G i i (FUS)
o CppieS g VOB Jolre doyd VO S s b JolS (5]
Loy Be Camd g dopd £ b (glol s ()lulpS e o
oS )3 o) oyl Cond (O JSK) dol sty V¥ Jolre
VO ()l b aday (rdge (Stdslos Cos lalS 5 psS g
o LS 13 5 doyd YA o )d YO po5 0w Coms g duopd
P35 o 9 dopd 0 (ylol b ) mdge (Std Jlo
Ol )3 (it (§)lleS 4 s 10,3 OVIA o3 YO L
P oy cho ol el Gl Bl cuws cas g bl aoys
olS 2o YO (ylol b adyy (mdge (SuiS lo cov LS
i oS LS )3 9 WA 20,3 VO ply o555 Canns
2033 VD psSyg0 o g 2op> Fo )bl L ady) (mdge
5 bl 2o glon ) it HloleS & G dop VIV
i gl 5 3 bgleo a3 als Ltall S Conn
bolwe cuiS Coje odimdylis &S cal Gilidl e (s plp
b Sl 3ios pl gl b oS Cunl (el cusS 4 o
.(Davis et al., 1985)

By s sl -A



AF

w33 Sas olite 5 sline (LTRSSl L5 OLKes 5 (5 s el

b oady) moge (SiS slajles 2550 odalie Lulul ()l
cwss le.m&w 9 01.35 uj )LJ o yd ') u.)‘.wl 2 d)Lj
SPI )I.\iin u));YLv dl)b Loyd Yo 9 b YO Lv ).gl);. P;)?‘“’

2.5 7 a
1 @b ap
B abc
74
- 2
3}
S 1.5 1
=
wun
-
o1 A
2
7 0.5
0 T

P& 6500 (Al SPIL gl (g9 00 23l — &

obles |y bgbre cuiS gl o 2 5 pple cules
(F) S5 > & canl (SPI) s (5y90 500 a3l 2jlogee
$YL sl 0005 dule bglsto cutS slajlos plas (<l

el gl s LIS Gl S5 asls ) o

Or1
BDI75
aDIen
BPRD75
BEPRD60

G ko (59 L glone S Lilise (G s § KES iF il g glaw T cpuilo duglio ¢ IS

P95 39w Ol oo (S 2l
Yoo -
a a a a

4 Y0 4 ab — —
%. ."{ abcd bed ' abe 1 abed oFl
J v, . abe bode - abc aDI7s
; cde .
—j? v a4 de _ L DI60
o e N [ mPrD7S
‘ . o L 1L 1]
S @ PRD60
&) H
: 0 . 11

) umi

i

S75 S50 S25
SRR

Cd S (59 L glono Culs” Lo S mud § (S i il gl §1 guSlo duglio -0 Il
P58yt ol (o) Sl 2

- © > - < 6

Al (59 8 padld
(SPI)

—~

B FI

@ DI75
B DI60
B PRD75

B PRD60

158 gt — o5 0w boluo Culs” Liliseo (SUb i 38 (529030 (> ly - 1 USh



AV

AV Oy ¥ goslads FYV o (53— ook (6 alms) (LT (puilige 5 p5ke

209 el - o am bolote culs ilike S 38 B S Sl -1 Jous

(CR) el o (K) (o 515 s i L
w P N ~ Phas
38 g poS s K 38 by poSig

/YA y/sY Y/vO VYO VA FI-S25

AW YR YV/AQ Y/ A FI-S50

NANY VA% V. /vy AR ¥/a- FI-S75

¥ Y/A0 Y/¥5 VY \A%d DI75-S25

-/a¥ V)5 y/av /Y- /Y- DI175-S50

-/aa Vo y/ov Y/ \IY- DI75-S75

Nirs \I\%4 Y/ /A ya- DI160-S25

< JA¥ A YYAYS Y/Y- £a- DI160-S50

-[5 V/¥E A% ¥y YI5N DI60-S75

-IvY ¥/¥Y Y/-f V- V. PRD75-S25

<JAY WY \/¥0 \IYY V-5 PRD75-S50

-/ay V5 AI¥a V/A- ¥I¥Y PRD75-S75

A Y/\Y Va0 VY. o PRD60-S25

N VED \iizd A3 AR PRD60-S50

<IAY VA% VO/AA SIAY /vy PRD60-S75
ol 255 o o Gpan (5y90 500 GRI3E cel Cog ya CPE
Alyy (dge (SWE (o) (b SFp oRRgR ol I el a6 o 9 calio ol slapllas ) ealinl
G [y Ol Bz (590 )00 0329% (o) 2 2,90 Sliso S9u20 5> 2 S s Shy iy ol OVgame culs
2o YUE bl el g ob pla e @lleS & Span g0 Ol car oo o)l I (S adaie
2 3o logh olS 13 8o )3 WWIY g pgSy9m oS 55 O (690,40 B gl 3y90 638 ,Kal, G laed Bl A cuwl
Uil LS ol el cund g G5 ghe S B 5 b ot (S S5 4 s bglbe cutS 13,8
CulS i ol 47 0D odaliie ol g3 ol (B, sla s li il el @lio 5l angy ool Gyb l wlg e 45
olS 95 cudl g cunl Cuo b B iS4 s byl <l Gpan upie sba)lSel | (S 098 Ol Gpas (590 0
S5y Sl i plie 4 a2y b bglse &0 Oy o )bl @ly )l (bl Jlosl asie

sl diodgus (K) (gomd - 2l ogeS blyd 3 (655l S ganme Mg (sl Al

Solel poe SialS g 035beS slacsyll Bis 515k 5l S Wil

&Ko
Adeniran, K.A., 2004. The effects of moisture stress on growth and yield of maize (Zea Mays L.)
intercropped with cowpea (Vigna umguiculata). Journal of Applied Science Engineering Technology,
4 (2), pp.18-22.

Agegnehu, G., Ghizaw, A. and Sinebo, W., 2006. Yield performance and land-use efficiency of barley
and faba bean mixed cropping in Ethiopian highlands. Europian Journal of Agronomy, 25 (3), pp.
202-207.

Akunda, E.M., 2001. Intercropping and population density effects on yield component,seed quality
and photosynthesis of sorghum and soybean. Journal Food Technology, Africa. 6 (3), pp.96 — 100.

Ansari, M.A., Rana, K.S., Ansari, M.H., Baishya, L.K., Babu, S., Das, A. and Hari, O.M., 2014. Effect
of transpiration suppressants and nutrients under rainfed conditions: An integral view on crop
productivity and biological indices in millet/pulses intercropping system. African Journal of
Agricultural, 9(3), pp.334- 344.

Arje, J., 2007. Evaluating the intercropping of forage sorghum and hairy vetch at different levels of N
fertilizer and planting patterns. MSc Thesis. Faculty of Agriculture, University of Tabriz, Tabriz, Iran.
(In Persian with English Summary).

Bakhtiari, B., Liaghat, A., KHalili, A. and Kjanjani, M.j.,, 2010. Evaluation of Two Hourly
Combination Models for Estimation of Grass Reference Evapotranspiration (Case study: Climate of



10-

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

M

w33 Sas olite 5 sline (LTRSSl L5 OLKes 5 (5 s el

Kerman). Journal of Science and Technology of Agriculture and Natural Resources, 13(50),pp.13-26.
(In Persian with English Summary).

Banik, P., Midya, A., Sarkar, B.K. and Ghose, S.S., 2006. Wheat and chickpea intercropping systems
in an additive series experiment: Advantages and weed smothering. European Journal of Agronomy,
24 (4), pp.325-332.

Borhom, T.I.H., 2001. Studies on water requirements for some crops under different cropping systems,
M. Sc. Thesis. Facultatis Agriculture. Cairo University, Egypt.

Boutraa, T. and Sanders, FE., 2001. Influence of water stress on grain yield and vegetative growth of
two cultivars of bean (Phaseolus vulgaris L.). Journal of Agronomy Crop Science, 187 (4), pp.251-
257.

Caviglia, O.P., Sadras, V.O. and Andrade, F.H., 2004. Intensification of agriculture in the south-
eastern Pampas. |. Capture and efficiency in the use of water and radiation in double-cropped wheat-
soybean. Field Crop Research, 87 (2-3), pp.117-129.

Chapmane, P. and Westgate, M.E., 1993. Water deficit effects receptivity of maize silk. Crop Science,
33 (2), pp.279-282.

Davis, J.H.C., Amezquita, M.C. and Munoz, J.E., 1985. Border effects and optimum plot sizes for
climbing bean (Phaseolus vulgaris) and maize in association and monoculture. Experimental
Agriculture, 17 (2), pp.127-135.

Davies, W.J. and Hartung, W., 2004. Has extrapolation from biochemistry to crop functioning worked
to sustain plant production under water scarcity? Proceeding of the 4th International Crop Science
Congress, Brisbane, Australia, Available at http://www.cropscience.org.au/icsc2004.

Dhanda, S.S. and Sethi, G.S., 1998. Inheritance of exised- leaf water loss and relative water content in
bread wheat (Triticum aestivum). Euphytica, 104 (1), pp.39-47.

Ehdaie, B. and Waines, J.G., 1994. Growth and transpiration efficiency of efficiency of near isogentic
lines for high in spring wheat. Crop Science, 34 (6), pp.1443- 1451.

Ghosh, P.K., Manna, M.C., Bandyopadhyay, K.K., Tripathi, A.K., Wanjari, R.H., Hati, K.M., Misra,
AK., Acharya, C.L. and Subba Rao, A., 2006. Interspecific interaction and nutrient use in
soybean/sorghum intercropping system. Agronomy Journal, 98 (4), pp.1097-1108.

Ghosh, P.K., 2004. Growth, yield, competition and economics of groundnut/cereal fodder
intercropping systems in the semi-arid tropics of India. Field Crops Research, 88 (2-3), pp.227-237.

Ghosh, P.K., Tripathi, A.K., Bandyopadhyay, K.K. and Manna, M.C., 2009. Assessment of nutrient
competition and nutrient requirement in soybean/sorghum intercropping system. European Journal of
Agronomy, 31 (1), pp.43-50.

Hassan, I.A., Mohd Razi, I., Mohd Mokhtaruddin, M. and Halimi, M.S., 2003. Effect of partial
rootzone drying (PRD) on growth, yield and water use efficiency (WUE) of tomatoes on soilless
culture. Transactions of the Malaysian Society of Plant Physiology, 12, pp.128 — 139.

Hosseini, S.M.B., Mazaheri, M.R., Jahansouz, M.R. and Yazdisamadi, B, 2003. The effects of
nitrogen levels on yield and yield components of forage millet ( pennisetum americanum) and cowpea
(vigna unguiculata) in intercropping system. Quarterly pajouhesh-va-sazandegi 16(2), pp. 60-67.

Khoramivafa, M., Ghasemi, E., Farhadi, B. and Najaphy, A., 2013. The Water Use Efficiency in
Forage Maize at Maize/Faba bean Relay Intercropping in Deficit Irrigation and no Tillage Systems.
Internation Journal of Agronomy Plant Product, 4 (11), pp.3134- 3139.


http://www.cropscience.org.au/icsc2004

A4

22-

23-

27-

28-

29-

30-

31-

32-

33-

34-

35-

36-

37-

38-

39-

AV Oy ¥ goslads FYV o (53— ook (6 alms) (LT (puilige 5 p5ke

Khurana, E. and Singh, J.S., 2000. Influence of seed size on seedling growth of Albizia procera under
different soil water levels. Annals of Botany, 6 (6), pp.1185-1192.

Morales, R.E.J., Escalante, E.J.A., Sosa, C.L. and Volke, H.V.H., 2009. Biomass, yield and land
equivalent ratio of Helianthus annuus L. in sole crop and intercropped with Phaseolus vulgaris L. in
high valleys of Mexico. Tropical and Subtropical Agro ecosystems, 10 (3), pp.431-439.

Munne-Bosch, S. and Alegre, L., 2004. Die and let live: leaf senescence contributes to plant survival
under drought stress. Funetional Plant Biology, 31 (3), pp.203-216.

Myaka, F.M., Sakala, W.D., Adu-Gyamfi, J.J., Kamalongo, D., Ngwira, A., Odgaard, R., Nielsen,
N.E. and Jensen, H.H., 2006. Yields and accumulations of N and P in farmer—managed intercrops of
maize—pigeonpea in semi—arid. African Plant Soil, 285 (1), pp.207-220.

Petropoulos, S.A., Polissiou, M.G. and Passam, H.C., 2008. The effect of water deficit stress on the
growth, yield and composition of essential oils of parsley. Horticultural Science, 115 (4), pp.393-397.

Qurashi-Adel, D.S., 2005. Growth and leaf nutrients content of Guava seedling (Psidium guajava L.)
Intercropped with some legume cover crops. Assiut Journal of Agricultural Science, 36(3), pp.109-
119.

Shafshak, S.E., Shokr, E.S.E.l. and Ahmar, B.A., 1989. Studies on soybean and sunflower
intercropping, plant characteristics, and yield components of soybean and sunflower. Annuals of
Agricultural Science, 24 (4), pp.1773-1793.

Shahnazari, A., Liu, F., Andersen, M.N., Jacobsen, S.E. and Jensen, S.E., 2007. Effects of partial root
zone drying on yield, tuber size and water use efficiency in potato under field condition. Field Crop
Research, 100 (1), pp.117-124.

Sherif, M.A. and Mahmoud, M.A., 2015. Effect of deficit irrigation and soybean/maize intercropping
on yield and water use efficiency. International Jouurnal of Current Microbiology and Applied
Sciences, 4 (12), pp.777-794.

Shiri-e-Janagard, M., Tobeh, A., Hokmalipour, S., Jamaati-e- Somarin, Sh., Abbasi, A. and Shahbazi,
K., 2009. Potato (Solanum Tuberosum L.) response to drip irrigation regimes and plant arrangements
during growth periods. Asian Journal of Plant Sciences, 8(6), pp.390-399.

Singer, J.W., Sauer, T.S., Blaser, B.C. and Meek, D.W., 2007. Radiation use efficiency in dula winter
cereal forage production systems. American Society of Agronomy, 99 (4), pp.1175 - 1179.

Tahir, M., Malik, M.A., Tanveer, A. and Ahmad, R., 2003. Competition functions of different canola-
based intercropping systems. Asian Journal of Plant Science, 2 (1), pp.9-11.

Tesfye, K., Walke, S. and Tsubo, M., 2006. Radintion interception and radiation use efficiency of
three gran legumes under water deficit conditions in semi-arid conditions. European Journal of
Agronomy, 25 (1), pp.60-70.

Vandermeer, J., 1989. The Ecology of Intercropping. Cambridge University. Press, New York.

Wang, D., Shannon, M.C. and. Grieve, C.M., 2001. Salinity reduces radiation absorption and use
efficiency in intercropping (soybean and beans). Field crops Research, 69 (3), pp.267-277.

Willey, RW. and Rao, M.R., 1980. A competitive ratio for quantifying competition between
intercrops. Experimental Agriculture, 16 (2), pp.117-125.

Xu, B.C., Li, F.M. and Shan, L., 2008. Switch grass and milk vetch intercropping under 2:1 row-
replacement in semiarid region, northwest China: Aboveground biomass and water use efficiency.
European Journal of Agronomy, 28 (3), pp. 485-492.

Zhang, L., Vander Werf, W., Bastiaans, L., Zhang, S., Li, B. and Spiertz, J.H., 2008. Light
interception and zimdahal, R.L. 1993. Fundamental of Science. Academic press Inc. USA, pp.91-133



90

J\r" Irrigation Sciences and Engineering Vol. 41, No. 2, Summer 2018, p. 77-92

Shahid Chamran
University of Ahvaz

EXTENDED ABSTRACT

Evaluating the effects of alternative and regulated deficit irrigation on
yield and some components in intercropping
(Sorghum — Red bean)

A. Khajeh Khezri*, A. Rezaei Estakhroeih?and S. Golestani Kermani®

1- MSC student, Department of Water Engineering, Faculty of Agriculture, Shahid
Bahonar University of Kerman, Kerman.

2"~ Corresponding Author, Assisstant Professor, Department of Water Engineering,
Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman. Assisstant
professor, Research and Technology Institute of Plant Production (RTIPP), Shahid
Bahonar University of Kerman, Kerman, Iran. (abbasrezaei2@gmail.com).

3- Assisstant professor, Department of water engineering, Faculty of agriculture, Shahid
Bahonar University of Kerman, Kerman.

Received: 15 October 2016 Accepted:18 January 2017

Keywords: Deficit irrigation, Intercropping, Partial root zone drying, Water use efficiency.

Introduction

Irrigated agriculture is the main user of the available water resources. About 70% of the total
water withdrawals and 60-80% of total consumptive water use are consumed in irrigation
(Sepaskhah and Ahmadi, 2010). Due to changes in climatic parameters and reduction of available
water resources, The application of water saving strategies such as deficit irrigation with
choosing suitable cultivation system compatible with ecological characteristics of the area such
as intercropping, can reduced water use consumption. Many researchers have studied the effects
of these methods on some components of yield and water use efficiency (Anderian, 2004;
Caviglia et al, 2004; Filho, 2000; Tahir et al, 2003). In recent years, the concept of alternate
partial root-zone drying irrigation has been raised and attracted considerable interest. Partial root-
zone drying technique (PRD) is a modified form of deficit irrigation which involves irrigation
only one part of the root zone in each irrigation event, leaving another part to dry to certain soil
water content before rewetting by shifting irrigation to the dry side (Sepaskhah and Ahmadi,
2010) that this technique has been less investigated in intercropping system. The objective of this
study was to investigate the effects of regulated deficit irrigation (DI) and partial root-zone
drying (PRD) on yield and some components of intercropping Sorghum- Red bean.

Methodology

In order to investigate the effects of deficit irrigation techniques on water use efficiency, yield
and some components of intercropping, an experiment was carried out as split plots based on
completely randomized block design with three replications at the Research Farm of Agricultural,
Shahid Bahonar University of Kerman , during cropping season of 2014-2015. The first factor
was irrigation treatment at five levels including: FI, D175%, DI160%, PRD75%, PRD60%, and the
second factor was intercropping patterns at five levels including: 100% Sorghum (Speedfeed cv.),
75% Sorghum, 50% Sorghum, 25% Sorghum, 100% Red Bean (Naz cv.). Sorghum and Red bean
were planted on plats (6*2.5 m?). Each plot consisted of 5 rows with 0.5m spacing and 6m
length. Actual water requirement was determined using a lysimeter with drainage system in farm.
Then water content for each water treatment (60% and 75%) was calculated and it was applied



91
Khajeh Khezri et al. 41 (2) 2018

in two deficit irrigation technique (DI and PRD). At the end of the growth period, some
properties of both plants including: height, leaf number, leaf area index, fresh and dry biomass,
water use efficiency, land equivalent ratio and indicators competitive of intercropping were
measured and analyzed with SASv.9 software.

Results and Discussion

Analysis of variance showed that the water stress decreased physiological characteristics of
plant in all cultivation patterns. Maximum height of Sorghum (197.3 cm) and Red bean (56 cm)
was observed at FI-Sorghum75% and FI-Sorghum25%, respectively. Maximum leaf number of
Sorghum and Red bean was observed at FI-Sorghum of 75% and FI-Sorghum of 25%, and
minimum leaf number of Sorghum and Red bean was observed at DI60-Sorghum of 75% and
DI175-Sorghum 50%. Maximum fresh biomass of Sorghum (284.10 gr/plant) and Red bean (45.23
gr/plant) was observed at FI-Sorghum of 50% and FI-Sorghum 25% and minimum fresh biomass
of Sorghum and (65.72 gr/plant) Red bean (27 gr/plant) was observed at DI60-Sorghum of 75%
and DI60-Sorghum 75%.
Maximum dry biomass of Sorghum (56.82 gr/plant) and Red bean (9.16 gr/plant) was observed
in FI-Sorghum50% and FI-Sorghum75%, respectively. Maximum leaf area index of Sorghum
(5.71) and Red bean (2.89) was observed at FI- Sorghum of 25% and FI-Sorghum 25% and
minimum LAI of Sorghum and Red bean was observed at DI60-Sorghum of 50% and DI60-
Sorghum 25%. In this research, maximum water use efficiency of Sorghum (7.60 kg/m®) and
Red bean (2.86 kg/m®) was observed at PRD of 75%-Sorghum25% and PRD75% - Sorghum
25%, respectively, and minimum WUE of Sorghum and Red bean was observed at DI60-
Sorghum of 75% and DI60-Sorghum of 25%. Maximum land equivalent ratio of Sorghum and
Red bean was observed at PRD75% - Sorghum25% and FI- Sorghum75%, respectively. This
results showed that the PRD technique compared to DI, has improved yield and some
components under water stress. PRD is a further development form of DI; it involves irrigating
only part of the root zone leaving the other part to dry to a predetermined level before the next
irrigation. Therefore, PRD allows the induction of the ABA — based root to shoot chemical
signaling to regulate growth and water use and thereby increase water use efficiency. In addition ,
plant nutrient uptake can be improved by intercropping and it may be an important strategy to use
N efficiently and to reduce the risks of N leaching that lead to more productivity and improving
water use efficiency (Liu et al, 2005)

Conclusion

This study showed that the modified agricultural water managements such as partial root-zone
drying (PRD) can improve WUE in dry and semi-dry area. In addition, choosing suitable
intercropping system combined with this technique can more reduce water consumption and
improve crop yield .
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