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Table 1- Physical and chemical properties of farm Soil
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Figure 1- Designed method of intercropping and monocropping

Jae olE—tylejl s g olaeil (olai 5l asbgl 5 &3
Al CiS @ S bglie i8S )l polate 4035
POS plodae s lagd e YA W) Jad 0L e
GO 5503 Tz 5l g 0 e Bls y VYANSIYO G
Ve sloo o celw FA Sue 4 ladiged &40 glo DL g9 Luol
Slio s ()5 s 5 St 51 5 35 (3l az o
Wig ;o BME slasd (ST 5elgn o, Sles wlly o, Slas o>
Pl o s slaws g s, jo adls slass Sy Jody IS
255 IS Jbs S s Feslad okt s a5 6 Feslad
Sl 5 Vb SlaS s ey 50 (B35 a0 b1 al> e
o3l diges 5l 0,8 o/o ¥ ol .cd )8 aloxl (6,10 paises lodies
55 Sy 95 S5l e (55 2 (e O LT, 5
o5 il az,0 Ve Led b yg] 50 dido Yo o 4 5 aiSu
5 oolii ol L oaises JolS o o, 5l o i 5 )3
PPO FY slagss Jsb 5o Jobre Qi lagidy il
als . (Wellburn, 1994) o__& (5 .5o;losl ;e TA« g
ooliiasl b (5eSilos laglin g uily g 43525 es o] Sliaslons
lals aiz ygeyT b o, Silos 5 ais plowil SAS l58l0 5 5

A d o do 0 g Jio | s jo SSls

T il sl 0,500 Oliee 1255500 )8 sl lons o

Aoy el S (g5l ale ulialools 18 30 2 5 0
SO ICR R L TN QT pS Voo 0509 z)Ban, 505 oogl1
565 31 oS ilesl sle o Jlael gl osls 13
VoA (o) Some L) 4 Ol oo Omigiy Sidlen
oo &8 5 5l o s (R (oo 52 50 pomginigie S
olo 2 A8 byl LIS job a5 0331 i sl
355 b L 9wt | 7Y e 08 Jgloeo b 1 Loy du locl el
SASLV A () Samex L) GO pgmw gy Se5olon
3 Tl 5l 9 Lol JolS (e 52 50 pomginj95e
dacs )5 6 Lol sus i oo Hled jody adS
o pliie j5b ar (sloylad (g Lol oy 5 cullS Sl o alolédl,
Syg—e da jp sladile g a0 5 elawl LSS 5, cin
O Ala 53?05» b plol olS (I V-F al> o o s
O yguo D93 00dS aaw Hody a5 blas o 6,81y Jae S
e 00 G S 54 90 o aS bl jo lejen g 28,8
Fiwa—s slodly 9 CE S O)jeo ST Jes widg 0 S
J—abd Jsb 0 ae )50 30 ols (g )low 5 il 0 I Gl

g F oS S Sy et (8l 000 K cdnl i 0



oo g by

Ysf

St plv g, @iz p belde cois o Loyl b oyd
Al wgdy j5 Od el el ol opl a8 sl of alex
Caleg 50 AT oab gt alS Az o 5 Ly (o9lS
Lok SsS 1, Lyt Sajglon 5 csolal s s sals
355 ,Skoe alS Lol e Lo patman ctls JList
039755 @l ymaie 09008 (L L il (e slajless
5045 0w e e, (Baghdadi et al., 2016) wlar_ils
el s an il y95ee )l ol e s bgloie 257 jlecs
S g 5 b oo Rl oLS IS i wgid (lhe joi ol
Olee B 5 99— o0 ool 3 1 j98e )5 sl a0 S
29 a8l Gl g Slse (59, 1555 gl 5 ol
b oo (LS oS Sojglen o Shoe o

e Loyl dige )5 NS dlas
Ot 9 §3,8ee 252 G S el Lugl po B slass
Marzban et al., ) ol oo 5,Slos 008 psd « 559
o Lol &gy 50 e slaws il lg 4525 ol ,o (20144
5 pomsi) XSl Hlite Sl 5 (5,85 By ae 5l s
Ay St o § 9050 S (550l s 53 1555500 )8
& Sobel s 39 15255500 @)1 5 CntS i it
dlie 5l oael s s bl (Y Jgoz) o Hlo sme oo
30 B Slos paagin,y 6 SL B yuae b aS ol lias .Sl
Sl 00lo 01381 (6,551 G s pas a4y G 0o 0 FY @iy,
155y 2 ol 03 5 L) 5 5,3 gl S8 43 i
S o0 ddgi alls C iS4 ol (6 5eS S slaws
T bglie ot 4 o Ll (S oS 5 oS5k
2l (F Jouz) cwl aiils (g yiing B slass oo )0
Slowd da bogs e dligy j0 OME dlos oy i oy a olo ol
17 5 YVIA 5uSilen b i 5m B b Ll (alls e
L 15255500 @8 ol oy bglive ot Lo 5l ol jluke
6xSL hlate 5l e ab oaal_ie VF/A Sl
AL plys ails a8 ol L5 15,0500 )5 5 pamsin,
S yd I olaas Al Eely 15580 @)1 5 poman)
Tl Lo )0 aig 5o B Sl (i 55 5k S50 o

(7 Jgoz) Sl oads daline 15,650 7B 5 pomgsn, 5250

o Lag) &ild > Slos
GrSb S i bliie Sl aS ol s s
S ylel o o adds 5 Shae 15,5500 )lE 5 pomgi)
i S A blase 51zl (V Jaaz) o o sixe dus o
i o8 0l Lt 15980 )08 5 pomgi) 6 SL oS
Y pomoiny Sk ol yen 4 Lugd alls S jo ails o Sloe
Jeaz) cowl aisl uolidl Lug) alls ciS a4 caud as o
Jlo 99 ;2 0 Lgws ails o Sloe a5 ol (155 fudss jo (Y
XU ) Canl 00 s baglsws S 4 Cosd a5 cisS o
50 355,5 Mlel 0436 (55, (o) b uien (€T AL, 2020
0,5 los g ails 0,Sles 3,0 0929 pomgi, 4 LS lasre
Ao oo slid aald jlewd 4 Coud (5)l0 Fre Siuli8l adgle
@ ialej] (4o 0w o ki 4 (Steiner et al., 2019)
g e olaey olidl daldde ¢ Lo |5 ol zoliél Lo
Sl o Al 85 3 s (g Sl e

Sl e 5 S8 BMe slawi 15 el oo o Sloe

oy Gl Gk sl psmgi; S riren (ol 5 Soe
Slge e aalidl coge S e g (g dody (poaSLE
(Fekadu et al., 2018) oay0 3 iy 5y jiiwsid g lae
odd olS )3 (oiul) g (olug) Wby il el 095 dgi 4 45

o g S jglom 3, Sdes
U o8 Soslsn 0 Shae (il ly 4525 @l 5
ool s 3 152,580 @) 5 poragiey (5 Sh eCelS s
oilesl rl ) iz (Y Jsoa) o o sine a0
OeSlee b Lag So3elem o Shae 0 i a5 0 oaaliee
4 LS 50 @ Sl S YYTY (o S0leo b eSOV -0
@ bole ciS 5 6,55k olyon 4 (alS et sl oS
St g3y 2 sadllas o (Y Jguz) sl Css )6 ol pon
&Sk Bran o5 0 oaalin D)3 g by pdir Lug) byl
ot Sglom o Shoe (Ml 4 i Lug) alls oS o
S e oS5 ol & (Marzban et al., 2014a) ol
S bgldue coiS 50 Lagl o Slos alS Cle a5 0 o0
Vb adls) Lo awailg o palls loc a5 slojlas 40



Y70 e sly3 6 S09 » (Glomus claroideum) ;¥ ¢Sl T 131 555w z,8 9 (Mesorhizobium) sgag s syt il ,5G

ol g el 0l Ca 9 Gy ol asle cols, a5 el Lo oyl
L eie 23S (o0 B, 00 L CO2 5 )58 sl oLS 50
Cs sbaiy 5, illals Co lS iy elis )l 4 axg
Sl oa s Jdo)lS (e st g Sl g 99— e
Gl (pl (G jo2 0,5, e (Nasar et al., 2020)
5 955 mld i jom )8 (sl Ol aies S (S aie oS
JBbl 4y aae blisse clls 5l ailes so (g jod (o
Sled 53 Sy o0 Sl 09t has S JS8 alea 1 500
Fiwsid (malS s 415,650 7B o yon 4y boglire oS
o5 @B (S ok S ddy ) 4y OMans] Jisl ol
039 4 o g adly (il oS slaplail pl & coms

Sl 00l Jlows ol 10 T L8, IS adgh By (650

< Hd Al 3, 5es
A 15,9500 508 9 6,550 By ae (il lg anjes jo
FHE) o)ﬂ&;ﬁm)o@gjm)e S5 Ls)LATC.Lu)O oy
ols Hlis 5Kl dvslin gl (¥ Jgo) 05 Sl g )3
Sial38l Gy e pae 4y S o0 VY 15,6800 7,6 B yne
als o,Shee (ralojl cnl ) rizes (1 Jgaz ) el 2l
).&bu_uﬂ o\)y; xua.”> < fdu« sb}lm S ).)

5 oAl C S e S sine sl syl Ll 3l a5 aix
(Y Jguz) ais ovalive bglxe
CiS 3 5,550 2B 5 pamrisie SASL (s
o ale s Shae a5 0t (B35 @) 5 (b i Logl bgle
Ot B)lod plos & S (555L ol o 4 bglie s
Lgle 28 10 a5 in S JLebil (puime pl iz pod 592
Sl A Ol pomoiigie 5L il L Loyl 5 )8
0392 0L Bran p yolic sl a5 Ghnd Do Al g ()59 5
wilion £,5 DY gaarms 0l ouiiS dguzme hole ()T 950a5 5
Sauie 5 alerd SlassS Brae a5 L g 350 o)L
CiS ol pdehs 4 kS CudS 5 cusS 055 By ae
11,55 z,8 .(Marzban et al., 2014) sls 13381 bglse
sl BraenS yolie 5 jid ongd Bpae p olie Qi
Sl als el s a iy oo et |y e 5 59 102

Lg og— oo lijme oS 0y Suyo g (e slo 5

w2 ge pomgn) SASL L mdli a5 0 S (B)1S (oyp o
(Bambara et al., 2010) o_& oL3 ;o B slaws 38l
S ol o 415055800 )8 i 503 (o 2 50 eizeen
Ashwin et al., ) sls Szal58 |, Log) e slass pggy,
GRIBl g Gl G cald Gl e e ey (2022
Loyl 90,8 bglre e i 9il5 (49,0 0 2l slagse Jsb
5l 93 45 Cul oo oLS o O slaws el sl
olasey palf czge ol cpl cul jo,l slo IS slasi ralS
odnlice g 10 owl ol bolsee i (o Loyl B
9 Slets Sl 15,5500 7B L gnlisls a5 0
Sgb s ddta) slaas Ll olass (il ohg 4 alta) (S59l58)90
e ole Gim bl by (Elliott et al., 2021)
olaws yiol8l Coge ol plaS il walss o joly ol jo
oz 5l Gy SlogS s o0 Hlaidy 095 g ol S y0 B
ot (2l ol 4 jand s Wl e 1559500 588
Slaggesen ddsi g (2lde olie (cmwd (g (S
4 5o 5 00l Gl 1y iS5 5 S alo 5l

(lgiehon et al., 2021) 05 oL oy, (yial38 s

o Wigd Sy Jadg 5 glgiomo
WS o Jilaie Sl Cos Sy by 1S glguione
Mo sire 9oy S mha ;01556500 7,8 5 oy 6L
Oty &S 0l LS 580l dslin gl (V Jgoo) ol
Sp 50385 2 S sk VoIV 5ol b Jdg 17 (slgiome
209 pgngi,; S S Lol yen 4 @l EiS Jles 4 by
2ol olyam 4y Lol e iS clo o b laws ol 45 iz
@B 5 pomoin, 6 5L el mdls el c iS5 1555500
Ll 51yl a2 g 0l Lis (g lo sixe BB 15 5680
6‘9:"“’ u’r"S ,u.}w_m M)f )‘)5 c'a_.u &4 B L;)Lﬂ
S 30 5039 e 2 S WO (Silo LS Judg I
(A J9az) ad oaalie psngi s ol pos 4y bglie i
eytlae a s 0l a5 0l (B1E 00 (e )0 e
(las e Slaalin g gl 4 azgi b b S slo,les (o
9 00 ‘5§.\)9J9.u M p.a..__.m.a.._mv u.;sl.la.o W.Jl_fﬁ )‘ G{l}
obles g 1S slgims 5 o, Shoe aiile Slio o o 3k
4 Yl ol ol e (Yaseen et al., 2016) ol ous



oo g by

\fdd

95 AL Jlite 5l a8 sk ols lias (Al ) 5 s 5SL
L 5o s ol cn 2t wols (L2315 6500 2,8
S S olyom 4y 1555500 B B y—ae lass 5100 2Ske
g boloe S iS (o) 2 50 (P J992) 0B Jol> psmgin,
ciS b cos Pl e e alls slaws a5 ws 355 alls
1o oeizmeo (Huang et al., 2019) 8,8 |18 belss
30 S8 I o ails oy olaws as ol (5155 K00 iy
S bgle cis
lased aulidl ams . wss o (Marzban et al., 2014b)
L g 19500 )8 plgs B yan Jlas po Db o s,
SFSL g ST (5090 0g 4 Ul o0 oo e

ol oS o Ldl a sy dawe 50 1329500 7,8 9 pomg i

S| 039 J.,_MMJ CJ).S ua.”> CoiS LY

Sy Gl el a iy ) lase o ST (y50,90 (liee
5 Foxe olie Cio a5 05l o0 &S g Ll gloaiy
s 50 5 wloe Gali8l ol Pl 4y (g slge Jla]
iy Gizpo Sl a8l (1531 55 D 50 s ol o]
s, aalssl s a M 5o s, slaws sl a o e
L bgle oS 50 )3 15 il 53 Logl b )3 (slaigS oy
999058 Do B &gT (W )ls (5 S gl a5 SlalS
Sl el ol e oL L5l s 1S T adls o Shee
By olet s bl S 0 )3 Lol jen a5 SlalS
ails 5,Shas Gy 0dylod |y s g Ol ()9 adex 5l plie sl

Mbge Gl (A ST 4 S D)3

Sy I @y )5 Ald dlaws
St ala s Jl co PL@s, [ als slass
& Sobel s 50 5 285 815,550 5 pomagi ) ciS
boloie ciS jlars aS (g 5k (V Jouzr) 0l o gime 9oy
szl L zali g og Ll 1y Db oy yo ails ol oy ity
aalie 50 el a5l Cdo ol e 36 (65T
e i 45 ol s cilfan lite ol g1 peSils
VEIVO VSV o peSilin b )3 Dl 5o i, o als slass
5 195 @l olyen ar )3 boldie o a5 Lo ax bogy e
S92 1525850 @B 9 pomsiigie 7S ol yer 4y bolie ciS
3575 6 sie B 6 Lol Ll 5l Lass g5 ol G 45

Ay oy g b g i gy olie jolie (10,5 ool s
S9dige Sy b Rl Grizes 5 o3gicn ) (il el
Bl ;0 (S twgid Olga g (S Fiwgid Coud)b o] A g
& Fimgi8 Oy ol dazee JWLI b wilgs oo a8 by oo 2ol
AiSn Sgge |y @8 adily o Slec i 4 auds )

(Boomsma and Vyn, 2008)

©)3 S jolgn 3 Nes

bl i 53 125580 )8 3l s S5l 0 Shoe
i el s o EisS s 8l o g 4 ys S
aS a edaline guls (bl p (¥ Jaaz) o Jlo sxe oo
VY 15155800 2,8 5 9o VVIO bglie ot 5l anlic
ESPRPRPRNENCRE SHCHIKI T S NN IO
28 ey 0 (V Jg02) Csl ools (ali8l 15 56800 7,18
o 9500 B a5 0 ()15 b bl ©)3 (s
Alizadeh et al., ) el oo Sojelgmr 0,5 2ol38!
5 ys8ee b a8 Slali¥ o Slas (alsl LYo ale>3) (2011
ol ol )3 55 agts il s |y adloa 5 el
Brae b aS ol lid aslfan Jliie ol jl o ee coudls
Sl kot Lgloo 2o 151519500 2 5 5 (5551 pls
bl caS (wyp 3 (Y J592) 8L Gl s ;s YO
Srghw 03 belde e as as ol 3155 a5 058
Moradi et ) cwl sog )l (alls coiS a4 s |y 55V
YL 55 B yae 5 btz clillas (pizmen @l., 2017
ot 1y el 5 9le, 135 Cs & i 1, Ca oS
Hibberd et al., ) sl o Ca ol s (s 50wgtd ol
el S pmla v g 98 Byme SIS ol ol Lo (2008
ol 00 bglie St 15 8 Sysalam o Slas a5l

Syd W > Al aydy dlaas
Slass af ols s uilyyly auims s olesl opl 5o
&8 s psmany 6L Jlie Sl oo Pl s adls s,
cilizes lapin—s G 5o (V Jguz) 285 )18 15,650
Slasd o yidon allB iS4y S bl ciS was

p92293) G FSL Byae L (T Jooz) sg Lo 1) IO ails ayo,

B ae pae 4y Cod P o dils (o slasi 1 6500 7,6 4



\fa4 e sly3 6 S09 » (Glomus claroideum) ;¥ ¢Sl T 131 555w z,8 9 (Mesorhizobium) sgag s syt il ,5G

(aslus puuesilSo dloul b aSly el oais Cold,y ayais cely
S8 S 3,5 ke alez ) Lol ely5 S (ganed5m
550500 @1 5 pomsn) 5L Guizpa alesls (a3l
|, S ol)d wilg o S o 0lse e L bglis oS o
S g diuy ad) Cu> ol 5 lsn 39,5 9 Wl paay
Gl cxrge ol e g 000 S9ue 1) Lug) Lags (35,58
by 38 5 ool dlex 5l 5Se polie plu g ()5 i

Mbse Gl 5 JeB9)lS e g o0k )5 4y

00 Sy o

s B les ples 50 ey (6 0l S GialojT o
S dy S bglone CiS (655 oaimo (LS 45 0 S
L plg gl S I LER Y line o i ol Lalls
el csoas VAP L il 150,550 @)U 5 pomsiny 6551
Lglsee a8 5 a5 595 VIOV Lyl LER ol5ue o 208
bylsee CtS g2 50 (F JS8) el Cewday (5551 ol jamay
33 Oy S by S Oliee (it 055 5 b i Lagl
s oamlive Ll i Lugl 0,8 iyldl Lglive oS
G iS sy p o e (Dahmardeh et al., 2010)
o531 o LeadsS as a5 (5155 IS 5 58 Lyl
Ll g mlie S (6l g aslas Jas ;50050 SGjelsS]
), (Daryanto et al., 2020) o las b8, oo
ol ol g5l alls et L aglie o cyee; 5l ool
il g o Lol 5 )3 plojpr CiS a5 a0 Slaia 1
w8 a3Rle b 50 18 )6 5 pomsi, 655 ey
g g 5o 0 Slee il (e S byl
DY gy 00l el (59,0 ) eolaiwl puz e ewla il
T8 by o iz Haud Gl g pomg ) L by
2 e Jeily Olgie 4 RV Slige g N )3 15,550
Jdo mizmen .l oud ykae CIE g o3 Lol oS
ol yoras bole 25 )3 (re) S 2l S 033 s
bole a5 50 Logd ol 0 8ee 4y Glgi 0 | 651
Bl i alls S @ s

olasy Sl aS wio S alasde &) ¢ giwe) plols byl
Ahmad et ) sel ceway bolse criS 51 &3 o,y 4o alo
$2alE 5l ae &8 sledie culs, ol Jla= 4 .qal., 2008
Sl 08 5 oy Giuli8l el iS4 cond bgloee S (o
Sl e b s, o dils slawy Sid caw a0l g
Bl 0095y Sl L 15 168w 7,8 sl 00l jlous
polie ol fal38 o, 5l s5igth Sy 5 5 b
Speter I i, 5o ks ohas oIS & 4t 5 (s gid
51 o ozen (Boomsma and Vyn, 2008) ¢l ools
i 0,08 o Sl e gad gl g SLas olel,
Etesami et al., ) oL o IAA) sl Sl Jganl
il asgi (enST (53092 Gliee Gl L (0l sy (2009
el aty) Lue )3 1550 )8 5 pomsnisie 6L
IW 50 50,L o 5 olass QT azd 5o g ools ialidl |y ol

wlso Salz8l DL s,y o als slass

©y5 Sy byl clale
A jlo gme ao s iy g )lel s 0 1525800 5 pomgin,
s hlie 31 la Sl anylio (pizpd (¥ Jgo)
Pl B yan b aS ol Gl 55 150,950 5 pamgie ) scartS
ol Jedo,ls clale bgloie o 25T )5 pomgin ) 9 15,550
VOIF L S Jdg s cdale it 4S5 0k b oo
L ply B pae e 51 S 3 0js o5 2 05 oo
S n Jedels e BBl o e g T ysSie 2,8 5 pomsin)
) S (A Jgo2) Sl Cwddy &yd uaJB ceiS s
gl (Lol as a8 (5155 1 j05ee 2,8 L plolS il
ga Ju8g S ljls salls QL:&L; baslio ;o 15,6800 b oas
Slsse(Yin et al., 2021)aisg s is S b L IS
Ca ais¥ G g G Log)) C3 dis% G (5,500 a5 oS

L @ plals ol oo (lyse 5l g BB Lisw 5o (&,9)

1 land equivalent ratio



ohles 9 ol YEA

® LIR maize
/ O LIR bean
2

o) Sy S
LER
=
N

bl cuis 1739540 x bglds culs pomgi) x belde s P9 Xy Bx baldo cls’
Intercropping IntercroppingxMycorrhiza Intercroppingx Rhizobium IntercroppingxMycorrhiza x
Rhizobium

o) SR S g3 @33 g Lugd (Al g balde CuliS gl 3 59500 75 pamg iy S S WU Y S

Figure 2- Effect of Rhizobium bacteria, Mycorrhiza fungus and intercropping and monocropping of beans and maize on LER
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Table 2- Analysis of variance for Properties of maize and beans

B sl S : S als oluey 8
W 5 Sdos S Syl ke peR s
0 Legalds Logd G5 PYPYRRY (M) 240 S M o CIPRE 5
o gl g g ailo o Sdos Lugd So5glom gy 29! op 2 258l a Dy P, Sy
&Ll grain yield of Biological Numberof  Leaf L Biological Number of  Leaf
S.0.v . Grainyield | The number
D.f beans Yield of  pods per chlorophyll of i yield of grain per ear chlorophyll
of maize . rows per ear .
beans plant beans maize row of maize
s
E;I " 1706.08™ ™769296  11.28™ 0.24™ 444869 69626875 312 29.07 0.20™
OCl
] 2 16109283 435175  10837¢ 34327 25271 49199511°  15° 51777 2175
Planting system
P93 *577918  * - ns 14920888 . -
o 1 3895881 541 001" 21519438 ™ 15 114™ 329
Rhizobuim
bostls - * 4584903 - - - -
. 1 3.26™ 1507208  0.0009 ™ 046™ 57763276 234 99.02 6.26
Mycorrhizal
9297 ns s B 50.69 ** s ns ns ns =
2 700 9314.1 0.357 - 751933 474609  0.0001 2552 0.005
Planting system
x Rhizobuim
bl *137637 - © 1069 -
2 1507208 135 - 78141.96™ ™ 109755 0.093™ 421 1.60
Planting system

x Mycorrhizal
1525950ke x pomg3s
Rhizobuimx 1 1558917 787133 150" 042" ~185663  ™491033 493" 7089°  0077™
Mycorrhizal
I525950ke X p5m932
Planting system 2 620913 150350" 6™ 44887 G097 ™0426069  0.85™ 7089 187"
x Rhizobuimx

Mycorrhizal
Uas
E 12 15852 267714 16.3 0.85 529679 5635541 0.321 1157 0.27
rror

74 1354 20.73 5.39 10.43 111 3.90 10.16 371
CV (%)

AR YA Y SR P eP R NS PO YR
ns, * and **: Non significant, significant at 5% and 1% levels, respectively
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Table 3- Mean comparisons of main effects of planting system, bacteria and mycorrhiza on grain yield and biomass

o 1o Lugd &ils & Slos Lugd SO 5edgm o ySlos ©yd dils o, Slos Oy SO 59l g 0 ySlos
5ot
Treatments Grain yield of beans Biological yield of beans Grain yield of maize Biological yield of maize
(Kg/ha) (Kg/ha) (Kg/ha) (Kg/ha)
Planting system
Alls s
. 1958 a 4344 a 6940 a 19938 b
Monocropping
Llses s
. 1440 b 3292 b 7005 a 22801a
Intercropping
P99
Rhizobium
1550 b 3415b 6184 b 20423 a
Control
Foeins 1847 a 4221a 7761 a 22316 a
Rhizobium
15255
Mycorrhiza
1698 a 4069 a 6535 b 19818 b
Control
‘A
’“”i"“’_ 1699 a 3568 b 7409 a 22021 a
Mycorrhiza

cail ol o sire Sglis slls woye it Jleiml mhaws [0 (Sl ae3] Gelul 1 S e By, (gl sla Sl
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 4- Mean comparisons of main effects of planting system, mycorrhiza and rhizobium on yield components and leaf chlorophyll

IO 93 sy Slasi Ik Giys y3 ls Sl S 5 s i
. . . gy jo BME olasy
L)l =] [ (Mg/g leaf fresh weight) Leaf chlorophyll
Number of pods per w .
Treatments The number rows  Number of grain per plant 9! ©)°
per ear of maize ear row of maize Beans Maize
Planting system
Al s
. 142b 304b 215a 18.3a 13.0b
Monocropping
Ll 2iS
. 147a 33.3a 17.2b 155b 149a
Intercropping
P97
Rhizobium
142D 32.1a 146 b 171a 136D
Control
P99
. 147a 316a 241a 17.1a 144a
Rhizobium
152595
Myecorrhiza
141b 29.7Db 19.3a 17.0a 135D
Control
152550
. 1l48a 339a 19.3a 17.2a 1l45a
Mycorrhiza

cail ol o sire Dglss glls s ye gty Jleisl mhaw [0 (Sl ge3T ell 1 S i g (sl sl il
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 5- Mean comparisons of the dual interaction effects of planting system, bacteria and mycorrhiza on grain yield and biomass

Lag o o, as o) Slomr opXas 5 i o Shes @55 Sy 5glgn 0 yKhos

Slosd Grain yield of Biological yield of . . . . . .
Grain yield of maize Biological yield of maize
Treatments beans beans
(Kg/ha) (Kg/ha)
(Kg/ha) (Kg/ha)
a8 P99
Planting system Rhizobium
A cws dall
. 1815.b 3921 b 5975 b 18851 b
Monocropping Control
P97
o 2101 a 4767 a 7905 a 21026 a
Rhizobium
Ll coas aals
. 1286 d 2909 ¢ 6393 b 21995 a
Intercropping Control
P97
o 1593 ¢ 3676 b 7616 a 23608 a
Rhizobium
DR . ‘;‘1)5:‘:-“ E)lé
Planting system Mycorrhiza
A s aald
. 2033 a 4344 a 6560 b 18319 ¢
Monocropping Control
1525500
. 1823 a 4344 a 7320 ab 21557 ab
Mycorrhiza
bl cuis Qall
. 1516 b 3794 a 6510 ab 21318 b
Intercropping Control
15255500 )8
] 1364 b 2791c 7499 a 24285 a
Mycorrhiza
15258500 X pomg3e s
Rhizobuimx Mycorrhiza
Jals
1295d 3485 b 5835 ¢ 18729 ¢
Control
15255500
. 1806 b 3346 b 6533 bc 22117 a
mycorrhiz
P97
o 2102 a 4653 a 7236 b 20908 ab
Rhizobium
X PgR93)
'.
”95“ 1593 ¢ 3789 b 8286 a 23725a
Rhizobuimx
Mycorrhiza

cail sod o ire gl slls duoyo gty Jleizl mhaw [0 (Sl ae3] Gelusl 1 S e By (gl sla . Silee

Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 6- Mean comparisons of the dual interaction effects of planting system, bacteria and mycorrhiza on yield components and

leaf chlorophyll
G0y ol 50 &l dlawy SE Sl St ek
30 B oluws
— @yd ISk ye @3 IS s,y i (Mg/g leaf Leaf chlorophyll
I ' fresh weight)
The number Number of
Treatments Number of W .
rows per ear grain per ear 229} bl
. . pods per plant X
of maize row of maize Beans Maize
S P99
Planting system Rhizobium
el
140b 29.6 b 156b 16.9b 12.6d
Al s Control
monocropping P59
Rhizobium 14.5 ab 31.2ab 223a 19.7a 13.4c¢
ol
145ab 346 a 12.6b 174D 145b
Lyl oS Control
Intercropping P93t
o 155a 321 a 218 a 144c 15.3a
Rhizobium
planting system Mycorrhiza
ol
13.78 b 285b 19.1ab 175b 12.3¢
Al s Control
monocropping 15255
Mycorrhiza 14.62 a 32.37ab 238a 195a 138b
14.5ab 31.25b 19.6 ab 16.4 bc 147 a
Ll coiS Control
Intercropping I3 y55es
. 15a 355a 14.8b 154c¢ 152a
Mycorrhiza
B pomgn,; 64k
152595
Rhizobuimx
Mycorrhiza
14.3b 28.3b 17.1b 17.1a 13.1b
Control
1525500
. 14.1b 36.8a 12.1c 17.1a 140b
mycorrhiz
P99
o 140b 313b 216b 16.8a 13.8b
Rhizobium
15255500 X por93 )
Rhizobuimx 155a 320a 26.6a 171a 150a

Mycorrhiza

caxib od o cre Dglas gl woye iy il mhaw o (Sl yge3T elel 5 S i g (gl (sloSiles
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 7- Mean comparisons of the interaction effects of planting system, bacteria and mycorrhiza on grain yield and biomass

il 95
n o LS e w13 9 S hos £55hgmt 9 )N e
. . Grain Biological
Treatments Planting ratio . .
yield (Kg/ha) yield (Kg/ha)
Loy SR bglso Lugd ©5yd bglso
Beans Maize Intercropping Beans Maize Intercropping
oAl e
. 1475¢ 1475 f 3483 ¢ 4958 e
Monocropping
. 1116 d 6003 d 7120 c 3487 ¢ 20995 b 10607 b
Control Intercropping
oAl e
. 5667 e 5667 d 16462 ¢ 5667 de
Monocropping
oAl e
. 2592 a 2592 ¢e 5206 a 7798 ¢
Monocropping
P393 byl cuis
o . 1612 ¢ 7019 b 8630 b 4101 b 21641 b 12731 a
Rhizobium Intercropping
oAl cs
. 7454 b 7454 ¢ 20176 b 7454 ¢
Monocropping
Al s
. 2156 b 2156 e 4360 b 6516 d
Monocropping
152,550 7,8 bolxe cons
. . 1457 ¢ 6784 c 8240 b 2332d 22996 b 10572 b
Mycorrhizal Intercropping
Al cas
. 6283 d 6283 d 21239 b 6283 d
Monocropping
Al cas
. 1610 ¢ 1610 f 4328 b 5939
Monocropping
B+ pomsi) Lgles oS
I3 55500 . 1576 ¢ 8215a 9791 a 3288 ¢ 25575a 28863 a
PP Intercropping
Rhizobuimx
Mycorrhizal
Al cas
8358 a 8358 b 21875 Db 21875¢

Monocropping

il ol o sme Dglas gl oy iy Jleisl e o (Sl yge3T bl 5 S i g (gl sla Silee
Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Table 8- Mean comparisons of the interaction effects of planting system, bacteria and mycorrhiza on components yield and leaf

chlorophyll
S 3 Juy 15 .
s e S, olas . .
. ) Leaf chlorophyll 0 UL ol ] 30 &ils olaws
o S s (Mg/g leaf fresh weight) S @55 P I ciss,
Planting ratio The number
Treatments Number of Number of grain
s rows per ear
Lol )9 pods per plant per ear row
Beans Maize
ol A cws
. 14.8 bc 17.2b
Control Monocropping
Lglie oS
. 194 a 14.1ab 17.0b 145D 325ab
Intercropping
A cas
. 12.2¢ 14.2 bc 245¢
Monocropping
P39) AL s
o . 20.2a 21.0b
Rhizobium Monocropping
Ll coas
. 135¢ 153a 22.2b 145b 30.0 bc
Intercropping
A cas
. 12.3¢ 135¢ 32.7ab
Monocropping
152,85 2,8 A s
. . 189a 16.0b
Mycorrhizal Monocropping
Lglse cossS
. 153D 15.0a 82c 145D 36.7a
Intercropping
oalls s
. 131c 13.7 bc 35.0ab
Monocropping
152,55 @ ,Bxpsmsin oAl s
Rhizobuimx M . 19.35a 31.75a
onocroppin
Mycorrhizal pping
Lgle cuiS
. 15.45 ab 1541a 215D 155a 34.25ab
Intercropping
oAl s
14.59 ab 155a 29.75 bc

Monocropping

caxil el o cire glis gl s ao o iy Jleiml mhas ;o (Sl aesT Gell 5 S ie B> gl sla Silee

Means with similar letter had not significantly different (p < 0.05) based on Duncan's test.
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Abstract

Introduction: Biodiversity is one of the ingredients of sustainable agriculture. As biodiversity
increases or decreases, the provision of ecosystem services in the ecosystem of agricultural systems
also changes. Therefore, biodiversity in the ecosystem of the agriculture system can improve by using
the intercropping system and increasing the diversity of soil biological species. One of the ways to
increase diversity in agricultural ecosystems is the use of several types of crops, including
intercropping and the appropriate combination of soil microorganisms.The purpose of this research
was to evaluate the yield and yield components in alternate intercropping of bean and maize, and to
investigate the superiority of monocropping and intercropping of these two plants when using
mycorrhizal fungi and rhizobium bacteria to determine the best treatment for them.

Materials and Methods: In order to investigate the effect of rhizobium bacteria and arbuscular
mycorrhizal fungi on yield improvement and potassium uptake in replacement intercropping of corn
and bean, a factorial experiment in a randomized complete block design with three replications, with
factor 1- Rhizobium (no consumption and consumption) 2- Mycorrhizal fungus (non-consumption
and consumption) and 3- intercropping system (maize, bean and intercropping) was implemented in
2019 at Payame Noor Azna University.

Results and Discussion: The results showed that the intercropping was significant for traits such as
grain yield beans and corn. The results showed that the effect of different culture systems on traits
such as plant leaf chlorophyll, grain yield, biological yield, number of rows per ear, number of seeds
per ear row and number of pods per plant was significant at the level of 1% probability. Also, different
levels of Rhizobium bacterium consumption were significant on traits such as grain yield, biological
yield of beans, chlorophyll of corn leaves and number of pods per plant. Consumption of mycorrhizal
fungus on traits such as number of seeds per row, chlorophyll of corn leaves was statistically
significant at the level of one percent. The results showed that the intercropping treatment with the
use of rhizobium bacteria and mycorrhizal fungi increased the biological yield, leaf chlorophyll, and
the number of seeds in the cob row in corn by 47, 55, 26, and 39%, respectively, compared to the
control treatment. Also, the treatment of monocropping bean with bacteria increased the seed yield,
biological yield, and chlorophyll of bean leaves by 50, 47, and 36%, respectively, compared to the
control treatment.

According to the obtained results, the land equality ratio in all intercropping treatments was more than
one and also the highest land equality ratio was obtained from the intercropping treatment with the
use of Rhizobium bacteria and Mycorrhizal fungus equal to 1.98. Which shows the positive
correlations between intercropping plant members compared to monocropping and shows the
superiority of corn intercropping over monocropping.

Conclusion: The land equality ratio of more than one in intercropping can attribute to nitrogen
fixation and nitrogen uptake in intercropping. When two species grow nearby, both species compete
for water and nutrients. The presence of nitrogen-fixing nodes as a source of nitrogen supply in bean
reduces competitive pressure. In general, according to the results of this experiment, it can be expected
that with a suitable combination of biofertilizers and mixed cultivation, the biofixation of nitrogen
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and the absorption of other nutrients will be improved, and finally, it will increase the yield and
stability.
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