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Introduction

The use of intercropping and the potential of microorganisms such as Arbuscular mycorrhizal fungi (AMF)
and Plant growth promoting rhizobacteria (PGPR) is one of the important strategies in sustainable agriculture.
Intercropping is multiple cropping systems, in which two or more crop species planted simultaneously in a field
during a growing season. Of course, this does not mean that in the intercropping, plants can be planted at a time
together, but is the purpose that two or more crops are together in one place, during their growing season or at
least in a time frame. Therefore, it is possible that plants are different in terms of planting date, and a plant is
planted after the other plant. Potential benefits of intercropping are such as high productivity and profitability,
improvement of soil fertility, efficient use of resources, reduction in the damages caused by pests and weeds,
better lodging resistance and yield stability. On the other hand, the use of AMF and PGPR as biofertilizers can
play a role in improving plant nutrition, plant growth and product quality. The aim of this study was to study the
effect of AMF and PGPR inoculation on plant growth indices in bean-Moldavian balm intercropping.

Materials and Methods

This experiment was conducted in the Agricultural Research Greenhouse of Urmia University, Located in 11
kilometers Sero road of the city of Urmia, Iran (latitude 36° 57’ N, longitude 45° 24’ E and 1321 m elevation) in
2017. The climate of the area is a Hot-summer Mediterranean climate bordering continental climate with cold
winters, mild springs, hot dry summers, and warm autumns. This experiment was carried out in a factorial based
on a randomized complete block design with three replications. The factors including microbial inoculation
{(AMF, PGPR, AMF+PGPR and without microbial inoculation) and planting patterns (Sole cropping of
Moldavian balms and bean, 1 row bean+ 1 row Moldavian balms (1:1), 2 rows bean+ 1 row Moldavian balms
(2:1), 1 row bean+ 2 rows Moldavian balms (1:2) and 2 rows bean+ 2 row Moldavian balms (2:2)}. For this
purpose, soil samples were prepared from Naghadeh city in West Azerbaijan Province in Iran. In order to
greenhouse tests, the soils added to the pots (in each pot containing 45 kg of soil). In treatments, soil used with
microbial inoculation. Microbial strains were used for microbial inoculation including PGPR (P. aeruginosa,
P.fluorescens and P. putida) and AMF (Funneliformis mosseae, Rhizophagus irregularis and Claroideoglomus
etunicatum). For plant cultivation, been (Phaseolus vulgaris L.) and moldavian balms (Dracocephalum
moldavica) seeds cultivar were grown in pots. At the end of the growth period, the characteristics of the
agronomic traits in the bean plant were including plant height, number of seeds per pod, 1000 seed weight,
biomass yield and Seed yield, and in Moldavian Balm were including, plant height, biomass yield and essential
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oil percentage were determined. In addition, the land equivalent ratio (LER) was calculated to determine the

advantages of intercropping. The analysis of variance for the obtained data was done by statistical analysis

system (SAS 9.4) software. The mean comparison was done using the Duncan test at the 5% probability level.
Results and Discussion

The results showed that the different intercropping and microbial inoculation had a significant effect on all
traits, in Moldavian balms and common beans. All the plant growth indices in common bean-Moldavian balm
intercropping were the highest in the combined treatment of AMF +PGPR, compared to another treatment. The
highest and the lowest seed and biomass yield of bean were achieved in sole cropping with 3.20 and 9.70 g and
1:1 with 1.57 and 4.41 g, respectively. The maximum biomass yield and other traits of Moldavian balm obtained
under sole cropping, while essential oil percentage was higher in all intercropping patterns than in sole cropping
patterns. The main constituents of Moldavian balms essential oil were Geranyl acetate, Geranial, Geraniol and
Neral. The highest LER value (1.67) was obtained from 2:2 intercropping in PGPR inoculation.

Conclusion

In general, the results showed that all of the plant growth indices of Moldavian balms and bean in sole
cropping were higher than other intercropping patterns; however higher LER was observed in intercropping with
microbial inoculation. This shows more exploitation of unit area in intercropping. In addition, the greater amount
of LER in replacement intercropping than additive intercropping highlights the necessity of appropriate density
of plants per unit area in the intercropping. It can be concluded that application of intercropping with combined
application of AMF and PGPR leads to improvement on yield and yield components of plant.
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Table 1- Some physical and chemical properties of soil
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Figure 1- Phaseolus vulgaris L. and Dracocephalum moldavica in vegetative stage of growth
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Table 2- ANOVA (mean of squares) for intercropping pattern and microbial inoculation on yield and yield components of
Phaseolus vulgaris L.
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Moldavian balms
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common bean

.»)l» d)'%;’-‘" Lg)l.ai M| dopd B Jlo.‘bl @a‘-u)b Oﬁl) LglA.:.ob,\;% O}A)'T U»LJ » LSM u_§5)> d)b L;LQU&LA
Means with similar letters are not significantly different at 5% of probability level according to Duncan’s multiple range test.
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Table 4- The effect of microbial inoculation on yield and yield components of .Phaseolus vulgaris L.

3,5os (s1321 9 3,Slos
- Yield and yield components
. ‘js&w . e, Pl 4> 4l dlaxs &I, o;
Microbial inoculation I IO g Cuma,Sdes dild 3 Sles
Height ~ Number of seeds 1000 seed- . ) .
er pod . Biomass yield Seed yield
(cm) per p weight 1 1
@ (g.plant?) (g.plant?)
2.39b
A5y S e slags 38 23.46b 3.03b 265.04b 6.99b
PGPR
S Swgnl 1)9Sue slag 6 23.91b 3.23b 261.79b 7.65b 2.46b
AMF
slacs S+, Y gSugl )9S sl B
e 25.84 3.56 289.20 9.22 3.02
.84a .56a .20a .22a .02a
Ay S e glo 55
+
AMF+PGPR
95550 gl gk 20.19¢ 2.48¢ 232.66¢ 4.92¢ 1.83¢c

No microbial inoculation

S gyl sine 6 ylo] BT ao > B Jlain] oy (4SSl (slaials i 90T bl Syt gy (6 slaySibie
Means with similar letters are not significantly different at 5% of probability level according to Duncan’s multiple range test.
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1 ey 0 L (Khorramdel et al., 2011) )L Son 4 Jop, 5
alialw (29l olS 3y Sos (lial g 2)Soe 2 (29,500 il
=S 5 slas 5l JaSded p3 asly slaw oy iy oS wiiby lo

blgy dgte a1y ) Js o8 sl cawd 4y gl ol g 15255500
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oo Jolos 5 &l Jlia 59 bl dgg (615 dize OS] bgloro
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Slge g Of lime 1 5,5 )18 05 claady, Ls! » S
ol sy idlS cuw aouD jd g abl ials S8l olie
30 olS inly it 4 e w51 lsse o 150 4 34 0
Pl 53 03)9 o3pd (392 g (Jaulyd (i 53 b Rl
Slia! plo g can opl el 4 e calio 448 pas cle 4
o L @k o (Katebi et al., 2016) 4 b salgs 5, Slas
Rezaei-Chiyaneh et ) )l Sen g asle SLs, (uils yingh
i; s3gS 13l cou g g 3559 bglste i o (al., 2019
glie LS L (52) JoSo oS 5 o8 08,5 a0 oliass
4o e (ame @lie jw p o) SRl (pimen 5 435 )3 %e
W3,5 g 50 AME sliw dlor 1 0955 5, Slee slinl Lials
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P ash ol iy oS glasS 4 (F Jods) el plo o 4l



YAV 308 lugd iy sl as Ly o)y ooyl o 9 5,80

ol &l o 2 1) S6,E 5 Slae linl g0, Slee i3l culys
HiSan 5 lale bl dagd b ool 5 bl bgls cuiS 5
coiS paS us S 55§ (Amani Machiani et al., 2019)
A Lalls culS b duwolie (o b ydl Siis ool 3 Slos (bglse
38 Lol el (ialS g baes g mlio ol oy culsy s
Sl ol pole Cla (il s 4 caly Sooged sl
2 S & 58 pSle (T ) Al dga |) olS dw ya 5 Shes
s yolis @Bge a (ol b Candlys (g (sl 308

A S |y 855 53 2 3,Skas

i yals
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il el cuiS (s e Slu YYIVE L g gl o i
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oS 95 oy clhy G 4 LS gy gyl L3l L ials
oy Gl C)gmo > ag el 4 gk 4 o)l (S
Loty oo ) <y 5 ililalo 4 o Js s whe (el
ol L el byl b 0 105 .0 Cows bl cuss” gl
75 oLals gyl (ials (PAR) (sjttgid Jlb Cladinds o 5n
2 5l 5 2950 il F Jsir 4 dg bl llazl B
wdlises glajlos o jl &S lagSay by byl glasyl s8]
023 ol ey MY L2al33) s PGPRHAMF iy peils
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Bl gy (6 sime BMS] Wiy ¢l AMF PGPR
o= Gl Bl Sl s (12298 SBdlS 20)8 oS sy (0 a5
9 2l polis plw ol feomed 5 (g8 ol
RS g b 5l 2y (slaigaygn f g @by SR prizen
2 &g gl Jud 5l gy Slas dedp 4 oo oy g eS|
Sokhangoy et al., ) ,Ken 5 (5sNisus Cuwl 04 (sl oS
Sl 50 nad oS glayyl as” 00)S lais 395 adllas j> (2012

S ime b ay uligegdg + o pwgil + ySlgsil il

a by e cois Lol > sl 55 pRals )l 68, Sy
030> s Lo M| e LialS g olS 5 Shas (clinl ials
Rezaei-Chiyaneh and ) sljo 18 g ails oLs, s o
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Fiwgid jl Jols dlge bl oo gy 1) Jbr )3 9 0392 (25
bl ) axogs s (g o el 5 sy Jlisl Lo, &
@y &yl pl S (o0 a8 (Sane yolis yidn gy >l
3 8 55 s5tiosid Slge S| 255 o siiegd I3 caly 35
OAd S5 L g (A e g 33,5 (00 055 ladBlis )3 (alS
(Laasly) tolj plisl &y slge (ol dasme Jlasl b (Sasw) olygd 4
(Shokrani et al., 2017) )l Sen g (51,85 N9 o Jiiio
2 Sy sbadgs 38 8 cod ]y 355 ailblia b il
L oS 08 I35 |y 650 (5350l gy ol | Lol cais
I3 G olali8l o5 Gl )l cdillas yols Siiod o
Jlasl g jwgid il 8l an 1y Poindica. g, el 51 il
Ol Gls 390 51 ) dild iy dls e )3 Aild Ay 039 64w
Ilbas and Sahin, ) slesls cus g)L8 bwg olie yolic
(2007

dila g ySlac g o0 gician )y Slac
o3l ol 1 sy ino 5 bsle CutS Glises (slosS)
VY g YV alls cutS o sy ¥ Jgus) wizdls Lsg) (g
CdS b dunlin 0 1) aily 5,Sae g 0385 G j 3 Slos iy ol y
3ySlas L35 ¥ 5 VY Ligbs S (slaylog ol Lilj3l 1o)
ool L pa b (gyb xe BB 0355 j 5, Sos 5 4l
o ol Wi ba e ciS o alb 5,Sles ials Lol LY
25 0Ll (3l 5 lg QLS G <o) il g (gillasls
3y Slas yialS Law 5 <)) balswe cuis )5 (Hirpa, 2014) |y
DS |y alls CiS dy Cas bgle cutS) 465 g
Rl e Lingd (goagiciny 3 )Slas 5 aily 5)Slas 55,8
Tl (g A S (il il Lyl )5 (ol VFD 9 VAV
Sleds! (Raei et al., 2015) () )\SKea o Sl (Y Jgia) wols ol
ol olise Sheiil 658k g 1 )05we @B b (S jon a5 izl
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Table 5- ANOVA (mean of squares) of intercropping pattern and microbial inoculation on yield and yield components and
essential oil percentage of Moldavian balm plant

&l j R S )
i &3l as 4> g le5 )l £y B slass S5 38os bl ao
. Degree of plant Number of lateral branches acd Essential oil
ofsvc;:‘?gfiso . freedom height Biomass yield ~ Ppercentage
Rep;li)cgve;tion 2 9.08" 0.15" 0.20" 0.074**
w{ s 4 99.54** 2.14%* 8.95** 0.044**
Planting patterns (P)
29559 il
Microbial inoculation 3 136.28™* 4.26™* 2.59** 0.020™*
(M)
PxM 12 3.40m™ 0.08" 0.01" 0.001 ns
ks
Error 38 2.58 0.20 0.08 0.001
Sl ca - 5.73 9.78 5.22 4.12
CV (%)

o) 50 Jleis] o j3 )b dxe )3 Sxe juE (S5 4 i g % (NS
ns, * and ** non-significant, significant at 5% and 1% of probability level, respectively.

5055 gl b bolseo Culs’ clisen (el 15 oy 2,S0os cljal g 5,Sdos —F Jodo
Table 6- The yield and yield components of Moldavian balms at different intercropping patterns with common bean

2SS &g 51.9-5)1 5 SRas L sl o:,S_ Cow :-,S.l.o.c d.dlw!-.w,-:
. plant height Biomass yield Essential oil
Planting pattern Number of lateral branches 1
(cm) (g.plant?) percentage
‘?j)jt' oAl w“g 32.26a 5.14a 6.58a 0.39c
Solecropping of Moldavian balms
(120) jof Lol oy Kokl ciod) S 24.67d 4.19¢ 4.46¢ 0.52a
1 row Moldavian balms +1 row common bean
(V) o8 Lagd cod) 93 ool 3y 52 28.04c 4.74b 5.34b 0.55a
2 rows Moldavian balm +2 rows bean
(7)) jo8 Ll ey o 4o ol i) 52 25.25d 5.01ab 4.52¢ 0.47b
2 rows Moldavian balms +1 row bean
() Lol o3, 92 ool ey S5 29.45h 4.30¢ 5.47b 0.46b

1 row Moldavian balms +2 rows bean

505 gyl me (g lol VST o y3 & ezl prdawsyd Sl (glaiols in 905 olel g S pide gy (gl clanSSle
Means with similar letters are not significantly different at 5% probability level according to Duncan test.

SlosSll 4 o alls S 3 ol o8 slaadls Slass
Weisany et al., ) -l,LSen 5 Slang .ol oais bolswe cuss
L bglsw cuts o wgd (sl slbadls slaw Lials ;5 (2016
9295 ol GialS 9 198 503 logd (Glul b 4 ) 50 )3 Loyl
Alizadeh et ) ) Ken g oaljude .20l Cans dBlo 4y Codgions
aS 1S )38 ML, 5 S5 byl s > (al., 2019
bylys » Gallb cuis 5l aiss 90 o (ool glaadli sl oy i

=8 sladala ylaas
oAl iS5l (0ae OVF) o8 slaadls dlas o b
O VP N OSICIN P ZARRCIN-L QX < TP S JCOR VIRV I
V) by o Sl (3e ¥/18) e sloesls slass oy piaS
S5 Lt | sl i gle5 VY Lges S b o 43 Jols
Ll ) 3929 slaiss m Culd) pas & duyioo a8 4 (P J5i2)
o8l esl (Bla pladilsr bl Powlie gL 5 )5
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aS a0l LS 2959 g (g (o5l bolsee cuiS jd 55 (2017
DI s s S ) Sl il 4510 ol ity
el Cands o] uawj slas

J> 4 T50)0500 )8 g Ay S e (lags 8L gy (il 38
ases b aS sl canda oS (ol olié yolie 5 jhn onl
Shokrani et al., ) ,Ken 1,55 0)b cillas ol Guiss

s 0L 0LS 3 Slos £l5al 9 3 ,Khos 51 (295500 gl 1Y Jou

Table 7- The effect of microbial inoculation on yield and yield components of Moldavian balms

- g W05, R . . 8395 s § 3 3o Slwl a0 4
19 Swo gl »E®) 8 SBas LS Blass P Tty >, OB Ry
Microbial inoculation Plant height Number of lateral branches Biomass yield Essential oil
(cm) (g.plant?) percentage
Ly S o sla oS 28.05b 4.50b 5.21b 0.47b
PGPR
WY oSwon] 55550 slag 6 28.67b 4.71b 5.34b 0.49b
AMF
2y S e sl 6581 )V Sy | 5205500 (sl ) 31.78a 5.38a 5.78a 0.52a
AMF+PGPR
55 2lS e 24.40c 4.11c 4.77c 0.43c

No microbial inoculation

)5 (g me (g bl BB o )3 B Jlain] s> (Sl (glasels Wi 90l wlal 5 S b g ()b slo ke
Means with similar letters are not significantly different at 5% of probability level according to Duncan’s multiple range test.

ba o S (slagSl oy pd 0y yalb cuiS & by yo i 5o
ol 355 g 3,5kes (s VY 5 T bgbiee (slaccas 35
aSe )3 p)S FIVE e cpyieS aSlls 3 .0l ol 55 4
Yloinl oad Jols zubs & dn g5 b 595 12} gl cuiS &y by e
Sl gy gl cbglre cuiS (0 (oIS e culdy dgng e 4
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o3lo 3, Sdas 430 duslis L (Rezaei-Chiyaneh et al., 2020)
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Figure 2- Different intercropping patterns of common bean and moldavian balms in microbial inoculation conditions
AMF and PGPR are plant growth promoting and arbuscular mycorrhizal fungi, respectively
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