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Table 1- Treatments, application timing and herbicide rates used in the experiment

oSile Jos 092 (e 5o 0,905
Mode of action Rate (g a.i. ha'!)
ST 55 s 0250 50
PPO inhibitor
SensST 55250832559 7 050 50
PPO inhibitor
ST (395 992959 52 0 l05 168
PPO inhibitor
ST 555 18 )50939 0 0031050 100
PPO inhibitor
Sl Slad (60 JumdY g 00l l 1200
SDPS inhibitor
s Sl (65 iV g 03,1030 1800
SDPS inhibitor
St SOlad (60 JumsY g 00yl sl 300
SDPS inhibitor
i Sland (60 JewdVgus 00 o3l 420
SDPS inhibitor
St Slad (60 JumsY g 00l sl 600
SDPS inhibitor
9 I0eST 300 850535 7 0I5l 50+300
St Slad (60 JumsY g 00 jlol
PPO and SDPS inhibitor
50+420

9 310emST G300 58550535 0l L
S Slad (60 JumsY g 00yl
PPO and SDPS inhibitor

Sl Ole
Application timing
(SR H
Pre-emergence
VB o5k (sego0mde)
Gl Sy
Early Post-emergence

(Cotyledon to 2-leaf stage of
weeds)

TR
Pre-emergence

Pre-emergence

TR
Pre-emergence

Pre-emergence
SAYEY) ciagrom
Grodile
Post (2 to 4-leaf stage of
weeds)
90
Post-emergence

90
Post-emergence

SR et g oM
Pre and Post-emergence

290 Tt M
Pre and Post-emergence

e
Treatment

(WP 50% «Zends(5edS) (LS g2agl
Flumioxazin (Clean Sheet WP 50%)

O3S 509l
Flumioxazin

(BC 24%. J5) 535,916 oo51
Oxyfluorfen (Goal, EC 24%)
(WP 60% «,b,Lwl) (951 55l g
Sulfentrazone (Spartan, WP 60%)
(SC 600 «STg3) cyasiglsT
Aclonifen (Novagap SC 600)
ieigls]

Aclonifen
SeislST
Aclonifen

oReisls|
Aclonifen
OhiglsT
Aclonifen
OiighST g 0 5LaS g0gld

Flumioxazin + Aclonifen

gl g LS seasld

Flumioxain + Aclonifen

S 29
Hand weeding

PPO; Protoporphyrinogen oxidase, SDPS; solanesyl-diphosphate synthase
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Table 2- Geographical and soil characteristics of the experimental sites
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Figure 1: Monthly average temperature (°C; solid line) and total rainfall (mm; bold bar) were recorded from each loca-
tion (Kermanshah, Kurdistan and East Azerbayjan) during 2022-2023
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Table 3- Chickpea varieties and application dates of experimental treatments (herbicides spraying)

o )los Jlosl 2,6
Treatments application date

©5) ols
Sl e 29,009) it cusls Variety ~ Location
Harvest Post-emergence  Early-postemergence  Pre-emergence Sowing
2023/6/18 2023/4/5 2023/3/13 202212119 202211217 Jole olasle,s
Adel Kermanshah
2023/6/26 2023/417 2023/3/19 2022112118 2022/11/16 ul olws s
Ana Kurdistan
2023/7/13 2023/4/28 2023/416 2023/11/20  2023/11/12 ul 4l
Ana Maragheh

OFNNVEY el Sl stalojl Qe aw 33 gy e po i jpglacile o515 5uSibe -F Jgor
Table 4- Mean density (plants m2) of the dominant weed species at the three experimental sites during the 2022-2023 growing season.

sy hle 4558 (orerie o ig) 5,0 hle o515
Weed species Weed density (Plant m?)
oleile s Skl ol S
Kermanshah East Azerbaijan Kurdistan
sl 153 (L.1) 187 (1.8) -
Anthemis sp.
th S« 22.3(0.9) - 11.2 (0.6)
Galium tricornutum Dandy
95, 122 1) ; -
Carthamus oxycantha M.Bieb.
PS5 - 215 (1.2) ;
Centaurea cyanus L.
o) 4ol 152 (L5) ; -
Chenopodium album L.
b 183 (2.1) ; -
Cichorium intybus L.
S 26 (2.4) 16,5 (1.9) -
Conringia orientalis (L.) Dumort.
5L - ; 15.6 (0.9)
Descurainia sophia (L.) Webb.ex Prantl.
Skt 133(L2) . .
Lamium amplexicaule L.
o 7.5 (0.56) ; -
Rapistrum rugosum (L.) All.
pglacile Koo sladss 7(0.9) 5.9 (0.6) 6.3 (0.4)
Other weeds species”
l 67.9 62.6 33.1
Total

055 wolisleS 5 sy i hle Sl o, 5 ot o e 50 31 iy ) S 0515 eilen L slacile (slodisS oS Lt
REW PNV R e RO KO [P U0 R U JO s P PR ENPUE L JURIPR COVRIL SN SO IV

" 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 Kur-
distan. Cephalaria syriaca (L.) Roemer & Schult in East Azerbaijan. ""Standard errors of densities shown in parenthesis.
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Table 5- Mean squares of percent reduction in weed density and dry weight in the treated plots compared to the untreated control
plots, at 30 days after herbicide application

MS) Sla o (5 Sileo

RN ol —
East Azerbaijan Kurdistan Kermanshah
S ielS WS pels Sas e el WS Grels Sas e el oS5 pals 4= el
Dry weight re- Density re- Dry weight re- Density re- Dry weight re- Density re- syl Ol s
duction duction duction duction duction duction
df SOV
8.18™ 11.27™ 601.81™ 3.22m™ 35.6™ 31.40™ 3 Ssk
Block
16.74" 8.51™ 661.82" 2.11m™ 741.32™ 628.44™ 11 o
Treatment
9.52 6.18 252.76 1.33 13.6 14.75 33 g
Error
28.28 24.71 23.28 14.55 5.52 493 foolds
CV%

**5*’nsT

dbor 2oy ) 9 0 mhan )3 I3 e g o ce Dolds pae Silo i S
b 03l o VEF OB b (8,0l 1 o 9555 Std g 5 9 Shos
ns, *, **: Non-significant; and significant at %5 and %1 probability level, respectively
Chickpea yield and dry weight in East Azerbaijan were converted with vx + 0.5
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Table 6-Comparison of mean percent reduction in total weed dry weight and density in treated plots
compared to untreated control plots at 30 days after herbicide application across three experimental sites
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Means in each column followed by the same letter are not significantly different (Duncan’s multiple range test, P < 0.05).

Pre; preemergence, Post; post emergence, Early Post; early post emergence
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Table 7- Mean square of chickpea grain yield, biomass, and 100-grain weight at three experimental sites
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ns, *, **: non-significant; and significant at %5 and %1 probability level, respectively
Chickpea yield and dry weight in East Azerbaijan were converted with log(x)
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Table 8- Mean grain yield and biomass of chickpea under different herbicide application treatments
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Means in each column followed by the same letter are not significantly different (Duncan’s multiple range test, P < 0.05).
Pre; preemergence, Post; post emergence, Early Post; early post emergence
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Table 9 — Mean squares of weed control percentage and crop injury percentage (visual assessment based on the European
Weed Research Council (EWRC) rating) across the three experimental sites
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ns, *, **: Non-significant; and significant at %5 and %1 probability level, respectively
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Table 10 — Comparison of mean percent weed control and chickpea injury (phytotoxicity) from herbicide
treatments using visual assessment based on the European Weed Research Council (EWRC) rating scale

across the three experimental sites
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Means in each column followed by the same letter are not significantly different (Duncan’s multiple range test, P < 0.05).

Pre; preemergence, Post; post emergence, Early Post; early post emergence
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Table 11- Descriptive evaluation of herbicide efficacy
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Weed control levels: >85% (****), 70-85% (***), 50-70% (**), and 30-50% (*).
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EXTENDED ABSTRACT

Introduction: One of the major problems in autumn-sown chickpea cultivation is the presence of high
weed density, which leads to a severe reduction in the yield of rainfed chickpea. The objective of this
experiment was to evaluate new pre-emergence and post-emergence herbicides for controlling broadleaf
weeds in rainfed chickpea cultivation. In this study, the efficacy of several herbicides applied as pre-
emergence (aclonifen, flumioxazin, oxyfluorfen), post-emergence (aclonifen), early post-emergence
(flumioxazin), and in combination (pre- and post-emergence) was investigated.

Methodology: This experiment was conducted during the 2022-2023 growing season in the provinces of
Kermanshah, Kurdistan, and East Azerbaijan, using a randomized complete block design. The treatments
included: pre-emergence application of the herbicides flumioxazin (Clean-sheet, WP 50%) at a rate of 50
g active ingredient (a.i.) per hectare, oxyfluorfen (Goal, 24% EC) at 420 g a.i. hal, sulfentrazone (Spartan,
WP 50%) at 100 g a.i. ha', aclonifen (Noagap, SC 600) at 1200 and 1800 g a.i. ha'l; post-emergence
application of aclonifen at 300, 420, and 600 g a.i. hal; a combined treatment of pre-emergence flumiox-
azin (50 g a.i. ha'l) followed by post-emergence aclonifen (300 g a.i. ha1); another combined treatment
of pre-emergence flumioxazin (50 g a.i. ha1) followed by post-emergence aclonifen (420 g a.i. ha'); early
post-emergence application of flumioxazin at 50 g a.i./ha; and a control treatment (manual weeding).
Weed density and dry weight were determined per plot, and the grain yield and biomass of chickpea were
measured per unit area.

Research findings: The highest percentage of weed control in Kermanshah (93 to 96%), Kurdistan (70
to 85%), and East Azerbaijan (71 to 79%) was achieved by the treatments combining pre-emergence
flumioxazin with post-emergence aclonifen. Furthermore, following the manually weeded control, the
highest grain yield in Kermanshah, Kurdistan, and East Azerbaijan was recorded for the combined
treatment of pre-emergence flumioxazin (50 g a.i. ha'l) followed by post-emergence aclonifen (300 g a.i.
ha'1), with yields of 1409, 1293, and 982 kg ha'l, respectively. In general, the combined treatments of pre-
emergence flumioxazin and post-emergence aclonifen, due to their broader spectrum of control against
broadleaf weeds, provided more effective weed management and higher yields compared to the sole
herbicide applications. This combination can be recommended for use in fields experiencing high weed
density during the spring season.
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