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Abstract
Introduction

Chickpea, with an average production of 439 kg:ha™, is one of the most important pulses that holds a
special place in rain-fed conservation farming systems.in Kermanshah, Kordestan and Lorestan provinces
of Iran. Recently, it covers 6.9% of the cultivated land area for agricultural products and accounts for 5.3%
of the total rain-fed crop production, placing it fourthiin rank. High distance between global mean of grain
yield (1038 kg.ha™) and Iran(439 kg-ha) is significant and weeds are the most important limiting factors
in chickpea production systems in Iran, and due to the limited registered herbicides, increasing row spacing
and using non-selectivetherbicides bysshielded sprayers isone of the other ways for application of these
herbicides in chickpea farming. Optimizing chickpea row-spacing and the application possibility of non-
selective herbicides imchickpea was.odrobjective in this experiment.

Materiabhand Methods \

In order to study planting pattern and chemical control effects on weed population and yield of rain-fed
chickpea farmingy, two experiments conducted: field experiments were conducted in East Azerbaijan and
Hamadan provincestandigreenhouse experiment was in Alborz province of Iran in 2021-2022. The field
and greenhouse experiments were conducted in a completely randomized block design and a completely
randomized design with four replications, respectively. In field experiment, two intra-rows spacing of
chickpea (35 and 53 cm) and seven herbicides (including: imazethapyr (Pursuit® SL 10%) at a rate of 100
ml.ai ha™, imazethapyr (Pursuit® SL 10%), at a rate of 100 ml.ai ha* +cytogate (at a rate of 2%), oxyfluorfen
(Goal® EC 24%), at a rate 0f 168 ml.ai ha™*, phenmedipham + desmedipham +ethofumesat (Betanal progress OF®.
EC 27.4%), in two rates:; 160 and 300 ml.ai ha, protected application of imazethapyr (Pursuit® SL 10%), at a
rate of 100 ml.ai ha™+ paraquat (Gramoxone® SL 20%), at a rate of 600 ml.ai ha*, protected application of
paraquat (Gramoxone® SL 20%), at a rate of 600 ml.ai ha*, pyridate ((Lentagran® EC 60%), at a rate of 1200
ml.ai ha® and control were evaluated. In green house experiment, different doses of Phenmedipham+
Desmedipham+ Ethofumesat (Betanal progress OF® in 411, 548, 685 and 822 ml.ai ha*) and its application time
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(2,4, 6 and 8 leaf stages) were tested. Weed dry weight, visual evaluation and chickpea grain yield were evaluated 30
days after treatments and in the end of experiment and data were analyzed by sas, mstatc and sigmaplot software and
means were compared by Duncan.

Results and Discussion

Dominant weeds in two locations were Alyssum spp., Descurainia sophia , Acroptilon repens , Galium
aparin , Polygonum aviculare , Astragalus sp., Euphorbia spp., Fumaria parviflora , Poa spp., Gypsophila
spp., Allium spp., Falcaria vulgaris , and Geranium spp. Field results indicated that all herbicides had the
same effect on the weed dry weight and chickpea grain yield at both planting row distance. Therefore, the
distance between chickpea planting rows can be increased up to 53 cm for the use of shielded sprayers. In
terms of herbicide efficacy in the Hamadan and Maragheh regions, protected application of Imazethapyr +
Paraquat was found to be the best treatment for weed controls, This treatment resulted in an average weed
dry weight of 1.7 grams per square meter in Hamadan and 7.3 grams per square méter in Maragheh. With
this treatment, weed dry weight was reduced by approximately 94.4% and, 69.9% compared to the control,
respectively. Chickpea grain yield was highest with Imazethapyr + Cytogate and Pyridate, resulting in an
increase of approximately 83% and 75.4%, respectively, compared to the control intMaragheh region. In
Hamadan region, Oxyfluorfen showed antincrease in chickpea grain-yield up to 122.7%, Pyridate up to
125.4%, and Imazethapyr + Paraquat up to 121.7% compared to the control. Betanal progress OF® (at a
rate of 3 lit.na™) also exhibited good weed controhbut like Imazetapyr, is not.recommended for use due to
its damage on chickpea growth and grain yield. “Additionally,\Paraquat’ has been removed from the
registered list in Iran; therefore,, it is not recommended for applicationyen<chickpeas either.

Conclusions

For improved weed contrel in chickpea, it recommended increasing row spacing up to 53 cm and then use-
protected application ofinon-selectiverherbicides ( including Imazethapyr + Paraquat). However, it should
be noted that Paraquat has been remaved from the registered herbicides list in Iran and we cannot
recommend it for weed control in chickpea. Instead of paraquat, the other approved non-selective herbicides
can recemmend butwe have to use them by shielded sprayer. Additionally, Betanal progress OF® is also
caused damage to chickpea in bothsfield and greenhouse conditions and it do not recommend.
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Table 1. Soil‘characteristics of experimental fields in Hamadan and Maragheh
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Table 2. The experimental treatments in two regions of Hamadan and Maragheh
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Table 3. Dominant weeds of experimental field in Hamadan and Maragheh

oolgils ole pb sw)lé pb cadle
Family Scientific Name Persian Name Dominance
Oloea &l o
Hamadan  Maragheh
Brassicaceae Alyssum spp. dogad - +++



Brassicaceae Descurainia sophia L. Shys> Sl +++ -

Asteraceae Acroptilon repens (L.) DC. asls - ++
Rubiaceae Galium aparin L. e & - ++
Polygonaceae Polygonum aviculare L. oy s Cale + +++
Fabaceae Astragalus sp. o9 +++ -
Euphorbiaceae Euphorbia spp. Ogad - +
Fumariaceae Fumaria parviflora Lam. oy ol + ++
Poaceae Poa spp. Sike oo - +
Caryophyllaceae Gypsophila spp. Cngd &5 - +
Liliaceae Allium spp. g e - ++
Apiaceae Falcaria vulgaris Bernh. bk - ++
Geraniaceae Geranium spp. g Shaad \ - T+t

..\......»L\sa ashis o jmdile oddlice pus g YU clawgio (o8 Codlé Wi Flay — g 4+ bt ot
+,++,+++ and — are low, medium, high dominance and Absence,of weeds in location

ot Jlogine 8l 5l (Sl adle 5 plaen ailaie 55 8 alojl slrosls Guilyls afes @l 3 pglacile SLiS ()9
(el oanis il Gy ly 4525 Jgua) 992 (S5 52 WLl a4y Cotas 9o )0 5 mlawy 9>y (3 Mie) 5 e slacale JST Sis (35
S egdgilrpliyda worpliyaed (S caleay] U8 jo 2 VP e O pas cplaes g adlye ddlaie 90 )0 (o) p (al @l oll
e nl G g om Lo ) 5 mglacile Ses (35 VL wogll aaldl say g ye il OF ClblS iy, alold o (gl o)
Jgoz) s s sme s e0gdl aalss b )] wglaslg el ;e slacile S0is 59 (2alS p g)ls sxe b 545onn w@dl e yo
L glaemnys g AN gAYIY (. S5he b i85 s adlie 1o (e il YO (ay0,) alold 10) g5l o8 0,15 jles g jlead ol (F
540 sly @i o p e YIS G - FIY (:Sibo b i @) 009l s 51 ey 5 ayosio o )5 ¥018 5 FYIT (Sile
L l5S Tt ebslea) BaSiile 1,15 Gralol slajlogs b oy 3nyS cd ) jrpslacile Sas (55 (VL (Gles
AFE L eizmen 5 5,0 lacile S (59 (06 (a8lh0 5 Glaed sl i 5 ) @pe o )0 0,5 YoIF 5 VY (Glo:Sile
Dolds ¢l ol b ool (Byxaless (e Olore 4 g S Ty D)5 e sl a4y s S (9 (Rl (i o0 AR
73keal 02579 (LS )3 Y g5l a8 (08 )l ST oDl oy Jio) adl e 5o (caSGile ol 5l 00 (S0 b Lo

(F Jgoz) s )‘Osl.r.a (ks &

23 (Moo Sl dn 555 ¥0 (B (D5 2 dali 4 Gt 5 e 003 0 5) j pislacale S 6Kt 05 2T slles 36 (800e oF U

Table 4. Mean effects of experimental treatments on total weed dry weight (gmand reduction % in Comparison to control, 30
days after spraying) in Hamadan and Maragheh
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Sbes O rae lade iy, alols S5 o3
Treatments o ige oobe sl o) (e 5l Dry weight
(LS o Row spacing
Rate (ml.ai hat) (cm)
Ql._\.o.b 4\.{:|)n
Hamadan Maragheh

(gm?) 4 e . (gm?) 4 S .
Imazethapyr 100 35 169e 85h 34.9 ef 66.1 ab
Imazethapyr 100 53 18.2¢e 84.7b 42.9 def 58.4 a-e
Imazethapyr+cytogate 100 35 19e 845D 516 c-f 49 a-e
Imazethapyr+cytogate 100 53 18.7¢ 84.7b 39.7 def 61.3 abc
Oxyfluorfen 168 35 30.3d 74.6¢C 68 bc 34.4 def
Oxyfluorfen 168 53 29.3d 759¢ 425 ds( 59 a-d
Phen.Des.Etho(1.6)! 160+100 35 40.6c 66.1d 68.8'bc 20.3f
Phen.Des.Etho(1.6) 160+100 53 44.4h 64.3d .2 ab 33y 7 ef
Phen.Des.Etho(3) 300+100 35 18.7¢ 85.5' 35.6 ef 64.3ab
Phen.Des.Etho(3) 300+100 53 18.2¢ 84.8b 59.1 b-e 42.7 b-f
Imazethapyr+Paraquat 100+600 53 7.1f 944 a 30.7f 69.9a
Paraquat 600 53 179e 84.9b 63.5 bed 39.1 c-f
Pyridate 1200 35 176e 84.9b 43.3 def 57.9 a-e
Control(weed - 35 1214 a - 104.3 a -
infested)

5,105l ire iglds o y0 O Jleil mhans 10 g Sls (gasl bl wiis S rin B K o Blas oS ole 1Sk (5w o 0
Sl o jogdgitralay s Juer playdle 3 adses o5l sy . ail e (5w ools wo s 50 dbgs e (sl jlens o CuS giiw B pan Jlade
1. Phenmedipham + Desmedipham +Ethefumesat (1.6 and 3 Lha™)

In each column, means with the.same letter haveno significant difference (Duncan, p<0.05). The amount of Cytogate used in the
respective treatments was 2%.

N\
Sle S5 a5 ol e ipglien 0 oS e vels 4 cead jagledle Sus G GRelS weyd )y
la,les joaS oy Gll> gl el Jlis wly jmelecale oS o iy (ialS ae 0 AF 51 s b ¢T55|)l{'+)ﬁls)'u.il
J9az) b &ud })“’GL‘”‘&L‘\&‘L" 039 Rl 8o y0 (S (08 )eld (ST g (LS yo S VP i )0) il e o )8
1S 203 ity S a3y et ) S yslacile S 0oy 5 oml b iS hle TS e ailae o (F
LS 3 i ¥l 50) gilwacd 9 (D195l 5SS g (90 9 L) pbijlesl jlos @ adlate ol 50 e slacale Sas (3

(F Jgoz) cél plaisl

bl yo le YO cuils (o, alold )0 5,0 slaaiss Sas 59 oolatwl 0,90 (1S ale 5l a5 8,0 9u;:..;‘LA)"| s bl
oy alold o 0550 cuils (1Scale LTS (o9 YU & jso 10 5 (bl ol 5 (F Jsoz) 0 e 6l OF cuilS (o, alols

S y,lS cdeyhe as ,5iST5 0959 el (talyT ol 50 4T 0g S 0 cpl g s e slacale Comex il Cge e il O
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srasbacile Copde s 005 w8l 3 seges oSl 0015 Sz Ldle Il (ileens Slga sl eslitul 5 (S Dol
ColBy oy3ls e gl OF 4y YO 5l cosls s, alols (2l b i, so Uasil aim o ol plosl 3556 4 2aS & lus 5 s
o gl s Sl s @ Lol 05 sanlie 5 aslacile 5 095 Sas 55 50 ol BT 5 00,55 otr Sl (19 5 090
5 slacale b o) o ol plg pae 5 Gl bs zb 5 o5 el (Gralex gl o wnl 0 ) o lulpd )0 0950
(bld axgi Wb il LS cpl jo col, @jad liEl el wclls (s, i alold > (Mohammed et al., 2020)
3308, GHE g Sl (25 olS WS 36 cew e slacile (IWM) (aidls oS slaaal p j8ialises slahs) 605,55
LS 55 sl seal Cubye 63 S o o 45 las el Sl (K8 ager 0l 315 Sl MG la il o e
5 e ol OF elis )| bangto b jgate o8, ialej] ol ;5 solitul 5,90 o6, .( Mohamimediet al., 2020) Ll wel 5 Ko
il og 00,8 s o)1l 511, 5 e slacile LIEgl) Sl ogas on dSTaidg s sl YO elis )| Lagte L Ul o3,
Benaragama ) o,13% 50 o) cold, olgs ial38l o wilgi e il el)5olS o515 ial33l b ol o coisls o,y alols jals ST
JIo $lg5 o 0yl g 09 oo aid Syl jo coli cilS s, alold 9o o 10 99580S 5 (giale;T ol o Ll (& Shirtliffe, 2013
2558 9 Sgmge S oy p @l plal » oS Cl J 3Nl il b bl e ele cnl Hlopine SU pas Jloss
Oezad g aild o Slae Jlidhege o Slol e 4 B0 5l cllS s albls elS (Mousavi & Pezeshkpour, 2006)
S ol S ek el Cews 5o (ol Sla )5S 8 oy QlalS ple egat 50 b g Sujglan o Slee
Al oL n! o Sles 3 00,0 Ko u‘*’«‘ 5 32 e Carez j0 gas )0 Fr ialS Gl puiS oS ilidl g cuils
VY o YV s i 5,0 slacale | il oo )0 (oS 15 gauo,0 YO+ 50 iol8l L o wae celyy 4o (Weiner et al., 2001)
4 o515 (Campbell, 20160 oS a3 olsl 5 g 395 sla 3,135 S, (Boerboom & Young, 1995) =l iuljél as o
5 ool LUl 53 el Gir Uy LS sy sl oS L wb aalys eds 5 8955 Cald, ol Gl 4 00 e

S8 oS 5, Shas )5 (sloasS et i
sz (U ))!

O Jouz ;o cilejl Gloo S )5 05290 5 psladile (rizmen 5 3950 Slaaig p ASGle lojlos 25U ot Sbj,l 4

JysS do )0 eS g 2505 b 1) (e, O B AL akl ) 0 slacale S auoyo o i c_':—\95|)l.¢+mls)’Loi| S 5
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O S (0 Jgaz) S8l plail ao)o PO 5 VO (e 4 o 4 (LS ,o I VP jlade L) g8l ws 8 5 08 )9l8 ST 4
5 03,5k )y 3558 ladiny 4 ()L A3k sl e g laen ddlate 93 j8 13 Sl g 8l ST (B pae sla 25 ale
Jgaz) ol 13 150 cou 1) olS el als,) 50,5 olowl (g5am olS 0950 sladis ao )0 £ U FO jo ubslalas 0g Jb 0 (0l
015 420 My 5 e dlate )0 3950 s s (b5 15 ooliaal 850 s, e o 4 sl slesl a5 lej (O
@l o olS (pl sladis g ols )18 30 cod ) 9950wl (A le (nl Glagyom Sras & 0p b 0 cnl g 8L
@ Se33 g Oley (S G SIS 4 Lol wiiBlsl 1) 95 (oo w3558 sladigy (loy ISl de wiz e w8 S 95
a5 olS ul el )l g gr 0l 2ol oS 59l g 9956 50 55 Sl 0R S pae S olaigsllae o Shee ((Jad L

S5 o dog 2555 10 (S ;5 I V) Vb polie o epafar(ESle (pl o Sz ol 5l 5
J55T5 ol (585 b Lol e ploxl 3 Lilons (oMl cslobloans ) ool U _oSloams plowl diz 2 «SToST L o lS et o
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Table 5. Visualevaluation of treatments on weeds and chickpea

e o T o, alols iz b))
20 fge o3k ;‘;«J.#o (e (le) Visual evaluation
(Lsa Row spacing
o Rate (ml.ai ha!) (cm)
Treatments 5,0 cale 3555
\ Weeds Chickpea
Older asl e Older aélyo
Hamadan Maragheh Hamadan Maragheh

Imazethapyr 100 35 85 77 50 45

Imazethapyr 100 53 85 70 50 66

Imazethapyr+cytogate 100 35 85 70 25 22

Imazethapyr+cytogate 100 53 85 85 25 15

Oxyfluorfen 168 35 75 70 0 0

Oxyfluorfen 168 53 75 75 0 0

Phen.Des.Etho(1.6)* 160+100 35 65 70 5 15

Phen.Des.Etho(1.6) 160+100 53 65 58 5 8

Phen.Des.Etho(3) 300+100 35 85 85 40 33

Phen.Des.Etho(3) 300+100 53 85 77 40 42

Imazethapyr+Paraquat 100+600 53 95 90 65 70

Paraquat 600 53 85 75 15 23

Pyridate 1200 35 85 80 0 0

el o jogdgitralay s et plasaeyd addre o3l s . ail oo (5,5 0ole wo 0 50 dbbg e (sl jlews o oS giiw Bran lade
1. Phenmedipham + Desmedipham +Ethofumesat (1.6 and 3 Lha)
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The amount of Cytogate used in the respective treatments was 2%.

D95 dild & JSlos

ool ylid Slas yo (52 Klo) D95 0950 ails & Slos Lo o fxe ,3U 51 S adlais g0 0 0 Sialesl slaosls il lg 4 5o
oy el 0956 ails & Slee (6,50 CilS ol,T g o saslive alie slo i cale 5550 0 LS 50 ol Lol (ol 00t
50a5) g dald led 5l o a8 Slo LaS ablie g loen dllaie g0 o 0 0ogll dalis A Cas 3850 il 59 Ll dws o
3 0955 3 Slae (ol ails o Slae oli8l cel oy VY g VA 5l s delie 5 e o L,.“.."}A.J ooghhualis b awslie
5 Shes ial3dl o yd (p yieS 09 SlaBe (s 50 8,0l8 ST 9 TgST L+ 10 ey od.u}lau:- SlS (o sle e
Lol ogles adl a8 os s (LS ;o 2 V) gilgeoy 00,5 jles slp ploedig délhe 10 55 (e0g)T sl b avslis o)
Gl wz o (7 Jgaz ) wis o s S it 5B 5lealg i lsleal (USSR jo 2 VIF s ) les 8 918 sl e
Slade Plas o olS cpl jo dils o 8lee g 4y Ol Lo aibol ails e Gleaile Sosox 5 ogllae U 1S ale g0
gy 9 CadlS w0 )5 a8 jshasecnls gilks (Mousaviet al., 2010) |, Sen 5 (samwge )55 Lzl cpl o9
38 has (oS crge w055 pa Wod (555 0RLS Tl 4 5 50 slecileisao s A S 68 e e alel nl 5 sl
O O reg il boloe 5 Galortlidilunsd (shusiiher sty shsiom 2B wemn ol 0o ol s
(s S35 ypile SaaisS (6o mlin (IS 3l ils § 3955 (55, (53pmelS DL JBlas Blod 4y iS5 ile (gla Lo
A i gy e Qe i8S ke gl gy 0950 Caelyy 0 ug, i s iScale aS winkies 3 (Veisi et al., 2019) o),
@ o5k STl ~C*>)‘°)95ﬁ sslacile S 0 6 5V0 ol 5ol 5 Glgyom slagiSiale o o Lol

Al 9l 50 (Yousefi etal., 2006) o )\Son g shwss (5,155 50 995

42l 0 g Olkes dibate 53 53 (03 JT dalis 4 s 2ol 53l o y3) 55305 wils 5 Shas » 2olo 3T slales L5028 J g
Table 6. Treatment effects on chickpea grain yield (increase (%) in comparison to infested control) in Hamadan and Maragheh

e s, alals (1yasls o Shoe
Treatments (e (le) Grain yield (%)
Row spacing
(cm)
Older aél e
Hamadan Maragheh

mazethapyr 35 51.8d 34.7 ef
Imazethapyr 53 47.8d 35.8 ef
Imazethapyr+cytogate 35 88.3¢c 42.4 de
Imazethapyr+cytogate 53 91.9 be 44.8 de
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Oxyfluorfen 35 122.7b 65.7 cde

Oxyfluorfen 53 115.8b 71 be
Phen.Des.Etho(1.6)* 35 91.4c 425 ef
Phen.Des.Etho(1.6) 53 84.9c 48.7 de
Phen.Des.Etho(3) 35 45.9d 26.7f
Phen.Des.Etho(3) 53 88.7¢ 229f
Imazethapyr+Paraquat 53 111.7b 83b
Paraquat 53 71.8¢c 61.2 cde
Pyridate 35 125.4b 75.4 bc
control 35 192 a 120.4 a

Q35 o sime glas auoys O Jledil prbans [0 5 85I ge3] Lelal  ciians S pie B> S 0 JBlas a5 e Sl (gt a4
ol o jesdeitpliyae ot play e 3 aasee g3l w8 il oo (5l oole do s 90 dbogy e sl Lo ST gl Brans ke
1. Phenmedipham + Desmedipham +Ethofumesat (1.6 and 3 Lha™)

In each column, means with the same letter have no significant difference (Duncan, p<0.05). The{nount of Cytogate used
in the respective treatments was 2%.

SIS o Lo
e g il o S Gle 9,08 lej g 590 et gt U Sl (Sl WS s GilesT slaosls (uilyly 5o Az
Gl Lo oo Jiliie Ol ogs JISpgine 4y a3 b (Sl oanis a8yl il g /'.:JL'T J9uz) 8gs 095 S (59 l@j Pl il
eSle slie 4 plol it B (65, o lo e sl 58,5 5 sl 50 oo 51Tl
Syon (B Gle iyma 335 UL iy oM ool 3 o5 ol s (A5Gl i e 5 (piloms ol blize i
Syt )lade o i B9 (S Vs, 41’{ 50 5 LS8 o I YOV lajes jo &jlas cnl s alidl 0950 4 o ls

\ Y Jgo=)

& S 0958 S50 LelS Begd o (EC 27.4% Gl o 51, JUl) co jesbgitplise pworplisanys (iSale o p)l5 jlade 5 oyloy 136 :Y Jgox

D956 4y 00)lg O ylud etz oLl 9wl
Table 7. Effect of dose and application time of Phenmedipham + Desmedipham +Ethofumesat (Betanal progress OF 27.4%) on
chickpea dry weight reduction compared with control and visual damage assessment of Chickpea.

9556 Ay al> o S e o )8 jlade S (59 iz b))
Leaf stage of Herbicide dose Dry weight (%) Visual damage (%)
Chickpea (ml. ai./ ha)

2 411 20.8¢ 7.5fg
548 30.1 cde 10 efg
685 67.6 a 325b
822 67.0a 46.2a

4 411 24.1 de 8.7 fg
548 54.4 ab 16.2 defg
685 28.0 cde 6.29g
822 64.2 a 30 bc

6 411 53.3ab 27.5 bed
548 55.7 ab 18.7 cdef
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685 35.4 cde 26.2 bed

822 54.1 ab 31.2b
8 411 33.2cde 6.29
548 33.8 cde 0g
685 40.5 bed 21.2 bede
822 44.3 be 13.7 efg

Q55 o sime gles auoys O Jletil prbans 8 5 S5Is ge3l Lelal  ciians S pie B> S 0 JBlas a5 e Sl (gt a4
In each column, means with the same letter have no significant difference (Duncan, p<0.05).
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Fig 1. Effects of different doses of Phenmedipham + Desmedipham +Ethofumesate on height and canopy structure of chickpea. In
each figure, the first pot (from right) is control , and others are herbicide treatments
(at 15,2, 2.5, 3 L.ha? respectively).
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