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Abstract: Wild mustard (Sinapis arvensis L.) and milk thistle (Silybum marianum (L.) Gaertn.) are two
competitive broad-leaved weeds commonly found in cereals in Europe, while several weed species have
developed resistance to the main herbicides that are applied on these crops. Thus, the implementation
of integrated weed management (IWM) programs is of great importance. Field experiments were
conducted based on a split-plot design with two factors (sowing date and herbicides). Our results
showed that the density of wild mustard and milk thistle was higher in the early sowing compared
to the late sowing, while the total weed density was up to 75% higher in early sowing. Moreover, the
herbicides florasulam + 2.4-D and bromoxynil + 2.4-D exhibited high efficacy (>98%) against milk thistle
and wild mustard, while tribenuron-methyl and florasulam + clopyralid provided greater efficacy in
the late sowing compared to the early sowing. Among the four herbicides, the lowest dry biomass
and grain yield of wheat were observed in tribenuron-methyl and florasulam + clopyralid, while in the
weed-infested treatment, the highest values of both parameters were recorded in late sowing. Finally,
the results showed that the sowing date is a cultural weed control method that should be implemented
in IWM programes, since it can affect both weed density and herbicide efficacy.

Keywords: climate change; cultural practices; integrated weed management; milk thistle; wild mustard

1. Introduction

Weed control in winter cereals is key to achieving high yields and, for many decades,
it has been based on herbicide application. Due to the frequent application of herbicides
with the same mode of action, the number of weed species with resistance to herbicides is
constantly increasing. In recent years, several broad-leaved and grass weed species have
developed resistance to acetolactate synthase (ALS) (e.g., sulfonylureas) and Acetyl-CoA
carboxylase (ACCase) inhibitors (e.g., aryloxphenoxy-propionates (FOPs)), respectively.
For instance, populations of wild oat (Avena sterilis L.), Italian ryegrass (Lolium multiflo-
rum Lam.), and small canary grass (Phalaris minor Retz.) were reported to be resistant
to aryloxphenoxy—propionate (FOPs) herbicides (e.g., fenoxaprop-P-ethyl, clodinafop-
propargyl) [1-3]. Similarly, wild mustard (Sinapis arvensis L.), catchweed (Galium aparine
L.), garland chrysanthemum (Glebionis coronaria L.), and corn poppy (Papaver rhoeas L.) are
some examples of common broad-leaved weed species with resistance to various herbi-
cides (e.g., tribenuron-methyl, mesosulfuron-methyl + iodosulfuron-methyl-sodium, and
metsulfuron-methyl) belonging to the sulfonylureas class [1,4-6].

Adjustment of the sowing date is a cultivation practice that significantly contributes
to weed management [7-10], as well as to the reduction in crop damage by insects [11]
and diseases in cereals [12-14]. Moreover, it is also important to mention that this culti-
vation practice can affect grain yield [15,16] and quality parameters such as protein and
gluten content [14]. Thus, due to climate change and the increased temperatures [17], an
appropriate adjustment of the sowing date should be made for various crops [18,19].
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The increasing intensity of weed populations with resistance to herbicides highlights
the importance of implementing integrated weed management programs in cereals pro-
duction to limit this serious problem [9,20]. Interesting experimental findings addressing
the impact of sowing date on the density of some weed species have been published. In a
study conducted in Germany, Gerhards et al. [9] observed that the late sowing in autumn
caused a noticeable reduction in black-grass (Alopecurus myosuroides Huds.) density in
winter barley (Hordeum vulgare L.) and wheat compared to early sowing; it is important to
point out that the sowing dates differed by about 10 days as a minimum. Similarly, Farooq
and Cheema [21] examined the effects of three sowing dates on the weed density in wheat
and observed that the highest values for this parameter were recorded in the early sowing.
In contrast, Sharma et al. [22], in India, observed that the late sowing (December 25) of
wheat caused a noticeable increase in the density and biomass of various weed species
such as scarlet pimpernel (Anagalis arvensis L.) and fineleaf fumitory (Fumaria parviflora
Lam.) compared to the early sowing (November 15). In another study conducted in Italy,
Ingraffia et al. [10] observed that, in a wheat crop grown under a no-tillage system, the
late sowing (around 20 December) increased the mean abundance of common chicory
(Cichorium intybus L.) and bristly oxtongue (Helminthotheca echioides (L.) Holub; synonym
Picris echioides L.) by up to 90.6% and 73.4%, respectively, compared to sowing carried out
about a month earlier. In the latter study, similar results were observed for weed biomass.
Thus, the above-mentioned results reveal that the impact of sowing date on weed flora
depends on the weed species and the environmental conditions prevailing in an area.

Wild mustard and milk thistle (Silybum marianum (L.) Gaertn.) are broad-leaved weeds
commonly found in cereal fields [23,24]. Both weed species exhibit high competitive ability
against cereal crops such as wheat (Triticum aestivum L.) [23,24]. According to Zargar
et al. [23], wheat yield losses due to wild mustard competition ranged from 8.9% to 56.5%
depending on its density in the field. Similarly, Khan and Marwat [25] observed that milk
thistle competition reduced wheat productivity by up to 37%, while its competitive ability
depended on its density in the field and weather conditions, mainly rainfall, during the
growing period of the crop. Based on these data, the effective control of both weed species
is important to avoid high yield losses in cereal crops.

Therefore, the purpose of this study was to assess the effects of sowing (early and
late) on the density of milk thistle and wild mustard, the efficacy of herbicides (tribenuron-
methyl, florasulam + clopyralid, florasulam + 2.4-D, and bromoxynil + 2,4-D) against these
broad-leaved weeds on the two sowing dates, and the interaction effects of both factors
on durum wheat (Triticum durum Desf.) cultivation (e.g., plant height, relative chlorophyll
content, dry biomass, and grain yield).

2. Materials and Methods
2.1. Experimental Site and Design

Field experiments were conducted in 2018/19 and 2019/20 at the experimental farm of the
Department of Agriculture Crop Production and Rural Environment (DACPRE), University
of Thessaly, in the Velestino region. In both seasons, the preceding crop was milk thistle. The
latter species is a medicinal plant that is mainly cultivated for silymarin production [26], while
it is also a weed with high competitive ability as mentioned above. The durum wheat variety
Simeto was cultivated in both seasons. Sowing was performed with a cereal seeder machine
in rows with a spacing of 0.18 m and at seeding rates of 250 and 270 kg ha~! in early and late
sowing, respectively. The main cultural practices that were applied on the wheat are described
in Table 1. The total recorded rainfall during the growing season (November to June) was
283.9 and 377.3 mm in 2018/19 and 2019/20, respectively, while the mean temperature for
the same period was 12.4 and 13.1 °C in 2018/19 and 2019/20, respectively, as presented in

Figure 1.
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Table 1. Soil properties and main cultural practices applied on the wheat crop.

Soil Properties

sandy clay loam clay 26%, sand 38%, and silt 36%
pH (1:1 soil to water ratio) 74

Cultural practices

Field plowing at a depth of 25-30 cm in

Primary tillage September

Secondarv tillage Field cultivator was used twice before sowing
ytag for seedbed preparation

Fertilization The fertilizer 16-20-0 was applied at a rate of

300 kg ha=! (48, 60, and 0 kg N, P05, and K,0O

I Basal application per ha, respectively) at sowing.

The inorganic fertilizer calcium ammonium
nitrate (26-0-0) was applied at a rate of 300 kg
ha=1 (78,0, and 0 kg N, P,05, and K,O per ha,
respectively) at the tillering stage (20 February
in both growing seasons)

II. Top dressing
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Figure 1. Mean air temperature (°C) during the growing period in 2018/19 (left) and 2019/20 (right).

The experiments were conducted based on a split-plot design with two factors and
three replicates. The main plot factor was the sowing date, while the subplot factor was the
herbicides. The treatments for both factors are described in Table 2, and the subplot size
was 6 m?. The early sowing was through 15 November, while the late sowing took place
after the middle of November. The exact sowing dates were chosen based on the weather
conditions, mainly from the rainfall recorded in early November. Moreover, the herbicides
were applied at the tillering stage using a field plot sprayer with flat fan nozzles, a spray
volume of 300 L ha~!, and a pressure of 250 kPa.

2.2. Sampling and Measurements

To determine the impact of the sowing date and the herbicides on the durum wheat
crop, several plant parameters (height, aboveground dry biomass, relative chlorophyll
content, 1000-grain weight, ear length, and seed yield) were recorded. The plant’s height
and ear length were measured in 5 representative plants randomly selected from the central
rows of each subplot on 7 May and 5 May in 2019 and 2020, respectively. Moreover, the
relative chlorophyll content (SPAD readings) was measured in flag leaves at the same
sampling date using the SPAD-502 chlorophyll content meter. This method has also been
used in other studies [27,28]. Moreover, to determine the dry biomass, wheat samples were
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taken by cutting plants on an area of 0.5 m? in each subplot, and were dried in an oven at
60 °C for 96 h.

Table 2. Description of treatments for sowing date and herbicides.

Main Plot Factor (Sowing Date)

Early sowing: 13 and 7 November in 2018 and 2019,
Treatments respectively

Late sowing: 23 and 19 November in 2018 and 2019,

respectively

Subplot factor (Herbicides)

Weed-infested

Weed-free

florasulam + 2.4-D (dose: 5 + 240 g a.i. (active ingredient)
Treatments ha-1 )

bromoxynil + 2.4-D (dose: 420 + 420 g a.i. ha™!)

tribenuron-methyl (dose: 15 g a.i. ha™!)

florasulam+ clopyralid (dose: 3.75 + 45 g a.i. ha™1)

The harvest was conducted mechanically (harvest width 1.4 m) on 19 June and 2 July
in 2019 and 2020, respectively. The delay of the harvest in the second growing season was
due to a technical failure of the experimental harvesting machine. In addition, following
the harvest, the 1000-grain weight was calculated by weighing three samples of 100 grains
per subplot [29].

The density and biomass of the milk thistle, wild mustard, and other broad-leaved
weeds were measured on 8 May and 6 May in 2019 and 2020, respectively, on an area of
0.5 m? in each subplot. Drying of the weed samples was carried out by the same method as
previously described for wheat. Finally, the herbicide efficacy (HE) was determined based
on the weed biomass (WB) data using the following equation [30]:

(WB in the weed infested plots) — (WB in the herbicide plots)
WB in the weed infested plots

HE(%) = 100 x

2.3. Statistical Analysis

The data for both the herbicide efficacy and the wheat parameters are expressed as
mean values of three replications. The statistical analysis was performed using SigmaPlot
12 software (Systat Software, San Jose, CA, USA). A two-way analysis of variance (ANOVA)
was used to determine the effects of the sowing date, the herbicides, and their interaction on
the parameters under investigation. Fisher’s least significant difference (LSD) test was then
used to determine the significance of the differences between the treatments for the main
plot and subplot factors at p = 0.05. The data are presented separately for the sowing date
and the herbicide treatments when there was no interaction between the two factors. The
statistical analysis of the wild mustard, milk thistle, and total weed density was conducted
according to a randomized complete block design (RCBD) with 3 replications. The LSD test
was also used to determine the significance of the differences between the sowing dates.

3. Results
3.1. Weed Density

The density of the main weeds was recorded at the early and late sowing treatments.
Milk thistle and wild mustard were the weed species studied in two experiments. Our
results revealed that the sowing date affected the density of these weeds (Table 3). The milk
thistle density was higher in the early sowing treatment compared with the late sowing
in both experimental years. Similar results were recorded for wild mustard. The greatest
density of this species (7 and 22 plants m~2 in 2018/19 and 2019/20, respectively) was
observed in the early sowing. Moreover, the total weed density was up to 75% higher in the
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early sowing compared to that in late sowing. Generally, the greatest values for milk thistle,
wild mustard, and total weed density were recorded in the second experimental year.

Table 3. Milk thistle, wild mustard, and total weed density as affected by the sowing date (early and
late sowing).

2018/19
Sowing Date Milk Thistle Wild Mustard Total Weed Density
(Plants m~2) (Plants m~2) (Plants m~2)
Early sowing 11.75a! 7.00 a 57.75a
Late sowing 1.00b 2.50b 17.50b
LSDs9, 9.190 4.478 31.342
ANOVA
F values 25.329 * 18.692 * 30.53 *
2019/20
Sowing Date Milk Thistle Wild Mustard Total Weed Density
& (Plants m~2) (Plants m~2) (Plants m~2)
Early sowing 31.67 a 22.00 a 72.67 a
Late sowing 7.00Db 7.33Db 18.00 b
LSDsg, 12.503 11.740 12.748
ANOVA
F values 72.053 * 28.896 * 340.453 **

1 Means followed by the same letters do not significantly differ with Fisher’s least significant difference (LSD) test.
ns: not significant; * and ** indicate significant differences at p < 0.05 and p < 0.01, respectively.

3.2. Herbicides Efficacy

In both years, the herbicides bromoxynil + 2.4-D and florasulam + 2.4-D exhibited high
efficacy (>99%) against milk thistle, and it is important to point out that the sowing date had
no significant effect on the efficacy of these herbicides (Table 4). In contrast, the impact of
the sowing date on tribenuron-methyl and florasulam + clopyralid efficacy was noticeable,
because there was an increase in the efficacy of both herbicides in late sowing. Among the
four herbicides evaluated in this study, tribenuron-methyl provided the lowest efficacy
(49.5-72%) against milk thistle. Concerning the herbicides’ efficacy against wild mustard,
our results revealed that the highest efficacy was recorded for the herbicides bromoxynil +
2.4-D and florasulam + 2.4-D, while florasulam + clopyralid exhibited the lowest efficacy
(82.1-86.5%). Regarding the effects of the sowing date on the herbicides’ efficacy against
wild mustard, our results showed that the efficacy of herbicides tribenuron-methyl and
florasulam + clopyralid was greater in late sowing.

3.3. Relative Chlorophyll Content (SPAD Readings)

The relative chlorophyll content in 2018/19 was higher than in 2019/20. In 2018/19,
the sowing date did not affect the SPAD readings (Fsowing date(sp) = 1.486, p = 0.235), while
among the herbicide treatments, significant differences (Fperpicides(t) = 13-673, p < 0.001) were
observed with the highest values recorded in florasulam + 2.4-D, bromoxynil + 2.4-D, and the
weed-free treatments (Figure 2). The lowest SPAD values were recorded in the weed-infested
treatment and were up to 9.1% lower compared to that in florasulam + 2.4-D. In 2019/20, there
was an interaction between the sowing date and the herbicides (Fsp x i = 3.417, p = 0.018). The
SPAD values in the weed-infested treatment were about 7% higher in late sowing compared
to that in early sowing. Among the four herbicides, the lowest SPAD values were observed in
tribenuron-methyl and florasulam + clopyralid.
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Table 4. Herbicides’ efficacy as affected by the sowing date (early and late sowing) and the herbicide
treatments (bromoxynil + 2.4-D, florasulam + 2.4-D, florasulam + clopyralid, tribenuron-methyl,
weed-free, and weed-infested).

Herbicides Efficacy (%)

2018/19

Sowing Date Sowing Date
Early Late Early Late
Sowing Sowing  LSDs¢,  Sowing Sowing  LSDse,

Herbicides Milk Thistle Wild Mustard
Bromoxynil + 2.4-D 99'% aA 100 aA 100aA 100 aA
Florasulam + 2.4-D 99.3aA  100aA 100 aA 100 aA
Florasulam + clopyralid 851bB  90.1aA 2.090 821cB  86.5cA 0.702
Tribenuron-methyl 495cB  57.1aA 86.9bB  90.3bA
Weed-free 100 aA 100 aA 100 aA 100 aA
Weed-infested 0dA 0bA 0dA 0dA
LSDsg, 3.621 1.216
ANOVA (F values and significant differences)
Fsowing time(ST) 4.632% 14.540 ***
Frerbicides(H) 1052.836 *** 8852.299 ***
FST xH 1.652 ns 5.996 ***
20192020 Sowing Date Sowing Date

Early Late Early Late

Sowing Sowing  LSDs¢,  Sowing Sowing  LSDse,

Herbicides Milk thistle Wild mustard
Bromoxynil + 2.4-D 100aA 100 aA 98.5aA 100 aA
Florasulam + 2.4-D 99.6 aA 100 aA 99.3aA  100aA
Florasulam + clopyralid 76.7bB  83.5bA 226 834cA 85.6bA )
Tribenuron-methyl 640cB  72.0cA ’ 924bA  989aA
Weed-free 100aA 100 aA 100 aA 100 aA
Weed-infested 0dA 0dA 0dA 0cA
LSDs9, 3.915 3.352
ANOVA (F values and significant differences)
Fsowing date(SD) 5.239 * 3.785 ns
Frerbicides(H) 841.083 *** 1186.084 ***
Fsp « 1 1.967 ns 1.128 ns

! For each factor, means followed by the same letters (capital letter for sowing date and lower letter for herbicides)
do not significantly differ with Fisher’s least significant difference (LSD) test. ns: not significant; * and *** indicate
significant differences at p < 0.05 and p < 0.001, respectively.

3.4. Durum Wheat Growth

The statistical analysis of the plant’s height data revealed that sowing time had an
impact on this parameter only in 2019/20 with the highest values recorded in early sowing
(Table 5). In both years, there were noticeable differences among the herbicide treatments.
The lowest plant height was observed in the weed-infested treatment.

Regarding the dry biomass of the durum wheat crop, in both years, there was an interaction
between the sowing date and the herbicides (Fsp x 1 = 15.561, p < 0.001 and Fsp « g = 4.062,
p <0.01, in 2018/19 and 2019/20, respectively). The dry biomass in the weed-infested treatment
was about 7% higher in the late sowing compared to that in the early sowing. In contrast, the dry
biomass was higher in the early sowing than in the late sowing for the florasulam + 2.4-D and
bromoxynil + 2.4-D treatments (Figure 3). Among the four herbicides, the lowest dry biomass
was observed in tribenuron-methyl and florasulam + clopyralid.
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Figure 2. Relative chlorophyll content (SPAD readings) as affected by the sowing date (early and late
sowing) and the herbicide treatments (bromoxynil + 2.4-D, florasulam + 2.4-D, florasulam + clopy-
ralid, tribenuron-methyl, weed-free, and weed-infested). Means followed by the same letters do not
significantly differ with Fisher’s least significant difference (LSD) test. Error bars indicate the LSD values.

Table 5. Durum wheat plant’s height (cm) as affected by the sowing date (early and late sowing)
and the herbicide treatments (bromoxynil + 2.4-D, florasulam + 2.4-D, florasulam + clopyralid,
tribenuron-methyl, weed-free, and weed-infested).

Factors/Treatments Plant’s Height (cm)

2018-2019 2019-2020
Sowing Date
Early sowing 85.1al 928 a
Late sowing 849a 90.4b
LSDsg, - 1.936
Herbicides
Bromoxynil + 2.4-D 85.1 ab 93.2a
Florasulam + 2.4-D 87.1a 93.0a
Florasulam + clopyralid 85.6 ab 923 a
Tribenuron-methyl 8l4c 90.3 a
Weed-free 87.1a 929 a
Weed-Infested 83.1 bc 879b
LSDse, 3.222 3.353
ANOVA (F values and significant differences)
Fsowng date(sD) 0.05116 ns 6.688 *
Frerbicides(H) 3.957 ** 3.258 *
FSD xH 0.103 ns 0.929 ns

! For each factor, means followed by the same letters do not significantly differ with Fisher’s least significant difference
(LSD) test. ns: not significant; * and ** indicate significant differences at p < 0.05 and p < 0.01, respectively.

3.5. Yield and Its Components

The sowing date had no impact on ear length and 1000-grain weight (Table 6). Re-
garding the effects of the herbicides on these parameters, our results revealed that there
were noticeable differences. The lowest values (5.63 and 5.95 cm in 2019/20 and 2018/19,
respectively) of ear length were observed in the weed-infested treatment, while among the
four herbicides the lowest values were recorded in florasulam + clopyralid and tribenuron-
methyl. A similar trend was observed for the 1000-grain weight.
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Figure 3. The dry biomass (kg ha™!) of the durum wheat crop as affected by the sowing date (early
and late sowing) and the herbicide treatments (bromoxynil + 2.4-D, florasulam + 2.4-D, florasulam +
clopyralid, tribenuron-methyl, weed-free, and weed-infested). Means followed by the same letters do
not significantly differ with Fisher’s least significant difference (LSD) test. Error bars indicate the
LSD values.

Table 6. Ear length (cm) and 1000-grain weight (g) as affected by the sowing date (early and late
sowing) and the herbicide treatments (bromoxynil + 2.4-D, florasulam + 2.4-D, florasulam + clopyralid,
tribenuron-methyl, weed-free, and weed-infested).

Factors/ 1000-Grain Weight (g) Ear Length (cm)
Treatments 2018-2019 2019-2020 2018-2019 2019-2020
Sowing Date

Early sowing 54.6la'l 53.35a 6.34a 6.06 a
Late sowing 5431 a 53.32a 6.31a 6.05a
LSDs9, - - - -
Herbicides

Bromoxynil +

24D 56.25 a 53.67 a 6.52a 6.21a
Florasulam +

24D 56.58 a 54.80 a 6.44 a 6.20 a
Florasulam + 5420 b 5409 a 6.26 b 6.08 ab
clopyralid

Tribenuron- 54.25b 54.68a 6.29b 6.00b
methyl

Weed-free 56.15 a 53.28 a 6.49 a 6.22 a
Weed-infested 49.34 c 49.52b 595c¢ 5.63 ¢
LSDs9, 1.347 1.778 0.143 0.153
ANOVA (Fvalues and significant differences)

Fsowing dateSD) 0.630 ns 0.0036 ns 0.367 ns 0.0857 ns
Fherbicides(H) 34.640 *** 10.368 *** 18.947 *** 18.694 ***
FspxH 0.390 ns 0.344 ns 0.926 ns 1.275ns

! For each factor, means followed by the same letters do not significantly differ with Fisher’s least significant
difference (LSD) test. ns: not significant; *** indicate significant differences at p < 0.001.

In 2018/19, the grain yield ranged from 3381.9 to 5636.1 kg ha~1, while in 2019/20, it
ranged from 2746.7 to 4800.2 kg ha~! (Figure 4). In both years, there was an interaction between
the sowing date and the herbicides (Fsp x 1 = 5.095, p < 0.01 and Fsp » 1y = 8.727, p < 0.001 in
2018/19 and 2019/20, respectively). The grain yield in the weed-infested treatment was up to
16.4% higher in the late sowing compared to the early sowing. In contrast, the grain yield was
higher in the early sowing than in the late sowing for florasulam + 2.4-D, bromoxynil + 2.4-D,
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and the weed-free treatments. Among the four herbicides, the lowest dry biomass was observed
in tribenuron-methyl and florasulam + clopyralid.
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Figure 4. Grain yield (kg ha~1) as affected by the sowing date (early and late sowing) and the
herbicide treatments (bromoxynil + 2.4-D, florasulam + 2.4-D, florasulam + clopyralid, tribenuron-
methyl, weed-free, and weed-infested). Means followed by the same letters do not significantly differ
with Fisher’s least significant difference (LSD) test. Error bars indicate the LSD values.

4. Discussion
4.1. Weed Density and Sowing Date

The sowing date affected the total weed density with the highest values recorded in
the early sowing. In another study, Farooq and Cheema [21] reported that at 80 days after
sowing (DAS), the total weed density in the wheat crop was decreased by 35.1-45.2% on
the mid-sowing date (30 November) compared with that in early sowing (15 November).
The total weed density was significantly reduced by delaying seeding until December 15.
Furthermore, our findings clearly demonstrated that the late sowing resulted in reductions
in the densities of milk thistle and wild mustard of 64.2-66.7% and 77.9-91.4%, respectively.
Similar results have also been observed for other weed species. Gerhards et al. [9] observed
that the late sowing of winter cereals decreased the density of black-grass by 43% (average
value) in comparison with the early sowing, while Garcia et al. [31] reported that wheat or
barley sowing in December caused a high reduction (88.0-99.3%) in great brome (Bromus
diandrus Roth) density compared with sowing in November. In India, Singh et al. [32]
observed that the highest total weed biomass was recorded in the early sowing (November
25) compared to the late sowing (December 10). Late sowing can also reduce weed seed
production as reported for great brome [31].

The reduction in weed density on the late sowing date was related to the lower
temperatures recorded during this period compared to that in the early sowing period.
Similarly, Farooq and Cheema [21] reported that the higher weed density in the early
sowing treatment was due to the higher temperatures recorded compared to that in late
sowing, which favored the germination of seeds. Additionally, lower temperatures induced
secondary dormancy in the seeds of black-grass, which contributed to the reduction in plant
density in the late sowing date [9]. As mentioned above, the milk thistle and wild mustard
density were greatly affected by the sowing date. These results were probably due to the
high temperature requirements of both weed species for seed germination. According to
Parmoon et al. [33] and Elahifard et al. [34], the estimated base temperatures (Tb) for the
germination of milk thistle and wild mustard were 5.2 °C and 2.8-5 °C, respectively, while
the optimum temperatures for both species were higher than 20 °C.

4.2. Herbicide Efficacy

Florasulam + clopyralid and tribenuron-methyl provided lower control of milk thistle
and wild mustard than florasulam + 2,4-D and bromoxynil + 2.4-D (Figure 5). In another
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study, the herbicide bromoxynil + MCPA provided high efficacy against both species,
reducing their biomass by up to 100% [35]. Similarly, florasulam + 2.4-D efficacy against
wild mustard ranged from 94% to 96% [36]. Our results also indicated that the efficacy of
florasulam + clopyralid and tribenuron-methyl against wild mustard was up to 86.5% and
98.9%, respectively. Moreover, the application of tribenuron-methyl (18.75 g a.i. ha=!) in
a mixture with the graminicide clodinafop-propargyl led to a decrease of 63.7%-100% in
wild mustard biomass [35]. In contrast, Zargar et al. [23] reported lower efficacy (75%) of
tribenuron-methyl against wild mustard, while Pala [36] observed that the application of
tribenuron-methyl in a mixture with pinoxaden or fenoxaprop-p-ethyl also provided low
control (7476%) of this weed. It is also important to point out that the milk thistle control
by the tribenuron-methyl ranged between 49.5% and 72%. Similarly, tribenuron-methyl in
a mixture with clodinafop—propargyl provided poor control (64.9%) of this species [35].

Figure 5. (a) Experimental field in early December of 2019, (b) milk thistle density in weed-infested
plots (5 May 2020), (c) necrosis of milk thistle plants in the bromoxynil + 2,4-D treatment (5 May
2020), and (d) milk thistle plant growth in tribenuron-methyl plots (5 May 2020).

The results of the present study also showed that the sowing date had no impact on
florasulam + 2.4-D and bromoxynil + 2.4-D efficacy against wild mustard and milk thistle.
In contrast, the late sowing date led to an increase in the efficacy of tribenuron-methyl and
florasulam + clopyralid against these weed species. Similar results were observed for great
brome by Garcia et al. [37], who mentioned that the mesosulfuron-methyl + iodosulfuron-
methyl-sodium provided better control of this weed species in the late sowing compared to
the early sowing. It is well known that weed size is a factor affecting the efficacy of foliar
applied herbicides [38,39]. The growth stage of plants at the time of application affected
the efficacy of pinoxaden on black-grass in a wheat crop, with the highest control levels
seen when pinoxaden was applied to black-grass at earlier growth stages [39]. Accordingly,
in our study, the better efficacy of florasulam + clopyralid and tribenuron-methyl against
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broad-leaved weeds in late planting was attributable to the weeds being smaller at the time
of herbicide application than they were in the early sowing.

4.3. Durum Wheat Growth and Yield

Both the sowing date and the use of herbicides had an impact on the growth of durum
wheat in the two years. Early sowing resulted in higher values for plant height; however,
weed competition in the weed-infested plots significantly reduced this measure. Similar
results were also observed by Karkanis et al. [28], who mentioned that plant height in weed-
infested plots was lower by up to 13% compared to that in the herbicide plots. Moreover,
there was an interaction between the two factors for aboveground biomass and grain yield.
In the weed-infested treatment, biomass accumulation and grain yield were higher in
the late sowing compared to early sowing since the weed competition was more intense
in the early sowing, negatively affecting the plant’s growth and the chlorophyll content.
The latter results were confirmed by the positive correlation (r = 0.795 (n = 34, p = 0.001)
and r = 0.861 (n = 34, p = 0.001) in 2018/19 and 2019/20, respectively) recorded between
the SPAD readings and the dry biomass. In contrast, with the use of florasulam + 2.4-D
and bromoxynil + 2.4-D, the herbicides with the highest performance, the grain yield was
higher in the early sowing compared to the late sowing without these differences being
statistically significant. The impact of the sowing date (with or without weed competition)
on wheat productivity was examined in previous studies [32,37,40,41]. In Spain, Garcia
et al. [37] observed that the early sowing of wheat in mid-October caused a reduction
in the wheat yield compared to sowing in mid-November or mid-December due to the
greater competitiveness of great brome on this sowing date. Similarly, in India, Singh
et al. [32] reported that the wheat grain yield was higher by 18.7% in the late sowing
compared to early sowing, while there were no differences between the sowing dates for
1000-grain yield, a result that was also observed in our study. Due to the high temperatures
that occurred during grain filling, sowing in Iran on November 20 resulted in a lower
grain yield than sowing in early November [40]. Thus, both weed competition and the
environmental conditions during the growing season can have an impact on the effect of
the planting date on wheat productivity.

5. Conclusions

The results of this study showed that the density of wild mustard and milk thistle
significantly differed between the two sowing dates, with the highest values recorded in
the early sowing. Florasulam + 2.4-D and bromoxynil + 2.4-D were the most effective
herbicides for the control of both weed species, while tribenuron-methyl and florasulam +
clopyralid were less effective. It is also important to mention that the performance of the
less effective herbicides was improved in the late sowing treatment due to the decreased
growth of weeds at the time of application. Regarding the effects of the two factors on
biomass and grain yield in durum wheat, our results revealed that, in the early sowing, the
highest values of these parameters were recorded in the weed-free, florasulam + 2.4-D, and
bromoxynil + 2.4-D treatments, due to the high weed control in these treatments, while
in the late sowing, the grain yield and dry biomass of durum wheat were higher in the
other treatments. In conclusion, this study shows that by integrating the sowing date with
herbicides, weed management was improved without reducing crop productivity.
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