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Table 1- Some physical and chemical properties of the soil in the experiment site

cdl PH Sl cglan ooy S 3 95 ool e
Texture Rowaeiewd)  ppSke)  peSike) g e ) 2055 o) 2055 ko) 2055 ko)
(% N pSHS  (SBpShks  (SLpeSds  (SLpeSls  (SL eSS
(S (S
ECe K P (mg.kg Mg (mg.kg Zn (mg.kg Fe (mg.kg Cu (mg.kg
(dS.m?) (mg.kg 150il) 150il) I50il) 1s0il) 1s0il)
150il)
o) b 75 0.81 450 10.5 222.1 1.02 9.74 1.3
Sandy lumi

Pl 1S9y Mo pd = 59y oy dXE/YD L /A

Pl (g doyd )> Sid ddgle 5 Slee polie ©p5 L
i adaly g Lajles Sl el yn ol pls (5059 5,Ses
(AOAC, 1980) 15 4sloxs

(V) abslso

Oy 3y Sles = plo (38 Mo ydx Sutd ddgle 5 Slas
pls

0l jl Al cndS p byl culS Coje (b))l cae
sl Jos 4y odlizsl 5 Jgoy3 olsl 1 (LER)' (o) sl Connsd
(Mead & Willey 1,980, Caballero et al., 1995 )

(v) Wslso

LER = (Yar/ Yaa) + (Yoa/ Yob)

bglke cutS ;38 455 3,Sdas : Yap

oAls eS8 465 3 ,Sles ¢ Yan

Lgbs cuiS )3 b wisS 3,Skes : Yog

oAl S b GsS 5,Sles : Yip

5 ol MSTAT-C l58lp 5 5l oslizsl b Waosls Lyl ¢ 43350
S g iy Jlo a3 S ygesl ookl b o Sile

L A lde Juoyd

1- Land Equivalent Ratio

9 i) 4 pglie oy &y Joole ((Suid (5 & polie «0)39))
WY Y G s i (59 9 e sBlo OV eli)] lawgio b ads)
g,\_wb).s LS fal_‘>u] Eyoyn pd dig Voo culs r‘,fl).: L (P)f
a3 gladgle GlalS Sl (gl o8 Sl 5 adgle
pll gy (g ymed (gl g (gymd sy 13 o loj ol jo &S a8l
Aol LA-}LC) L u.sl_m @, Y dhbd.s}: cwl.)).s ul.n) P Jub)f
Vel il ilails S plpie 08 slel g bl ) jtes
iged 438 (njs Lagl 5 0)jg 9 dad e w8 el
VY Gode a9 Jitie olSislojl b lajlos 5 adgle 51 oo
20> oy 5| e b 03l 5148 01,5 Sl as )3 £O 9l > csls
Ao SLid dbgle 5, Slas g s odle duoyd ()] Cugh,
cogn oy SLis o3ls (cladigei j| (AOAC, 1980) 13,5
3 e a3 ol pL5 (395 9 (59 o) ol (e
JaleS 08w 1 oolatwl b lals 51 plS s 5950 o yd Cpuss
2 9> g oy yolis (Kejeltec Auto Analyzer 1030)
o=l a9 G yps FIVD sae o dladgle HalS (glys 5 O/AY dac
33,5 e g alaly Sl edlainl b sl g5 o yd yodlie iy

{(AOAC, 1980)

(V) Wsleo



FEA

(5329l (owlis pgr &y

Lo ) o>

YAV el Yo,

*A1oAnoadsal ‘0oualafjIp JueoyIuSIs ou pue [2A3] AN[1qeqoad o] ‘046 JO 1B JURILIUSIS OI8 SU PUB,,* 4

é

" el 5 o ol oo o[ Bl B2 <oy € avd E<be mfen ool e

B & S
(%) AD
0Tt €T vl L'El STl [4:84t 98’1 0T 8S91 €0l 4! 6T ¢l T...Q%V
oleh ¥ o
el (433 100 €8 6L71 £20°0 6111 6'C £20°0 929 't ¥20°0 0t Jouy
LIPES L L06] «S100 L¥ET | T8I L9900 €669 | THLI 1700 ,.9667 LSTET €00 SI b
juduedI ]
ot
wS0°8 b 1€ wlP00 LSS'LE sul9"1 0070 LFEP8 w858 sl L070 LOV'LT sl 0L LLL0T0 T uonearday
s
3 J3))eu udjoad 3 urdjoad 3 d J13))ewn urdjoad I
asero) Lip apnad Jseroy 1I)ew apnad Jaseroy JII)ew u13)0.1 a3u.105 ysau Lip apnad
qsauay ysaay Aap qsaay Aap pnI a A'O'S
e = sher o wfer - sher £ fer Ko o e o it n o R o
o e Hbe? o TIE wmo o iikd S v Hewo OF MWD
ead udauan ead pparyg oA Aaeyq [J)3A UBLIESUNH
o ocbe abev s s ooy A oS

opea Ajsuap yuerd pue fisuap juepd se paypaye

[2)9A uRLIBSUNY pue o)A Aney ‘ead ppy ‘ead waaa3 Jo ppik upjead apnad pue Jayew A1p ‘ppaik a5ea0] ysaaj jo (saaenbs Jo ugaw) sdueriea jo sisA[euy -7 A[qe]

|5y v

b0 | - R ol §Fm (Mg o) sorste ey O ey v € 3orslc K 0 0 acfc 3réer T e o FowS € e (S pon 64 £ Ky € o



PP g bolio cuiS sladgle Sluogad oy

3 oo 5 Jymane Stle claigs 5 Sitle ol ol oz
Dy Cglate g b bl cuis

SuA dgle o Slac

9 dg WSl aS way o ol odly uibyly 430zl
2 15 St dbgle 3 Slae i b bglsie €S (gl
5 st (F Jgiz) b )5 b o 2oy Sy Jlats) e
5 5 Al CutS ) ey KS ehgle > Shae oo (3 ia
Joaz) dol Cawdty poyio o @2 Voo (ST L S (el cuts
gl 3y Slos 15 ) )5 (s S Glisee (sloS15 o (1
alide lacu s b o515 00,55 ssnlin jlo sxe ciglay « i
by e e ) Jobs St ddgle 3, Shos 5o «yody LIS
o=l oAb cliS b as s § sl pdaw (0 1y (o)l xe cugles
Seis adgle oy Slae 1Sleo b L wlie glapSTy o olS
N0+ Ve elagSE )0 g AV + I3 TV cuiS cus ol
+ S A0 CES G )3 g qapeyio yd gy Yer g YO+ Yoo
39 dildie gl 051,55 oSl Qb i) iy 5> V0
{7 o) Loeols (ol 4325 Joe gl olel 5 (Y Jpoe)
2958 Sts adgle 5y Slas (6pypuie sty iulojl slajles
I8 580 e |y (g jlome Sible g slass U5 Silo «(slebgle
adgle 5y Slas joolae (p e g oy iy oS 03 LS uls Ll
g 9> Abe +sladgle 3456 70 bl cuiS 5l e yay Sis
CiS &S (gygbts (Y Jgiz) M Jols (sladgle 2550 el cuss
Ao WY Ll 8l el g /0e +(glddgle 5455 70+ bylse
b gladele 5550 all s S & Cows Siis ddgle > Slas
(Fds)

oS g (i pie 33)5 (oo 0daldio O Jodo )3 4S5 sboy
S g g Gl S J) ity S dile 3,Slas ol
odnl o gypoyio ;0 dig Voo WSl dladss 5 Sl ol
lalsdl cely g 700+ laibgs IS Silo 0+ byl cutS .
Siile aAB CoiS 4 Cond Suid adgle 3 Slas sduo)d VOA
lizpad 235 goyesio p S5 Vo CtlS (S13 > lasgs 5
3y Sdas palie (oS g (pyider 33,5 oo odnlidio £ Jgi > &5
9> A+ 5 )bre Silo 20+ bglre cuiS jl i yay S ddgle
Job @peyio )3 g Vv (515 L (g)lome Sile S S
(£ Jods) Bas

P ddgle o Slac

S (Y Jgis) b odld ywibyly 4555 5l odal cowd 4 ol
s3bas g2 bl bolss cuiS (clacus 5 € o515 &S cul
oLy a3 ) oacal Cawdty ol cpiomen I )3 L8l cou
CiS glaca w5 ade oSl aS s o i (Y Jois) el
SO Jlin! mdaw 50 ()l pme jobods e b (slddole 250 bglses
5 Ll I8 Sl csladsle 3556 olS 5 ddgle 5,Slos o yd
D33 sl cov 1y gybre Siile

S e |y 5 adgle 3 )Slas polie (a8 g cp e
95 & @paie ) g Ve (oS5 3 48 el cuiS g g alls
sl jlos i laca w duwlio 1 (Y Joio) Wby olaidl
plde 18 (S5 (il 8L I8 + o bglee cuiS 4 slate
polie oy oS gyeboas b L l58] 560 5 adele 5 )Slas
9 &yere > B VO olaw )3 )b clagS1y 1y ddsle 5 Sl
oaly (1 Sbo duvlio (¥ Jgds) Sad Juols g peyie ;0 dig Yoo
2 syl i ddgle 5 Slas polde oy yiaS 5 oy o5 0 LS
3956 Lalls i g 9> AVD +sladole 3955 7V bl cuis
(¥ Joaz) 3235 oaaliiio qpeyio > g Vev 055 )3 sladgle
o y5 adgle 5y Sloe plie (p oS g (i (piozed
Lo glaiy J5 Sile pallb cuis g o (ol cuis slaylows
o BlasS @l (b Jsi) sol Cusdss oyt 3 g2 Voo oSy
S i an ,5 adgle 5y Slas 1dlde pyieS g oyt 45T Gl
g Voo WST Lo /00 + (o)lxo /D bglswe cusS (slajlows
£ Jg) 2ol s & o0yt

Albayrak et al., ) ;l,)LSen 9 5oL JT dlogs adllas zols
5 Sl lals a8 g (oS 0, Shes L5l g9, (2004
mdn 5 adgle 3 Slas (p oS g (it & 3l (LS S 5 L
L spbre 9 )l 5 (5 T b ladigs J5 Sile cutS Sl ci
Eb oyl wg a5 K00 Baivd Sy b Jolbs S o o5 YO
o adgle 5y Slae @l o35 diely 8 5 plool (Karadag, 2004)



IVAY 500 Foylod 3¢ ol ((65)9Lis owlich pgr 4y yis £V

5 0w0) Bl 3t Connds Suis bgle ¢)5 ddgle 5, Shas (Sl g o5 U J5 balbeo CuiS WCumd g a1 o517 (5uSloo dmmliis -1 Joia

PL gy 3 8es

Table 3- Effect of seed rate and the ratio of green pea intercropping with barley on forage yield, dry matter, LER and crude

protein yield
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Table 4-Effect of plant density and seed ratio of chickpea intercropped with barley on forage yield, dry matter, LER and
crude protein yield and LER
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200 e g aop 0 725+ Field pea 775 10.21¢f 5.53¢ 1.26° 0.59¢e
9 o YO+ Barley
e sus s de . .
200 Gl ddgle 3550 Aoy 750 + Field pea 750 13.612cd 7 04t 113 0.550f
9 hoyd Ot Barley
250 Gl dbgle 3556 d0p3 V- Field pea 7100 7.931 3.15¢f 1.00% 0.78°
| 48 >0 Yo Y i Y
250 e g aop V0 725 + Field pea 775 1473 7.75% 121 0.942
9 do > YO+ Barley
| e 5 hos e . X
250 & ddgle 3956 Loy 750 + Field pea 7,50 13,9620 5 69¢ 0.90 0.4619
97 hopd Bt Barley
300 &l ddgle 3955 a0 )3 V< ¢ Field pea 7100 8.61M 3.73¢° 1.00% 0.80°
| dbgle 3956 2oy VO i ;
300 Gl adgle 3550 Aoy 725 + Field pea 775 12 9300 6,520 0.93" 0.57%f
9 do > YO+ Barley
| ibde s ot . X
300 e apmsopor 750« Fleldpea S0 ) fou 8.51° 1.03% 0.56%"
97 Ao Ot Barley

sl o 0 Jlossl gaws 53 (SSIS 39y 4 I sime (ol BMS] MBS ynie By S JBlas (clly (sl btk
*Means with the same letter for each stage are not significantly different based on Duncan’s Multiple Range test; P<0.05.
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Table 5- Mean comparisons of plant density and seed ratio of hairy vetch intercropped with barley on forage yield, dry
matter, LER and crude protein yield

5 digy o513 i adgle 3,Slos .
. Gyr o515 S 7 e d5lee s PR OIR I PR S
epf’: Plant density ratios (565 3 o¥) (65 55 o) oo (56 3 o)
q _z;m Forage yield S LI;R Crude protein yield
ensi %’ per (tha) Dry matter (tha?)
m (tha?)
100 slasg J5 Salo x> Ve Hairy 7100 502" 1.55¢ 1.00 0.33"
vetch
Yo+ gl J5 Séle awy» VO Hairy vetch %75
100 i J ’ Y Vel 15.28™ 6.58" 1.02% 0.61%
2 doyd Barley 725 +
Ot gl J5 Sile awy 0+ Hairy vetch 750
100 s & ’ y Vel 17.69° 6.17° 1.08° 0.69°
9> oy Barley 750 +
- & dop Ve Barley 7100 21.06° 9.28° 1.00° 0.61°
150 slasg J5 Salo x> Ve Hairy 7100 6.54¢ 911 1.00° 0.430
vetch
Yo+ lases J5 Séle awy» VO Hairy vetch 775
150 i J ’ el 17.36% 6.95 1.15° 0.64%
2 doyd Barley 725 +
Ot gl J5 Sile awy 0+ Hairy vetch 750
150 s & ’ y Vel 15.36 7,420 0.94% 0.511
9> oy Barley 750 +
200 byt 5 Stledopp - Hairy 7100 7.6 2374 1.00° 0.50%
vetch
Yo+ clases J5 Sl aop Vo Hairy vetch 775
200 hiss J ’ YV 150 6.36™ 1.00° 0.53°
92 doyd Barley 725 +
Dot glases 5 Sile aoyd 0+ Hairy vetch 750
200 his S ’ Y Vel 17170 7740 1.10° 0.53¢%"
9> oy Barley 750 +
250 ladgh J5 Silo o) Hairy 7100 7.73 2.77° 1.00° 0.58%f
vetch
Yo+ clases J5 Sl aop Vo Hairy vetch 775
250 s & ’ y el 12.41° 6.05° 0.89° 0.511
9> oy Barley 725 +
Dot slases 5 Sile aoyd 0+ Hairy vetch 750
250 sl &5 ? el 16.16™ 7.39% 0.95% 0.60%%
9 doyd Barley 750 +
300 slasgs J5 Silo doyd Voo Hairy 7100 8.7t 2 gg 1.00° 0.61%
vetch
Yo+ lasgs J5 Sl aop YO Hairy vetch 775
300 his F ’ Ve 14.55% 6.430 0.92% 0.501
9> oy Barley /.25 +
D+ (asgs IS Sisle aoy b+ Hairy vetch 750
300 hiss F ’ Ve 17.62° 7.47% 1.16° 0.86°
& Aoyd Barley 750 +

sl e 70 Jlosnl gaws j3 (SO B9y 4 o sime (g lol MBS SEB S o s S Bl (s (ol Siliest
*Means with the same letter for each stage are not significantly different based on Duncan’s Multiple Range test; P<0.05.
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Table 6- Mean comparisons of plant density and plant density ratio of hungarian vetch intercropped with barley on forage
yield, dry matter, LER and crude protein yield

JD A9y oSTyS Wy STy SBCuw 5 oadgle 3 Sles SWiA adgle 5 Slos . 2O 0) B gy 3,Slos
&0 re Plant density ratios ()m 5 C’S) ()m 5 ‘}‘,‘) om0 2 ()L:S.a,
Plant density Forage yield Dry matter - e Crude protein yield
LER
per m? (t.ha?) (t.ha™) (t.ha?)
Sela duoy> Vo v ian ; .
100 e Hungarian 7100 7.05" 2.359 1.00 0.49%
&)bre vetch
Seile 2oy YO
100 v: . Hungarian 75 16.27° 8.54° 0.95° 0.70°
oy . . . .
IO Barley /25 + vetch
P
Silo ¢y duoyd O+ -
100 o Lo Hungarian 750 19.452 10.552 1.132 0.772
ot . . . .
R G Barley /50 + vetch
9?
- 9 doyd Ve Barley 7100 18.07° 9.972 1.00%® 0.579
Sile a3 Vo ian : -
150 e Hungarian 7,100 6.61 2.729 1,00 0.52i
&)bre vetch
Seile 2oy VO
150 v: . e Hungarian 775 14.15%f 8.28° 0.91° 0.73°
oy . . . .
IO Barley /25 + vetch
9?
Silo oy duoyd O+ L.
150 bt o UNGATiAN7S0 14.19% 6.83% 107 0.73°
o+ . . . .
R A e Barley 750 + vetch
P
Slo duoy3 Vo e ian ;
200 o2 Hungarian 7100 757" 2,659 1.00% 0.56"
&)bre vetch
Silo Yo
200 Y:)J (ES9 Hungarian 7,75 14.079%f 7.03¢% 0.89° 0.71¢
oy . ) . .
’ i Barley 725 + vetch
9?
Silo BRI L.
200 o (ES9 Hungarian 750 13.07¢ 7.44% 0.82° 0.55'
-t i
HoP BT 2 Barley 750 + vetch : : ’ ’
P
TR ian . :
250 o2 Hungarian 7100 7.48" 2.649 1.00% 0.52
&)bre vetch
Sile )
250 \':D)J s Hungarian 7,75 12.91f 6.63° 0.79° 0.68¢
+ . . . .
e IR G Barley 725 + vetch
5
Sl 2o ys 0
250 : M)Lm Hungarian 7,50 14.32¢% 7.81% 0.87°¢ 0.70¢
-+ . . . .
e Gt e Barley 750 + vetch
9'>
Selo duoy> Vo v ian ;
300 e Hungarian 7100 8.39%" 2519 1.00% 0.46"
&)bre vetch
Siblo o yd YO N
300 Lo YO+ ¢)lxe Hungarian 775 9.289 5.51f 0.67¢ 0.48'
IO Barley 725 + vetch ' ' ' '
bl
Sl 2o ys 0
300 o Pungarian /50 14.39° 7.47% 0.93° 0.58"
—+ . AT7¢ . .
e Gt e Barley 750 + vetch
b

sl o 0 Jlosnl gaw 53 (SOl 39y 4 I sime (ol BMS] MBS yrie By S JBlas (il (ol btk
*Means with the same letter for each stage are not significantly different based on Duncan’s Multiple Range test; P<0.05.
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Introduction

Cereals and legumes are considered as important forage crops, because of their nutritional value, especially
protein content in legumes and crude fiber in cereals. Intercropping may be a useful strategy to grow crops
simultaneously, offering to improve resource utilization such as solar radiation, nutrients and water during

growth and development. This is also an important method for sustainable crop production, particularly when
inputs are limited. Higher yields have been documented for intercropping of beans and maize, barley and peas,

oats and vetches wheat and peas, and wheat and beans. Using time and space, in addition, improving plant
production methods in terms of environmental and human health, intercropping can increase agricultural
production. In order to increasing soil fertility and improving plant growth and quality, in medicinal plants
cultivation, elimination or reduction of chemical fertilizers, is very important. In terms of competition, this
means that the components are not competing for the same ecological niches and then the interspecific
competition is weaker than the intraspecific competition for a given factor. Intercrops can be more effective than
sole crops in preempting resources used by weeds and suppressing weed growth, because complementary
patterns of resource use and facilitative interactions between intercrop components can lead to a greater capture
of light, water, and nutrients. Several indices such as land equivalent ratio (LER), time equivalent ratio (ATER),
and relative value total (RVT), land utilization efficiency (LUE), relative crowding coefficient (K), and
aggressivity (A) are used to describe the competition and the economic advantage of intercropped plants.

Materials and Methods

In order to study the effect of plant density and intercropping ratio of annual forage legumes includes: grass
pea (Lathyrus sativus L.), field pea (Pisum avestum L.), hairy vetch (Vicia villosa L.) and hungarian vetch (Vicia
pannonica L.) on quantitative and qualitative barley performance in a randomized complete block design with
three replications were conducted in Kurdistan Agricultural Research (Sanandaj) stations under rainfed condition
during 2013 growing season. The treatments included five levels of legume seed densities (100, 150, 200, 250,
300 plant.m™) and four seeding ratios (100% legume, 75% legume + 25% barley, 50% legume + 50% barley and
100% barley).In this experiment, fresh forage yield, dry matter, crude protein yield and land equivalent ratio
(LER) were recorded. The crops were managed according to organic farming practices without pesticide or
fertilizer use. No mechanical weeding was performed after sowing. Combined analysis of variance was
performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) (SAS Institute Inc. 1988). Means of the
treatments were compared, using Generalized Linear Model (GLM) method and the least significant difference
(LSD) test at the 5% probability level. The data showed normal distribution and no transformation was required.

Results and Discussion
Results showed that the highest and lowest fresh forage yield and dry matter yield were obtained from pure
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barley and pure legumes in 100 plant.m? seed density, respectively. Intercropping ratio of 75% field pea+ 25%

barley at 250 plant.m? density and 50% hairy vetch+ 50% barley at 300 plant.m™ density with 0.94 and 0.86

t.ha’! produced maximum crude protein yields, respectively. Intercropping ratio of 75% grass pea+25% barley at

300 plant/m? density, 75% field pea+ 25% barley at 200 plant.m density, 50% hairy vetch+ 50% barley at 300

plant.m2 density and 50% hungarian vetch+ 50% barley at 200 plant.m? density, with 1.19, 1.26, 1.16 and 1.13

LER values, respectively, performed the best efficiency in resources utilization in intercropping system.
Conclusion

Based on these results, it can be concluded that intercropping of annual forage legumes includes: grass pea,
field pea, hairy vetch and hungarian vetch with barley is a way for increasing productivity per unit area.

Keywords: Forage quality, Land equivalent ratio, Poaceae, Yield



