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Evaluation of old and new wheat varieties for their compatibility with
canola in additive series of intercropping
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Table 1. Physical and chemical properties of soil (0-30 cm)
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Table 2. Characteristics of old and new wheat varieties

L) wls s Slos ) e ..
V';) Golest5T Jle ’? (';}L; o (al) 65 CLD)‘ (r;) HES SENET)
. (LS Plant height .
Variety  Release year ) 1000-seed weight (g)
Seed yield (kg.ha'!) (cm)

o 1958 4530 115 46
Roshan
o _ 1951 4370 110 44
Tabasi

L
o 2009 8580 97 41
Parsi
ol
el 2011 8867 94 45
Sirvan

.b-\)).ad‘,..a;uj.sa\.?b:)ﬁq&o.mé_i&:'- )\:ga).sp?}l:f\w Oljee 4 09l 35S

SIS 5 o8 s Slas 3 5 aslons ebas
4 S5 o Ses Sl als 5 Ses Jilis
5 Ses S I il Lasls LT S
S pmanlys B alos 6050 50 4 4l
@U,L,.lﬁulfasﬁ);a\n\.w‘«:ﬁ);(lﬁs
A3 8 halonn 15 5,

e A8 L5 Do pae gD e skt 4
4 kb wls, piadi Ol dS
DY Ol s Obyss bus edidl,l A,
R Jf ki 551 (Goudriaan & Van Laar, 1993)
slrosls Sleslamal b sy o ST Slels
Sl glis (Bl S e it g oS
Bt e S I i T
S g ode &ljgy il Ol e Ao y3 00 Jslas
tenloes (M) 5 (V) SV slre ulul 658 53 a
(Tsubo et al., 2001) L&

(V) dslas
I =1, x(1-P)x(l-exp(-K.xLAI)+

(-K,xLAL))

\re

P PG S - T
S 3, gl s oliladl o bl Syl
3 ms AoBN (LT gl s O ume ole
b opasp sl 5l 08 8 &g cals
4 LSS Sy e p a4 S, 0L
A plouil (255 0 gt
> Slas 5 6555 g 5 Shas il > Slas
PLZ54|:)|}A053‘\}1§3¢J;§L;J§3°\§
Sl b (58 Il S 5 paE sl
Loy s sl s Slio ol (5,8 ol
adl> Ol 31 Oodo 5 das (oo sls 5= 51 60)
o Shes Gl 5 5 Shee e S
Cose w95 phe Sl dy Sl
V.:ay@&f&:@@\;';@(ajﬁ.&f
Cill 5 gy oS s s cils , Ol
.xuw\.sﬁou}wg;,yq{o\:fy,a,
L 531 53 g 3 om0 Cils 5 (6la & g5
Colu FA Se 31 8 sle 4 j5 Ve gles
5w 3 Shes i 5 3l dm s A el 15

sl 51 4l (gle T 1 da e T Cows 4



e il 5 8 0Bl 6y ST s o

Jus) & o (6,05l oKoms Law g
A58 ums (Leaf Area Meter AM

5 puE wl3s, (LAD & abaw a5l
S5 e 5 53 F dslae (251, S eslial L 1S
A 5,51 » SlideWrite

(F) dlsles

Y=a/l +e®

SNl b (&8 e 2l ST 0
€ 8 o e ls fils ST
EX)tgﬂcwa)uﬂ‘hijl—:ﬂ
o3 bl b SBT3y e Ol
|y Nmad o e slae ) 8 ol S3 0,
.Lj\sol:fjsﬁgﬁcb.uubul{

ts o gt 4 ((LER) (03 (S 311 32 Cod
L aglie 55 olpl bjlis S Glags
Sealal b en s ol S Ll i
(Gliessman, 1999) Lé aculs () dslas

0) dsles
LER=LERc+ LERwW

LER = LER; + LER, = ‘i;y_m+ ¥nm
te

Tne

4 LERW 3 LERc slee ol 5 &5
33 S e Sl S odias D S
5 6 S ) S 4145 oS
Al e (el a4 byl

4525 SAS 91 L5l ey baug e esls
LSD s 4 b ke anglie ks oS e
A el Ao s ey Jle>| C“‘"ﬁ

oo 9 @w
PAS (Sal58 bslia CAS (5l G

\Yo

(Y) dslas
IC=1, > ((K.xLAI)/((K.* LAL)+(K,<LAL)))
(¥) dslas
IB = Iabs - IC
Loy odd Sl piads OT ys S

T, s o 2 538 Lsbe o5l
o2 J538) 58 Vb 4 et e
S 5 08 (g 487 WSl o P (0
oo g a Ky g KL s bl 0700
GRS 5 (/8 paf aiali el
Goudriaan & Van Laar, 1993; Tsubo et al.,)
Tsubo et al., ;2001; Koocheki et al., 2013
5 j 4 LAL, 3LAI_ «(2001; Yahuza, 2011
iy 5l 5 1S 5 puE &y b asla
2 033K Gl e Dl s 5
S 5 S Al b g6 ks e e
sl

65 e 2 RUE) 55 05 e 5,8
osle 5 415 > s @i 32 b 51 eJs5 K
Oer 2 (e 5o 2 p RIS 5 S oS
(e o 2 J5380) sdbodor phnds ras
A dnloes ol Wiy 0y93 Job s

o2l e ghlea AS) fad (b s
LY 31 613 i gas 1S 5 puS 5y o
10 ol b5 g SIS Sl e sl ole
3,8 el iy fuad OLL b LSS g,
Lol 1B S 5o b 6,8 s
oy g (S e Sl T XYW Sl sl S Sl eslinal
Tl dlns S gl (e 255
dfﬁcb.w.mg}lzha@bjTgefﬁ

1- Radiation Use Efficiency



A QL VW aly =+ ¥ o)l =YY 000« (£155 B0 9317 S gy 4 pid»

5 OGS s p SHLSTFVA) o 2ty (F
:ﬁw(Jt&Appf)l:f\“Y‘\Y)aka
SECRN I RPIIIEE S PSR e
508 5 Shas o i b odalin
53 15 518 055 S 5 S5 m 5 SIS
ol (8 03 A edalin h ) (sl 03
Lanslie 5o Cls p el Hls gme 2ol 3
el al @l 53 5 b odalin )| L
S5 o8 plyl Sl iy Sl el 53
(S 5 ol8 s Shes cails 3 Shes o YL
23 pkE ls G li 5 K5 e s Shee
FEAS BNy i s S
VFVOF/A e 1 0 8 AS AVVE/D (s
S 3 doys YPA 5 s o S S
Sl bl el g als 5 Shes ol
Lo ys Ve il 6w b bgliee oS Hlas
AR 35S 530 SSYYY b 5ol
oS 5 Shas pslis p 2eS i dclows Lo s
s e 035 5 &S s > Sas (IS
il 3 b bl i8S s (6l e
0 S kS FAOK/F L 5 5w 13I8 A3 VO
FoiY 5,k 3 p S kS VPR s s

(F Jaul) i talin do 5
(’J‘f %[V S S WP
Sy s b6 slas sl s a
Db ey g4 e gla S b
S odd 55555 5 sk sl abiw 5
3 e als g sl alow 03 5 655
S Cnlodd 3 Shas il 53l culg 53 5 alin
OL8es 5 (sdhers 45 b 3las § 350 5

byl sy (Mohammadi et al, 2013)

A

S Ls 9 0,8des lil oS p I35 L
poiS o5 )l ol

Ol S e iyl 4 25 3l Jool sl
oS 5 Shae ails 5, Shee o 1 4S sls
gl 53 paE S5 s 3 Shas 5 2S5
g 3 413 5158 035 5 o ys G ez
I (..SJ Sl oy sl gae Ao = Jl|
Sl asla g als Hlm 0y cails 5, Shes
O3 (gme doys 6 bl o o (,J;f
Cge 4 SO Gl S JI e 5y
PS5 o8 5 ails > Sas 5 1S L 5
5SS 3 Ses 5 Aoy 6K mhaw o
z bl w3 puE Cals sl
A Js 0 ) w8 ls et
ol Slio 5 G ma p Jelse ol ol
(¥ Jgd) i Hls ome

5 Sas ¢ 2S5 ol8 5 Shes cails 5 Shes
Jsl dlo 53 S ls 58 035 5 &S5 50
o 53 5 e Ll 3 5 gy 15 4 Yo
YY/Y YR L )l 6y g Ad,
Slio ol oalin 51 VL Aoy /0 5 YA/0
Sl el 4l Ad aelone 033 Lo >
JL.»leJYl{.\.,a)_sdiisj»):p:JLﬂ):
Salis adl a5 (F Jadar) 05,5 aclows Jf
355 s gme Jlo b Cow Laslas ol
KONSPRES)

Calien 6,1 oy 4613 3 S dns i

25bar o b 035 o 4 S 513 Ol puS
Al b lie 3 (5 28 wls 5 Sas 1 e
Lo )l s 4l 5 Shas o (s o5
J)A?)MDMWGJ‘J@MCJJWﬁ»Gﬁ



B LR PR

4os

Byl s

Ay

akwqmarﬁh_uxcmn..ﬁu&_tc»obc\ﬁ&vx_&wrﬁ{m_vbvcr,\hwrmg{&rlm:rvfx&ﬁfvr\z.fcﬁv.n.%&&..

Table 3. Analysis of variance (mean of squares) for the effect of year and wheat/canola intercropping ratios in additive series on yield, 1000-seed weight

and harvest index of wheat cultivars

\H&Qr& 3037 a3 4l s Shese Q&Wuoqu? 5P gm s Shes als 48 05 Cls el
S.0.V. df Seed yield Straw yield Biological yield 1000-seed weight  Harvest index
r:-i ok ok ok *
1 15293880 65690818.9 142120781 203.55 0.69 ™
Year (Y)
Y sl
) 4 2916956.67 2339699.7 9417872.8 97.58 35.28
First error
4L{W 4@& ek ek sk
) 3 4299731.11 4820579.3 " 5021390.4 "¢ 235.26 260.39
Wheat cultivars (w)
k? f“\v)nt.“ rumgfxl\.n!)om ok *k * q *
] ) 4 12319077.92 13408666.1 49926173.5 25.21m 120.34
Intercropping ratios (R)
WxR 12 691198.47" 2443983.1 ™ 3030528.5 ™ 50.55" 50.50 "
W xY 3 277175.56™ 2669314.2 " 30867159 ™ 30.17™ 45.65™
RxY 4 445073.75ns 5131512.0™ 4510479.0 ™ 41.89™ 81.97 "
W xRxY 12 203705.42ns 2112517.5 "™ 2192949.5 19.43™ 38.90 ™
Y sl
76 421317.2 2613124 3396418.3 30.86 36.71
Second error
il 16.84 21.41 16.17 13.44 17.85

CV (%)

Al o deo 3 S 2 el shans 53l e 5 I gme Dl 5 5 pude o3OS 5 i b 5 % 1S

ns, * and **: indicate non-significant and significant difference at 5 and 1 % probability levels, respectively.
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Table 4. Mean comparisons for the simple effects of year, cultivar and wheat/canola
intercropping ratios in additive series on yield, 1000-seed weight and harvest index of wheat at
the first and second years

s als s Shee J‘..lf)olfajﬂa& 5w 3 Shae &l Hlm 05 Sl e s
Share
Treatments Seed yield Straw yield Biological yield 1000-seed  Harvest index
(kg.ha') (kg.ha'h) (kg.ha'!) weight (g) (%)

JL
Year
Jsl

') 4210.7 > 8311.8* 12511.82 42.6* 33.852
First
0 3496.7° 6804.8 10301.4 40.0" 34.01°
Second
NEG
Wheat cultivars
o 4046.3 ° 7980.3 @ 11999.32 37.5°% 33.81°
Roshan
o ) 3292.3° 7764.2 11056.52 4292 30.11¢
Tabasi

L
6”’_ 4108 2 7031.7 " 11139.72 41.1# 37.242
Parsi
g
u_}ﬂ 3968 * 7445.8 11413.8 2 43.9¢# 34.61 %
Sirvan
(1S L puE ol 3l b glome 38 Glaos
Wheat /canola intercropping ratios in additive series (%)

100w:0¢™ 4981.32 8773.5¢° 13754.82 40.9* 36.872
100w:25¢ 4045.8"° 7355.8° 11401.7° 4202 35.84 %
100w:50c 3742.9° 7682.8 11378° 40.8# 32.68 b
100w:75¢ 3278.3°¢ 6854.6° 10132.9¢ 40.2¢ 32420
100w:100c 3220 ¢ 7098.3 ° 10318.3 b 428¢% 31.86°¢
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* Means with the same letter(s) in each column and for each factor are not significantly different

based on LSD test at p<0.05.
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** C and W: are canola and wheat, respectively.

o by s 4 A 5 oAl s 4l
Sge s ST 05 Jod Sl b mle Ol
CiS s aiw Jsb rals am j3 5 olds
oLl 31 S Iy ool pme ialS b glies

2l 65 o by w1 Ko

1A

ﬁbjbwwjaf\)j&W}sjﬂw
(Trifolium resupinatum L.) (e oS
i8S s (Sobkowicz, 2006) 5 oSG s .3 5
(X Triticosecale Wittmack) d(z 5 b die

sl 5,8 418 icia faba L.) YU



e il 5 8 0Bl 6y ST s o

oxim S 68 0555 Ly LS swanls
w asl olamt| slas Zals LS s deuS
@ bglies CUS 5 als 0y ShalS .l L)
oU s 4 (g sl ge Jlasl talST s
ey Ay 3 3lse ol 6,8 IR
e O b o8 s 5 Pl Gl
VI 5 Sty Loy ol e olS L B s
o5 8 15 55 (Bakheit & Glala, 2002)
!
ple Gl & Sl sio dls S8 0
e 2 3 s S 5 S sl
S i AL S5 0,8 e 3
S By B Hs a4 S b
ol s dls 03,5 5 4 (6 S (5 3
Lafond,) Ll oo a8 «ls 5158 059 9 4l
S 5 pS b e S 3 Oliies (1994
C,..i.f).a(a.ﬁ.;féb)‘}bojjf.ﬁ:;jﬂf
OT s &5 55 bglies iS5 iy alls
olazt| (i g5 (sl 03,51 5 SialS 4 |
bl S8 55 (S5 O3k 4 4l
BN PP GEURGH - PRNTE | IO
5 | s (Koocheki er al, 2014a) Lsls
b, s (Pouramir et al, 2010) O, Kes
d>S" 5 (Cicer arietinum L.) > g 3 Shes
bdse S > (Sesamum indicum L.)
A Sy Bdils e 0 S sl s
S g5l 68 0 o6, ede Jds 4
o 4 bl CAST a4 ol 2 (g5 3
Cﬂfjséjii:oubu.aﬁjwf&)b@;u
95455 L (Vigella sativa L.) &ldalos b gliee

23 g s Sl 055 7 5 2IE L)

174

Gb.?mctﬁum\f@g,ubjl»w
SISO P
(S5 Sl OF jloal asl 2alS” ol
a8 53 48w wdl ol gl
O (S5 505 b shies ISl iyl
I il o 5 Sas 53 ke Jolo o ager 5
vﬁ;o;ﬁ;&s%@w&uw,;
oAl ol J s LS 4 i 65 a
Tuna) &S50 5 U dil o5 Shes 039 5
wal 5 Sles jralS” Cle (& Orak, 2007
aly sl als gl p L bgins 0257 55 s
L e ole Cle gl b S0 26,
—5,8 gla il 6315 S 055 28 Uil 3 gaS”
Hauggard-Nielson ef) Ol)\Ser 5 poues
= bl LS 69y gy o3 (al, 2009
AL s (Pisum sativum L.) é; S g
S sllas ol s g olE s Shes oS
g 0lE il Lalls iS5l S bl
S S sl Olas ol andllas @L:J
P55 S 0l ST 65 e b slins
5 als 3 Skee , (Phasaeolus vulgaris L.)
R A A NP R NP P
Lolos sla oS 5 4 S Sl 23S
o3l zde .(Koocheki ef al., 2016b) 55 i
iS5 ssy sl andllas s (Alizadeh, 2009)
» (Ocimum basilicum L.) Ol 5 b b glie
ST S g IS L o Sles
Sels gme Loy (goladl s Shee 5 bl
Lyl palls i8S 1) wls 5 Shes 0 YL
238> o RIF L pl e Dl s g 1l
Aol € LS L s Sas Sl Ol



A QL VW aly =+ ¥ o)l =YY 000« (£155 B0 9317 S gy 4 pid»

A 053 5 6 55 el sl s Gyl L
A3 S e 5 B el S o il
S o8 )] 45 55 3 3ltad 5 23 5
(7 dgdr) 55 i i 4

508 5 Shas (ails 3 Shes Sldis op 5L
Wy 3 s B (S g 3 Shes (S
Cd 53 IS &5 5158 055 9 45 g0 53 4ils sl
AN Ll es s 4 S el s
53 p@; WO/F S s ijl;
ol PYIVY LS ) pfjl; YVYA/A S
sdalin o 8 FV/Y 5455 53 43 FV/Y 05y )
oS 5 Shas cails 5 Shas pslis p 2aS 5 ds
%3 53 ol ol (K5 g > Slas (2SS
biee CiS Cad 4 IS & g o 4ils sluw
4 S ao,s Ver HIS Ao ,s Ve
PRUA LS 3 p S AS VAV L o 5
2 S AS VNNV G s S S
BERHER S AVARPIE-PYSERA s /AN s
a5 1S &l 558 055 Ol 0 ol 5 S5
8 Loy Ve Lol bgliee S8 Cd
Cals polazstl o S YN L edS ds s 00
(# Js42)

Dl Lo PGS e i
O Sl Lis s 4 b s ST 5 1S
)3 g ME Sl se 55l sl sl 48
Do e w4 SR sl e J
s 8ee 2alS Cel iyl 53 S @5
Sl ol bgldes iS5 0T Gl
&S T 31 adl (Undie et al, 2012a, b)
sy S aaly 3 Ske Gl o
Kosdpl Sy el Ll s s 1 syl

Koocheki) 54 b glses I i Lol ciS
et al., 2014b

posS (58] bolso CliS (sl o 5
0L 9 0,5 dee gl 0 ,Sdos 2 13S0
1505 coils
Olac b osls oS pe ilsls 4 ol
wly IS wls Hm 05 s Jle 31 4S5l
L3 &S5 il plam 53 (gyls (gme b
3 Shes oS (1 G ks 13 5T o
g 2 Shas 5 S 5055 Shas cails
;\Mﬁ)v\.@ﬁ&idmlc@,; 518
@MM)J@JL&‘cE’»JJASﬁ)JQ‘J
4 Ll Bl bale S8 gl Cd gy s
L3 &S5 il o 53 (gyls (gme b
5 Ses (S 5 oS 5 Shes cails 5 Shes
03 s sl iy 3 pl Sl (S5 5)e
sl Sh Cos 158 als i 05 5 45
S gt 2 el o) e S g lis
Cpeoman (O Jgda) Al Hls g 1S Slaws
@S Bl 56 o IS Zlsy asla
SN 5 1S S b shins i (sla
5 Shes ails 5 Shes .23 K15 6T folize
03 ¢ ol (S5 s 5 Shas (ST 5 ol
D38 &l S5m0 9 45 0 5o ils Sy (&5 g
YOO FIN XIFL s dsl e
Lo T oy P32 JLe 31 5YL dp 580 /Y 5 0/F

(7 Jg)
b Olspem L o3, bk oS
@ls 5 Shes s gme il Comge 1518
bl 3 ST 2S5 olST 5 oS540



B LR PR

4os

Byl s

Ay

iw,,lu_{cnv.ﬁt%rbrﬂcw_z%_.%a.rav,_m_n&ﬁ&vf&gA..,..w,..&&r\,:ﬁf\n%fv%i;wcﬁo Jsd

Table 5. Analysis of variance (mean of squares) for the effects of year, wheat cultivar and wheat/canola intercropping ratios in additive series on yield, yield
components and harvest index of canola

oSy Qﬁm 35T 4y 4l 3 Sles S e85 Slas S5 5 Shas Gpo2 ek by s ol wls 5l 035 il el
. . L . No. of pods per No. of seeds  1000-seed .
S.0.V. df Seed yield Straw yield Biological yield - Harvest index
plant per plant weight

Lo
J 1 10021.09™ 105476.91™ 180520.9™ 7.91m 16572.2n* 91.38™ 13.54
Year (Y)
Vgl

.rm 4 120515.2 791958.43 1519692.73 842.06 45306.82 13.29 116.23
First error

NUgH
= 3 217658.3" 648876.67" 1614092.44" 193.86™ 116837.29" 1.63" 25.28 ™
Wheat cultivars (W)
‘_u > rﬂ}h.w s sk *% *k sk *% *%

- rm i 4 1201527.3 6096900.73 1262371291 2910.32 377148.8 11.89 268.05 ™
Intercropping ratios (R)
W xR 12 14070.45™ 51932.98™ 116792.65™ 313.1m™ 33492.39™ 1.19™ 1595
W xY 3 25257.96™ 89959.72m 202258.64" 283.13™ 12974.80™ 0.16™ 33.51 ™
RXxY 4 26491.64™ 212144.36" 432596.58" 324.56™ 61059.77™ 0.72" 57.46 "
W xRxY 12 12518.184" 63106.34™ 131175.17™ 160.91 18189.21™ 0.82" 31.92m
Y ol

¢ 76 13474.936 87229.87 167357.21 210.28" 28872.958 0.86"™ 37.56
Second error

1) SOl ads o e
(1) s 2 21.51 22.11 28.03 21.28 27.53 23.15 15.54

CV (%)

ns, * and **: indicate non-significant and significant difference at 5 and 1 % probability levels, respectively.
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Table 6. Mean comparisons for the simple effects of year, wheat cultivar and wheat/canola intercropping ratios in additive series on yield and yield components
of canola at the first and second years

RUSERHESREY

bl &_uukwrv Qﬁ“uuquh‘fv ﬁﬂwmu_uu_u%rh &&uuﬂfu_.\c& als Hlm 05

Treatments Seed yield (kg.ha'!) Straw yield (kg.ha'!) Biological yield (kg.ha') ~ No. of pods per plant No. of seeds per 1000-seed weight (g)

plant
Ju
Year
Jol
w 548.78 & 949.56 @ 1498.34 2 46.6 2 464.452 3.682
First
(2 530.52 890.26 2 1420.76 2 46.12 440.952 1.93°
Second
q&w el
Wheat cultivars
=32 522.6° 873.1°P 1395.7° 4992 537.12 312
Roshan
- ) 450.6 ¢ 782.9° 1233.5b 4423 454.4 % 2.6%
Tabasi
L
s 529.7° 895.5" 1425.2° 449 430.5° 2.8¢
Parsi
ol
c.&ux 655.62 1128.12 1783.7 46.4* 388.9°P 2.7%
Sirvan
)1 pa 213 b slies S5l Glaos
Wheat /canola intercropping ratios in additive series (%)
100c:25w™" 544.08 ® 794.4° 1338.4° 41.04 be 44470 2740
100c¢:50w 448.43 ¢ 680.7° 1129.2 be 47230 384.7 be 2360
100c:75w 410.5 < 659.2° 1069.7 © 45891 458.47° 2380
100c:100w 371.974 649.8° 1021.7 ¢ 33.92¢ 321.1¢ 2.49%
0c:100w 923212 181562 273884 63.712 654.7 % 4.03%

Al L..\pumwgr&v._ﬂrtgup_urwt ot 8l O.wﬁ.ﬂrxr_&rmn_urw..t ool e a6l 5 Ot 53 S 2hae oy - glyls %Fr.nwwrz s
* Means with the same letter(s) in each column and for each factor are not significantly different based on LSD test at p<0.05.
ﬂ(ﬁwlmﬂﬁotucgf.\%\xf“gbO“%*

** C and W: are canola and wheat, respectively.
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Table 7. Analysis of variance (mean of squares) for the effects of years, cultivar and intercropping ratios in additive series on radiation use efficiency of wheat

and canola
ey Qr.& 3037 a3 4?% 158 1545 5 4.\,..%
S.0.V. df Wheat Canola Wheat and canola
25 s o1, 28 O LS 25 e LS 05 s ) 08 e 21 28 e 1S
(sslasl s Slas) (S ¢Szt 03le) (sobassl 5 Slas) (sstal 5 Shes) (S oSast 03le) (solasl 5 Slas)
Radiation use Radiation use Radiation use Radiation use Radiation use Radiation use
efficiency (economic efficiency efficiency efficiency (economic efficiency efficiency
yield) (total dry matter)  (economic yield) yield) (total dry matter) (economic yield)
rl ok ok ok ok
J 1 0.724 0.07 0.0004"s 0.000001™ 0.573 0.067
Year (Y)
Vgl
. 4 0.039 0.012 0.0099 0.0007 0.022 0.008
First error
4.r.w 31 o * - ”
. 3 0.022 s 0.018 0.009 0.0013 0.027 s 0.019
Wheat cultivars (W)
.T > r..lkus“ grﬂ}t}m *k ok ok *% g *%
- % o 4 0.209 0.051 0.076 0.0072 1.626 ™ 0.207
Intercropping ratios (R)
W xR 12 0.011 ™ 0.003" 0.0008™ 0.00009"¢ 0.011 ™ 0.002m
W xY 3 0.013 0.001™ 0.001ms 0.00013" 0.011 ™ 0.001™
RxY 4 0.018 ™ 0.0015m 0.0004ms 0.00003"s 0.009 ™ 0.0 05™
W xRxY 12 0.009 s 0.0008™ 0.0007™ 0.00009"¢ 0.009 ms 0.0006"
Y b=
76 0.014 0.0018 0.001 0.00009 0.013 0.002
Second error
(1) O s g b
s e 16.09 16.98 27.95 22.11 16.68 16.98

CV (%)

Aol o deo 3 S e el s 55l e 5 1 gme Vel 3 5 pude 0didOES o i ek 5 % IS
ns, * and **: indicate non-significant and significant difference at 5 and 1 % probability levels, respectively.
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Table 8. Mean comparisons for the simple effects of cultivar and intercropping ratios in additive series on radiation use efficiency (MJ. g'!') of wheat and canola

at the first and second years

s ity 5 e
ol Wheat Canola Wheat and canola
Treatments (5 &8st 03l) 55 e S (obassl s Shas) 55 o g5 (JS &St 03b) S5 O pmn S (bl 3, Shee) 55 o pmn (o (S 6Kt 0ol) 53 oo )87 (obasil > Shes) 555 5 s (oIS
Radiation use efficiency (total dry Radiation use efficiency Radiation use efficiency Radiation use efficiency Radiation use efficiency Radiation use efficiency
matter) (economic yield) (total dry matter) (economic yield) (total dry matter) (economic yield)
Jle
Year
Jf
w 0.82 0.272 0.12# 0.04 @ 0.76 @ 0.26 2
First
£ 0.7° 022" 0.11% 0.04 0.63° 021
Second
Tcw Pl
Wheat cultivars
o 0.78 2 0.272 0.108 ° 0.041° 0.722 0.252
Roshan
S 0.722 0.26* 0.096 ® 0.036° 0.66 2 0.252
Tabasi
L
R 0.72° 0.26° 0.109 ® 0.041° 0.67° 0.25¢
Parsi
Ol
cwh& 0.74 2 0.21° 0.138 2 0.0512 0.712 0.20°
Sirvan
1S L oS 2l b shine sl sla o
Wheat /canola intercropping ratios in additive series (%)
100w:0c** 0.89a 0.32a - - 0.89a 0.32a
100w:25¢ 0.74 b 0.26 b 0.103 b 0.043 b 0.82b 0.29b
100w:50c 0.74 b 0.24 b 0.087 bc 0.035¢ 0.81Db 0.27 ¢
100w:75¢ 0.67 be 0.21c 0.082 ¢ 0.032 cd 0.72 ¢ 0.24d
100w:100c 0.66 ¢ 021c 0.079 ¢ 0.029d 0.73 ¢ 0.23d
Ow:100c - - 0.212a 0.072 a 0.18d 0.06

IRy .\rknumwr_rhv_”rlnu&urwc{rwu&v._%_(v 05031 olsl s ola sme Dol oo o (Gl 5 Ot o 53 S 2im o9 (slyls phrsr.hw“rx s
* Means with the same letter(s) in each column and for each factor are not significantly different based on LSD test at p<0.05.

S 5 13I8 sdasilss o5 5 4 W, C

** C and W: are canola and wheat, respectively.
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Table 9. Analysis of variance (mean of squares) for the effects of wheat cultivar and wheat/canola

intercropping ratios in additive series on land equivalent ratio

S oS Sl S

S oy Sl

. o) ” G5 Gl
= ¢ ST ("\5 I Jf
S.0.V. & Partial LER of Partial LER of

df Total LER
wheat canola
JLN ek * £
1 0.25 0.05 0.44
Year (Y)
Vsl
. 4 0.02 0.03 0.03
First error
("\'f fu)‘ sk ook
. 0.11 0.04 0.027ms
Wheat cultivars (W)
b i i8S slalas

e S5 S 4 (5% 0.48" 141 0.634
Intercropping ratios (R)

12 ns ns ns
W xR (15) 0.019 0.01 0.02
W xY 3 0.018"s 0.020s 0.039ns
RxY 4(5) 0.018"s 0.03"s 0.006 "™

12 ns ns ns
W xRxY (15) 0.006 0.01 0.016
Y slos 76

0.014 0.01 0.015ms

Second error (92)
(1) s e r 15.1 15.39 10.7

CV (%)

Bl g o3 G 5 e ezl s )3 Sl me 5 I e I3 ke eiasOLES 5 g ek 5 IS

IS e Sl s 605T 42530

ns, * and **: indicate non-significant and significant difference at 5 and 1 % probability levels,

respectively.
d: df of total land equivalent ratio
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Table 10. Mean comparisons for the effects of wheat cultivar and wheat/canola intercropping
ratios in additive series on land equivalent ratio

bales S S e A e IS S s Sl s S e S e
Treatments Partial LER of wheat Partial LER of canola Total LER
Jw
Year
Jﬁ‘ *

i 0.83 % 0.60? 1.192
First
£ 074 0.56° 1.08 ®
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Introduction: Wheat breeders have been constantly striving to develop new
varieties with improved productivity and yield as well as higher resistance to
pests and diseases. These varieties are being released frequently and replace
the existing ones on the basis of their performance under open-field conditions.
Intercropping has been widely applied to reduce soil erosion and water loss, to
restore ecological balance, to improve radiation and nutrient use efficiency (Awal
et al., 2006; Brooker et al., 2015), to raise land equivalent rate and to increase
economic benefits (Gliessman, 1995). Therefore, intercropping is regarded as more
productive than monoculture in terms of land use efficiency. Higher nutrient uptake
and better water use efficiency have also been suggested as additional advantages
associated with intercropping, however, they are needed to be evaluated for each
different combination of crops used in intercropping systems. The objective of the
present work was to determine the competitiveness of old and new wheat cultivars
in mixed intercropping with canola in additive series and also to evaluate the yield,
yield components, radiation use efficiency and land equivalent ratio of the wheat/
canola intercropping under climatic conditions of Mashhad.

Materials and Methods: This experiment was conducted as factorial layout based
on a randomized complete block design with three replications at the agricultural
research station of Ferdowsi university of Mashhad, Iran during two growing
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seasons of 2014-2015 and 2015-2016. The first and the second factors were wheat
varieties (the old: Roshan and Tabasi and the new: Parsi and Sirvan) and mixed
intercropping ratios of wheat and canola in additive series (0:100, 25:100, 50:100,
75:100, 100:100 and 100:0), respectively. The investigated traits were as follows:
seed, biological and straw yield of wheat and number of pods per plant, number
of seeds per plant, 1000-seed weight, seed, biological and straw yield of canola,
radiation use efficiency based on seed yield and total dry matter per area of land

The advantage of intercropping over monoculture was evaluated by using land
equivalent ratio (LER). It is one of the common way of measuring yield advantages
of intercrops over monoculture. LER is defined as the relative land area under
monoculture that is required to produce the same yield achieved in the intercrop.
LER for the wheat-canola intercrop was computed on the basis of seed yield in
both monoculture and intercrop, as the sum of partial LER value for wheat and
canola. The statistical software program SAS 9.1 was used to perform analysis of
variance. All the means were compared according to least significant test (p<0.05)

Results and Discussion: The results showed that the highest wheat yield and
yield components, except for 1000-seed weight, were obtained under monoculture.
By increasing the proportion of canola to 75%, a significant decrease was observed
in seed yield and biological yield of wheat. There was a significant increase in
seed yield of new wheat varieties compared to Tabasi as an old variety while the
biological yield was not affected by the variety. As compared to the other wheat
variety, in the presence of the new variety Sirvan, seed and biological yield and
radiation use efficiency of canola were significantly increased. However, among
the different wheat varieties, there was no significant difference in radiation use
efficiency. The maximum land equivalent ratio (1.41) was achieved with 25%
canola+100% wheat.

Conclusion: The results revealed that the yields of wheat and canola were
significantly affected by mixed intercropping ratios and wheat varieties in which
the yield of both crops was reduced due to competition. However, due to the
distinct characteristics of these two crop plants in terms of water consumption and
utilization of radiation and nutrient resources, land use efficiency was increased
in their intercrop. Radiation use efficiency and land equivalent ratio indices
indicate that the intercropping of old and new wheat varieties and canola is more
efficient that their monoculture. New varieties of wheat appear to perform better
when intercropped with canola. However, there were no significant differences
in radiation use efficiency and land equivalent ratio between the old and the new
wheat varieties.
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