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Article Info ABSTRACT
Avrticle type: Background and Obijectives: Quinoa (Chenpodium quinoa Willd.) is an
Full Length Research Paper  herbaceous flowering annual plant from amaranth family grown as a crop
primarily for its valuable seeds; the seeds are rich in protein, fibers,
Article history: vitamins, and minerals in amou_nts greater than _in many grains. Because of
Received: 08.31.2021 drought and salt tolerance, Qumc_)a can be cultivated in the areas affect_ed
Revised: 11.21.2021 by drough_t and salt_stress condltlon_s in the COL_mtry. Weeds are the major
Accepted: 05.18.2022 obstacles in increasing the productivity of Quinoa. Since now, there has
been no remarkable research and suitable herbicides available for weed
control in Quinoa fields during the post-emergence stage. The aim of the

Keywords: present study was to screening the herbicides already registered for weed

Clethodim, control in different crops rather than quinoa, and to test the possible

\"(‘?r:i’d"v‘l'de tolerance, tolerance of quinoa to the applied herbicides for secure and safe herbicide
l1eld 10ss

recommendations.

Materials and Methods: A field study was conducted for screening and
selection of possible herbicides to be used for chemical weed control in
quinoa fields of Astan Ghods Razavi, in Anabad, located in Bardascan in
Khorasan Razavi province, Iran, in during 2019. Herbicides were sprayed
as post emergence (foliar applied) at 4-6 leafy stage of quinoa by Matabi®
rechargeable sprayer calibrated to deliver 350 | ha™ of spray solution. The
layout was a completely randomized blocks design with three replicates.
Treatments were post emergence application of atrazine (800 g a i ha™),
metribuzin (525 g a i ha™), phenmedipham+ desmedipham+ ethofumesate
(822 g a i ha™), quizalofop tefuryl (60 g a i ha™), clethodim (96 g a i ha™),
haloxyfop methyl (104 g a i ha™), acetochlor (228 g a i ha™), bensulfuron
methyl (30 g a i ha™), bentazon (1440 g a i ha'), queen merak+
metazachlor (1040 g a i ha), clopyralid (225 g ai ha™), 2, 4-D + dicamba
(698 g a i ha™), imazethapyr (100 g a i ha®), isoxaflutole+ thiencarbazone
methyl (232.5 g a i ha™), ethofumesate (1250 g a i ha™), oxadiazone (360 g
a i ha™), oxyfluorfen (360 g a i ha*), pendimethalin (Prol®) (675 and 1350
g a i ha™), sethoxydim (375 g a i ha™), sulfosulfuron (19.95 g a i ha™),
clodinafop (192 g a i ha™), tribenuron methyl (15 g a i ha™), rimsulfuron+
nicosulfuron (131.25 g a i ha™) plus hand weeding and untreated control.

Results: Two weeks after herbicide spray, no visual injury were observed
on quinoa when sprayed with clethodim, quizalofop tefuryl, clodinafop,
haloxyfop methyl, sethoxydim and pendimethalin (675 g a i ha™). Severe
visual damage (100% injury) however, observed on quinoa when sprayed
with atrazine, metribuzin, phenmedipham+ desmedipham+ ethofumesate,
oxyfluorfen, bentazon and oxadiazone. The rest of the herbicides were
rated in between. Quinoa grain yield when sprayed with clethodim (3190.7
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kg ha?) and quizalofop tefuryl (2674.7 kg ha™) were not significantly
different from hand weeding (3346.7 kg ha™). But application of atrazine,
metribuzin, phenmedipham+ desmedipham+ ethofumesate, oxyfluorfen,
bentazon and 2, 4-D + dicamba yielded to complete quinoa death. Quinoa
grain yield when sprayed with bensulfuron methyl (1402.7 kg ha™),
imazethapyr (1184 kg ha™), clopyralid (1402.7 kg ha™) and pendimethalin
(784 and 964 kg ha™ at doses of 675 and 1350 g a i ha™, respectively) were
promising results while still significantly lower than that of hand weeding
control.

Conclusion: Application of quizalofop-tefuryl and clotidim can be
recommended to be used for weed control in quinoa. Besides application of
haloxyfop methyl, sethoxydim, clodinafop, bensulfuron methyl,
imazethapyr, clopyralid, pendimethalin and queen merak+ metazachlor
showed promising results but still more experimentation need to be done
for final recommendation.

Cite this article: Abbaspoor, Majid. 2022. Herbicide Screening for Weed Control in Quinoa
(Chenopodium quinoa Willd.). Journal of Plant Production Research, 29 (3), 89-104.
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Table 1. Characteristics of herbicides applied in the experiment.

Application
Herbicide Common name Trade name Formulation rate Producer company
(gaiha?)
Clethodim Select super EC 12% 96 Arysta LifeScience
Sulfosulfuron Apyrus WG 75% 19.95 Gyah
Quizalofop-P-tefuryl Pantera EC 40% 60 Arysta LifeScience
Acetochlor Surpass EC 76% 228 Dow AgroSciences
Clodinafop Topik EC 24% 192 Syngenta
Atrazine Gesaprim WP 80% 800 Syngenta
Haloxyfop methyl Gallant super EC 10.4% 104 Dow AgroSciences
Tribenuron methyl Gyah star DF 75% 15 Gyah
Rimsulfuron+ nicosulfuron Ultima WG 75% 131.25 Rotam Agrochemical
Sethoxydim Nabu-s EC 12.5% 375 Golsam Gorgan
Metribuzin Sencor WP 70% 525 Bayer crop science
Pendimethalin Prowl CS 45% 675, 1350 BASF
Oxyfluorfen Goal EC 24% 360 Dow AgroSciences
Imazethapyr Pursuit SL 10% 100 BASF
2, 4-D+ Dicamba Dialen super SL 46.4% 698 Syngenta
Clopyralid Lontrel SL 30% 225 Dow AgroSciences
Ethofumesate Stemat SC 50% 1250 Bayer crop science
Isoxaflutole+ thiencarbazone-methyl Adengo SC 46.5% 2325 Bayer crop science
Queen merak+ metazachlor Butisan star SC 41.6% 1040 BASF
Phenmedipham+ Desmedipham+ Ethofumesate  Betanal progress EC 27.4% 822 Bayer crop science
Bentazon Basagran SL 48% 1440 BASF
Oxadiazon Ronstar EC 12% 360 Bayer crop science
Bensulfuron methyl Londax DF 60% 30 du Pont

ay
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Table 2. Effect of herbicide treatments on visual toxicity of herbicides on quinoa two weeks after spraying
(WAS), density and dry matter of Acroptylon repense and Hordeum morinum four WAS. Weed density and dry
matter are shown as percent of untreated control.

e SIS el S 05 <k oS5 SipmelS
(C;szn 33 rjf) (@f}:ﬂ 53 slaws) (Gf}:n 3 r}f) (ijzn 53 slaws) (Asy3) ales
Hordeum morinum Hordeum Acroptylon Acroptylon Visual Treatments
Dry matter morinum repense Dry repense Density toxicity
(gm?) Density (no. m?)  matter (g m?) (no. m?) (%)
96,82 96.5° B E o G 55 0550 03l pf 4¢) (..1:}:)5
Clethodim (96 g a i ha™)
g81,3dcd 843 8gbe 87.5% 75° Ol 5o oSz ole f)f VA/A0) &5y 58 5o 5] s
Sulfosulfuron (19.95 g a i ha)
6.8 95.34° _ _ of QS 3 0 fpm ole 0 84) Loy s o Ml S
Quizalofop-P-tefuryl (60 g a i ha™)
ggebe 84.8% g3ebe 7520 6.67° (Gl o pign o3be f}g YYA) Jks):“”l
Acetochlor (228 g a i ha®)
7ocde 77bode _ _ of GUSa 53 6,590 03be (ajf AR\ DRFPLITEPILS
Clodinafop (192 g a i ha)
96.46% 94.74° - - of Gbsa 3 0 3m asle ¢ 51T Jrno 5 oS la
Haloxyfop methyl (104 g a i ha™)
B B 925 g3 78.33° Gl 55 6850 03l <:}§ V0) el 5485
Tribenuron methyl (15 g a i ha™)
g4abed 66 8oebe 62.50¢ 71.66° s 55 o fsmesle (’; YI/70) “)-5))‘3}”")‘@ + ‘.)-5))‘3}"’(",\)
Rimsulfuron+ nicosulfuron (131.25 g a i ha™)
98.16° 06° _ _ of GLSa 30,550 03le ffg TVO) 23 oS 2
Sethoxydim (375 ga i ha™)
69.61%% 7obede 66%° 62.50¢ of O 30,50 ole (’J§ [ALYRALIES
Pendimethalin (675 g a i ha™)
86.4%° 86.6® 93.1% 87.5% 42.66° (aSa 3 0 fm ool 51701 (il
Pendimethalin (1350 g a i ha™)
78700 84.8" 98° 87.5% 76.66° S R
Imazethapyr (100 g a i ha)
B B 06.62° g2 56.66° (S 530830 ole Df YYO) Al 5lS
Clopyralid (225 g ai ha™)
B _ 54 58 46.66° OS5 0,550 esle r;\rm);‘iyﬁjﬂ
Ethofumesate (1250 g a i ha)
74_6hcd 61.41° 88abc 87.5ab 100 <Jt§“ > “;}" esle fjf YYY/0) J:;"Q}J'li)ks;;:? +J):}ul~5}}1‘
isoxaflutole+ thiencarbazone-methyl (232.5 g ai ha)
65 6o 53¢ 26° 72.66° G s o 550 o3le (ajf Vo) JJSle:a +Jifoﬁ}5
Queen merak+ metazachlor (1040 ga i ha)
46.5° 55¢ g 83 100° (iSr 2 e fm osle £577) O35kalS)
Oxadiazon (360 g a i ha™)
92.06° 82.46°" 94.36° 02° 42.66° 50 2 s e 057D Jie0so A

Bensulfuron methyl (30 g a i ha)
Al s acile sl 5SS ol b (slasles T (LSD 0=4/00) Al o s sme SN pe Sl Ot A s alie G G Bl 3
LAs Bl Bliss 5 acile glaosls Jadd o it 53 (slaiSile (gl LAt ) shie alio 53 go s 5 acile (gl y ESS 5o haib slajles
At least one common letter in each colomn shows no significant differences between means (LSD 0=0.05), = Grass killers

for Acroptylon repense and broadleaf weed killers for Hordeum morinum were dismissed from the treatments exposed to the
analysis, for dual purpose herbicides only corresponding weeds were involved in the analysis
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Table 3. Effect of herbicide treatments on plant height, biological yield and grain yield of quinoa. Plant height,
biological yield and grain yield are shown as percent of hand weeding control.

als > Shas 03 55 s ) 3,5 s <y gl

(;m)ﬁ(’ﬁ)i:s> (Jm)ﬁrﬁ)&s> (ﬂflﬂ')
Grain yield (kg/ha)  Biological yield (kg/ha)  Plant Height (cm)

L les
Treatments

o3k Ok dall

48697 45.74%" 20.49%*
Weedy check
467" 0.0° 6.34" (e s oS5 a3le (ajf %) r_l:}:ls
Clethodim (96 ga i ha™)
87 47 84,65 45.37% O s e dge eole ,514/40) 83 58 g 5l 5
Sulfosulfuron (19.95 g a i ha™)
20.08%" 6.3 586" OUSe 3030 osle 0 S 70) )5 oo llim S
Quizalofop-P-tefuryl (60 g a i ha™)
83.31% 81.20%" 38.06° B8 2 e 15 le 5 YT 1S o
Acetochlor (228 g a i ha™)
67.02%f 61.36% 8.29" (8 25 wle 5 14T il s
Clodinafop (192 gai ha™)
39,53 29.09% 5.38" Ok 5o o p3e eobe tff Ve ¥) J‘““‘J’Wsjﬂ"
Haloxyfop methyl (104 g aiha™)
86.82% 82.55% 48.78° OS5 o e esle fjf \0) p‘?;”‘;\-’)}:‘féj‘:
Tribenuron methyl (15 g ai ha™)
88,49 86,06 59 520 QLS 5300530 0le 0 SATV/YO) &5 58] gon 5555 + 0558 3o
Rimsulfuron+ nicosulfuron (131.25 g a i ha®)
48.29°° 43.52% 11.23% (B8 2 15 e 5 TVO) S e
Sethoxydim (375 g a i ha)
76,58 70,66 37.57¢ O S350 o3le 05 #V0) (llios iy
Pendimethalin (675 g a i ha)
71.2bcd 63.69% 27.33¢% O 36 f 50 oo ¢z§ WO bty
Pendimethalin (1350 g ai ha™)
64.63% 64.1° 39.04% OLSe 536 e esle o SV 0e) obilslayl
Imazethapyr (100 g a i ha™)
66.34°C" 46.62% 12,20 OB 53 3o wsle 5 ¥Y0) ol 45
Clopyralid (225 g a i ha™)
78,17 68.92% 23.9' Ol 3 050 sl ¢ S 1Y0) oy a5 5l
Ethofumesate (1250 g a i ha)
79.33abcd 76.23abc 27.33€f ()l:"{h 02 "_)3;" osls f)f YY) Jt:"""-f)l‘)lsuf +J):}J'AL‘S-5}11
isoxaflutole+ thiencarbazone-methyl (232.5 g ai ha™)
69‘29hcdef 57.2(19 4489Cd ()L?QA 3 a;}a o3l (A; \h\ﬂ)jlsbl;a +k5'_)ﬂvy:i}s
Queen merak+ metazachlor (1040 g ai ha)
97.41° 92.89° 75.62° (a3 e 3 esbe ¢ ST70) 00kl 51
Oxadiazon (360 g a i ha?)
58,00 50.3* 43.91 (50 2 w50 e £510) s

Bensulfuron methyl (30 ga i ha)
PANT 4551 gyl s pm s dald Slas 53 T ULSD a=1/00) il e s ae S e Sy Ogi 8 53 wlie G S BBl s
sy S s r;,gsrr\‘wv 4l s Shas 5, s rjfjl:SOO'?/V 03 5 ) 5 Shas e solo

At least one common letter in each colomn shows no significant differences between means (LSD a=0.05). ~ In hand
weeding control, plant hejght was 68.33 cm, biological and grain yield were 5506.7 kg ha™ and 3346.7 kg ha™, respectively
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