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ABSTRACT

Amaranthus retroflexus (L.) is one among the most common weeds that invade different
cropping systems in Turkiye. This study investigated seed germination response of A.
retroflexus to various environmental factors such as temperature, sodium chloride
concentrations, light conditions, pH, osmotic stress and soil burial depth. Additionally,
this research also investigated the potential of various post-emergence herbicides to
control A. retroflexus. The germination test at the start of the experiments showed that
seeds were non-dormant and viable, with 98% germination within three days. The
highest germination percentage (98%) of A. retroflexus was achieved at a temperature of
25°C. Salinity exerted significantly negative effect on the germination and no seed
germinated at 200 mM sodium chloride concentration. Similarly, osmotic potential also
inhibited germination significantly and germination percentage was 18% or lower at -0.4
MPa or higher osmatic potential. Meanwhile, light had no significant effect on
germination, and a soil depth of 0-4 cm was found as the most suitable for emergence of
A. retroflexus. Among the post-emergence herbicides, clopyralid and 2,4-D proved the
most effective to control A. retroflexus.

Key Words: A. retroflexus, germination, moisture stress, temperature, herbicide
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Amaranthus retroflexus (L.), Turkiye'deki gesitli ekim sistemlerini istila eden en yaygin
yabanci otlardan biridir. Bu calisma A. retroflexus'un tohumlarinin ¢imlenmesinin
sicaklik, sodyum kloriir konsantrasyonu, isik kosullari, pH, ozmotik stres ve toprak
gomilme derinligi gibi cesitli c¢evresel faktorlere verdigi yaniti arastirmayi
amagclamaktadir. Ayrica, bu arastirmada A. retroflexus’un gesitli ¢ikis sonrasi herbisitlerle
kontrol edilebilme potansiyeli de degerlendirilmistir. Calismanin baslangicinda yapilan
¢imlenme testi, kullanilan tohumlarin uyku halinde olmadigini ve canli oldugunu
gostermis; tohumlar Gg¢ gin icinde %98 oraninda ¢imlenme basarisi saglamistir. A.
retroflexus tohumlarinin maksimum g¢imlenme oranina (%98) 25°C sicaklikta ulasildigi
belirlenmistir. Tuzluluk, ¢cimlenme Uzerinde énemli 6l¢lide olumsuz bir etkisi yaratmis;
200 mM sodyum kloriir konsantrasyonunda higbir tohum c¢imlenmemistir. Benzer
sekilde, ozmotik potansiyel de ¢imlenmeyi 6nemli olglide engellemis; -0,4 MPa veya
daha yiiksek ozmatik potansiyellerde ¢imlenme orani %18’in altinda kalmistir. Ote
yandan, isik kosullarinin ¢gimlenme Uzerinde anlamli bir etkisi olmadigi gézlemlenmistir
ve A. retroflexus tohumlarinin gikisi igin en uygun toprak derinligi 0-4 cm araligi olarak
tespit edilmistir. Cikis sonrasi yapilan herbisit uygulamalari arasinda en etkili maddeler
clopyralid ve 2,4-D olarak belirlenmistir.

Anahtar Kelimeler: A. retroflexus, cimlenme, su stresi, sicaklik, herbisit
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Introduction

The global cropping systems face numerous
constraints due to which the productivity and
sustainability of these cropping systems s
compromised. These constraints can be grouped
as biotic and abiotic ones, and weeds are one
among the most important biological constraints
(Ahmad, 2023). Globally, the

agriculturally important weeds ranges between

number of
300 to 500, and Amaranthus retroflexus L. is one
among such agriculturally important weeds,
which are extremely obnoxious, problematic and
invasive. This weed is known with several

common names such as redroot pigweed,
common amaranth, careless weed and redroot
etc.

Although A.

retroflexus is now distributed across numerous

native to North America,
countries in Africa, Asia, Australia, Europe and
South America continents (Sauer, 1967; Mandak
et al., 2011; Qin et al., 2018; CABI, 2021).
Amaranthus retroflexus is one among the noxious
weeds and is a challenge in several arable crops
such as potato (lamonico, 2010; Siddiqui and
Jabran, 2025; Ahmad and Jabran, 2025), soybean
(Bensch et al., 2003; Lu et al., 2024), beans
(Turker and Coruh, 2023), apple (Ustuner, 2017),
maize (Desai et al., 2025), cotton (Suer and
Tursun, 2024), tomato (Qasem, 2018) and red
kidney bean (Amini et al., 2014). In addition to the
arable crops, the weed is also a serious issue in
fruit orchards (Dudic et al., 2020). In addition to
being a strong competitor against crop plants, A.
retroflexus is also a stronger competitor against
other weeds such as A. tricolor L. (Li et al., 2024).
Other than the agricultural areas, the weed also
infests the non-cropped areas and may damage
the infrastructure and recreational areas. The
presence and high infestation of this weed in a
variety of agricultural landscapes is due to its
adaptability to diverse environmental conditions,
high genetic variability, phenotypic plasticity and
high seed production (Costea et al.,, 2004;
Mandak et al., 2011; Khan et al.,, 2021). An
individual plant can produce 25,000 to 500,000
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seeds depending on the weather conditions,
resource availability and nature of competition
(Costea et al., 2004).

Studies on biology and ecology of a weed are
important to better understand the growth
the

management strategies accordingly. Although, A.

behavior of a weed and formulate

retroflexus is known as one of the most
problematic weeds around the globe, the aspects

of this weed such as seed viability (Uremis and

Uygur, 2005) and control with herbicides
(Kahramanoglu, 2014) have been studied in
Turkiye but there has been very limited

information regarding biology and ecology of this
weed in the perspective of Turkish cropping
this
determining the effect of different environmental

systems. Hence, study was aimed at
factors on seed germination of A. retroflexus.
Further, the study also investigated the effect of
different herbicides on control of the weed under
greenhouse conditions. The information on the
response of this weed to different environmental

conditions will be helpful in better formulating

the management strategies under field
conditions.

Materials and methods

This research was conducted at the
Department of  Plant  Production and

Technologies, Nigde Omer Halisdemir University,
Nigde, Turkiye during the summer season of
2024. Seeds of A. retroflexus were collected from
a wide variety of environments, including crop
fields, non-cropped lands, roadsides and fruit
orchards during August to October 2023. A
completely randomized design (CRD) with five
replications was used to conduct the experiments
under laboratory and greenhouse conditions.
Germination assays were conducted by placing
20 seeds
containing two layers of Whatman No. 1 filter

in Petri dishes (9 cm diameter)
paper moistened with 5 ml of distilled water to
determine dormancy and germination rate. The
dishes were placed in an incubator (WiseCube®
SI-ML) at 25°C temperature. The seeds were
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considered germinated when visible protrusion of
the
continued for 2 weeks, and germination was

radicle was observed. The experiment
recorded in each Petri dish.

Germination was observed under different
temperature regimes, i.e., 5, 10, 15, 20, 25, 30, 35
and 40°C by placing 20 seeds on filter paper in
Petri dishes moistened with 5 ml distilled water.
These dishes were kept in the incubator at
respective temperature regimes for 14 days, and
data of germination was recorded.

The effect of salinity was assessed by placing
20 seeds on filter paper in Petri dishes moistened
with 5 ml solutions of 0, 25, 50, 100, 150, 200,
250 and 400 mM of sodium chloride. These dishes
were incubated at 25°C temperature for 14 days,
and data of germination was recorded.

The impact of different osmotic potentials on
germination was assessed by placing 20 seeds on
filter paper in Petri dishes with 5 ml polyethylene
(PEG 6000) solutions of 0, -0.2, -0.4, -0.6, -0.8, and
-1.0 MPa pressure. These dishes were placed in
an incubator at 25°C temperature, and data of
germination was recorded at the end of
experiment.

The effect of different light duration on

germination was assessed by placing the seeds in
Petri dishes with light treatments of 24 h dark; 12
h light/12 h dark; and 24 h light. These Petri
dishes were incubated at 25°C temperature for 14
days, and data of germination was recorded. For
light conditions, seeds were placed according to
required light conditions while for 24 h dark, Petri
dishes were covered with aluminum foil.

The impact of seed sowing depth on seedling
emergence was determined in the greenhouse.
Thirty seeds were seeded at depths of 0, 2, 4, 6, 8,
and 10 cm by using plastic pots (depth x diameter
= 22.5 x 16.5) filled with a mixture of compost
and perlite (2:1). Pots were irrigated regularly
throughout the experiment. The emergence
count was done on a regular basis from each pot.

A pot experiment was conducted to determine
the impact of herbicide on the suppression of A.
retroflexus. Fifteen seeds of A. retroflexus were
seeded at 2 cm depth in plastic pots (depth x
diameter = 22.5 x 16.5). A compost and perlite
mixture (2:1) was used to fill the pots and seeds
were seeded in each pot. At the four-leaf stage,
the seedlings were sprayed with six different
herbicides as mentioned in Table 1.

Table 1: List of herbicides used for the control of Amaranthus retroflexus in this study

Treatment

Dose (ml/ha)

Glufosinate ammonium (Phaeton 100)
2,4-D (Kor-ester)

Clopyralid (Phaeton 100)

Glyphosate (Sonround)

2,4-D + picloram (Telson 101)

Pinoxaden + cloquintocet-mexyl (Safener)

3000
1500
1000
3000
1000
900

There was a control treatment in which
herbicides were not applied. Seedlings’ survival
rate was determined at 28 days after herbicide
treatment with the criterion of at least one green
The

survived/remained portion of the plants was cut

leaf on the plant indicating survival.

Control (%)

__dryweight of weeds in control— dry weight of weeds in treated pot

from the pot surface and kept in an oven at 70°C
for 72 h to measure their dry biomass using a
sensitive measuring scale (ATX24, SHIMADZU),
and the percent control from each herbicidal
treatment was determined by using the formula:

X 100

dry weight of weeds in control
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Statistical analysis

The data for the temperature, light, sowing
depth and herbicides were analyzed using
Analysis of Variance (ANOVA) with Statistix 8.1
software. The mean differences were determined

Y = Ymax /{1 + exp[ - (x - x0)/b]}

Here, Y shows germination percentage, Ymax is
the maximum germination percentage, x0 is the
treatment value required for achieving 50%

germination, and b is the slope of the curve.

Results and Discussion

using the least significant difference (LSD) test at
a 5% probability level. Germination, osmotic
potential and salinity data were modeled by using
a three-parameter sigmoid model with the help of
SigmaPlot 15.0 software.

(2)

The germination test conducted at the start of
the studies showed that the A. retroflexus seeds
(being used in this research) were viable and
completed germination within three days after
seeding. Moreover, the seeds possessed a high
(Fig. 1). This
confirmed that the weed seeds were viable and

germination percentage (98%)

non-dormant.
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Fig. 1: Germination percentage of Amaranthus retroflexus seeds used for different studies in this research.

Different concentrations of sodium chloride
had a significant influence on the germination of
A. retroflexus (Fig. 2). Germination rate decreased

451

with increase in the sodium chloride

concentration and no germination was achieved

an

at 200 mM concentration.
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Fig. 2. Effect of different concentrations of sodium chloride on the germination of Amaranthus retroflexus.

Application of sodium chloride solution with a
concentration of 75.8 mM caused a 50%
reduction in the germination. Similarly different
levels of osmotic stress also had a significant
effect on the germination (Fig. 3). The

germination decreased with an increase in
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osmotic stress. A 50% reduction in germination
was recorded at the osmotic potential of -0.25
MPa. At the osmotic potential of -0.4 MPa or
higher the germination was close to complete
inhibition with a
between 18 and 0%, respectively.

germination percentage
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Fig. 3. Effect of different osmotic potential levels on the germination of Amaranthus retroflexus.

The temperature regimes were found to have
a significant effect on germination (Fig. 4). No
seeds were germinated at the temperature levels
of 5°C and 10°C while the highest germination
(98%) was noted at 25°C followed by 30°C (92%)
although both of these levels were statistically
similar. At temperature levels of above 30°C, i.e.,
at 35°C and 40°C, germination of the weed was

significantly decreased compared to the
germination at 25°C. Hence, this work
demonstrated that the optimal temperature

range to achieve maximum germination was 25-
30°C. Temperature is one among the most
important abiotic factors that not only influence
the germination but also the growth of any plant
species. A previous study from the United
Kingdom reported that a temperature range
between 25 and 40°C (Ghorbani et al., 1999). The
effect A.
retroflexus germination has also been studied
recently (Safavi et al., 2023), which indicated that

a day/night temperature of 25/18°C was optimum

of alternating temperatures on

for germination of the three weed populations in
the study. Another study on nine Amaranth spp.
showed that the optimal temperature for

achieving the maximum germination was more
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than 20°C proving the requirement of specific
temperature for its germination (Steckel et al.,
2004). A reduced germination of the weed at
temperatures of <20°C or >30°C shows that this
weed germinates/achieves maximum germination
only when the temperature conditions are
favorable (Vidotto et al.,, 2013; Travlos et al.,
2020).
inevitable for activation of enzymes, which are

Favorable temperature conditions are

precursor to the germination process (Guzman-
Ortiz et al., 2019).

Different light conditions, i.e., 24 h dark, 12 h
light/12 h dark and 24 h light could not cause a
major impact on the germination of A. retroflexus
and seeds from all the light regimes had more
than 90% germination (Fig. 5). Different sowing
depths were found to have a significant effect on
A. retroflexus emergence (Fig. 6). The highest
emergence, i.e., 80% was recorded for the A.
retroflexus seeds which were placed at 2 cm soil
depth followed by the ones placed at 4 cm soil
depth (62% and O (58%
emergence). No emergence was noted at the
depth of 8 and 10 cm.

The than
temperature also influenced the germination of

emergence) cm

environmental factors other
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A. retroflexus except for the light conditions,
which had a neutral effect on the weed. As the
seeds were able to germinate even under dark
conditions, a thin soil layer or a fine mulch cover
will not be able to inhibit the germination of this
weed species (Chauhan and Johnson, 2010; Batlla
and 2014). Moreover,
germination of A. retroflexus was reduced under
saline conditions and it had a moderate level of
sensitivity against salinity stress (Nikolic et al.,

Benech-Arnold,

2023). Similarly, the weed was also sensitive to
moisture stress as it is evident from its reduced

germination under the osmotic stress (Singh et

al., 2022).

Seed burial depth can have implications for
cultural control of any weed (Sousa-Ortega et al.,
2023). Seed germination of A. retroflexus was
significantly reduced at 6 cm and it was
completely inhibited at 8 cm soil depth. This
implies that tillage to a depth of 8 cm or even
deeper will help to place seeds of this weed to a
level from which these cannot emerge (Ghorbani
et al., 1999; Chauhan, 2012). A previous study
reported a soil depth of 0.5-3 cm as optimum for
germination of A. retroflexus (Ghorbani et al.,
1999).
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ig. 4. Effect of different temperature levels on the germination of Amaranthus retroflexus.
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Fig. 5. Effect of different light duration on the germination of Amaranthus retroflexus. LO = 24 h dark; L12 =

12 h light/12 h dark; L24 = 24 h light
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Fig. 6. Effect of different sowing depths on the emergence of Amaranthus retroflexus.

The results obtained from the herbicide
experiment showed that weed control percentage
was statistically varied among the applied
herbicides (Table 2). The lowest weed dry weight
of 0.43 g and the highest control (90.6%) of A.
the herbicide
clopyralid and this was followed by the weed
control, which was achieved after application of
2,4-D (Table 2). The herbicides evaluated were

different for their effect on A. retroflexus, and

retroflexus was recorded for

clopyralid and 2,4-D were the most effective
herbicides. There has been sufficient evidence in
literature that these two herbicides are effective
not only to control A. retroflexus but also
effective to suppress other weeds in the genus
Amaranthus (Chitband et al.,, 2020; Kaur et al.
2024). Two recent studies reported that the
herbicide clopyralid was effective to control A.
retroflexus and A. palmeri (Chitband et al., 2020;

Kaur et al. 2024).

Table 2: Effect of herbicide application on the dry weight and control percentage of Amaranthus retroflexus

Treatments Dry weight (g/plant) Control (%)
Control 4.58a Oe
Glufosinate ammonium (Phaeton 100) 2.94b 35.8d
2,4-D (Kor-ester) 0.86d 81.3b
Clopyralid (Phaeton 100) 0.43e 90.6 a
Glyphosate (Sonround) 1.81c 60.4 ¢
2,4-D + Picloram (Telson 101) 1.02d 77.6 bc
Pinoxaden + Cloquintocet-mexyl (Safener) 1.89¢ 58.7c¢c

LSD (0.05) 0.28 3.5

The means not sharing a letter in common differ significantly at p =0.05 according to the least significant

difference (LSD) test.

In this study, six herbicides were tested to
manage A. retroflexus but only clopyralid was
found to control the weed by >90%. Another
herbicide 2,4-D was also reasonably effective and
provided >80% control of the weed while the
level of weed suppression provided by other
herbicides in the study was not satisfactory and
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may not be acceptable by farmers.
Conclusion
The results of this study showed that the seed

retroflexus had a >90%

germination and received a significant influence

germination of A.
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from various environmental factors such as
salinity, osmotic potential, temperature, pH and
depth.

including salinity, pH and osmatic potential had a

seed burial Environmental factors
negative effect on the germination of this weed.
The light conditions had no effect while a
temperature of 25°C was found as the most
suitable for the weed germination. The most
effective post-emergence herbicide to control this

weed were clopyralid and 2,4-D.
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