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Table 1. Soil physical and chemical characteristics of experimental field

S Ges
(yagl)

Soil depth
(cm)

Oiars oS

priey ool

1))

oMo

Cu

<Y

o)

Cadyb 40 (Si9 ugh,

PRI ONNYS

A A

pH

dS.m™)

0.C
)

K P N
()

Fe

(mg.kg")

Zn

Mg

Sand

Silt

)

Clay

(dwoyd) 430

S bl

Soil Texture

Moistuer content at
field capacity (%)

0-30

o
N
b2,

1.09

1.16

0.091

8.46

0.92 0.73

16

44.6

394

) oY

Clay Loam

30-60

0.86 711

0.68

4.51 0.015

187

5.11

0.83 0.69

19.63

48.72

31.65

@ g:"?]

Clay Loam

Yy

=hy slopllas 30 £95 095l conds plowl Glo o) 2 & 4z g3
stz JB Ol (65 ,0liS Y game (6 2Slas adg gl
o5 Liabeyl opl 5l Gus (ol pls el 03,5 > 93 4 |,
Cape Bkl lerd poe 5 00gS B ran (3905 a0
Slasgs 05 L adlaie )3 Joliie ()5 slapllss 55Luls
03— AJy UYM w)l.w w‘)B‘ Lv WJL».A.Q ‘_JT 9 ru..u )
adg g Lo ladl ol cal o bl jo e )ie 4o

Sgr slae e bl il o 59iS 50 5e 8lug) Jeame Sl

gy 9 dlge

Slae e 0 WA elys Jlw jo ooyl ol
YV @bl (o b pliw ) liwl jeliol e ailaie ) &8l
VA5 a0 FA o3l Job s (Jled adBs £ g ax s
Oy b0 haw 5l e VPOV el g (3,0 adids
S5 b dolas JlS slacSsl )b B yo 5556
cCLl=050065N) ety calisen el slaallss o 1,2
(C5=0sles 5y 5 Ch=o0lys Lawgie C3=0slsnS £2= iils
G2=, aols GL=33l) ot 5o 8l g Gilises a3l 4
5o oolgd 8 pae alie polie wog (GA=g8ly § G3= I8
e Slibes 5 o 955 e Jold 65 slaplls
oinlasl Gz Joe eyl oo @311 ¥ Jgo jo 2ly;
Trifolium ) oy joi oS oS 4 L8 o5 Jlo o
oinlasl alssl 5l 8 .csls  plazs! (@lexandrinum L.
G 99 5l SLe (ploond 5 (So5d Sloogad (sl Sy
Giales] Jeme S g me lw £e Y- oY U aw
Siale;T almil e S Sliogas ai aloil ) pdiges
Lol oo 03,91V Jgaz 50

A Ve ity Ly YsSs  5ysSie s 055
Glomus ) bz slaaiss 5le )5 52 55 (JsShsn) 2255
& =5 b L (etunicatum, G. Intraradices, G. mossea
(Ol i) Hloly sl jliduns ) <5 50 5l Dg,650Le
Rhizobium ) Loy csjon po—gi, mlo mdbiasle
@ 0,5 5 CFU Ox\ -4 cman o515 L (phaseoli Rb-133
D) 558 TS Cldod dunge 3l i Lo o )]
S ES)s oz il ead 4 Jlargm (S Sglsm Slisios
o b sodgi- Seles oS i 5l (Punica granatum L.)
Ceniog it lylss &8 5 5l CansgpaS (0y5 (LiSug )
6y pL L gdsnnn; JolS 055 5 (CiSan o) Lol
(PADENA fertilizer) s45 Lol &S 1o &L (NutriPad)

(Y Jgoz) ol



YO-3Y dzis NP ¥ Jlu 15 Lo VF (0,99) Sl /oy g3 U gad S GAB9H /... 55 2 5311150 g (5905

Slaie Ll olool 5l a5 Sgo ) A sl ool
3od_mcb5wlf,la>J5b)oC_~d4oou)loMuamm
lil an @5 2 IFYD Sga> )0) ol w55 2 el
b b Giale b euildgy S L o] ) e 5 G 52
a8 planil il )0 Logl Conon pomgin ;) mbe il
sl 3L 9550 5% Ol <85l 3 ey Giale jslate
Ay, (Sl gl 31 10 g dwlre ooyl oy e
&le b s St sladobo b i (S ln G 05
PSSy il an 2 (deo Vo Cnd 4 00 Goo
s ijtele JeaS5 sl 5 4 Lol i 0 S5LS o
Yo Bie ClBAE 5l e B,k ol 0 g o bslis IS
D CAS e Gl Sl L ad b
o SmgaS (o9 9 LS8 )3 (5 Ve Gl 4 laren
Slaie 45 O yao ol 4wl oolaiul LS o 5 V0 ol
J3 abog o slajless sl Il slosgS cnl 5ot et
0, by e S gy il YO B 10 Gas b (S |
Dygme a 5o 50 g0 Sl b gdne ) JolS 055 (rizren
S Gy L syl e B8 13 eolitl 5590 (3L Jolone
o8l Ll ol 1 50 g 08 Jolie (b )3 (25,1)
51 T 5L dslone (sl s bl oS el 5 5 ablats
5 it 558 o, 5l Gialasl 0550 dilaie )3 a3l
A oolar (OPTIWAT) ‘5))5L.«5 u_:T d)m 33) d.nl.:).:
L palesl 8,5 dilaia )3 50 8log) (slp (Brae of o)
=<lyy dele Lyl 0 APV KC alS oo Sk
sy el caSe e VAVYD B VEYVY sgam o (LS pos)
laailsz zo,5 5l o 6olel Oouls) A Armslons xbans (5,
J=lre 9 c2l 5l 595 Ve 0 laazalS LS il
595 ¥ 5l eas gad dalizee Jolhe 4y azgi b )bl o
a2l Al e 9,8 0loj ) 59, O U (a3 adsl J150)
S Sy ado o L5 B85 s 59, 0% (o) b
Ol ol plasl JLS (Jpame Clloy o (Saislssed
Slacisis) g—ei g 90b) 093 (b )5 (Bras ol o>
13 (bS5 (s SIS oo il 5o il
s o poSile g ,liSa 45 aaSoyie VY- AS 390
3ol Jlacl s, 1 alonye VY i, o bl G (sl
g Slles) ol alizes (25 laplls )0 (2l)5 Co poe
slass ¢ I g cs) (oland lodgS GBras e (yuo
5 AL ST 5 Lo lans oy sladale o)yl olads

YA

NS LesalS L) 331 05, Jalis o ,8Log) o)) 590
Sgazmels Ay g ooliws] dig o8 Morado Lol oo (5,5
0,99 Lawgio )39 03l St Sl p (sl cenlin VoS
ey polio gl adaii 5o S 8l 4y pslie ) AD gl 5 03,
e 3 Vb Jeos iogllae (guiny S5k e pmg g b s )le
Pl 355 lo o L gblie o il (6l i g (S5
Ot Sz LS dnelS i) 3003 08, (1945 50 05y
e Sga el Ay g 0dig, g 0,8 « Red Mexican LI
59 4 Cblay psliio g, 1) gad 5 0l 0599 lawgie Y
sogtlae o Jhl (owang slo s ilow 4 polie sl alas
ool 5 el ol clie § St ol o YU Jess
Gl oIS LS Lae) 155 (gaS e g Joiee
Sgazali 9, 5 003y, 4y ,8 « Red Mexican Ll oy
90 45 S8l 4 pglie 5g) D ged g 0B 090 Lawgie ¥ oS
(Gl aimar JBL (omgny 6o §)lon 4 pylia (sl alais
olad o il (el clin g S s 0 Y Joss
390l 5 Dl o 5l (58S 50 Lasd g iy bl
S8l 05y 9 029 Glwd (crmb mlie g 55,9l
e )L M ol ag slosss 5l oad alls L)
¥ S 090zl 0 5 ool 454y 0,8 Morado Lol
G595 AV god 9 &) 0,90 Lawgie w0 jilSle Sl p (sl el
(sns S8 S )lo & pslie sl alaii g a5 2l 4 sl
Sl oslie 5 (S22 pln 0 Vb Jood (e a5k
S b5 Ga=aS 5o Lyl addgs @il Bble (oled jo cdlS
20,5 angs ol S CaS ol (65)gliS anny Sleos
Jyame cuils p 5l G «2ilS s (g5lweslal jglaieds
PRSP SO AP g S D R SUD BRI .S
Tedand 3 e 0 005 @05l VF e e Lo ol ol 2l
Loatiy 5 592 5 550 VIOXF ol b (iolojl (sloaxly e
SS9l Caz b sbml e il B0 258 b S 6 by
95 e Sy ehalejl slansly o alold dajles ST Sl
L, dagarg Lot anss 1o e 9o bSok o
(SISL3) eals 5l G sylal dagl olS S3ails> wla>
39593 ey O3D9,98 b o) ez ST 51 ey plox]
Oygotr (B S Bppe (g, 4V Fre sl 2 VY &b
sl O i) Aol b e id Job b (gl jo (s
g Fro oS by e ile gl ) () oy alold e
SeiS SLo (el cda L gy e 50 qoye e 5o
Gilizes sLadsisS 55l) SipsSile 6091 el sole ains
a JSe 0 2SSk YO (liee a4 (Y5Snr)] 1525500 8
oijlow &8 58 Joallygiws 3ol g 5)l55 (29355 )90



YO-RY amivo AF+Y Jlo 185l I (6593) Jlo /ool 331 L gud> (GBI g 38 /... 55 5 53110, K g (5595

0008 006 0S 00¢€ 00T1 00€ 002 0T 0T 02
py oulwy uz oW uN o ny d Bl d N
|56 e (5 A R = o~ # e el L6 02-0T-0T
(Ndd) SiuaLny oId1Al 9, SIUDLIINN] OIORIA PedtinN
el gt sYrerle (B 2 1d) et 2o ¥ ool (sfer)
€8 [Ta 198 €LY vT0 550 -
d
Hd (arspoa %00 N 0 d (AP B
iy oo |5z S (<fov) FLE0 (cCorr) erisien) T (shen) i
68°€1 0701 90’8 78 LL'S 70 6L°0 v1°0 L1°0 9T 9T
o, w’s Jdeydo1
(%) W0 N/O (%) 2’0 T K,_v A_.UNE (%) N d (%) )M (%Wed (%) use zu .«m
o 1P (cComp ey SR FRLECO | (o Masiag ;. . 600 et e - . =
ee | (o) s s LS S (efome) el wiopta® ! e m s gt
JuNuo) JUIBU [BIDIWIWO))
o) q¢ 2

JudwWLIIAX? Y} Ul Pasn IIZI[1).13J AZI[L)0 |, puk JsodwodIuLId A “Ieydorg Jo sdnsLddRIRy) 7 qBL
b A- e FER0 60 ge¥lons € o qof® (HoppS? ol jrrrpeo of (o

A



V8- asio NF¥ Jlo 16 ylos F (0,99) Jlu /3 331 U gud G 939 /... 50 52d 11y, 50m g (55915

alizo o£1)) spllas jo (o£1)) Cu o g (8 o ool Gljme —F Jguor

Table 3. Amount of Consumed inputs and cropping management in different cropping systems
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Table 4. Analysis of variance (mean square) the effect of (C) Cropping systems and (G) Genotype on the traits of bean
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Table 5. Mean comparison of two factors interaction effect of characters on the traits

sl yhid PEIIREY) Gg gl 5 Sl

o (agile) S bl (L Gl s

Treatment  Stem ﬁgag‘;'; Plantheight  Leafs
) (cm) number

(cm) plant

C,G; 213¢ 4,034 75.62" 91.00"

C:G, 2.28¢ 4.88 b 106.33 ©¢ 94.33 1

CiGs 2.29¢ 4,59 b4 73.711 89.00
C.C4 2.09¢ 5.29 b 88.64 101.00 "
C,G, 2.87% 5.84 &d 97.42 ¢ 11533 1
C.G, 3.09 *¢ 6.72%¢ 110.50 @ 128.00 b=
C.Gs 342 6.96 98.14 ¢f 123.00 ¢f
C:Gy 3.072¢ 6.77*¢ 99.45 ¢f 138.66°

CsGy 2.68 433 84.04 o 91.331
CsG> 3.03 3.88¢ 93.37 % 100.66 M

CsGs 2.33¢ 5.33 b 79.70 M 95.00
C3Gy 2.61 % 5.88 4 76.12 M 111.00 o
CiG, 2.66 ¢ 4.0949 77410 115.00 fo
C4G; 2.72 % 4.48 v 109.75 ¢ 124.33 ¢f
C4Gs 2.18¢ 5.80 4 92.56 1 117.66 &9
C4Gy 2.89 b 6.76 ¢ 93.46 1 131.66 >
CsGy 350 6.11%¢ 123.83 ® 125.66 °f
CsG, 2.33¢ 5.115d 116.60 138.00°
CsGs 2.83 % 4,77 107.07 ©*¢ 136.00 ™
CsG4 4.052 8.10° 134.72 2 150.63 *

L iSa 1 (235 e, 3l eslatnl L) w)lws ao s iy Jlail mhans )0 (5,08 e B (S pie B> s ls sla o Sibe
(Ghegil 3 G35 G2 sls GLsdl) j0,3Lug) als)) G 5 (Cosles 5 5 Choolys Lawgin C3aslesnS (C2 inili CLSy55055N) el slopllss C
Means in a column followed by the same letter are not significantly in Duncan’s multiple range test different at P<0.05
Cropping syetems C (Ecological G1, Integrated G2, Low input G3, Medium input G4 and High input G5) and red bean Genotypes (Ofogh G1, Dadfar G2, Goli

G3 and Yaghot G4)
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Table 6. Analysis of variance (mean square) the effect of (C) Cropping systems and (G) Genotype on the traits

6|9.’i:;n
ax e . S oloxs "
CJLM B J.dj)ls PLX) Sld=y o (439
Source !5t (ool A &ls 0397 G § 0 ySlos &ils 5 ySlos Clold y sl
y of Deglf'ee Chlor;phyll Pod No. per 100 seed Biological yield Seed yield Harvest index
ariation Eresdom Content plant weight
(SPAD)
<
B)I)SJk 2 4,68 ™ 32.26™ 47.25™ 389212.22 ™ 23484.06 ™ 14.37™
ocl
15 slaalss o . - - -
=) g F 4 79.13 56.88 47.30™ 7246585.60 1752438.108 194.23
'Z) 3 33.89 ™ 143.33 ™ 482.04™ 2313732.42 ™ 718229.17 ™ 228.53 ™
sleplls
o3 xely; 12 2415™ 4774 102.71 ™ 2673438.72 ™ 531657.34 ™ 91.27™
C*G
Uas
£ 38 213 18.17 34.27 410637.53 34303.57 10.08
rror
Ol yasdS
(0o,0) - 13.16 12.60 11.71 10.25 8.40 8.95
V (%).C

ns, nonsignificant; *, significant at P<0.05 and **, significant at P<0.01.
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Table 7. Mean comparison of two factors interaction effect of characters on the traits

Judo )5 (glgsizme

0045 Gy § & ySlos

. ) & " 39 5 gluS) il o ) Slos
e (olgm) S0l stass BT OROIg sl) s
Treatment Chlorophyll Content Pod No. per plant Weight (gr) Biological yield Seed ')Id ka hat
(SPAD) (kg.ha)) cedyield (kg-ha")

CiG; 38.831 19.33 b 26.65 ¢ 5120.66 2081.00 %
CiG; 42.60" 18.10 >4 35.49 ¢ 6201.58 ¢f 2083.00 %
CiGs 44,36 % 13.86 9 39.50 &¢ 4842679 1880.00 ©f
CiCs 4430 19.33 b 41.55 ¢ 5409.76 *9 2326.30 >4
C,Gy 44,53 23.21%¢ 26.35° 5477.33 %9 2394,00 >4
C.G, 47.23 ¢ 17.36 31.05¢¢ 7816.28 2 2655.23 %
C,Gs 45,90 %9 22.80%¢ 33.13 b 7077.56 *¢ 2581.00 b©
C,Gy 49.33 ¢ 25.84 4449 % 6069.32 ©9 3007.33 2
CsG, 43.83 % 16.30 28.53 % 5989.00 ¢9 1711.49°fF
CsG; 45,26 =" 16.66 33.17 ¢ 5775.00 %9 1838.00 ¢f
CsGs 45,23 " 16.86 31.10 ¢¢ 6219.18 ¢f 1780.00 ¢f
C3Gy 46.30 49 18.83 ¢ 45732 4986.00 ™ 1777.66 ¢
CsGy 45,86 %9 17.11« 2459 ¢ 5416.23 &9 1761.33 ¢f
CsG; 47.20 12,58 ¢ 29.21¢% 6726.46 * 2077.66 %
C.iGs 45,23 &N 16.60 * 34.30 b¢ 5881.00 ©9 1804.35 °f
CsGy 48,60 * 22.78%*¢ 35.23 ¢ 6417.00 ¢ 2298.00 «
CsGy 47.70 ¢ 19.03 4 32.50 ¢¢ 7715.38 2 2376.00 >4
CsG, 50.532 13.77¢ 33.79 b¢ 7601.00 ® 2585.00 b©
CsGs 49.67 *¢ 19.40 4 35.66 ¢ 6467.00 >© 2180.66 ¢
CsGy 50.30 * 28.01° 39.86 *¢ 7733.00% 3054.30 2
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Means in a column followed by the same letter are not significantly in Duncan’s multiple range test different at P<0.05
Cropping syetems C (Ecological G1, Integrated G2, Low input G3, Medium input G4 and High input G5) and red bean Genotypes (Ofogh G1, Dadfar G2, Goli

G3 and Yaghot G4)
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Experimental treatments
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Fig 1. Mean comparison of interaction effect of cropping systems and Genotypes on Harvest index
Means with the same letters don’t have significant difference, using Slicing method, (p<0.05).
Cropping syetems C (Ecological G1, Integrated G2, Low input G3, Medium input G4 and High input G5) and red bean Genotypes (Ofogh G1, Dadfar G2, Goli

G3 and Yaghot G4)
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Table 8. Pearson correlation coefficient of measured traits in Red Bean genotypes
No. 1 2 3 4 5 6 7 8 9 10 11
Al 5o Jld 0,3 slass
1. Number of active nodule on 1
root
il s 0.419 !
2. Stem diameter
by 2ls sl 0608 0616
3. Branch o e 1
No. per plant
g glis)| 0519 0469  0.394 1
4. Plant height
S Sl 0781" o0522° 0906 0699 1
5. Leafs number
Lol) 3 Ig:
b 255" slyiona 0620 0416  0.382 079
6. Chlorophyll Content o o o 0.564 o 1
(SPAD)
By 52 DI ol 0459 go3gm 0375 goppm 0313 goggm
7. Pod No. per plant
o 18;“ *‘di’”_ " 0368  go20m 0201™ 0076™ 0216™ 0183™ 0241" 1
. seed welg
0085 Camyy 0 Shoe 0458 0377 0362 0713 052 0540 oo oeiom L
9. Biological yield ’ '
ails o Slas 0795 0449 0579 0651 0682 0484 0429 ., .. 0637 1
10. Seed yield '
Slon el 0470 gqggns 0316 (poggns  go7g- 0995 0513 0484 -0.269 0554

11. Harvest index

Qo0 Sy g o, iy il mlaw jo o e gl e pd S Sy &* %NS
ns, nonsignificant; *, significant at P<0.05 and **, significant at P<0.01.
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Introduction

On a global scale, the demand for agricultural products is increasing at the same time as the human
population is growing. Low and middle income countries are struggling to deal with their food security
challenges. from one side, Modern agriculture is being done with the aim of producing maximum crops to
meet the needs of the world's growing population and without ensuring its effects on the environment.
Conventional agricultural practices around the world depend on the extensive use of chemical fertilizers and
pesticides. nowadays, in all cropping systems, reducing dependence on subsidized energy (fertilizers and
chemical pesticides) is one of the main goals. Therefore, it is very important to use the best management
practices of nutrients in diverse ecosystems and different production systems to increase food production and
improve farm profitability along with improving the efficiency of natural resources. Sustainable cropping
systems ensure the long-term performance of the products produced for the developing population now and
in the future without compromising the biological and physical components of the environment in which the
production is taking place. One of the most important tools to achieve this goal is the use of organic
fertilizers of natural origin and effective microorganisms during the production of crops. As a result, it will
be possible to maintain crop productivity and increase soil health in the long term only by increasing the
share of organic resources and biological fertilizers in agricultural ecosystems. In several field researches,
the beneficial role and efficiency of using mycorrhizal and rhizobium biofertilizers and biochar and
vermicompost organic fertilizers in the production of legumes, especially Red beans, have been reported.

Materials and Methods

This experiment was conducted as factorial layout based on a randomized complete block design with
three replications during growing season of 2021 at the experimental field of beiranshahr city of
Khorramabad in Lorestan Province, Iran (48° 29' E, 33° 40' N and 1657m above the sea level). Before
conducting the experiment to determine the physical and chemical properties of soil samples were collected
from 0-30 and 30-60 cm depth of soil. During this experiment effects of tow factors were studied: different
cropping systems included (ecological, integrated, low input, medium input and high input) and different
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variety of red beans (Ofogh, Dadfar, Goli and Yaghot). Arbuscular mycorrhizal inoculum was used at the
rate of 250 kg. ha. Inoculation with rhizobium inoculum in the shade. Rhizobium inoculum was added at
the rate of 50 ml for each kilogram of seeds. Biochar was used at the rate of 10 tons per hectare and
vermicompost at the rate of 15 tons per hectare. Seed yield (with 10-14% moisture) was measured. The
number of stem diameter, number of branches per plant, plant height, number of leaves per plant, and
number of pods per plant were determined by randomly selecting 10 plants (60 cm long) from each
experimental unit and Chlorophyll content of the leaf was estimated by using chlorophyll meter SPAD-502
Plus, Konica Minolta.

Results and Discussion

The results showed that the main effect of cropping systems on the stem diameter, number of branches,
plant height, number of leaves, chlorophyll content, number of pods, seed weight, biomass yield, seed yield
and harvest index were significantly increased. The main effect of variety the number of branches, plant
height, number of leaves, chlorophyll content, pod number, seed weight, biomass yield, seed yield and
harvest index were significantly increased too. and the interaction effects of cropping systems and variety,
the stem diameter, number of branches, plant height, number of leaves, chlorophyll content, number of pods,
seed weight, biomass yield, seed yield and harvest index of red bean variety were significantly increased.
The highest seed yield was obtained in Yaghot variety in high inpout cropping system (3054.30 kg/ha*) and
Yaghot variety in integrated cropping system (3007.33 kg/ha?), both in the same statistical class. The grain
yield in Yaqut cultivar increased by 27.56, 18.14 and 40.09 percent, respectively, compared to Ofogh,
Dadfar and Goli cultivars in the high-input cropping system. And in the integrated cropping system, it
showed an increase of 26.02, 13.25 and 16.50 percent, respectively.

Conclusion

Obtained results of this experiment showed that the integrated cropping system was able to bring the
agricultural characteristics of red bean variety to the highest level in comparison with the ecological, low-
input and medium-input cropping systems, in order to increase economic production, on par with the high-
input cropping system. As a result, it is predicted that the results of this study can be useful for shaping new
management methods to improve red bean crop production.
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