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Table 2- Analysis of variance for the effect of different intercropping patterns with bean on yield components and seed
yield of sunflower
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ns, * and **: Non-significant and significant at 5 and 1% probability levels, respectively.
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Table 3- Means comparison of yield components and yield of sunflower in different intercropping patterns with bean
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Table 4- Analysis of variance for the effect of different intercropping patterns with bean on quality characteristics of
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Replication 2 0.26 497 1.21 132 1.02
il 555 o . . o -
Planting pattern 7 3.66 3655 2.01 641 10.01
s
14 0.36 313 0.48 62 2.09
Error
(03] s 2 - 1.39 15.66 3.24 14.04 3.14

CV (%)

2oyd Ky g g Jlein] o 53 )b dxe g b dxepé cuip 4 FF o * s

ns, * and **: Non-significant and significant at 5 and 1% probability levels, respectively.

begd L byl CudS’ cilisen gSUl 53 ()15, K1 (i Olpoguas: (Kl dmglie =5 Jgo
Table 5- Mean comparison of quality characteristics of sunflower in different intercropping patterns with bean

R Mo yd " - =J1 48
S 51 w2y Of9) 38 es ~ g5 38 kes Jd?)ls =
: . ¢ 99 . g o
. * S S
Planting pattern O:&(%;) Cgﬁe";g:; ( 'an’:_)z) Protein Pr()('[é,(e});’?e)l d 'z;gn'z) SPAD
° y g (%) y 9. reading
OB palls cuis 44.16% 157.82° 20.31° 71.69° 43.47°
Sole crop of sunflower
o SABTHTS L Loy 425 4332 129.00% 20.85" 60.88" 44,37
25% Bean with 75% sunflower
ol 53T K50 L Ly %50 42.00 84.53° 22.18° 44.58° 4736°
50% Bean with 50% sunflower
ST 425 | Ly %75 41.10° 50.55¢ 22.30° 27.20° 47.16°
75% Bean with 25% sunflower
oo,k 1100 L Ly %25 44.37° 139.41° 20.61° 65.64% 44,39
25% Bean with 100% sunflower
ol S HL00 L Ly 50 43.59® 137.97° 21.18% 66.93" 46.13®
50% Bean with 100% sunflower ' ' ' ' '
oo 531 6100 b Ly K75 42.86% 105.42% 22.17° 55.53° 47.82°
75% Bean with 100% sunflower
ol3,%:k31 %100 L Lyl %100
100% Bean with 100% 42.50% 99.78" 22.14° 53.24° 48.30°

sunflower

35,5 LSD 9051 Luliol 2 duoy s Jloin o 13 (65 ime BN ¢y5m y 0 S jidio By (sl (sloypuSilo *
* Means within a column followed by the same letters are not significantly different based on LSD test.
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Py e il lajles 8t cow ab Ja iy o
oy GRS S5 ) iy bgliks S

5 a5b 0y Shos oyt (Bl iliBie slagSl e
4 3lto (oo 3 2,5 993 5 305 s 4) Sojglses 5,Slae
75 jSle bybe cusS Jlosi b o 39 Lug) palls cusS jlos
oialS il s ine VST 5l Sl 1s3 25 | Lug) s s
sy RNl 58 g Sl bl slacuis )3 Ly o515
@ Bl ialS (S 93 o ¢ dal il bglse CuiS ) laigS
p)5 383 582 iy 4) Sujlgm 9 b 3 Shas (508 Sispsb
1L Loy 20)3 25 (0 jS0le bglsee ot jlas 5l (@pnyie 5
25 o)l blse oS Hlow b a8 sl cowd 4 o0, S0k8] oy
(T Jgies) xials )3 o)lel 09,8 o )3 o, Kbl b Lug) o>
Ghosh et ) ol Sinlen ), Simgh plo laasl b zbls oyl
.(aI., 2006; Mahfouz & Imager, 2004; Mazaheri, 1998
oo 4 s (1) 4/49) Log) sy (adls lire (it
oS 26,5 315 oISl L g oy 5 il bolsn S
L Ly 4033 100 5 50 —aljdl bgloeo i’ slmlos L
3,Slas LialS 4 S1.(7 Jgio) coilys Jb me M3 ol Slisl
9 ) ealiie byl culS slajlas 3 Sufglsn g 4ib
byl G 3 o <y Sajlom 3,5kat 2 208 fn
Ctby (el o] dod o a8 35 b 3 Sles | ity o2l
alb 3)Shos ialS" Gline &S gpsbo 4l Rl bajlass ol )
L Loyl oy 15 (il by lvo ctS jlad > Sl
518/69 iy an Log) palls cusS jlos 4 s oo, S8
Tsubo et al., ) ohLSen 5 geui (7 Jogan) 390 0> 23/96
« (Maffei & Mucciarelli, 2003) J LSl 4 5l 5 (2001
Mentha ) glis 5 Log-c)d byl ctS L)l L s
bl s aolie ol 4 Lgwm(piperita L.

Lol siedad g ls cul 5 g (i g o Slas
Fodbs S il B g nop S Jleinl gdaw )3 (5659 3 )Sles
I3 inlejl slajlos 1815 oot oy oty Jloisl paws
6,85 )8 otalejl slales 1L o (g Aoy (g iid S
3 ol g 2 )8les Cdio i ) ke duglio (6 Jgi2)

Ly o Slas g o Slas 5l 50
5y Slas sl 5y Slas cash Ao i g jd B Slus
oS doyd Sy Sl g )3 ugl by (adls g SoSlse
23,5 )15 R b Sl g il bl sl 3G
3 gixe M )3 wils slaws p twlejl (slaylews 51 Jg (6 Jsis)
(6592 ;> M 12/93) wigy )5 B laws oy i (6 Jgi) i
G Sl L gl o3 50 (o331 bglses S o &
50 L Lo 10y3 50 (S0l bogloe S Jlo b oS b8
Sy oo a5 4 (T Jgo) cadlss sl me B3] 1, Klid] wsy
15 gl 5 oslizad bl LlsEl 5 (lisS gy culd, Lials &S
s (gl gy S lop olS 45 ol el 398 Lo
by pyd S 8, & ola ] Sl cmoren S Ky 3 B
@39 4 3 5 03,5 03l 8 lgte 4y ol Sl sl 0y
o8l ioly 8l aigy o M sl Loy (s Sy p )0 e yiag
cutS wyp b 30 (Ujjinaiah et al., 1991) o) Sen 5 zllusg
5 b 3, Shae 4 1555 S sy sl 5 ol ] gl
SIS ST A Camd ()b gixe pobo & Lug) Wy > S Sl
» = (Saleem et al., 2003) ) LSen ¢ palow .l yiols3l

03,5 QIS 1y otebin o5 o 5 ol ST L S
wwl Bl ol b o o9 bgle 1 Log (ST ials' L
Plae 5 88 Sy cnl Oliee n S 9 n i Sygb 4
25 05%ls byl cuiS slajles jlog p)5 25/26 4 31/50
100 —ilidl by lsee coiS g b, Kol 4oy 75 L Lug) sy
oSl )5 UL (T Jgas) dol cows a4 o)1, 50L8T b Lug) doyd
> 100 20 bl 038 3 o) s S sl
ol bl cuiS o 93 o onizeen g )Rl L Loy
25 i)l bglsee oS g 15,50kl asyd 75 L Lug) s y> 25
il 3y >y Soli aily do 59 ki 1 o,50kET b Loyl as
csS oyl s (Poor Amir et al., 2010) o,LSen o puolyor
&S 15,8 555 ¢35 9 (Sesamum indicum L.) souS bl
o gyl dbg e Cuaw ay S ST g wib lia e
Asgharipour & ) sély 5 y9 (s pimol §aio y D (oioljl
Plantago ) oyl bylxe cis cq, 45 35 (Rafiei, 2010

wsl lebsl s plool (Lens culinaris L.) i 4 (ovata L.
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gl )b, 50L8T b Loyl doy> 25 iuliél bolsee cuiS jlow b o
(1 Jses) caslos I e

i Jlos & Sy ol lise cpimeS b alld ctS g5y
el 3l Skl 4o 75 L Loy e yd 25 350l byl

b S Cluoguas 93,Sae 3,Sos (5151 2 I, SUT b bylbce S Cillte (sagS 1 uilly 4325 - 6 Jgao
Table 6 - Analysis of variance for the effect of different intercropping patterns with sunflower on yield components, yield
and quality characteristics of bean

o FULIRPY] o <dlyd
-, 3 BYE alaws &:’9 Gy s SSkes 5,5los R . 3es - g 15
o gl sl Gy No. of b Soiden by o e o
SOV g 100- . : Protein .
No. of pod seed Seed Biological Harvest Protein  SpAD
df 1 Seed - - . percentag - -
per plant . per yield yield index yield readin
weight 1
pod g
M, 34" 089" 016" 1786™ 2775  15.88° 397  105™  2.58™
Replication
S 555 " " " " " " \
Planting 7 6.46 17.42 0.05™ 18394 117135 122.98 1.17™ 584 4.35
pattern
2losl ol
oS 14 0.16 0.12 0.11 654 6470 2.47 2.01 35 1.23
Error
( ;‘:’) T 3.60 124 1203 1202  11.46 5.38 7.51 1471 222
P
2o)d S5 g g Jlein] aaw 53 )b dne g )b dmept i 4 FF 3 * NS

ns, * and **: Non-significant and significant at 5 and 1% probability levels, respectively.

i 55 JinlS olisn el imacgn 8y by lS e
0l (yoyl3 S 50 500 e lawgl ((gillule b 4 bl
(Ghosh et al., 2006; Hamzei, 2012) ¢l

b glae ouls b))l slagaala
WLl Glire dx STl adld pb 4y (padls (pu)p b
455 93 Om ) b e o)Ll L (g 29005 03 (LS Jguarme
Loyl (saiedgaw dn Coud los oo bolste caliste (slajlog )
IS sl Lilasl > (Daryaei et al., 2008) 5,5 cylad
139y S0y §) pieS ey sl gyl bgls S (glaS]
ol by lste csS (ghiodguw odimd Ui el oyl a5 (8 Jouo)
by e ciS g9y y2 295 el 3 55 (Poggio, 2005) 5.5,
(Hordeum vulgare L.) g o (Pisum sativum L.) S ,b 950
3 s e an byl lipl o L5 oS i L

ol (51565 500 ol

P Lad o810 ptals L o0, Slee 5o 5 €855 )8 otlel
Loy gy 2)Slas Wl ials 3l bl slacas
3Slas yialS 35 e oS Lugd 103 25 (ST Jlag
BYsy Ly by b cis > (Vicia villosa L) Silo (pisg

du)mybmuy Ogp Aoy &S pl 4 dng L

(Leon et al., 1995) el ouis )55 ;5 (Avena sativa L.)
S e o 48 3b (L (T i) lapySile duylie
i3l bl cutS jlass jlagy 2l 52 Jaleo 48 2o b 1S
0 Ld i cpyieS b Jols 1, Kl3T b Loyl s> 100
251, Logd 103 15 (030l bslses i jlo @ i ibo S
oSy o Skl (ST Bl b s S sl ol okl ws )y
byl i 55 o 251y > oS5 Gl 5 23S Do
OBl > sy oo s a8l GljEl J89 )1 (asll ¢ ool
Sy = Ly gilulalu il ol YU slawSly o L,k
byly b plals a5 cas lg e oS ajle 4 ail (K0S
ol 155 iy ) i d o Ll ol 4 el o
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O3,50UET b bl CulS’ lises (5gS1 13 Lug) s dadg IS 3143 g 3 ,Sdos 3 yShos (51501 Sl duylie =7 Jgua
Table 7- Means comparison of yield components, yield and SPAD reading of bean in different intercropping patterns with
sunflower

ald o (39

4l 3 ,Sdos S jolgm 3,50es

) L ) ; Codld 3 s L - Judg IS &1,
Cuils 5o Wy 3 S Slasd (o5) 25 (&rose 2 05) (a0)9) o
. No. of pod per - iologi
Planting pattern Iant'? P 100- Seed weight (@205 ) Biological Harvest index SPAD
p Seed yield yield o ;
(9) (@m?) (@.m?) (%) reading
oyl %75 1 Log) %25
259% Bean with 75% 9.15% 31.50% 82¢ 469° 14.28° 50.25°"*
sunflower
ol Kot %50 1 Log) %50
50% Bean with 50% 12.55% 29.10° 217° 739 29.43% 49.97™
sunflower
ol %ol %25 1, Log) %75
75% Bean with 25% 12.00" 27.50° 269% 870® 31.08™ 48.74°
sunflower
Loyl Ll cuzs
S 11.50% 26.50° 305° 993* 30.74"™ 48.96°
Sole crop of bean
ol,3ks1 %100 L Lyg) %25
25% Bean with 100% 11.72% 31.00% 106 383" 27.75° 48.88°
sunflower
ol,3ks1 %100 L Lyg) %50
50% Bean with 100% 12.93° 30.00° 230" 689° 33.44% 50.19°%
sunflower
ol,3ks1 %100 L Lug %75
75% Bean with 100% 11.12° 26.92° 248" 719° 34.49° 51.47%°
sunflower
oyl %100 L Loy %100
100% Bean with 100% 8.95° 25.26° 245" 755° 32.43% 52.00°°
sunflower

L5)15 LSD (9051 (bl duoy> iy Sl gedans 53 ()l sine BB ¢ g0 5 3 S o By y> (sl (sl oSl *
* Means within a column followed by the same letters are not significantly different based on LSD test.

bolseo CuilS oyl g ad bl w15 S0ld] g lug) belsko cuidS 151 -8 Jgua
Table 8- Effect of bean and sunflower intercropping on evaluation indices of intercropping

Lowi
I T T T T T T T
Treatment ' 2 : ! ° ® !
03 Sl Sl 9 128 122 125 166 152  1.48
Land equivalent ratio
<y a3l 0.56 0.3 0.25 0.2 0.03 0.09 0.11

Competition index

50 25 isl58l bolse casy & T7 6 Ta g s, 50kl iLug) 75:25 5 50:50 25:75 55l bglsee cuiS sy 4 Ta b Ty
2,k b Lugl 4,5 100 475
T, to Ts: Replacement intercropping of 25:75, 50:50, and 75:25 for bean:sunflower and T, to
T-: additive intercropping of 25, 50, 75 and 100% bean with sunflower, respectively.

O 05 Sl S &8 b (LS ctlS cilio (glagSl o)
o5l ol ol bl %03 )le 4 .0l o 1/66 4 1/09
coiS LiSa So 5l Jgame (13y9] cund 4 lp Lislejl
b 5 009 oo sl 0930 5 oo, S8l 5 Lug) bl
(635 Sdae b g, S 5 S SG 3 (3Ll e i 0/66

,» (Tohidy Nejad et al., 2004) L Sen ¢ 355 o>y

Al Cand (ol s 4 ), S0k8] g @) bgle cutS )y p
oS la g > wnl osd pastie 8 Jada 0 a5 jobjlea
Sy oamdlis oS Canl Sl giin e sl Cons bl
&S gysb 4 il oo ST A G 465 90 (pl byl S



1395 (yliuno; & oyles 8 alor o(539las ol pgy 4,25 D00

o=l g e 2ly; e 5 edlid Sl )3 s, 66 i3l
slipl om (Seidlsire 9 (Seigdmied M 529 o 4 cuje
1518 5 5950 blso cuiS )3 ol ol bl o bl ot
Banik et al., 2006; ) 3455 ¢ piS 4 (Kumar & Singh., 2006)

ol 013 5yl (Mashhadi et al., 2016

S gppade 08 Jols (allb y balsw 3 Slae b Jolae
S 131 faSny O S & g 855 3 gl
]33] gl oS (S 53 0l s wlio I olil > by
5 (0/03) culs) Jasls plie 58 (ST L Lug) 203 50
4 oo 45 o olaisl 3 4 1y (1/66) LER 5 oy yidicn

3

60 -
ab
50
. b
o
= 40
E{,[_l
Z 30
L]
E
e 204 €
&
10 I
0 = T T T
T T, Ty

a
| C
Ty i i

4

ab ab ab
¢ B 1 T

z

) i 3,50ae 2 (13,5001 L blbes ol cilisie slagl 31-1
Fig. 1- Effect of different intercropping patterns with sunflower on protein yield of bean
100 475 50 25 _olsal bglswo cuiS sy 4 Ta b T g Lugd Lalls cuiS 5 ol S0l iLygd 25:75 5 5050 (75:25 iyl biglses S sy 4 T4 b Ty)
(o1, T b Lug) 2oy
(T to T4: Replacement intercropping of 25:75, 50:50, and 75:25 for bean: sunflower and bean sole crop, and Ts to Tg: additive
intercropping of 25, 50, 75 and 100% bean with sunflower, respectively.)

L) LSD (g0l olsl oy gty Jloin) s )3 (65 sime M| (JS5 1 S jtdhia gy gyl (gl Silio
Means within a Figure followed by the same letters are not significantly different based on LSD test.

oanliio 13,5kl b Log aoyd 50 iol53l bglsee Sl p
66 _uljdl 5l LaassS 5l SO pa aiSSH b dunlio > &S L3
4 liwd Ghalojl (] )3 39 )5 e (Sy90 ¢ ) Sy
2 4565 90 bl slacuis & wad o olis S 5l YL LER
whie yolie 5,5 Jols o lame lio | ol cuis' b aulio
bl coiS glial dois 3 g 03, odlaiwl (55,550 job 4
PYL ol )l iolojl ases 4 av 5 b (JS 50 . blodgs o JoSo
5 dm olidss ol il bylre cois 1 asy 50 )

S 35 4
S o bais 1S 0 Slas oS oyl o) de (o o
0,8 lee culps o (Jg bl ialS iSO L awslis pd bl
Loyl Lol slacass I jmiw byl slacuis ;> 455 ¢ S
CoisS gliedgw (o)l calise sla sl aS g0k 4 g
PGS & G 455 93 byl CulS (55 3l L bgla
e Sply s byl claylas olos p3 iy agyl 51 S

LER (500 oy yiiin 090 S5 5l a8 <oy (ot 9 S 5 iy
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Introduction

Intercropping is an old and widespread practice used in low input cropping systems in many areas of the
world. In fact, intercropping is claimed to be one of the most significant cropping techniques in sustainable
agriculture, and many researches and reviews attribute its utilization to the number of environmental benefits
from promoting land biodiversity to diversifying agricultural outcome. Furthermore, it is thought to be a useful
mean for minimizing the risks of agricultural production in many environments, including those typical of under-
developed or marginal areas. Intercropping systems, especially those employing non legumes with legumes,
have several major advantages such as higher total yield and better land use efficiency (Dhima et al., 2007), yield
stability of the cropping system (Lithourgidis et al., 2007), better utilization of light, water, and nutrients
(Javanmard et al., 2009), improved soil conservation and better control of pests and weeds. Intercrops including
of legume are common in agriculture ecosystems, but now are rarely used in developed countries, except for
certain intercropping systems used for animal feed. Intercrops can use the available environmental resources
more efficiently and thus result in higher yields than mono crops. The reasons for the higher yield in such
systems is that the intercropped species do not compete for exactly the same growth resource niche and thereby
tend to use the available resources in a complementary way. In particular, non legumes seem to be more
competitive for soil inorganic nitrogen (N) than legumes due to faster and deeper root growth and higher demand
in N. Consequently, the legumes usually increase their reliance on symbiotic N2 fixation. In the present study, it
was aimed to assess the production of biomass, yield, grain quality and land equivalent ratio (LER) in plant
society of sunflower/bean.

Materials and methods

This experiment was carried out with aim of evaluation of the yield, seed quality and LER in sunflower and
bean intercropping based on a randomized complete block design with three replications and nine treatments at
Bu-Ali Sina University during growing season 2010-2011. Additive intercropping of 25, 50, 75 and 100% bean
with sunflower, replacement intercropping of 25:75, 50:50 and 75:25 (bean:sunflower) and monoculture of
sunflower and bean were the experimental treatments. SAS procedures and programs were used for analysis of
variance (ANOVA) calculations. The significance of the treatment impact was determined using F-test by
measuring significant differences between the means of the treatments, and least significant differences (LSD)
were estimated at the probability level of 5%.

Results and discussion

Results indicated that with shifting from sole cropping toward intercropping, seed weight, kernel weight,
kernel to seed ratio, seed yield, biological yield, harvest index (HI), oil percentage and yield and protein yield
decreased significantly, but protein percentage and SPAD reading increased. The highest sunflower seed yield
(353 g.m-2) without significant difference with additive intercropping of 50% bean with sunflower observed at
sole cropping of sunflower. Except seed number per pod and protein percentage, the effect of treatments was
significant on pod number per plant, 100- seeds weight, seed yield, biological yield, harvest index, yield of
protein and SPAD reading of bean. Maximum vyield of bean recorded in bean sole cropping treatment. In all
intercropping treatments, the value of LER was more than one and the value of competition index (CI) was less
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than one. Treatment of additive intercropping of 50% bean with sunflower had the lowest CI (0.03) and the
highest LER (1.66).

Conclusion
Therefore, it seems that additive intercropping of 50% bean with sunflower treatment is suitable treatment for
maximum production in society of sunflower and bean.
Keywords: Competition index, Land equivalent ratio (LER), Seed quality, Sole cropping, Oil yield
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