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Introduction

Chickpea (Cicer arietinum L.), 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 fourth in 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-selective herbicides by shielded sprayers is one of the other ways for application of these
herbicides in chickpea farming. Optimizing chickpea row-spacing and the application possibility of non-
selective herbicides in chickpea was our objective in this experiment.

Materials and Methods

In order to study planting pattern and chemical control effects on weed population and yield of rain-fed
chickpea farming, two experiments conducted. Field experiments were conducted in East Azerbaijan and
Hamadan provinces and greenhouse experiment was in Alborz province of Iran in 2021-2022. The field and
greenhouse experiments were conducted as 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
of 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 (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
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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 control. This treatment resulted in an average weed dry weight of 1.7 grams
per square meter in Hamadan and 7.3 grams per square meter 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 in Maragheh region. In Hamadan region, Oxyfluorfen
showed an increase in chickpea grain yield up to 122.7%, Pyridate up to 125.4%, and Imazethapyr + Paraquat
up to 111.7% compared to the control. Betanal progress OF® (at a rate of 3 I.ha™) also exhibited good weed
control but 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
application on chickpeas either.

Conclusions

For improved weed control in chickpea, it is recommended to increase row spacing to 53 cm and use a protected
application of non-selective herbicides (such as Imazethapyr). However, it is important to note that Paraquat
has been removed from the list of registered herbicides in Iran and cannot be recommended for weed control
in chickpea. Instead, other approved non-selective herbicides can be recommended, provided they are applied
using a shielded sprayer. Additionally, Betanal progress OF® is also caused damage to chickpea in both field
and greenhouse conditions and it do not recommend.
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Table 1- Soil characteristics of experimental fields in Hamadan and Maragheh

oo cél (aoy0) JT ool FUTIVON U L VRS
Location Texture Organic matherial (%) pH Calcium (%)
ety 0.2 8.5 30
Hamadan  Sand-clay
| B
o s 11 7.4 5.2
Maragheh  Lome-clay
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Table 2- The experimental treatments in two regions of Hamadan and Maragheh

o los (o 3w) 'Sl (5 jlos oslo s o) 22,8 o)
No. Planting row Herbicides' treatments (LS 30 0,540 Application time
spacing (cm) Rate (ml ai.ha™)
(SL10% g ) lisled b olejen b J
1 35 Imazethapvr (Pursﬁit oL 10%) 100 Immediately before or simultaneously
Py 0 with planting
5 35 oS gt (SL 10% Cgus ) 5sle] 100 spacile oy adol oo 50 9 (Aagyom
Imazethapyr (Pursuit SL 10%) + Cytogate Post and early growth stages of weeds
3 %5 (EC 24% S) 5,5l ST 168 eoslS 5l an alolsdl
Oxyfluorfen (Goal EC 24%) Immediately after planting
I ST JBE) s jogigihpline oot pliso s
4 35 (EC 27.4% 160+100 2955 (5 fagtiles Vo £l 50 9 gy
Phenmedipham + Desmedipham + Post and at 10 cm of ChiCkpea helght
Ethofumesat (Betanal Progress OF. EC 27.4%)
I ST JBE) s pogigibpline oot plisco s
Phenmedipham + Desmedipham + Post and at 10 cm of chickpea height
Ethofumesat (Betanal Progress OF. EC 27.4%)
(SL 10% cagms ) lisled el plepeal 43
6 53 Imazethapvr (Pursﬁit L 10%) 100 Immediately before or simultaneously
Py 0 with planting
Imazethapyr (Pursuit SL 10%) + Cytogate Post and early growth stages of weeds
g 53 (EC 24% S) 3,5l oS 168 ORIV IE N
Oxyfluorfen (Goal EC 24% ) Immediately after planting
I o S JU) ol + plivota oot pliscia 3
Phenmedipham + Desmedipham + Post and at 10 cm of chickpea height
Ethofumesat (Betanal Progress OF. EC 27.4%)
oS JU) S paghsil + plisonn oot plisasd
Phenmedipham + Desmedipham + Post and at 10 cm of chickpea height
Ethofumesat (Betanal Progress OF. EC 27.4%)
SIS + (SL 10% Cagn ) bl VI bl sl 2B
‘ ¢ SIS sl % o
1 53 GL 200/.0 055U 100+600 Pre plant fo)r imazethapyr and at 10
Imazethapyr (Pursuit SL 10%) + Paraquat - -
(Gramoxone SL 20%) cm of chickpea height
for paraquat
1 53 (SL 20% 55l ) "TsST L 600 0955 (6 ya il Vo gl o
Paraquat (Gramoxone SL 20%) at 10 cm of chickpea height
13 35 (EC 60% ) Sty loy 1200 speladle S ke b go al> e o
Pyridate (Lentagran EC 60%) 2-4 weed leaf stage
14 35 sale g vals ] Jab ples
Weed free control Whole season

b aid)S 10 0 0o 93 Glimeds abge slajlesd 3 CeS g Brae Jladle ((ASale (9908 5 (6)l8 (sogee oL oS 4 )
o9 cilS Glacis, o 48 g cddiblis & ygots SlgST L G yae Y
1- Common and trade name and formulation of herbicides respectively. The amount of Cytogate used in the respective treatments
was 2%.
2- Application of paraquat was done in a protected manner and between planting rows.
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Table 3- Dominant weeds of experimental field in Hamadan and Maragheh

cudle
oolgils woke ol g LI H Dominance
Family Scientific name Persian name Olon aslyo
Hamadan  Maragheh
Brassicaceae Alyssum spp. dogad - +++
Brassicaceae Descurainia sophia L. Shy> S +++ -
Asteraceae Acroptilon repens (L.) DC. al - ++
Rubiaceae Galium aparin L. the = - ++
Polygonaceae Polygonum aviculare L. o Cas cale + +++
Fabaceae Astragalus sp. o8 +++ -
Euphorbiaceae Euphorbia spp. O9d 3 - +
Fumariaceae Fumaria parviflora Lam. 0,5 ol + ++
Poaceae Poa spp. Sl ooz - +
Caryophyllaceae Gypsophila spp. Cowgd &5 - +
Liliaceae Allium spp. >y e - ++
Apiaceae Falcaria vulgaris Bernh. &bk - ++
Geraniaceae Geranium spp. g (Slreds - +++

il oo dilaie (o 5 acale oanlin pac g YU dawgio (of Codlé od Sy gt o
+,++,+++ and —: are low, medium, high dominance and Absence of weeds in location
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Table 4- Mean effects of experimental treatments on total weed dry weight (g.m-?and reduction % in Comparison to control,
30 days after spraying) in Hamadan and Maragheh

& pao o Sl (339
i slno) Koy alold Dry weight
sl P oo eoke (e b ol e
Treatments Row Hamadan Maragheh
(s spacing . e ool Cams . SRR { R P PRGN lA
Rate (cm) 3o I3 N GrpeppS
o 2 o (compared to 2 "0 (compared
(ml aiha™) (8-m™) the control) (8-m™) to the control)
Imazethapyr 100 35 16.9 e* 85b 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 84.5b 51.6 c-f 49 a-e
Imazethapyr + Cytogate 100 53 18.7e 84.7b 39.7 def 61.3 abc
Oxyfluorfen 168 35 30.3d 746¢C 68 bc 34.4 def
Oxyfluorfen 168 53 29.3d 75.9¢ 42.5 def 59 a-d
Phen.Des.Etho (1.6)* 160 + 100 35 40.6¢ 66.1d 68.8 bc 20.3f
Phen.Des.Etho (1.6) 160 + 100 53 44.4 0 64.3d 82.2 ab 33.7 ef
Phen.Des.Etho (3) 300 + 100 35 18.7e 85.5b 35.6 ef 64.3 ab
Phen.Des.Etho (3) 300 + 100 53 18.2¢e 84.8b 59.1 b-e 42.7 b-f
Imazethapyr + Paraquat 100 + 600 53 7.1f 94.4a 30.7f 69.9a
Paraquat 600 53 179e 84.9b 63.5 bed 39.1c-f
Pyridate 1200 35 176 84.9b 43.3 def 57.9 a-e
Control (weed infested) - 35 1214 a - 1043a -

3,5l e Dgles oy gy Jleisl haw 48 5 Sl ygej] ubel s St B> G 0 Plas a5 Sla Sl (gt Ha 40
Al oo (5,5 oole oy 50 A e sl jlens 0 oS giiw Bran o
Sl Cu o8l + playde yod + playde )3 Cadss ¢l a3
In each column, means with the same letter have no significant difference (Duncan, p<0.05).
The amount of Cytogate used in the respective treatments was 2%.

Phenmedipham + Desmedipham + Ethofumesat (1.6 and 3 L.ha!)
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Table 5- Visual evaluation of treatments on weeds and chickpea

" L,
S pao lado cpd) abold Vi;:jvjq;';ion
Slows sdlo pid ) (e B 30 ile yes,
Treatments (LS 43 0,550 Spi‘(’:‘i"r’]g Weeds Chickpea
Rate (ml ai.ha?) (cm) Olsen s Olses a0
Hamadan Maragheh Hamadan  Maragheh
Imazethapyr 100 35 85 7 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
Al ee (5,0 osle duoyd 90 dbbgy e (sl la j0 G gl Bras jlade
Sl g agheil + pliso oo + plizacsd chiee g3l u30s9
The amount of Cytogate used in the respective treatments was 2%.
Phenmedipham + Desmedipham +Ethofumesat (1.6 and 3 L.ha%)
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Table 6- Treatment effects on chickpea grain yield (increase (%) in comparison to infested control) in Hamadan
and Maragheh

G0, dlold (1) @15 5 ,Shos
Sl (e g5lw) Grain yield (%)
Treatments Row spacing Oloe agl o
(cm) Hamadan Maragheh
Mazethapyr 35 51.8d 34.7 ef
Imazethapyr 53 47.8d 35.8 f
Imazethapyr + Cytogate 35 88.3¢ 42.4 de
Imazethapyr + Cytogate 53 91.9 be 44.8 de
Oxyfluorfen 35 122.7b 65.7 cde
Oxyfluorfen 53 115.8b 71 bc
Phen.Des.Etho (1.6)! 35 9l.4c 42.5 ef
Phen.Des.Etho (1.6) 53 84.9c 48.7 de
Phen.Des.Etho (3) 35 45.9d 26.7 f
Phen.Des.Etho (3) 53 88.7¢ 22.9f
Imazethapyr + Paraquat 53 111.7b 83b
Paraquat 53 71.8¢ 61.2 cde
Pyridate 35 1254 h 75.4 bc
Control 35 192 a 120.4 a

5,105l ime Sigldd duoyd gy Jledisl s 40 5 Sl (yge;T Lulsl p coiied S yie By S jo JBlas oS sla Sl (gt p2 40
Al go (5,1 ool 2o ys 90 abbgs e (sl las J0 CoS gl Bras jlade

Sl s jogdgil + playe yuo + pliyde )3 adses ¢l oy
In each column, means with the same letter have no significant difference (Duncan, p<0.05).
The amount of Cytogate used in the respective treatments was 2%.

Phenmedipham + Desmedipham + Ethofumesat (1.6 and 3 L.ha™)

Sladie op S jo s inles] cpl Slaalie bl

3 (6oles oole 3 LS jo ) VB j90) iSale B, an
Ol samlie 0950 o Slis 5s il us 0 Ve sgus
aS 05 00,0 Ve B Y sga> soi> bl wlouly jlaas
gz ol 3l g analy 08,50 ad slesil o Shas  Wlgi oo
dogs BB AldS bl wluly 0g5u o iScale cplo )l

Sase yiolBl b as sls las slaldls gl o).

LS 3550 £l )| olS 0, e ples o S Gile (6, aa
Gy 5o,lS () JS8) wiad e s o e (slaplail
o 90958 )3 45 g (Do K0 alex jlelS 5o by
3 e g el plas 4l a8 0 samlie LiSale ol o, )lS

b gy S

slalals s bo!
5l S S o olesl slacols uily)ly dau o ases
5 Flomesd S ile 0 )8 ey 9 599 Sl o gme 13l
ST 32 352 0550 S5 i o] blisie 5l cpuias
Sl og o gime v az gy L (Gl oo adl )l il g
S8 aolie 8,90 solow &Il ioles sla Lo o blie
A aloil Blite &l 31 g,y By o puSlos anwlie § aid 55
e 5 (Bl oloj blite SIS 2 S0ke aylie 4z
la‘jd_w:') J?‘).A GALAJ)QASOL) ULMAJ US;LLC d’_.a.n
g olidl ogze 4 O lis e iS cale 8 yine 590 il
alo o j0 9 ,liSe jo I Y 5 VIO slojes jo ol )l

(Y J992) 09 jlade o yiien ;0 0458 (S g0 (s,



Vo F ol Ao o) 85l I8 ol oyl il Sligas Lo idgss s pii YA

b5 oy 13 (EC 27.4% Il oS53 JUis) s pogdail + plisekn oo + plisckacyd GASGALE 1,18 yldie 3 yboj il -V Jguor
395 &y 09,y Wyl sodlr (b 3)l g WALD A s D958 SLUS ()9

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

g% Wby al> yo (LS 2 il ) Side 8 )15 Hlado (1) Sis 59 () ooz 2L
Leaf stage of chickpea Herbicide dose (ml ai.ha') Dry weight (%) Visual damage (%)
2 411 20.8¢e 7.5fg
548 30.1 cde 10 efg
685 67.6a 325b
822 67.0a 46.2a
4 411 24.1de 8.7 fg
548 54.4 ab 16.2 defg
685 28.0 cde 6.29
822 64.2a 30 be
6 411 53.3ab 27.5 bed
548 55.7 ab 18.7 cdef
685 35.4 cde 26.2 bed
822 54.1ab 31.2b
8 411 33.2 cde 6.29
548 33.8 cde 0g
685 40.5 bcd 21.2 bede
822 44.3 bc 13.7 efg

5,105l e Sigldd duoyo iy Jledal gl 50 5 SSIS yge3T el p coitans S ytie By S yo PBlas oS ole i Silos (gt pa y0 %
* 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
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In each figure, the first pot (from right) is control , and others are herbicide treatments
(at 1.5, 2, 2.5, 3 L.ha* respectively).
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