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Table 1- Physical and chemical characteristics of the soil
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Table 2- Analysis of variance of the effect of biofertilizer application and intercropping on yield and yield
components of linseed
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J
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ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively.
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Table 3- Means comparison of yield and yield components of linseed in intercropping different patterns with faba bean
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In each column, means followed by the same letter (s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test.

W08 gy el cdo > VWFY (iolial el sals 4y cows

S ol [32)950 )8 (Al 28 Sl (Bud )
2 it U gt popada (e polie 1S il (sla 5T,
(e 0)S olS ElE)] Gl 4 ot g Gl il ol A3,
Ay 0MIS Sy 25 Sl 5 b g Mg 4 bgiye Slgi e el
Al (S e 0 oS S loignsgt (5 b 5 oL
sy bl glaslllas 4> (Bijani et al., 2015) f,San o (S5
OF9r oIS CanlS (38l (55) (S 988 (s 395 D)8 &S
S8 poboay |y aoiS” L i) (el s/ g 45l Jols
D Gl as e

sl sladald wlaas
SIVE) S 5 Lalls S 5 ole sloasls sl oyt
iy ds 9 S5 i) du bl S )3 ol 2S5 (20e
pas Jdody (alld cuis o (Y Jads) i Jols (sas Y/AY) M8l
Sl dxgs (gl yuiin slad 3929 35 9 SIS gy <)
=8 LS gyt e d92 90 mlie jl o3kl b GlalS gy

Sl GlalS el 5 a8 5l (8L i o550k )] el )
Cjo (LS dnelx S 50 LS o b culd) Jlas | sl e a5
Ot 21y LSy 0 pasl )l Coogad (ol g o
[(Strichland et al., sad oy, iwgsd sl L il Cuxbge
§ el 5o 5y5 culdy g5, Ay £ls) biglie S > 2015)
8y 0355 g E5) (61> S350 4y Capnd MBL oS ]
S by 4By YL bolsee CuiS ) S5 &Sty o jlaSay ]
by pRalS el (rmgid dlge AgS Codgiote g odd Jeodie |
(Rezaei- Chiyaneh et cowl sas )] glis)) aoess 5 5 iy,
5 (Triticum aestivum L.) pa5 by e cuiS s al., 2015)
2 olels gl as’ L b s e (Brassica napus L.) 1318
Ly 48 oo 2l 6655 (g ) o & bl i
(Koocheki et al., 2014) 5,l> cillas jols G0 dos
G gy gLyl 4 Lo 5l oolitl 300 (6355 (6lalasi oy
2 (e il VYY) d5g elas)l oyt bl 3939 (5,15 sizo
VVAY) a5 gLyl (iS5 (s SL3sS B o doms
355 slass (¥ Jsiz) dol Cusdts 355 brume pis 3l (20 5k



WWAA Hleg ) oylols AV ade> Il (ly) sl 4 s \YA

oRali8l e pi yg Bl b ol Bl g yl)08 0 gt
ceils ol ) Lal 0 o S5 50y (sl (glaasls sl
Ojygo (2L Caz pY S50 (S )95 398 > 4 yed i
A e iy il ]l cladd s las asiyy g 3,5 o
Pimpinella anisum ) ;! bglste cuiS 5 (5,500 laisxe
P olS 9 ya  ls sleadls sl oS WS 45158 aldod 4 (L.

(Mardani et al., 2015) 54 bglswe cusS jl i (a8 cuis

WU jbagl clala s, ddle us Jgb il o Mg
G ool LS L g 995 00 Lape )93 505 41 5a)3 )98 Cous
JSis pralS g ase el jolidlas syl oy ng oSl oyl
93 o8 3o )50 ol G b o (2 b slaadls
(Weisanny sl 5 (sl coldy ailwl ;5 glosimd,luin codle
» (Aminifar et al., 2017) ) ,LSen 5 6 ol et al., 2016)
(Vigna unguiculata L.) Lbeis gl 5 1068 balsw cuis

w3 385 330,y l5 Wil Cod S )30 3 Sl (g158] 9 3 Slos S pSSlo duglie —€ Jgan
Table 4- Means comparison of yield and yield components of linseed affected by biofertilizer application
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In each column means, followed by by the same letter(s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test.
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Table 5- Analysis of variance of the effect of biofertilizer and intercropping on yield and yield components of faba bean

Olpti b Fa g HIKeY Al b pelidlan pabalasd &l 5 4 3 ,Slos 413 3 Slos
S.0.V s Height srasls Pod Sy ol 1000-seed SOj9gm Seed yield
d.f ol length No. of No. of weight Biological
No. of seed per seed per yield
lateral pod pod
branch
- 2 32.70" 0.582 ™" 0.722 " 159 ™ 0.150 "¢ 75.54 " 9010.16 ©  473859.29"¢
Replication
cutS 558
Planting 3 332967 1.49™ 768" 6.58 " 1427 8859.72"°  97856.81 "  2947102.27"
pattern
s 3 1 0.80 s 0.570 ™ 6.60 " 425" 2877 34504.16 ™  27270.05  9938214.01”"
Biofertilizer
ed Xpt“;ﬂ 3 969" 0152™  0357"  0054"  0.742"  1381.94™  19160.05"  3223.44 "
Ef;r 14 16.42 0.053 1.37 0.165 0.311 3325.59 2239.14 177051.72
LR e U
o (%) - 5.8 6.0 15.2 76 135 6.9 9.2 12.0
ol 2o S g g aaw )l dme S| 3gng g I3 xe BMB] pac sximd Ui s 5y TFF, * NS

ns, * and **: non significant, significant at 5 and 1% probability levels, respectively.
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Table 6- Means comparison of yield and yield components of faba bean in intercropping different patterns with linseed
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Cropping pattern Height rasli Pod Wig ol 4o Seed yield
(cm) e length No. of pod No. of seed Biologica_llyield (tha?)
No. of (cm) per plant per pod (t.ha™)
lateral
branch
oals s
. 78.50 a 451a 8.82a 6.61a 4.82a 13.300 a 4.280a
Monocropping
) byl cuss
¥ bole 61.30d 3.35¢c 6.43 ¢ 4.10c 3.77hb 10.240 ¢ 2.590 ¢
Intercropping 1:1
VY bolso cuis
¥ byt 72.53b 391b 8.50 ab 561D 4.13 ab 11.860 b 3.650 b
Intercropping 2:2
Y bolswe cuis
66.47 c 3.63 bc 7.12 be 511b 3.80b 11.290 b 3.410b

Intercropping 3:3
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test
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Table 7- Means comparison of yield and yield components of faba bean affected by biofertilizer application
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Fertilizer P[P8 Pod length  No. of pod ol PHE Biological yield Seed yield
treatment No. of lateral (cm) per plant No.of  1000- seed (tha™) (that)
branch per plant seed per weight
pod )
355 Uyae pis 3.70b 7.19b 494Db 3.78b 792.50 b 11.340b 2.840b
No fertilizer
st} 55 4.00 a 8.24a 5.78 a 448 a 868.30 a 12.010 a 4.120a
Biofertilizer
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test.
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Figure 1- Partial Land Equivalent Ratio and Land Equivalent Ratio (LER) for seed yields of linseed and faba bean in
intercropping patterns affected by biofertilizer application
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The Effect of Combined Application of PGPR and Mycorrhizal Fungi in
Intercropping of Linseed (Linum usitatissimum L.) and Faba bean (Vicia faba
L.) on Growth Characteristics and Seed Yield
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Introduction: Intercropping is defined as the growing of two or more crops at the same time in the same
piece of land. Intercropping of legume with non-legume compared with monoculture has many advantages such
as reducing the risk of crop failure, making efficient use of available land, improving productivity and income,
more efficient use of resources (water, nitrogen, and radiation) and increasing food security in vulnerable
production systems. Biofertilizers are important not only for the reduction of quality of chemical fertilizers but
also for getting better yield in sustainable agriculture. Application of biofertilizers and no use of chemical
fertilizers are rapidly gaining favor. Arbuscular mycorrhizal fungi (AMF) has been well documented to be a bio-
fertilizers that have a symbiotic relationship with many crops and by increasing the uptake of nutrients mainly
phosphorus, and enhancing the water absorption and resistance to pathogens, improves growth and yield of host
plants in sustainable agricultural systems. The main objective of the present study was to determine the effect of
biofertilizers (nitrogen, phosphorus, potassium and sulfur solubilizing bacteria+ Arbuscular mycorrhizal fungi)
and intercropping on seed yield and yield components of linseed and faba bean.

Materials and Methods: This experiment was conducted as factorial layout based on randomized
complete block design with three replications at the Research Farm of the Faculty of Agriculture, Urmia
University, Iran, during growing season of 2017. The first factor was five intercropping patterns including 1 row
linseed + 1 row faba bean, 2 row linseed + 2 row faba bean, 3 row linseed + 3 row faba bean, and monocropping
of each crop and the second factor was included control (no fertilizer), and biofertilizers (nitrogen, phosphorus,
potassium and sulfur supplier bacteria+ arbuscular mycorrhiza fungi). Before the sowing, the related
biofertilizers were shaked completely to cover the whole seeds surface after which the seeds were shadow-dried
and planted, irrigation was done immediately after seed sowing. No fertilizer was used during the growing
season. In addition, the land equivalent ratio (LER) was calculated to determine the advantages of intercropping.
The Analysis of variance was performed using SAS 9.4 software; means were compared by using Duncan's
multiple test at 0.05 probability level.

Results and Discussion: The results showed that the effect of cropping pattern on all measured traits was
significant on height, number of lateral branch, number of capsule per plant, number of seed per capsule, 1000-
seed weight, biological yield, seed yield, oil percentage of linseed and on height, number of lateral branch,
number of pod per plant, number of seed per pod, 1000-seed weight, biological yield, seed yield of faba bean.
The highest seed yield of faba bean (4.280 t ha™) and linseed (2.230 t ha™) were obtained in monocropping
treatments, respectively. The higher production in linseed and faba bean monocropping may be due to the less
disturbance in the habitat in homogeneous environment under monocropping systems. The results showed that
biofertilizer had a significant effect on all traits, in linseed and faba bean. The highest yield and yield
componenet of both plants were achieved in use of biofertilizers. In linseed, the highest oil percentage of all
treatments was higher than solecropping. Also, total LER was more than 1 and the highest values were observed
in all treatments. The maximum LER values (1.50) were obtained for intercropping 2 row of linseed + 2 row of
fababean with using biofertilizers. It seems that better utilize of the growth resource in the intercropping led to
reach this result.

Conclusions: In general, the results of this experiment showed that the faba bean and linseed yield were
influenced by different intercropping patterns and biofertilizer. The highest seed yield for both plants (faba bean
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and linseed) were achieved in monocropping. In the present study, application of biofertilizers could improve the
yield and some characteristics of faba bean and linseed. In addition, with application of biofertilizer the seed
yield of linseed and faba bean about 38% and 31% compared with control (non-consumption), respectively. It
seems that the use of biofertilizers in intercropping is one of the suitable strategies for achieving optimal yields
with minimum inputs, which in the long run can reduce the need of crop systems to chemical inputs.
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