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Introduction

Conventional tillage can reduce infiltration and hydraulic conductivity by disrupting macrospore networks and
increasing bulk density, porosity, water use efficiency, and soil organic matter. Conservation tillage is one of the
practices of crop residue management on the soil surface. Reduced tillage is one of the conservation systems that
amount remain crop residues on the soil surface. Reduced tillage has some benefits, including higher soil organic
matter, soil moisture maintenance by reducing evaporation, better penetration of water, and controlling water and
soil erosion. Excessive use of chemical fertilizers caused serious environmental issues globally, such as reduction
of plant diversity, instability of economic yield, increased pest, and disease damages, and intensification of soil
erosion. These increasing concerns regarding the negative impacts of these systems on the environment and human
health suggest that more effort is needed to develop sustainable agricultural systems. The application of
vermicompost and biofertilizers is regarded as one of the promising approaches to increasing crop productivity.
Chickpea (Cicer arietinum L.) is mainly cultivated as a rainfed crop, and water stress often affects both
productivity and yield stability. The objective of this experiment was to evaluate the impact of different tillage
systems and the application of vermicompost and arbuscular mycorrhizal fungi on the growth, yield, and economic
efficiency production of Cicer arietinum L.

Materials and Methods

A field experiment was carried out as a split plot based on a randomized complete block design (RCBD) with
12 treatments and three replications at Firuzabad, Kermanshah, Iran, in 2019. The main factor was different tillage
systems, including conventional tillage (moldboard plowing+ disking, tillage depth 25-30 cm- CT), reduced tillage
(chisel plowing- tillage depth 15 cm- RT), and no-tillage (NT), and the sub factor was four different fertilization
treatments (C: control, AMF: arbuscular mycorrhizal fungi (Funneliformis mosseae), VC: vermicompost (at 1.5
t/ha), AMF+ VC: arbuscular mycorrhizal fungi+ vermicompost). In AM fungi treatments, 80 g of the soil
containing mycorrhizal fungi hyphae and the remains of the root and spores (1000 g spore.10 g soil) was added
to the soil during planting times. Also, vermicompost (1.5 t ha') was applied to the soil before planting.
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Results and Discussion

The Results demonstrated that the highest seed yield (116 g.m2) and protein yield (24.2 g.m?) was achieved
in reduced tillage with the application of AMF+ VC. Also, reduced tillage increased the seed yield and protein
yield by 19.6 and 17.1 %, respectively, when compared with CT. Different tillage systems and applications of
vermicompost and arbuscular mycorrhizal fungi significantly impacted the number of pods per plant, plant height,
number of lateral branches per plant, number of main branches per plant, and biological yield. The highest
mentioned traits were obtained in reduced tillage and with the integrative application of AMF+ VVC. Moreover, the
application of AMF+ VC increased the number of pods per plant, plant height, and biological yield by 37.2, 35.2
and 19.7%, respectively, in comparison to control. The highest pod total weight (155.8 g.m), harvest index
(40.5%), and seed protein content (21.2%) were obtained through integrative application of AMF+ VC, and the
lowest these traits were reached in control. Based on the economic values, the best treatments were RT+ C, CT+
C, AMF+ RT, and AMF+ CT, respectively, with the highest net income and Marginal rate of return.

Conclusions

Overall, the results of this experiment showed that there was a significant difference between tillage systems.
The highest number of pods per plant, plant height, number of lateral branches per plant, number of main branches
per plant, biological yield, total pod weight, seed yield, and protein yield were achieved in reduced tillage that
increased by 26.4, 16.8, 27.4, 28.6, 10.9 19.6 and 17.1 %, respectively when compared with conventional tillage.
Also, integrative application of AMF+ VC increased harvest index, 100 seed weight, biological yield, seed yield,
and seed protein content by 16.7, 21.1, 19.7, 40.1, and 21.8%, respectively, when compared with control. The
highest values of the seed yield and protein yield were obtained in reduced tillage with the integrative application
of AMF+ VC. In contrast, based on the economic values, the maximum marginal rate of return was achieved in
reduced tillage without fertilizer, conventional tillage without fertilizer, reduced tillage+ AMF, and conventional
tillage+ AMF, respectively.
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Fig. 1- Means comparison of interaction effect of tillage systems and different fertilizer resources on seed yield of Cicer
arietinum L. The comparison was based on the LSD test at the probability level of 0.05% and the means compared two by
two with the control. Differences that greater than the mentioned LSD value are significant.

Syegige s AinSd |y (SSB] jgyis slaail S 51
oil38l oplply (Behie et al., 2012) xS o cds |yl 590

5 hiE ol 55 Clo 4 o Ladl e ) il 5 Slas
o313 i &l (3 Al yo 53 oS (-l sloie & JUi

2l e il 5o b o Slas ol ad 4 g g Al )
5 Seiglon 2les il 4 poxie Cuw 9008 (00)9 3)8 (ohi B9k
Darzi et al., ) . (Pimpinella anisum L.) :yguuil olS 5> ail>

Glomus 5 Glomus mossaeae >, 445 55 3,5 (2008
5 aouS ol 5, Sl (glinl g 0, Slee )58l cel intraradices
L 550 lasllles 4> (Gholinezhad & Darvishzadeh, 2015)
5 CwanaS 059 (Glomus intraradices) I5;,550 7,8 3,8

Oty 45 0,8 ()35 3955 (59 Claud oS J> (558

2- Proteases

ey ;> BME laws gy gl)] liee oy &S ol ]

208 b SN S 559 9 Sufglam o) Ses (sl 3L slues
I3 s el by s ol 15,5500 )6 5 s (gnrg
b CssiaS g sl dig BB (il o 3 &l 3 Shos
9Se Culid CO2 algs 1 s S sl lacylled Liul5al
28 o 2Hie yolie (20,05 il cage 5 SR, S
9 &l b 1505680 )8 coplpogMe (Marinari et al., 2000)
5 Jsboeel liud b 59 o sl SB 3y &y 5bliud g
el BB iy gl g Jias Jolome prd s SB o o
Ulgy oo 13y55we )8 ¢ cpmicmen (Varma et al., 2018) 2,5
dgazxe (yiayin S ol | olS 5L 590 59k (S i
sl 5 by ity S5 )3 Ygane ST dlge 3 00 d

a0 5oy 5 oty o b 13,050 @)l5 45 205 g2 Sl3l il

1- Peptidases



VFo) (Ll « Yoyloud VF aler ((655bis ol pg 4yt YAY

3 laaiiyy oo Sl 3 Jsay o 135950 )6 ()b 1 g o]
02 41 0LS o yiuwd 4 )3 9 S 5 255 pordoans D95 3 )b
p oab T olie blge g O it e o SB 5l oy

8 iy 0365 j g (i3l Fiwgrd cdon s )> oS g 0 S
Smith & Smith, 2011; Saeidnejad & ) +__i salss A\ )gs

OB =L ol jiagh zobs (Rezvani Moghaddam, 2011
Darzi et ) ,Kan 5 5, 9 (Khan & Zaidi, 2007) 15 4

2, JSledea (al., 2008

Cawld p s Lo
o S il maw e by jedli 265 Bpas il
9 5B lapi Jlite Sl 5 (55,56 51 Jg o9 )3 ixe
Cublay padld cpyiia (¥ Joi2) 298 g Cdo (nl 2 298
ol oy (Lo D ¥ /0) 13559800 g Cow guoS s0y9 il 30,5 L
(> PHIV) 355 G5y i > 550 S ol 2
(B Joda) s 15 gyl ime glds njlos ol b 48" el s e
Pl & (gt 928 dlgo pana 56 (S5gSe Kby b by padld
olS 5> 0dd 0,33 (gadgi dlge S 4y s (aid) olS (oLl
5Sles 1 g5 b blS o ams e o Sy ol
23 o olaisl baly 4 1) 5, Sles cpl 5l olixe 4> YU S5dou
aly 5,Slee i by yasld aw bxe il 5l (S &S ol ol 5
o3 3ga0 )15 Sy il 3, Sy 4 o Oy sl
6 | s dles 1 s 5 i)y eloylsle & St s o3lo
L (Alizadeh et al., 2007) 545 ail> 5)Slas dgupe sl Milgi oo

Wyl il 5 Slae b owiiins dasly bl 23l a5 pl @ d g
s aali 355 L ciby (asld oe YU cle gy oyl
35 oo 03 Cns Wby 3 Sas (glinl 9 3 Sas yiulidl & ¢ Sty
Sl 28 b ety adld ISl ezes (B Jgix)
sy gl ol 514 1580 @B 5 G a8 009 (sl03gS
e g 2l yo lie 39 oy 3 53 4l > (il g (o 29)
Varma et ) 54 oo bgsye olS (cddy 0)9d Job )0 polis jiiin
aby olis Ladss golo (al., 2018; Hosseinzadeh et al., 2017
olidl & e (Glomus mosseae) 13,680 g6 5,8 &S
Carthamus ) 5,5 ol o e by (adls 5 Sojglam 2,Sles
(Rezvani Moghaddam et al., 2015) .5 (tinctorius L.

O W) CogeeS (cny9 9 1950 1B (il 2,05 L il 5 Soe
b ioli3l do ) YE/Y dals 4 Cud 45 del o ey ([l ,
.(Pezeshkpour et al., 2014)

Sl 34 ol i wibylg s gl ol

S Jlois) s 53355 5 33 s ot s 3 53,5
ol gl blize 51 Jg g yls gxe Sojolgm 3,Shes p doy
w5 3 Sl >,Shas i 1 J3i2) 395 losine ko
b 6yl ime coglis oS dol oy (@opoyin )3 )5 YYOIY) ials
WMD) w5es 194y s 53 58 o)l (08 bl pous o o
i 2l (65 pl g (F Jgz) 2ol a3 (my0 00 50 £ )5
S5elom 0,Sles (a0 FY/F 9 Vo /A ili8l 4 o ol e
(F Jgia) 235 05d (g g pow o (550556 s o Capmas
e & o yid o Syiglam slocalled il b gyl Slibos
)l_u.u.’] 9 Sk u.iu&;o W9LQA » )...:L b‘) )‘ Cprod g u.sl.)&
S35 bt )35 o S olS Wgi g 0 o 2lie polis
SB ol il camw olS (ble Lis Lsay bl
powpo (5585 B hgy 4 Camus (gdluaidl 5 Slas doecs )0 0l
Fder Slghd s (65,551 pae wimaw p3 bl el o ]38
el 3,5 cod @l )8 )0 5 ) el (oo U s 0 Slacile
Mikanova et al., ) 59 s2lg56 oS (slals (6655uoly i (p]
in pows yo (63155 B &y Comd Hlowd opl 33 0, Sles (lin] Jbb sixe
Siglam e (Rl 5 alsp sbaplul Sis 5 il 4
9 Fhw g pials ey 0950 (S5 (39 hns g SB(S3pi 3
olS g slaplil S—is ()jg pials 4 oxie (—iag) A
Soielom 0ySlas (gduoyn YAID ialS o (Barzegar et al., 2003)

$Sab @l b pol agh ls b i o5ud 4 Cod 3950
Oy D)l Jledoa (Felegari et al., 2018) -, Ke 4

152)95%0 9 CwguaS (00yg (il 3,0)8° b So5glgw 3 Shas 500

3)5 b (gyld cime Cglés 45" ol ez (opeyio j3 p)5 Y£/4)
b CmgraS o) &5 Ay o0 Lo 4 (0 o) bl 125500

% il il g oS oy 3 3 glie po lis Gl il




Y£o 095 golaidl 003b g 0 ySlos (i) Wl p (095 Aliko égLZ.o 985 ‘slbw.‘;.m.:.w Sl

Issaka et al., 2019; Panasiewicz ) s salgs «ls 4y 59,05
SirsSs alisee sl bey sy b glanllas 5 (et al., 2020
Ao &S 13,5 ssal_e (LUpinus angustifolius) sl 5,
P 65,556 il (Glagt e )l stne b Cos &l (59
S5 iz clapt s o o9 0 Sles g 08,5
P caiph oign 3Sles (p e & (gyobar 0g e
Panasiewicz ) sel cosdds wiud o9k g (bl pguyo (65955
Ao Slaptuge (oyp b 58 6% (i, (€Lal, 2020
Hibiscus ) oy sls sl bobre oS 1 (g5,5Ls
OxSgp duo 3 cpyid a5 038 (5158 Law L (Subdariffa L.
b oyld gine cglis a5 sal ey JBlos (65,658 miuum—w yd
Sabeghynejad ) cusli pous pis g pow yo (65555 B (sl i

PUS (g Moy iyt w6550 (kg > (etal, 2019

i b ()3 gme CollS (45 P yo (55)55 5 i )
3,Sles (Fernandez et al., 2019) i Jo b oialS 55,5

Jedd bge il g o ) g 4 3 Sles 00 Jo b (1590
28 L oBgn 38des 9 Vb e 58 ooy g 9500
Lol &b (19 Ao yd g 3,50as 300 YU ¢ s j sladgS Al
g ady) gaw Rl Boyb 5l 15 )08ue )8 208 e o SIS 4
ABeos (Sas G lulpd 31, ol 435 a1 onld
Vb g Jslw o)l i 6)ll el o )3 9 aad s 1,8
oAl3Bl eely ol onl g 29de sl g Oliee 8)
ook 3l 1525550 @B Cizeed 355 o0 5455 SEHopu
e polie Gls dapp cely (Siis i 4 olS Cuoglio i3]
Sl Sl 5 S5 3 ol ) o 0 (55,55 o ales
S o sl G5 L3l 5 Loy ofagan (s)lisl—
oy posMe (Habibzadeh et al., 2013; Varma et al., 2018)

9 SB bl et lw dgu0 «SB PH Jawd b CiwgneS’ s0)9
S slam 5l cdlsd 5 29,80 Cuman 55, Ol eSS B b
)5 8 cou ], SluS 5 ol Fiwge Al e 45 )8 o b
pol Ling auls (Zahedifard & Sharafzadeh, 2014) s

5 b, (Pezeshkpour et al., 2014) I, ISen 5 ;0SS 35 ol b

ohlSen 5 Lo 6Siles o (Berta et al., 2014) LS
2,8 gls> e (Jahangiri Nia et al., 2016)

e CwigeoS (0)9 () 395 )8 ((—didgfy )3 (yipen
(Momeni Fili et al., 2014) 1,55 Low cubldy asls ol
109500 @B + CwgraS o) (Al 2y 50 lanlllae >
9 YN YAV iliél & s 5oy (Glomus intraradices)
PAS Stlay sl 5 Syselgm 3 Slas cls e+ g g0 3 V
Gholamalizadeh Ahangar et al., ) 15,5 sal b 4 o i

(2014

Y O&Jgrﬁ b)s.’.o& g9 Swoyd
Qb gy 0,Sles 5 (65,85 lapinnw Sl ob lis gl
aw 0 b gy 3,Sas g duoyd g 365 Sl o yd s gdew 42
OS2 8des 2355 5 5y blite Sl g a0y S Lo
Loy oo (Y Jodn) 29y jl e do )y SO e p> 4l
C)lB 9 C«_w%.ﬁfu.o)s u.o.,.o.l.; .)).3)15 L (J_.o)b Y\/Y) &l BT
Ao YVA 365 Gy e pie &y o oS dal s 1535900
Py bl (g))s B s e (O Jga) <l ol
G ol g 3,das gd o AYA 5 WYY Lili8l 4 e
O oV o) 23,5 @528 (g g pgw yo (55055 s
il @b i 53 (@ye e )3 )5 YEIY) (g 3 S
5 13055 @B 9 CmgraS o9 (B 3L 5 (S 53)
49 b gk 58 B e 3 &l 3 Slas (e (oS
glis 4 dol o 34y (@oyoyio 3 p)5 V/Y) 368 b puas pis ol ot
3908 olyed 4 W3S (9 6))S i b e
Moradi ) 4 b 38,85 ails g oo p S5 o0 olS Sui
P ieps Sy ca bl ials (Telavat & Siyadat, 2013

Py e 9 Rl (5)s b humms & Connid (55)55 B (g s
g ) (59 3Nes 5 do > Sl (s cusl (See 5
.(Sepide Dam & Ramroudi, 2016) s+ 3L (55,555 (9

b Ay oo S A 1> (45955 b (oo alasly &l (g
odlo yiul38l cpolis jieS (gouiiud gl yid 053 b ablas
Al sy slp ) i 216 gio SB g Sl 4 olie 5 I
Ol el Gl 4 )3 S (oo @Bl pangi) o SK-
yiddiay JWS! e )3 9 Jled slro )3 olaws ol el Gldgnge



1F+) ol.’;.m.gl.?‘fo)w AF ol (5 elis Gwl.}..'.': P8 Ayl \idd

) 25 - LSD (45=1.9 %
g 20 %
N i1

No fertilizer

Mycorrhiza

Vermicompost  Vermicompost+

Mycorrhiza

g 3 LSD o5l ool dumllio 3956 (g 3,8Mos 2 (6355 liio ilio 9 (53595 (SLapimmms Jilile 31 (Sl dunglie -Y UK
W I3 e Wil 0wl ,S3 LSD ladie I piuing oS BT aigad oo dalo wa Ll U 93 d 93 L pile 9 Cowl o pd iy Jleis!

Figure 2- Means comparison of interaction effect of tillage systems and different fertilizer resources on protein yield of Cicer
arietinum L. The comparison was based on the LSD test at the probability level of 0.05% and the means compared two by
two with the control. Differences that greater than the mentioned LSD value are significant.
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Table 8- Total cost, gross income and final gross profit in the studied treatments (price in terms of rials)

. .. Sol 43 g00x0 [ES RN .
Tret::xnts Tﬁaﬁ:{)‘:t Cgros)s iﬁcor}le) (;f:reatme;ts Margii xlu?;‘:sboféz;efit
(total income) 9 g
395 Gpan pie + w35 (9 .
NEount. 17299392 39446960
brishen )8 + o555 0 18546332 42662140 258
NT+ Mycorrhiza
35 Syae pis tpgmye p3ud 19213841 63818800 12.73
CT+ No fertilizer
35 Byae pis + 5 pd 19501192 72627090 15.07
CP+ No fertilizer
brigSee @8 pgeye ol 20492211 69075040 9.28
CT+ Mycorrhiza
Buisher g8 405 o5 20526581 76797670 1157
CP+ Mycorrhiza
CungeaS o)y + 0550 09k 55709843 48142880 0.23
NT+ Vermicompost
DajgSen )5 ¥ CugieSonsg + o35 Lo 56595841 54223190 0.38
NT+ Vermicompost+ Mycorrhiza
CugaS )9 + iz e 57601852 80348480 1.01
CP+ Vermicompost
CusgeaS 29 *poeye 3 57614931 72625400 0.82
CT+ Vermicompost
brigSee @8 +mgaScarg tpgure o8 gaggiogy 80028130 0.98
CT+ Vermicompost+ Mycorrhiza
s @ FowmgaSsess tlim 038 gogG0g) 112202260 168

CP+ Vermicompost+ Mycorrhiza

b G NT g (20l w503) Jjz 0508 1CP (55 Sd + 50155 0508) pogusye w3 :CT
CT: conventional tillage (moldboard plowing+ disking), CP: chisel plowing (reduced tillage) and NT: no tillage
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Table 9- Costs, marginal net of benefit and economic rate of return in selected treatments (in terms of toman)

D OB g, lows JS 4 ja sl oAb Bl wd L S
Selected treatments Total costs Marginal net of benefit Marginal rate of return (%)
355 Syas pis + %S gk 1729939 2214757 -
NT+ No fertilizer
BusSee @8+ o3 g 1854633 2411581 157.8
NT+ Mycorrhiza
355 Do pie +pguye b 1921384 4460496 1173.1
CT+ No fertilizer
395 Spae pae + 5 i 1950119 5312590 1407
CP+ No fertilizer
152595 @) Ty b 2049221 4858283 828
CT+ Mycorrhiza
2055 &)B +J>+.e_ o 2052658 5627109 1057.4
CP+ Mycorrhiza
CogeaS snrg + 3 o 5760185 2274663 15
CP+ Vermicompost
520550 )8 +CusguoS co)9 + 53 p5ei 6065609 5154617 67.8

CP+ Vermicompost+ Mycorrhiza

w5 ety INT g ((ialS o5e8) i w5 (CP (S +)l5415,5 5 w50) pousyo o5l :CT
CT: conventional tillage (moldboard plowing+ disking), CP: chisel plowing (reduced tillage) and NT: no tillage
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