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Introduction

Chickpeas, with 37.8 % of the total production of pulses, ranked first in Iran and produced 168142.5 t.ha* in 439872 ha
of area harvested. The largest area under cultivation of chickpea is located in Kermanshah, Kurdistan and Lorestan
provinces in Iran. Various strategies for weed management can be used in autumn-sown chickpea, including application
of interrow cultivator, crop management (crop rotations) and application of herbicides. Herbicide can be considered as
one of the effective measures to reduce weed damage in chickpea. Like other pulses, chickpea is more likely damaged by
post (post emergence) herbicides than PRE (pre emergence) herbicides. This indicates the limitations of herbicides,
especially post-emergence herbicides for broadleaf weeds in chickpeas. Ccurrently, only few herbicidesare recommended
for chickpeain Iran. Farmers in Iran prefer to manage weeds, by hand weeding or using cultivator between rows, due to
potential risk of herbicide damages, high cost involved in herbicide applications, and limited herbicide options for
selective weed control. Considering the wide range of weed species in chickpeas in different regions of Iran, autumn-
sown requires herbicides that provide a broader spectrum of weed control. Furthermore, the preventing of weed resistance
to herbicides makes it necessary to increase the diversity of herbicides. In this regard, the purpose of this study was to
compare new PRE-herbicide (flumioxazin) with different rates as IBS, PRE, and early-post with previously used
herbicides, in terms of weed control and subsequently increase grain yield of chickpea.

Materials and Methods

This experiment was carried out in Kermanshah, West Azerbaijan and Hamadan during crop year 2021-2022, Iran. The
experiment was laid out in a randomized complete block design (RCBD) with 12 treatments and four replicates.
Treatments included pre-emergence (PRE) application of novagap (aclonifen 600 SC) at 1, 2, 3 and 4 I.ha™, oxyfluorfen
(SC 24%) at 0.7 .ha't, clean sheet (flumioxazin, WP 50%) at100 g.ha', post-emergence (POST) application of aclonifen
at1,1.5,2and 2.5 1.ha?, PRE application of oxyfluorfenat 0.7 I.ha-*+POST application of aclonifenat 1.5 I.ha"* and hand
weeding. 30 days after post-emergence spraying, density and dry weight of weeds per plot were determined and compared
with untreated control. At harvesting, grain yield, plant height and dry weight of chickpea was measured per unit area.
Variance analysis of chickpea data was also done through SAS software, and then the averages were compared based on
Duncan's test (p<0.05).

Results and Discussion
At kermanshah visual evaluation results showed that the highest reduction in weeds (87 to 90%) was observed in PRE
application of aclonifen at 2, 3 and 4 I.ha* and flumioxazin without any significant difference. In addition, PRE
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application of aclonifen 2 I.ha" had a very good efficiency (91-100%) in reducing the density and dry weight of weeds of
R. rugosum, C. album and C. orientalis. Also, C. intybus and C. oxycantha were controlled by this treatment with a lower
percentage (72-81%). The highest grain yields of chickpea in Kermanshah (590.5 to 609 kg.ha™) was observed in the
PRE aclonifen at 2 and 3 I. ha! that had no significant difference with hand weeding. At Hamadan, the highest weed
control efficiency (95%) found in aclonifen at 2, 3 and 4 I.ha'%, flumioxazin, oxyflourfen and oxyfluorfen + aclonifen.
The results in Hamedan showed that flumioxazin, post aclonifen 2.5 1.ha"* and PRE aclonifen 2, 3 and 4 I.ha?, oxyfluorfen
and oxyfluorfen + aclonifen favorably reduced the density of D. Sophia, Alyssum spp. and total weeds. In the visual
evaluation, the highest efficiency belonged to aclonifen at 4 l.ha, followed by PRE aclonifen at 2 and 3 I. ha?,
flumioxazin and oxyfluorfen + aclonifen. At Hamedan, PRE aclonifenat 2 I. ha! and flumioxazin had the highest grain
yield of chickpea with 309 and 322 kg.ha?, respectively, and there was no statistically significant difference with each
other and hand weeding treatment. At West Azerbayjan, the highest weed control (84 to 86%) belonged to a PRE
application of aclonifen at 3 and 4 I.ha* and POST application of aclonifen at 2.5 I.ha™! that there was no significant
difference between them. At West Azerbayjan, after hand weeding, aclonifen 3 I. ha! and flumioxazin had the highest
grain yield of chickpea with 1251 and 1254 kg.hal, respectively.

Conclusions
According to the results, aclonifen is recommended as a pre-emergence applicationat 2 to 3 .ha™ and flumioxazin at 100
g.ha* for the control of broadleaf weeds in rainfed autumn- sown chickpea.
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7- Solanesy! diphosphate synthase
8- Protoporphyrinogen oxidase
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Table 1- Treatments applied in autumn-sown chickpea at three locations in 2021-2022
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Table 3- Time table for field operations and application dates of herbicides at different experimental locations

acyj0 50 Olles olisle s 2t olmlyd Olo
Field operation Kermanshah West Azerbayjan Hamedan
3956 S V. IVIVY VEe - JAIYY VEe Y
Chickpea sowing 14 Dec 2021 13 Nov 2021 21 Nov 2021
sy GRS ile Ve VIVY VEe - IAIYS IARRIAY
Pre-emergence herbicide 15 Dec 2021 17 Nov 2021 25 Nov 2021
AAERVATARY
gom oiSale 11 Apr 2022 VEONN - VEVYIY
Post-emergence herbicide VEAYIYY 30 Mar 2022 22 Apr 2022
11 Apr 2022
Ve
Jeeylogd oS gla jiSale 9 Apr 2022 VEVVA VEANY
Haloxyfop R Methyl VEAYIYY 28 Mar 2022 20 Apr 2022
11 Apr 2022
secledle s)ls pdiges VEAV/YIYY VEVN Y VEVYIY
Weed sampling 12 May 2022 30 Apr 2022 22 May 2022
cbls ARERVATIA AAERVAANY IAERNAAR
Harvest 26 June 2022 8 July 2022 1 July 2022
(S )5 p,55LS) ,4 o515
Seed density (kg.ha?) 80 85 80
3, Jole Surw e
Cultivar Adel Saeed Mansour

1- European Weed Research Council
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Table 4- Average density of weed species per square meter across the three locations (2021-
2022 growing season)

b ile S

(&0 %0 5o &) jy» e o515
Weed density (Plant.m?)

Weed species

oliiile )5 @f olml 3l Olaes

Kermanshah  West Azerbayjan Hamedan

Acroptilon repens (L.) DC.
Alyssum spp.
TSy
Carthamus oxycantha M.Bieb.
pass 5
Centaurea cyanus L.

3% FONW
Chenopodium album L.
iy
Cichorium intybus L.
oS
Conringia orientalis (L.) Dumort.
JUALE
Descurainia sophia (L.) Webbh.ex Prantl.
Rapistrum rugosum (L.) All.
sesladle Koo glaass
Other weeds species”

- 18.7(1.8) -

) ; 11.2(0.6)
12.2(1) - )

- 21.5(1.2) -
15.2 (1.5) - -
18.3(2.1) - -

26 (2.4) 16.5(1.9) -

- - 15.6 (0.9)

7.5 (0.56) - )

7(0.9) 5.9 (0.6) 6.3 (0.4)

55
Total

67.9 62.6 33.1

i e S 2, 5t oS e 3 8y 2 ) S 515 Sl b sl sl dasisS L
w2t Olel,dT 0 bl s g Gloed 10 05 dedes § 0455 woliile S 5o A

" Other species: Weed species with average densities lower than five plant. m? which included
Galium tricornutum Dandy., Lamium amplexicaule L., Polygonum aviculare L. in Kermanshah,
Astragalus hamosus L.) and lambsquarters (Chenopodium album L.) in Hamedan. Cephalaria
syriaca (L.) Roemer & Schult in West Azerbayjan. **Standard errors of densities shown in
parenthesis.
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Table 5 - Mean squares of weed density reduction and rating scale (% control) (EWRC) compared to the untreated
control, and chickpea phytotoxicity (%) at Kermanshah

(1) o515
Density (%0) b3
. 4'?)'3 E W £ > (/) . éLf
o gl o E e 5 y S E . %2 ] Sgpols
S.0.v &3 _13 £3 3 §_§ 3 E’Tg Y €3 \\i £ 2 u T (. Jy5) Phytog/oxwlty
f 55 %23 X .8 13 SE . % S 2 Rating scale (%0)
@ = g O o O 83 (% control)
)I)SJ 3 5.48™ 30.26™ 10.96 " 29.41m 26.14" 5.36" 31.06M™ 1.71m
Replication
)L‘“‘ 10  89452™  701.29™ 83596  500.16™  712.31™ 31497"  537.95" 472.27™
Herbicide
> 30 16.4 42.44 12.25 20.6 27.49 614.97 8.56 4.96
Error
e
Ol s - 4.95 8.21 4.18 6.86 6.93 2.88 3.86 15.18
CV (%)

Qo) S g by iy Jleisl mha 5o o dixe g o cire Dglad g9 pue o Ay e g %
ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively

iolST oy m s loss adS a8 o sl 9950
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Table 6- Response of weed density (% reduction compared to the untreated control) to herbicides application, four weeks
after spraying herbicides at Kermanshah

Lh)Ln..J OL‘“} )"‘J/f’)f) O‘)‘t“’ Go.l.w 34 dolw o).gu’;’:gf ‘si.wlf G.b,«ia)lf Js
Treatm;ents LT (s o Rapistrum  Chenopodium Conringia Cichorium  Carthamus Total
Timing Rate (g.Ihal)  rugosum album orientalis intybus oxycantha
Ad;“’f ' 6;;;’“ 1 67° 67.5¢ 65.5¢ 45.25f 515°  59.35'
cloniren
Adl““’f ' s 2 100° 92.5% 100° 729 78°° 88.5°
cloniren
Cae '| 5 B
Adr’”’f 6‘;;;‘“ 3 1002 1002 100¢ 74.75® 81.5 91.82
cloniren
Ad;“’f ! SF;E‘“ 4 1002 1002 1002 78.25° 84.25P 91.95%
cloniren
AU;‘“"f ! 6‘2;”;"‘? 1 60¢ 65.5¢ 63.75¢ 53.75¢ 71.25¢ 62.8°
cloniren 0S
AU;‘“"f ! 6‘2;”;” 1.5 71.7%¢ 66.25° 75¢ 60 de 77bc 70¢
cloniren 0S
AU;‘“"f ! 6‘2;”;” 2 780 72.5% 80.75"° 70.75 84 77.2¢
cloniren 0S
AU;“’L: ! @‘;”‘tf‘* 2.5 780 80 85b 75 91.5 81.9°
cloniren 0Ss
O S guagld 29 ) a be a a a a
. g 100 97.5 85 100 78.25 90.75 90.3
umioxazin
. a a l B -
O&);:s&’“f ‘f;;’;*“ 0.7 69.25¢ 68.25¢ 69.5¢ 55.25 ¢ 54,5 63g35
Xytiuorten
* u"*‘}U] 9 oM
R T 0.7+15 78P 74,750 80.5 64.5% 67.5¢ 73¢
Oxyfiuorfen PRE +
+ Aclonifen Post

(0= /20 SSlo) wlad (g lo cme BB oS e B> S po JBlas a5 olo i Sls (g 2 y0
* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)

*PRE ((s25)0), POSE ((s29,00)
*PRE (pre-emergence), Post (post-emergence)

oLiile S 53 395 gy LAl g 4ils 5, Khos Silas o (uSilso -V Jgor
Table 7— Mean squaures of grain yield and plant height of chickpea at Kermanshah

JUVEL I HITH sol5T a0 als o ,Slos S (339 el
S.0.vV df Grain yield Dry weight Height
)‘?ﬁ . 3 416.83™ 34.95" 2.25™
Replication
s . . -
T 11 13949.69 3600.36 38.53
Herbicide
= 33 455.19 60.7 1.18
Error
St . 3.99 5.75 2.33
CV (%)

Qo3 S g oy iy Jleisl e 5o e e g o pxe gl 0gzg pas (o Ty sk g
ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively
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Table 8- Response of grain yield, yield traits, phytotoxicity (%) of chickpea and EWRC rating scale used to herbicides
effects on weed control (% reduction compared to the untreated control) to herbicides application at Kermanshah

_ ‘ ‘U‘Q S sl c ‘—1&5055 LS?L’.)’)‘
. S Ry § : 2
o os oy BEOER s R0 el D ) s
) o= @“bw-“‘ ()LS.Q )é)"'.‘." ()LIS.Q (é’}“’)““’ ()“"’cs"’l"") (J).MS Phytotoxicity
Treatments Timi Rate . Dry . Rating (%)
iming (g.ILha't) Grain yield ; Height (cm)
g.I". (kg.ha!) weight scale (%
g- (g.m? control)
G5t | ot 1 528.7° 11565 45¢ 57.5¢ o'
Aclonifen PRE
Lo " B &
OAslS i 2 593.5% 170.85° 502 87.5% of
Aclonifen PRE
Cat ] o B
o5l S 3 590.5% 167.42 49.25% 88? of
Aclonifen PRE
sl S 4 49425% 1496 49 90? 21,250
Aclonifen PRE
U’“’K S 1 516.5¢ 126.9¢ 44.75¢ 61.25¢ 11.25¢
Aclonifen Post
Al o 1.5 457 5 111.72% 43.5% 68.75° 15¢
Aclonifen Post
S st 2 47525¢  106.75% 42° 77,5 225
Aclonifen Post
Al o 2.5 480.5% 96.45f 420 78.75 27.5
Aclonifen Post
Ot eesls 0 100 609? 17362 49.75¢ 872 of
Flumioxazin PRE
et s 0.7 571.2° 130.95¢ 48 66.25¢ of
Oxyfluorfen PRE
Dol ST+ HadglST  * R
Oxyfiuorfen + T 0.7+1.5 475 101.82¢f 47.25°¢ 70¢ 18.25¢
Aclonifen PRE + Post
2 O - - 6182 1735 50° - -

Hand weeding

(0= 20 SSle) 5l (g,lo gime BT (S fiee By S p0 PBlas a5 ol Sikeo ¢y 2 0 %
* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)

*PRE (s9,08) POSE (o g,00)
*PRE (pre-emergence), Post (post-emergence)

Lg)LJ o st IS A58 S5 4y (o0 byt oo (loed ) v gacale o1,
(A Jgaz) o)l 5925 (P<0.01) RUPSRSN SR s PP P UL ST SRS NN IR U
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Table 9- Mean squares of weed density control (%) and rating scale (% control) (EWRC scale) compared to the
untreated control, and chickpea phytotoxicity (%) at Hamedan

(1) o515 1) ooz b)) N
yatd 2alo &35 az 40 Density (%) (J s F(’h) $IFe
e - otoxici
S0V df iS5 dogutd Js Rating scale (% yt(%) ty
Descurania sophia  Alyssum spp. Total control)
J_’S . 3 109.9m 61.25" 15.1" 0.56" 3.59m
Replication
e - wx wox - -
o 10 1835.21 916.94 786.34 770.56 1057.95
Herbicide
= 30 195.47 38.55 22.77 0.56 2.34
Error
Al : 17 7.15 5.72 0.94 9.84
CV (%)

Qo) S g by gy Jleisl e jo o pixe g o sine Sglad 099 pue oS Sy s g % NS
ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively
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Ot (EWRC) Ly | 5,0 slacile pole (fgsy ateaS
s ot GaslST 4 (4o )0 A0) 5 mglacile (tals o)
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Table 10- Response of weed density control (% reduction compared to the untreated control) to herbicides application,
four weeks after post-emergence herbicides at Hamedan

Ol ol
L Lo JP EPOWIRN Py a s Density (%)
Treatments Timing sy r:]h '25 ) JURX S dogud Js
Rate (g."-ha”) Descurania sophia Alyssum spp. Total
sl st 1 *29,57¢ 48.67° 62.97
Aclonifen PRE*
sl he 2 83 90.25%  89.37a
Aclonifen PRE
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Table 11- Mean squaures of grain yield and plant height of chickpea at Hamedan
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Error
el - 3.58 0.83
CV (%)

Qo3 S g oy ity Jleisl e jo e e g o Jxe Dglal S92 pas G iy sk g % NS
ns* and **: Non significant and significant at 5% and 1% probability levels, respectively
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Table 12- Response of grain yield, yield traits, phytotoxicity (%) of chickpea and EWRC rating scale used to herbicides
effects on weed control (% reduction compared to the untreated control) to herbicides application at Hamedan
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* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)
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Table 13- Mean squares of weed density control (%6), Rating scale (% control) (EWRC scale) and chickpea phytotoxicity

at West Azerbayjan
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Table 14- Response of density of weeds (% reduction compared to the untreated control) to herbicides application, four
weeks after Post-emergence herbicide at West
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Table 15— Mean squaures of grain yield and plant height at West Azerbayjan
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ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively
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Table 16- Response of grain yield, yield traits and phytotoxicity (%) in chickpea and weed control efficiency compared to
the untreated control (visual weed injury assessment due to herbicide application (EWRC)) at west azerbaijan
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* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)
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Table 17- Descriptive evaluation of herbicides™ effectiveness
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