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To investigate the quantitative and qualitative traits of bitter vetch, grass pea, and
wheat intercropped under different tillage systems, a split-plot field experiment
was conducted based on a randomized complete block design with three
replications. The field trials were performed at the research farm of Ilam
University in the 2019 and 2020 growing seasons. The tillage systems (no-tillage,
minimum tillage, and conventional tillage) were assigned to main plots and the
planting pattern at six levels (monoculture of wheat with weeds, monoculture of
wheat without weeds, intercropping of 100% wheat+ 50% bitter vetch, 100%
wheat+ 50% grass pea and monoculture of bitter vetch and grass pea) were
assigned to sub-plots. The results showed that the highest wheat grain yield was
obtained in wheat monoculture without weeds under minimum tillage (8.78 t ha?)
and the highest forage yield of bitter vetch (7.80 t ha) was observed in
monoculture of bitter vetch under minimum tillage condition. The highest forage
yield (4.08 and 3.98 t ha*) of grass pea was observed in both minimum tillage and
conventional tillage systems, respectively. Intercropping patterns increased wheat
grain protein concentration by 9.12%. Monoculture of legumes, compared to
intercropping, led to improvement in forage quality by increasing protein,
phosphorus, and calcium concentrations, and decreasing of neutral detergent fiber
and acid detergent fiber. The land equality ratio was more than one in all
intercropping patterns of wheat and legumes indicating the advantage of
intercropping patterns over monoculture for land use and increased crop yield. In
conclusion, the intercropping of wheat with bitter vetch under a minimum tillage
system can be considered an appropriate environmentally-friendly approach for
crop yield improvement.
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Source of variation Protein NDF ADF Ca P Forage yield
Block 2.67™ 7.19™ 4.50™ 0.0005™ 0.0001™ 1.69™
Tillage (T) 0.98™ 6.49™ 1.50™ 00117  0.0035" 554"
Error a 0.94 19.89 6.84 0.0013 0.0001 0.04
Planting pattern (P) 16.11" 54.18" 33.107 0.0057" 0.0041" 54.47™
(T) x (P) 3.78™ 1.34™ 0.10™ 0.0002" 0.0001™ 3.23"
Error b 1.56 5.79 2.80 0.0007 0.0005 0.24
CV (%) 10.63 8.27 11.59 11.58 10.80 11.29
*and ™: significant at 5% and 1% probability levels, respectively; ™: Not-significant
5 S g (o8 3Shas  Lgbe iS558 5 55,5516 Sl (Sl ee) ol s 4555 0 Jgaa
_S.oyrce of Protein NDF ADF Ca P Forage yield
variation
Block 0.98" 6.01 1350 90001 0.0006™ 0.470™
Tillage (T) 1.08m 4.76™ 0.86"™  0.0069" 0.0080" 3.867"
Error a 0.27 8.45 4.45 0.0008 0.0010 0.084
Planting pattern (P) 18.58" 0.98™ 0.92"  0.0144" 0.0084™ 11.608™
(T) x (P) 0.97" 2.28™ 0.13™  0.0045™ 0.0001™ 0.031"™
Error b 1.59 6.14 4.93 0.0012 0.0003 0.501
CV (%) 7.06 5.889 9.26 9.95 5.83 19.83

*and ™ significant at 5% and 1% probability levels, respectively; ": Not-significant

S odnlie JBlis (65,081 bals oo abylE Lalb cuis s (S o g VIAY) abglS ddgle 5Slae oy pidiy
3,8des iwe o2 yieS il oSl opl g ot paiS b gl oS )3 ailbelS ddgle 3,Slas p (6yl5 dme il (659 S
(Y JSE) oy olasl 5gs 4y |y ilagls adole

LS b odalie JBls (65,08 50 (LS jd o5 ¥/0A) 5 ddgle 5 Shas iy 6 ysS B calisee gladilobw 5o
VIEY) L5 ddgle 5 Slas 1y iaS (55,9 B o dlobw .cuslhs (5> dme Solas (LS o o5 Y/AA) Joliio (5,55 dilobw
5 a0y (S 53 5 FINV) g 3,Skae (it ol alls a8 (GIRY JS3) s oluaisl 358 &1y (550 o5
(oY JSS) s Hlassl 51 590 asecs cpl jlewd cpl j0 (2l cuiS” o 5 YL WSl 4 da g b oS o olaidl



red

$i9SE ciliko sloailolv i pliS b bglito CiS jo (L5 g 4ilogls 45 9 o8 0 Kloc )

Forage yield (ton ha")

67 a a a 6b a 104 Intercropping
”-1; g— == Monoculture T
~ = b
PR £ b g
] Radl H—
z 4 = c i
v
& S P d d
O
2+ 3 oh
2 = 2|
= 4
1]
77 0 T T T
0 T T T 5 @ o o
= % & o
& > A
_\“b-og‘ \\‘bog _\\%Qg‘ \'\\\ "0\’\ é\
& > B U & &
<~ S & &
& 0 T \ & &
+ Qoo“b Intercropping  Monoculture &

dbgle >Slae () cuslS (590 g () (55)951 chlike slaailobs 3B F IS5 sl cog wlsglS bgle 3, Slas y cudls’ g5S 36 Y JSC

B S35 SE Gl glaaloles

SiS SS y3 olS &S Wil Cusdly pl 4 by Milgs o (2B Jlas 3 5, Slas 39 YL 4SS0 5155 (2015) Gebru

e 5 0392 J3se (S jolis 5 )5i 9 Ol @lie 8L )3 LSS (e o) e 2R g eslio 615 Sl ey
Sl polaid] sgs 4 balswe cuiS slacuS i b awslie 0 1) (6 5Yh 0)Sles ol o S SS 0 5V (ST Jdsay
Ll g0 oS A lalge alax 5l 5 glacile u5) pas 4 3 g bolte (gl bawgi (o) o cuslio by o0 ()b

.(Rahmati et al., 2019) 3l ¥3e Hlows 5,Slos iol38l 5
S g Alagly ddgle (g » ¥—F

gy (B 5 F celo o) 1, )5 daoys gty Jlain] g 5 cudlS (58 il o Lais s 5 ilsglS abgle pls g
CuliS > abgle (pTgp (i (pytde 45 S g Sy I g Ayl GlalS ) abgle gy S (Sl L

Quality traits of forage

50

454

40

354

30

254

204

15

10

(0 JS5) 590 LS ol (el cuiS ] gieS Mo p> Ve /YD
,  fe a

a

%" =
= Protein % (Intercropping) —INDF % (Intercropping) ADF % (Intercropping)
E=S Protein % (Monoculture) mmmNDT % (Monoculture) ™ ADF % (Monoculturc)

b

=

b

T T
Grass Pea Bitter vetch

Sy wlglS absle LS Clan el o) b0 JSWS

Col Jowle pb yln 2l (3 5 cuS Sl L Al GSen YL gt b & sladgle
UiblS” ady dbglsw (3 S cold, Liljel cledy mblio I gyl 0 00 ( BLS oS1,5 yiul3sl L .(Baghdadi et al., 2017)
0> 5 Suile bolswe cuiS j5 ldas. L(Pellicano et al., 2015) Ll o ials cold) 51 5 50 olS &gy Juoyd g aidly



1Pl o & lais iy 9 olely 8,90 i ylpt £))j LS pale dlmo A4

(Jeylani et al., 2015) x>,S" )55 (gladss J5 Sile (alb culS I 1) 0o yd YVVEA Joleo pld pigy duopd oy yido
o) opieS g 1 el S 1) adgle pli g Aoy o pids con 5 bglske oS > (2014) Kheradmand et al.
A e 5l g mas Ol 2 WIS SS Ciows 4 gl cutS glacins )3 pa iy plo 5 GBI 2 S SS I,
1y adgle couaS @Me b bglre j3 g oS conl o)l ,SKlo cpl b oo SialS 35 pl g Aoy wgul o alS o] 5
CuiS 3l do > XIA o YYIAY iy ddole pl &gy o e g (i aS 0D (L (500 (gl sy wdiisn oo dgup0
SUlie (pyiane jl (S &S wl 5155 (6,505 .5 4o (Contreras Paco et al., 2020) 1 saaliv > 5 Silo a6
cuiS ol adllae oyl p ccal o 15l 13 gy W ialsbl Min psS) oo cuiS clapllss 55 13 1 oslizl
A (e (uign 3Mes g sgime Hlai I bl cutS pllas e plyie s BV g 2op> ¥r 4l wopy £e bgle
.(Vlachostergios et al., 2018)
P& g A9l adgls NDF H—Y
(5 odiysd 5 > BB e GUI) NDF e o cudlS oSl 1 s a8 el o] 51 S baools iy 458 b
awlio (B 5 F o Jgin) 8,55 1,8 cuslS 6o g (6550 sbyylows 3l cow 5 NDF Lagy 55 sine dilagls adgle
cuiS 658l 5 i S 5l (do > Ye/AY) &ilagls bglee cuisls” (o651 4y adgle NDF oy yiiig a5 ol lis aooly uS5be
(B JS5) oy slis adele NDF e 0 (ials duopd V) dgas dilyglS jalls

A S &y o gyt 4Bl do 3 g sl i poS) sladis £li5)] e aldgl +pAS Lgles cuiS s Vi
Ol a8 18,3 doe 3.5 (2001) Kume et al. ) 395 oyl oy & bolore cuiS” el )3 NDF 450 cdiiS 0 Ao
g o wslit olS Jsbo oy fize ol sl el (sies ADF g NDF ol o il gl iuljél b absle NDF
L1358 NDF s> (89 5l Lis b oy (Yilmaz et al., 2015) susl o ddsle  Slygd 95 g cuiS p 35,50 Lole
e 3NDF sl 1oy o (3l 4 g oo ol ebgle S0 s o ol 3l ey (S oole o il
NDF tuo > oy yiddias o 9 Sl bolowe cuiS a8 9 (oS obj)l > (Contreras- Govea et al., 2009) ol Cgllas
NDF doyd (pyieS g duopd OV/F L Ol pgws +,:8SLg5il +95 duopd VO + Sl duoyd YO bglsee cuiS Hlow 51 Silo
2 NDF e o988 YU 53 wge Y5 j i Jobs soys VA olsmedy 58lgi) + Sl Lol S jlag 5l Sl
«Sile oS g s oy g o NN ly O3l yygw +,8Sbgiil +95 oy VO + Sl oy YO bolors S jlows
» olade .(Zeiditoolabi et al., 2021) oly Copd Sy 4y Al Comd (D90 yiddy 9 (£33 (laddls a9 aBlw b lad
9 SPokw dlge Glise Sl OME 4 Cons Vol (2 3)S SIS 1) NDF o> (o jidis 5 (o jieS g2 9 6 (S SS
.(Kheradmand et al., 2014) cél i3I NDF duo)d ccudS dilob 4y g3 ja5d8lsl b g 03 jl3y95 1 (65265 (s sk o
P& g 4109l ddgls ADF F—Y
o isine 5l cos wldglS ddsle (gl odingd 3 o LB & BUI) ADF oS aly lis baosly uibyly 4w Jods ol
398 I3 gime 3 ddsle ADF gy )90 slajless jl el Sl g <8)5 )18 woyd gty Jlossl a5 <ullS” 5550
2 ddgle ADF ialS lie o A odalie (VO/VA) &ildgls bglwe cuisS (5631 )5 adsle ADF -y yiins (B 5 ¥ (sl o)
(B JS5) 39 2o )3 WIS aibglS allb cuss

b sl o 5 imd o i 1y s CoblE (NDF) Jsbo o35 5 (ADF) Jsboom cigis Joko ol53 o8 e
3 &lbgl5 ddgle ADF g NDF 39y 5 y0l 4 4545 b ¢ ¢(Nakhzari Moghaddam, 2016) )15 wsSae Cums sl 93 ol
ADF g NDF ials” 5L jl cbgle cuiS b awglie o (el cuiS > oS €88 doncs cpin (g5 o0 ()l cuiiS (665]
Mo Jossi g il in ColfB 5 NDF sslas 5 0 S5 Jobo 5 i 5l ADF 3l Sy dbsle oS
S o bl s S 5 dBle 4 Sy Cuns EalS & les o 1) ADF ]33l (Contreras-Govea et al., 2009)
Sk 5 S ol clale e (BT Cule 53 45 Al oo Bl 4y Sy s L8l Jdoa ADF (e (992000



r-v ‘g),JL&M‘;Ladlowa',a.uf@.b,&ow)o,&,4/;,?&!,5«!»,(&:‘,@);

S 9 oS s Shg )y (2021) Ashoori et al. .(Javanmard et al., 2019) 3 o yoxio ADF jialS & cddlu
2 Jsloeel BUI ggime (p yidin 45 2531 ()15 o )38 9 p95 5 bglie S (00l 5 (8l (slags ju 5> dS5le
S LAl S ol e o ieS gyl o> YO +p65 jom duoyd YO bglste cuiS )5 (doyd YAV ) (caml o g
b Jeols (asyd YA/AS)

S g D139l ddgle pandS g Jaud Y-V

ol g i ey bS58 g (65,05l Cilio (claailolis Il aS sl L5 (0 5 ¥ (slo Jgie) laedls 4356 gl
Dg LSy S5 g gl adsle Sy jaud Aoyd  Jsliie g JBlis (65,05 Sl g agme Y g aildglS adgle
9 phud jlMe (p S WAD odalie (65)9S K zolaw (nl 3 Y g Al dgle wulS 5 pad o> (g il oS 65k
odalidio (6j)sS B o dlols )3 (o> /Y 5 +NAD i ) 5 g (duo > +/¥+Y 5 +/YYD s i) dildgls adsle pundS

(5 Jgia) L
Al 5 B bgle ulS g jhud Ll () ke  cutlS g5 @l Jgoe
i Grass Pea Bitter Vetch |
Tillage

Ca (%) P (%) Ca (%) P (%)

No-tillage 0.210° 0.185° 0.307° 0.235P

Minimum- tillage 0.2872 0.2272 0.3722 0.2972

Conventional- tillage 0.210° 0.2272 0.3572 0.300%
Planting patterns

Intercropping 0.317° 0.256° 0.218° 0.198°

Monoculture 0.3732 0.2992 0.253¢2 0.2282
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