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Abstract: A pot study was conducted outside the greenhouse at Bu-Ali Sina
University, Hamedan, Iran, in 2022. For each of the 22 herbicides tested, a dose-
response experiment, applying zero, s, s, Y4, >, and 1 x labeled dose, was
conducted. Soil- and foliar-applied herbicides were used after sowing the seeds
and at the quinoa’s 3-4 leaf stage, respectively. Quinoa had the highest sensitivity
to acetochlor and linuron. Using one-eighth of their labeled dose, no seedlings
could grow. Approximately 2, 4, and 7% of the labeled dose of acetochlor or 3, 5,
and 9% of the labeled dose of linuron were required to reduce 10, 50, and 90% in
fresh:dry weight ratio, respectively. The application of Y, /s, and /4 x labeled
dose of trifluralin, oxyfluorfen, bentazon, phenmedipham + desmedipham +
ethofumesate, clomazone, clopyralid, chloridazone, ioxynil, tribenuron-methyl,
metribuzin, pendimethalin, nicosulfuron, sulfosulfuron, and bispyribac-sodium
caused a 10% reduction in fresh:dry weight ratio of quinoa. To reduce the
fresh:dry weight ratio of quinoa by 10%, it needed to use 1.78 and 1.56 times the
labeled doses of pinoxaden and clodinafop-propargyl, respectively, and half of the
labeled dose of sethoxydim, haloxyfop-r-methyl, triflusulfuron-methyl, and
imazethapyr. As a recommendation, the efficacy of selected (pinoxaden and
clodinafop-propargyl) and promising herbicides (sethoxydim, haloxyfop-r-
methyl, triflusulfuron-methyl, and imazethapyr) should be evaluated under field
conditions from the prospects of quinoa yield and weed control.
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Introduction

Quinoa Chenopodium quinoa Willd. is an annual
plant belonging to the Amaranthaceae family,
which was domesticated thousands of years ago
by people living in the Andes Mountains (Peru,
Colombia, Ecuador, Chile and Bolivia)
(Hinojosa et al, 2018). The oldest
archaeological remains of quinoa date back to
5000 BC (Navruz-Varli and Sanlier, 2016). It
has high adaptability and tolerance to various
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environmental stresses such as heat (Hinojosa et
al., 2018), drought (Fghire et al., 2015), salinity
(Igbal et al., 2017), ultraviolet radiation (Hilal et
al., 2004), heavy elements (Bhargava et al.,
2008), freezing (Jacobsen et al., 2005) and
flooding (Gonzalez et al., 2009). Moreover, it
has exceptional properties and nutritional value
(Navruz-Varli and Sanlier, 2016). These
advantages of quinoa were so convincing to the
United Nations General Assembly that it named
2013 the International Year of Quinoa. Farmers
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and agricultural experts around the world were
encouraged to cultivate this plant (United
Nations, 2013). This action of the United
Nations caused the cultivation area of quinoa and
its yield to increase by 10.1 and 26.2% from
2012 to 2021, respectively (FAO, 2023).

The seeds of quinoa germinate quickly (6-10
h after imbibition (Makinen et al., 2014)), but
their seedlings grow slowly in the first two
weeks after germination. Therefore, for proper
establishment and prevention of quantitative
and qualitative reduction in vyield, it is
necessary to manage and control weeds. For
quinoa, the critical period of weed control has
been estimated between 16 and 30 days after
quinoa emergence (Nurse et al., 2016), and in
another similar experiment, between 10 and 75
days after quinoa emergence (Merino et al.,
2019). A previous report shows that the seed
yield of quinoa and the seed protein of quinoa
can be reduced by 38.8 and 29.4%,
respectively, due to lack of weed control
throughout the season (Jacobsen et al., 2010).

So far, no herbicides have been registered
for use in quinoa fields (Abbaspour, 2022). For
this reason, weeds in quinoa fields are mainly
controlled by mechanical methods like using
inter-row cultivators and hand weeding. The
effect of some weed cultural control methods
has also been investigated in previous studies;
for example, the type of cultivar and their
allelopathic characteristics (El-Sadek et al.,
2017), false seedbed (Jacobsen et al., 2010),
planting date and density (Nurse et al., 2016),
planting row spacing (Liang et al., 2020),
intercropping with potato (Jalali et al., 2021)
and hairy vetch (Buckland et al., 2018), and
seed inoculation with biofertilizer (Joukar
Fathabadi and Kazemeini, 2022). The
effectiveness of the mentioned methods is not
always sufficient and convincing. Therefore,
the low competitiveness of quinoa against
weeds, the high costs of mechanical control
methods, and the development of the ever-
increasing area of quinoa cultivation force us to
adopt the most effective and time-efficient
method of managing weeds to prevent
quantitative-qualitative yield loss of quinoa.
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Therefore, quick, effective, and economic
control of weeds in quinoa fields seems
necessary. Herbicides are an integral part of
modern agriculture and can meet such a
demand, although there are concerns regarding
their residues in crops and side effects on non-
target organisms (Kudsk, 2008).

So far, 294 herbicides have been discovered
and used, of which 260 cases are still produced
and available (HRAC, 2024). Recently, some
researchers have pursued the need for
preliminary screening of herbicides to find the
appropriate selective herbicide(s) for use in
quinoa fields. Elford (2016) tested 7 herbicides
and reported that promising herbicides were
pendimethalin, S-metolachlor + benoxacor,
which had minor damage to quinoa. Garnica et
al. (2017) tested 6 herbicides and reported that
pethoxamid and S-metolachlor had a high
selectivity for quinoa. Pannacci et al. (2019)
reconfirmed the selectivity of S-metolachlor for
quinoa. Merino et al. (2020) found none of the
tested bentazon and fomesafen to have good
selectivity for quinoa unless they were applied in
splits. Abbaspour (2022) tested 23 herbicides
under field conditions and reported that
clethodim and quizalofop-p-tefuryl controlled
grassy weeds by 96 and 81% without injury on
quinoa, respectively.

The study aimed to screen 22 herbicides
(belonging to 11 herbicide groups) to select
potential herbicides for use in quinoa fields.
Unlike the previous research mentioned above,
where only the labeled dose of herbicides has
been tested, the present study was conducted as
a dose-response experiment to investigate the
response of quinoa to different doses of 22
herbicides in semi-field conditions. This is
because if quinoa tolerates dose(s) lower than the
label dose, it is still considered a promising
herbicide since an appropriate safener can
eliminate minor plant burns.

Materials and Methods
The study was conducted under semi-field

conditions (air temperature and relative
humidity were measured between 17-32 °C and



Akbari Darabkhani and et al.

J. Crop Prot. (2024) Vol. 13(4)

21-34%, respectively) in the summer of 2022 at
Bu-Ali Sina University, Hamedan, Iran. The
Titicaca cultivar of quinoa was used, which was
obtained from the Karaj Seed and Plant
Breeding Research Institute. Brown plastic 2-L
pots with a square section of 13 x 13 x 13 cm
were used for growing the plants. The soil used
to prepare the seedbed had a sandy loam
texture, which was transferred from the
neighboring farm and added into the pots in
equal amounts. Soil characteristics include
12.2% clay, 27.2% silt, 60.5% sand, 12.3 dS/m
electrical conductivity, 7.6 pH, 1.1% organic
matter, 57.2 ppm phosphorus, 368.2 ppm
potassium, and 0.1% nitrogen. For POST- and
PRE-emergence herbicides, 10 and 100 seeds
were planted in each pot, respectively. The
seeds were distributed on the soil surface; then
0.5 cm of soil was added. The initial sub-
irrigation was conducted from beneath the pots
in a leaking manner, while the subsequent
irrigations were performed on the surface,
applying equal amounts every two or three
days. For POST-emergence herbicides, plants
were thinned in two stages to maintain five
plants per pot.

For each of the 22 herbicides tested in this
study (Table 1), a dose-response experiment
was conducted as a completely randomized
design with four replications. The treatments
included the application of 6 rates of each
herbicide (zero, /16, /s, /4, /2, and 1 time the
label rate; Table 1). The maximum rate tested
was equal to the lowest dose labeled for other
crops, which is mentioned on the label. The
PRE-emergence  herbicides were used
immediately after sowing the seeds, and
POST-emergence herbicides were used
immediately at the 3-4 leaf stage of quinoa.
The treatments were applied under open-air
conditions by a battery-powered backpack
sprayer equipped with an 11002 Even Flat Fan
nozzle and calibrated to deliver 230 L ha* at a
pressure of 3 bar.

Four weeks after treatment, the shoots of
the plants were removed from the soil
surface, fresh weight was immediately
weighed, and then dry weight was weighed
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after two days, placing in the oven at 70 °C.
The obtained data were divided by the
number of plants in each pot, and the
fresh:dry weight ratio was statistically
analyzed. The fresh:dry weight ratio of
quinoa shows the degree of burning the plant
against herbicides. The lowest possible ratio
is 1, indicating the entire surface of the
shoots is dried. The closer the ratio is to 1,
the greater the activity of the herbicide
(Rytwo and Tropp, 2001). It should be noted
that some of the data related to PRE-
emergence herbicides, especially the data
related to higher doses, were obtained as
zero (no seedlings had grown). Since the
result of dividing the fresh weight (zero) by
the dry weight (zero) cannot be defined, the
ratio in such cases is considered 1 and then
analyzed.

Data analysis

The response of the fresh:dry weight ratio of
quinoa (Y) to the rates of each herbicide was
analyzed using a non-linear regression method
via the drc package of the R. Based on the
results of the lack-of-fit test (p-value < 0.05),
the 4-parameter log-logistic model (Ritz et al.,
2015) provided an acceptable fit to the data.
Based on the graph of the residuals related to
each dose-response curve, their independent,
random, and uniform distribution was
determined.

y = C+(D-C)
~ {1+exp[B(log(X)-log(EDs()1}

Where, D and C are the maximum and
minimum asymptotes of Y, respectively; EDso
is where Y is halfway between D and C,
donating an effective dose for a 50% reduction
in fresh:dry weight of quinoa; and B is the
slope of the fitted nonlinear-regression line
around EDso. Then, the EDio and EDygy,
denoting an effective dose for 10 and 90%
reduction in fresh:dry weight ratio of quinoa,
were obtained, respectively. The EDs were
estimated at a 95% significance level, and the
standard error of each ED was used to compare
them (Ritz et al., 2015).
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Table 1 Herbicides and doses (Y16, /s, /4, 1/2, & 1 labeled doses) used.

Common name (Group based on 2024 HRAC) Trade name (Formulation) Doses (g a.i. ha't) Method

Clodinafop propargyl (1) Topic® 4,8,16,32, & 64 POST
(8% EC)

Haloxyfop-r-methyl (1) Galant-Super® (10.8% EC) 5.0,10.1,20.2,405, & 81 POST

Pinoxaden (1) Axial® 0.35,0.7,1.4,2.8,&5.6 POST
(5% EC)

Sethoxydim (1) Nabu-S® 23.4,46.8,93.7,1875 &375  POST
(12.5% EC)

Bispyribac-sodium (2) Nominee® 15,3.1,62,125, &25 POST
(10% OF)

Imazethapyr (2) Pursuit® 6.2,12.5, 25, 50, & 100 POST
(10% SL)

Nicosulfuron (2) Cruz® 5, 10, 20, 40, & 80 POST
(4% SC)

Sulfosulfuron (2) Aspirus® 1.2,25,5,10, & 20 POST
(75% WG)

Tribenuron-methyl (2) Granstar® 0.7,1.4,2.8,5.6, & 11.25 POST
(75% DF)

Triflusulfuron-methyl (2) Safari® 1.1,2.25,45,9, & 18 POST
(60% DF)

Bentazon (6) Bazagran® 90, 180, 360, 720, & 1440 POST
(48% SL)

loxynil (6) Totryl® 28.1,56.25,112.5, 225, & 450  POST
(22.5% EC)

Oxyfluorfen (14) Goal® 22.5, 45, 90, 180, & 360 POST
(24% EC)

Clopiralid (4) Lontrel® 11.25, 22.5, 45, 90, & 180 POST
(30% SL)

Chloridazone (5) Pyramin® 165.5, 325, 650, 1300, & 2600  POST
(65% DF)

Metribuzin (5) Sencor® 43.75, 87.5, 175, 350, & 700 PRE
(70% WP)

Linuron (5) Afhalen® 56.25, 112.5, 225, 450, & 900 PRE
(45% SC)

Clomazone (34) Command® 30, 60, 120, 240, & 480 PRE
(48% EC)

Pendimethalin (3) Stomp® 61.8, 123.75, 247.5,495, & 990 PRE
(33% EC)

Trifluralin (3) Treflan® 60, 120, 240, 480, & 960 PRE
(48% EC)

Acetochlor (15) Acenit® 125, 250, 500, 1000, & 2000 PRE
(50% EC)

Phenmedipham (5) + Desmedipham (5) + Bethanal-Progress® 51.3,102.75,205.5, 411, & 822 POST

Ethofumesate (15) (27.4% EC)

Results ED1o, EDso, and EDgy obtained for clodinafop-

The dose-response curves of fresh:dry weight
ratio of quinoa to foliar- and soil-applied
herbicides are shown in Figs. 1 and 2,
respectively. The values of ED1o, EDsg, and EDg
for all herbicides, are estimated in Table 2. The
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propargyl,  haloxyfop-r-methyl,  pinoxaden,
sethoxydim, imazethapyr, and triflusulfuron-
methyl were more than the maximum rate applied
in this study. They were estimated through model
extrapolation. Therefore, they are unreliable
unless they are tested again with higher rates.
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Figure 1 Dose-response curves of the fresh:dry weight ratio of quinoa (shoot) to different doses (labeled dose) of
POST-emergence herbicides.
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Figure 2 Dose-response curves of the fresh:dry weight ratio of quinoa (shoot) to different doses (labeled dose) of

PRE-emergence herbicides.
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Table 2 The dose of herbicide required to reduce fresh:dry weight ratio of quinoa (Chenopodium quinoa) by 10

(ED15), 50 (EDso) and 90% (EDso).

Herbicide (Group based on HRAC) ED1o EDso EDgo

(ga.i.ha?) (g a.i. ha®) (g a.i. ha?)
Clodinafop propargyl 99.84 (9.60) @ 121.60 (18.56) 2 131.84 (34.58) @
Haloxyfop-r-methyl 58.32 (6.48) b¢ 128.79 (11.34) ® 144.18 (72.90) 2
Pinoxaden 111.25 (15.33) @ 12457 (18.12) @ 130.62 (18.12) @
Sethoxydim 195.37 (41.05) © 42750 (61.25) © 708.75 (178.10) ®
Bispyribac-sodium 4.25(0.22) ¢ 7.75 (0.50) «d 13.75 (1.71) ¢
Imazethapyr 95.11 (17.41) ® 153.54 (17.24) 170.38 (16.03)
Nicosulfuron 10.30 (1.43) ¢ 15.87 (0.99) % 24.44 (2.13) ¢
Sulfosulfuron 2.86 (0.39) % 5.79 (0.44) d 11.73 (2.14) ¢
Tribenuron-methyl 1.02 (0.15) f 1.99 (0.13) ¢ 3.91(0.58) ¢
Triflusulfuron-methyl 15.05 (3.51) © 28.29 (5.40) © 30.24 (8.64) °
Bentazon 67.82 (16.70) 9" 275.61 (35.13) % 1118.59 (145.60) ¢
loxynil 39.36 (6.16) f 15.47 (10.66) ¢ 338.80(73.53) °
Oxyfluorfen 15.08 (3.61) 9" 62.13 (7.22) ® 255.60 (64.80) ¢
Clopiralid 10.87 (1.81) ¢ 20.66 (9.18) fo 39.43 (3.42) °f
Chloridazone 218.14 (13.00) f 379.60 (10.40) f 663.01 (49.41) ¢
Metribuzin 68.02 (4.91) f 119.49 (5.39) ® 209.93 (14.00) ¢
Linuron 21.33 (5.41) 1 42.93 (2.70) | 86.41 (9.01) 9"
Clomazone 27.12 (3.40) ¢ 63.36 (4.56) 148.32 (24.00) %
Pendimethalin 103.75 (13.26) ©f 134.30 (8.02) f 173.25 (39.60)
Trifluralin 39.84 (3.26) " 64.70 (2.01) " 105.01 (10.56) ¢
Acetochlor 38.60 (24.01) 75.20 (20.82) | 146.22 (15.88) "
Phenmedipham + Desmedipham + Ethofumesate 39.71 (3.28) 9 74.06 (2.46) 9 138.09 (8.22) f

The numbers in parentheses are standard errors. In each column, the values with the same letter are not different. The letters have been added

to the values as the labeled dose is assumed to be 1.

As it is clear from the dose-response curves,
when the labeled dose of bispyribac-sodium,
nicosulfuron, sulfosulfuron, tribenuron-methyl,
bentazon, ioxynil, oxyfluorfen, and clopyralid
was applied, the fresh:dry weight ratio of quinoa
was close to 1, which indicates that herbicide
injury was complete (100%). When half of the
labeled dose of phenmedipham + desmedipham +
etofomazite, chloridazone, metribuzin, linuron,
clomazone, pendimethalin, trifluralin, and
acetochlor was applied, the fresh:dry weight ratio
of quinoa was 1 or very close to 1. Meanwhile,
when a quarter of the labeled dose of
phenmedipham + desmedipham + etofomazite,
pendimethalin, trifluralin, and acetochlor was
applied, the fresh:dry weight ratio of quinoa was
equal to 1, which indicates quinoa is highly
sensitive to these four herbicides.

Quinoa was the most sensitive to acetochlor
and linuron, so no seedlings grew using one-
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eighth of the labeled rates. To obtain 10, 50, and
90% injury, it was required 2, 4, and 7% of the
labeled dose of acetochlor or 3, 5, and 9% of the
labeled dose of linuron, respectively. Also, the
results showed that the use of less than a quarter
of the labeled dose of acetochlor, linuron,
trifluralin, oxyfluorfen, bentazon,
phenmedipham + desmedipham + etofomazite,
clomazone, clopyralid, chloridazone, ioxynil,
tribenuron-methyl, metribuzin, pendimethalin,
nicosulfuron, sulfosulfuron, and bispyribac-
sodium caused 10% injury to quinoa, showing
the high sensitivity of quinoa to the mentioned
herbicides. Among the herbicides tested, quinoa
had the highest tolerance to pinoxaden and
clodinafop-propargyl. It was estimated that 10%
injury would be achieved by using 1.78 and 1.56
times the labeled dose, respectively, and for 90%
injury, it would be needed to be more than two
times the labeled dose of these two herbicides.
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Regarding sethoxydim, haloxyfop-r-methyl,
triflusulfuron-methyl, and imazethapyr, the
results showed that for 10% injury of quinoa,
half (sethoxydim) to 1 time the labeled dose
(imazethapyr) was needed.

Discussion

Abbaspour (2022) reported more than 75%
injury of quinoa with the labeled dose of
sulfosulfuron, tribenuron-methyl, and
clopyralid. Merino et al. (2020) reported that
bentazon at the labeled dose does not have
selective quality for application in quinoa fields
unless the labeled dose is used as a 2- or 3-split
application. Contrary to the report of Abbaspour
(2022), reporting a 7% injury to quinoa due to
the application of the labeled dose of acetochlor,
in the present study, the application of one-
eighth of the labeled dose of acetochlor
completely prevented the emergence of quinoa
seedlings (Fig. 2). This difference in
observations can be attributed to two reasons: the
difference in experimental conditions (semi-
field versus field), the difference in acetochlor
formulation in terms of inert ingredients
(Acenit® 50% EC in our study versus Surpass
76% EC in Abbaspour's study), or soil type,
quinoa variety, and the spray volume applied.
The selection index is used to choose a
selective herbicide for a crop; it is defined as the
ratio of ED1o of herbicide on the crop to EDgo of
herbicide on the weed (Tind et al., 2009). If the
value of the selection index is > 2, the herbicide
can be used selectively for the crop (Ghirardello
etal., 2021). Although no weed was investigated
in the present study, the labeled dose of
herbicides is recommended based on 90%
control of weeds in fields. With such an
assumption, the selection index for the
herbicides mentioned above for quinoa will be
less than 0.25. For this reason, these herbicides
cannot be considered for use in quinoa. In
addition, among these herbicides, there are
herbicides of group B (tribenuron-methyl,
nicosulfuron, sulfosulfuron, and bispyribac-
sodium), which have residues for the year after
application (Melo et al., 2016). Due to the high
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sensitivity of quinoa to very low doses of these
herbicides, the cultivation of quinoa might be
avoided after wheat (if treated with tribenron-
methyl and sulfosulfuron), corn (if treated with
nicosulfuron), and rice (if treated with
bispyribac-sodium). de Barros-Santos et al.
(2003) reported that the application of imazaquin
and clomazone at 206 days before planting
qguinoa caused significant injury to quinoa.
However, they reported that trifluralin and
pendimethalin had no residual effect on quinoa
growth. Moreover, due to the significant injury
or death of quinoa seedlings caused by the low
doses of the mentioned herbicides, exposure of
quinoa to spray drift or tank contamination
should be of concern to quinoa growers.
Therefore, caution should be used when using
these herbicides near quinoa fields. However,
based on the results obtained, it can be expected
that applying the mentioned herbicides to the
relevant crops can effectively control volunteer
quinoa.

Quinoa had the highest tolerance to
pinoxaden and clodinafop-propargyl. Similarly,
Abbaspour (2022) observed no injury to quinoa
with the application of clodinafop-propargyl at
its labeled dose. With the previously mentioned
assumption, it seems that the selection index for
pinoxaden and clodinafop-propargyl on quinoa
is higher than 2. Therefore, they can be
considered for use in quinoa fields. Pinoxaden
and clodinafop-propargyl are from herbicide
group A, which are a graminicide and are usually
not lethal on dicotyledonous plants (Zand et al.,
2021). Therefore, the reason that quinoa was
unaffected by pinoxaden and clodinafop
propargyl can be related to the lack of binding of
the herbicide to the heteromeric isomer of acetyl
coenzyme A carboxylase, which is different
from that found in grasses (homomeric).
Therefore, the two possible fates that could be
followed for these herbicides in quinoa are (1)
the decomposition of the herbicide into non-
toxic compounds and (2) the incorporation of the
herbicide into different parts of the cell without
molecular change. The herbicide may be
inactivated by binding to an intracellular
molecule (e.g., a sugar) or it may move and be
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deposited from metabolically active areas of the
cell to inactive areas (e.g., the cell wall) where it
has no effect. In this case, after consuming the
cell (plant) by animals or humans, the herbicide
is released from the substance attached to it and
can cause various diseases. The phenomenon of
herbicide incorporation in some group A
herbicides has already been reported (Konishi
and Sasaki, 1994). For this reason, if residues of
these two herbicides do not remain in quinoa due
to metabolism (first fate), they can be
recommended for use in quinoa fields after
carrying field-based tests.

Regarding sethoxydim, haloxyfop-r-methyl,
triflusulfuron-methyl, and imazethapyr, the
results showed that for 10% injury of quinoa,
half (sethoxydim) to about the labeled dose
(imazethapyr) was needed. Similarly, Pannacci
et al. (2019), who investigated the effect of
triflusulfuron-methyl on quinoa yield under field
conditions, reported that the injury caused by
triflusulfuron-methyl was insignificant. Later,
the symptoms of injury disappeared, and the
quinoa was recovered. Nevertheless, they
reported that the treatment of triflusulfuron-
methyl application caused a decrease in the seed
yield of quinoa from 1990 to 951 kg ha™. The
reason for this decrease was the ineffectiveness
of triflusulfuron-methyl in controlling certain
types of weeds in the field, not herbicide injury
to quinoa. Although they did not specify the
tolerant weed species(s), they listed weeds,
including redroot amaranth (Amaranthus
retroflexus), common purslane (Portulaca
oleracea), barnyard grass (Echinochloa crus-
galli), common lambsquarters (Chenopodium
album), and black nightshade (Solanum nigrum).
Absence of injury using the labeled amount of
sethoxydim and haloxyfop-r-methyl to quinoa
was reported by Abbaspour (2022).

In conclusion, this study showed that
pinoxaden and clodinafop-propargyl can be used
as selective herbicides in quinoa fields due to no
injury, provided they are degraded in the plant.
Since both are graminicides, another method,
such as hand weeding should be taken to control
broadleaf weeds in the quinoa field. Although
quinoa tolerated doses lower than the labeled
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dose of sethoxydim, haloxyfop-r-methyl,
triflusulfuron-methyl, and imazethapyr, they can
be considered as promising herbicides because
minor injuries can be removed by using an
appropriate herbicide safener. For example, the
results of the application of salicylic acid as an
herbicide safener to increase the tolerance of
corn to the non-selective herbicide sethoxydim
have been reported by Shafei et al. (2022). It is
necessary to evaluate the efficacy of selected
(pinoxaden and clodinafop-propargyl) and
promising (sethoxydim, haloxyfop-r-methyl,
triflusulfuron-methyl, and imazethapyr)
herbicides under lambsquarters-infested field
conditions. Lambsquarters is a troublesome
weed that is a close relative of quinoa.
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