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Abstract: No-tillage farming can improve crop productivity and the reliability of cropping compared
with conventional tillage. The effects of three different seeding system configurations on surface
residue handling, sunflower emergence and stand establishment, yield, and gross income were
investigated over three cropping seasons. The seeding system configurations comprised of (1) turbo
coulter blade, (2) notched disc row cleaner before turbo coulter blade, and (3) no residue handling
unit installed in front of a double-disc opener. For all three seeding system configurations, crop
residue cover on sown rows (after seeding) was greater than the minimum recommended value of
30% for no-tillage. Residue cover was best with the notched disc row cleaner in front of the turbo
coulter blade compared to the other two seeding systems. Furthermore, the notched disc row cleaner
in front of the turbo coulter blade produced the highest plant emergence counts and the most uniform
stand establishment. Sunflower yield and gross income were highest with the notched disc row
cleaner in front of the turbo coulter blade (3.16 Mg-ha~! and 902 USD-ha~!) compared to when only
the turbo coulter blade (2.38 Mg~ha*1 and 680 USD-ha~!) or no residue handling unit (1.69 Mg-hzf1
and 482 USD-ha~!) was used.

Keywords: double-disc opener; drill coulter; notched disc row cleaner; soil cover; turbo coulter blade

1. Introduction

Planting is one of the most critical operations in crop production. Uniform emergence
and rapid establishment are key factors underlying high crop productivity. Achieving
uniform seeding depth and seed distribution over the desired planting depth is required
for successful crop establishment [1]. Failure to optimize plant stand can result in economic
penalties [2]. The type of seeding system and the settings will have a significant influence
on the final result of the planting operation [3]. Seeding systems of no-tillage equipment
are made up of components such as residue handling or management unit, furrow opener,
seed and fertilizer delivery units, and seed covering and firming units [4-6].

Conservation tillage includes any tillage or seeding system that maintains at least 30%
soil cover with crop residue after planting [7]. This includes noninversion tillage systems,
such as chisel plowing and seeding without previously plowing, also called direct seeding
or no-tillage [1]. No-tillage has been in used in Argentina since the late 1980s, facilitated by
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the introduction of genetically modified (GM) crops, the rapid development and adoption
of no-tillage technology, and a combination of high price of diesel (which prompted farmers
to reduce costs associated with energy use on farm, including tillage) and reduced cost of
herbicides (which enabled effective weed control in GM crops) [8]. In central and western
Argentina, sunflower (Helianthus annuus L.) is grown on medium- and light-textured soils
(e.g., Entic Hapludolls). These soils extend over an area of approximately 1.27 M ha, and
no-tillage cropping is the dominant mechanization system.

Traffic intensities in no-tillage systems are lower compared with conventional tillage
systems [9,10]. Yield penalties in permanent no-tillage systems have been attributed
to the effects of soil compaction caused by farm machinery traffic [10,11] and choice
of suboptimal seeding system design or settings for given operating conditions [4—6].
For example, Klocke [12] reported unsatisfactory performance of planters as a result of
residue accumulation between adjacent furrow openers. Some of the challenges faced by
operators of no-tillage equipment include (after [1,13]) (1) poor seed—soil contact where
crops are planted through surface residues, (2) planting on wet residue or on low-strength
soil (which may result in residues being pushed into the soil instead of cut), (3) poor soil
penetration in firm soil or too thick surface residue (without sufficient loose soil to cover
the seed, or when firm soil does not allow press wheels to close off the slot around the
seed), and (4) planting in wet, poorly drained clay soils where high water content causes
soil to adhere to the soil-engaging components of the planter and wheeled implements may
cause compaction (which may affect seedling emergence if the soil dries out before seed
germination is completed). In order to improve the performance of no-tillage equipment,
these challenges must be overcome. The inability of furrow openers to cut through the soil
and maintain the correct seed placement (that is, at the desired planting depth and with
uniform spacing between seeds) is also a significant contributing factor to reduced stand
establishment and yield [14].

Surface residues will tend to slow down the rate of soil drying while lowering soil
temperatures (compared with conventionally prepared seedbeds), which may compensate
for poor seed—soil contact [1,15]. Slower evaporation will also delay the development
of strengthened soil surface seals (particularly, in hard-setting, poorly structured, and
low-organic-matter soils) that may affect seedling emergence [16]. Lower soil temperatures
with a high level of crop residues on the soil surface can affect germination and lead to
uneven emergence; this can make crop management difficult, particularly at later stages of
development (e.g., for timing field operations for crop protection and fertilizer application).
When soil temperatures remain suboptimal around planting time, farmers may resort
to increasing seeding density to achieve the desire plant population [2,5]. Additionally,
when there is nonuniform spatial distribution of residues over the soil surface, temperature
variations across the field may be significant [13,17]. A study by Bragachini et al. [18]
assessed the performance of toothed coulters in cutting a high-residue crop on sandy loam
and clay loam soils, and compared it with notched and smooth coulters. Their study
showed that depth uniformity was significantly improved with toothed compared with
smooth and notched coulters. Toothed coulters were more efficient at cutting through thick
crop residue, with less torque and lower vertical and draught forces required.

The need for seeding sunflower directly into the soil at an early planting date (when
the amount of residue from the previous crop may still be large while ensuring plant
population is adequate for a high-yielding crop) has prompted the use of row cleaners in
no-tillage seeding systems. The use of row cleaners also responds to the need to reduce the
amount of crop residue along the seeding line, which then enhances seedling emergence,
stand establishment, and consequently yield [19,20]. Undocumented evidence from field
observations (both by the authors of this article and by local agronomists, farm advisers,
and machinery contractors) suggested that underperformance of crops in no-tillage systems
may be explained by problems relating to the design or settings of planting equipment, with
these being inadequate for the specific operating conditions (e.g., amount of surface residue,
soil moisture content, soil strength, forward speed, and downward pressure) under which
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the equipment is used. However, underperformance of crops and occasionally crop failure
are rarely attributed to lack of optimization of the planter’s settings (or its components) for
given operating conditions; yet this is a critical practical consideration for maximizing crop
yield potential [21-23]. Instead, reasons explaining crop underperformance or even failure
(e.g., poor crop establishment leading to farmers’ decisions to prematurely terminate a crop
and replant) are often sought in agronomic-related constraints (e.g., seed germinating
power, inadequate soil moisture, low soil temperature). Therefore, the objective of the
work reported in this article was to assess the effects of different configurations of seeding
units (namely, turbo coulter blade and notched disc row cleaner attachments to a no-tillage
planter with double-disc seeding system, all of which are commonly used in no-tillage
planting equipment in Argentina) on sunflower seedling emergence and yield, and to
determine the associated impact on the crop profit margin.

2. Materials and Methods
2.1. Experimental Site

The study was conducted on a commercial farm (35°58'53.63"" S and 62°35'12.64"" W,
elevation: 27 m above sea level) located near Trenque Lauquen (Provincia de Buenos
Aires, Argentina) on a soil classified as Entic Hapludoll [24]. The site is well drained with
moderate permeability. Surface runoff was regarded as negligible given that average slopes
were less than 1.2%. The soil did not have stones (Class 0), and the soil organic matter
content [25] ranged from 12.3 g-kg~! in the top 150 mm of the profile to 5.2 g-kg~! at
a depth of 650 mm. The crop rotation over the 10-year period prior to the experiment was
wheat (Triticum aestivum L.) followed by soybean (Glycine max L., Merrill), short winter
fallow, and then sunflower.

Ten-day aggregation of rainfall data and mean maximum air temperatures within
the periods between 1 October 2012, 2013, and 2014 and 31 March 2013, 2014, and 2015,
respectively, are shown in Table 1. The average maximum air temperature was moderate
during the months of October, November, December, February, and March, but exceeded
32 °C in January, which could have induced temporary thermal or water stresses at this
time of the cropping cycle [26]. Rainfall in October was suitable for sunflower emergence
and establishment, but appreciable rain often occurred before harvest (typically during
the last 2 weeks of March, all years), which resulted in soil water content being near or
slightly above the drained upper limit at this time of the year. The effect of temperature on
sunflower growth and development is well documented (e.g., [27-29]). It is also known
that, during the vegetative phase, the rates of leaf formation and expansion, as well as
the number of days between emergence and the reproductive phase, are controlled by
temperature, whereas the photoperiod influences the time between sprouting and flow-
ering [30]. Given that key environmental conditions (rainfall, temperature) influencing
growth and development of sunflower during the main part of the season were similar
across all years, and that management x genotype (DK4065 by Syngenta, Basel, Switzer-
land, https:/ /www.syngenta.com.ar/dk4065) (accessed on 1 December 2021) was also
identical, it is fair to consider that any difference in agronomic performance between treat-
ments could be explained by the configurations of the seeding system used to establish
the crop.
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Table 1. Ten-day aggregation of rainfall and temperature data recorded for Trenque Lauquen (Provincia de Buenos Aires,
Argentina) for the sunflower growing seasons of 2012-2013, 2013-2014, and 2014-2015 (after INTA [31]).

Month - Rainfall (mm) Mean Maximum Temperature (°C)
Season Period 2012-2013 2013-2014 2014-2015 2012-2013 2013-2014 2014-2015

September 20-30 24 12 1 21.0 18.3 222

October 1-10 19 0 49 19.7 22.7 23.5

11-20 61 0 7 23.0 25.0 24.3

21-31 119 22 14 26.3 241 23.5

November 1-10 31 108 10 29.5 28.1 25.5

11-20 1 0 0 26.8 29.9 32.1

21-30 67 42 64 26.9 30.0 30.1

December 1-10 88 6 36 29.0 31.0 33.3

11-20 9 21 5 28.8 33.1 322

21-31 61 7 15 33.2 342 31.2

January 1-10 11 9 17 29.8 32.7 30.0

11-20 4 3 2 30.1 35.2 31.1

21-31 14 7 10 34.0 323 33.2

February 1-10. 6 127 0 31.2 30.1 33.5

11-20 40 2 29.4 28.3 32.1

21-28 19 1 16 271 27.1 28.5

March 1-10 40 28 0 25.2 2211 34.2

11-20 7 58 24 19.7 20.7 32.1

21-31 59 6 16 30.7 26.7 27.7

April 1-10 11 158 0 23.1 222 27.3

11-20 15 4 44 26.7 24.6 25.5

21-30 5 3 25 27.4 222 23.3

2.2. Soil Description and Soil Measurements

A description of the soil profile examined at the experimental site is shown in Table 2.
Soil water content (%, w/w) [32], dry soil bulk density [33], and soil cone index (CI) [34]
were measured each year at the time of seeding at random locations within the experimental
plots. Soil bulk density was measured at 50 mm depth increments to a depth of 450 mm
using 50 mm diameter by 50 mm long cores (n = 10). After being collected, soil cores
were weighed, placed in an oven at 105 °C for 72 h, and reweighed for determination
of gravimetric soil water content. Soil CI was determined with a SC-900 FieldScout™
digital cone penetrometer (Spectrum Technologies Inc., Aurora, IL, USA, https:/ /www.
specmeters.com/) (accessed on 30 November 2021). Measurements (n = 20) were taken to
a depth of 450 mm at increments of 25 mm from sampling locations near those used for
determination of soil bulk density and soil water content. Soil water content was then used
as a covariate of soil penetration resistance to account for its effect on soil strength [34,35].
For all measurements, the number of replications ensured that the spatial variability within
the experimental plots could be captured [36]. Immediately before seeding, plant residue
cover on the soil surface was quantified as per Gargicevich [37], and reported an average of
97.3% (SD: 5.2%). The maximum dry density and the corresponding soil water content were
obtained from the Standard Proctor test [38]. The Proctor test was conducted for the bulked
0-450 mm depth interval, and the value reported is the mean of three observations (n = 3).
The Proctor density was then used as a reference for comparison with field measurements
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of soil bulk density, as a means to determine the degree of soil compaction encountered at
the site at the time the experiments were conducted.

Table 2. Soil profile characterization for the Entic Hapludoll at the study site (N/A: data not available). Values are means =+ SD.

Determination Analytical Method Depth Interval (mm)
- - 0-150 150-300 300-650 650-1200
Soil organic carbon (g~kg*1) Walkley and Black [25] 12.30 +5.2 6.70 1.2 520+ 14 N/A

Particle size analysis

Bouyoucos [39] - - - -

Clay (g-kg’l), fraction <2 pm - 173 £3.21 304 £ 2.50 190 + 2.40 67 £2.31
Silt (g-kg_l), fraction 2-50 pm - 318 + 3.02 280 + 2.31 210 +2.33 305+ 1.61
Sand (g-kg’l), fraction >50 pm - 509 +2.16 416 £2.11 600 £ 2.27 628 £2.01

pHi.2 5 (soil-to-water ratio)

MAFF [32] 6.2 £0.04 6.3 £ 0.02 6.4 £ 0.02 6.7 £0.01

2.3. Description of Farm Equipment

A 120 CV/88 kW engine tractor with front-wheel assist (FWA) weighing 98 kN
(40 kN and 58 kN on the front and rear axles, respectively) was operated at a travel
speed of 5.5 km-h~!. New 16.9R28 and 20.1R30 single tires were inflated to 100 kPa
(front) and 80 kPa (rear), both within the range advised by the Firestone Agricultural Tire
Handbook [40] for load and speed. Tire ground pressures were 52 kPa and 35.5 kPa for
the front and rear tires, respectively, which were measured using a Tekscan® 5330 pres-
sure mapping sensor (https:/ /www.tekscan.com/products-solutions/pressure-mapping-
sensors/5330) (accessed on 15 November 2021). The planter was a Super-Walter (SW650,
https:/ /superwalter.com.ar/) (accessed on 28 November 2021) with specifications as shown
in Table 3. Both tractor and planter models are commonly used on commercial farms in the
study area.

Table 3. Specification of the equipment used in the study.

Description Specifications
Model SW650
Total weight fully loaded, kN 69.6
Operating width, mm 7000
Number of rows 10
Row spacing, mm 700
Metering system Seed plate
Tires 400/60-15.5
Tire inflation pressure, kPa 175
Tire—soil contact area, m?2 0.19
Ground pressure, kPa 91.5

2.4. Experimental Treatments and Crop Measurements

Twelve 100 m by 7 m plots (which accommodated 10 rows at 700 mm row spacing)
were randomly assigned to three treatments with four replications each (n = 4). The
treatments were three combinations of a turbo coulter blade (Tc), notched disc row cleaner
(Rc), and double-disc opener (DDO); i.e., Treatment 1 (T1): Tc + DDO, Treatment 2 (T2):
Rc + Tc + DDO, and Treatment 3 (T3): no Tc + DDO. These combinations are commonly used
by local growers, but their relative performance does not appear to have been quantified
or documented in the scientific literature. Details of the coulter blade, row cleaner, and
double-disc opener are shown in Table 4.
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Table 4. Characteristics of the turbo coulter blade, row cleaner, and double-disc opener used in
the study.

Unit Turbo Coulter Blade Row Cleaner Double-Disc Opener

Q

Diameter, mm 431.8 330.2 381
Thickness, mm 5 4 35
Hole type, mm 101.6 - -
Number of teeth - 15 -

Sunflower was planted on 14 October 2012 in the first study year, on 15 October 2013
in the second year, and on 14 October 2014 in the third year. The planting density used
at the site was five plants per square meter, and the seeding depth was 30 mm, consistent
with standard agronomic practice in the region [41]. The sowing rate was checked as per
Nardoén [42]. The planter had an inter-row spacing of 700 mm (Table 3), with individual
pressure and depth control wheels for each one of the furrow openers. The sunflower crops
were harvested on 28 March 2013, 10 March 2014, and 9 March 2015 for all treatments,
and yield was determined as per Tolon-Becerra et al. [43]. Edge effects were avoided by
discarding agronomic data 10 m either end of the plots, and the side rows in each plot were
discarded. The number of emerged plants per linear meter were counted and recorded for
all rows in each plot at 11, 14, and 18 days after seeding.

2.5. Statistical Analyses

The statistical package GenStat Release® 19th Edition [44] was used to analyze cone
index, soil bulk density, soil water content, residue cover, plant count, and yield data, and
involved analysis of variance (ANOVA) using a 5% probability level (x = 0.05). Means
were separated by Duncan’s multiple range test [45] using the same package, and they are
reported as + standard deviation.

3. Results and Discussion
3.1. Soil Characterization

Soil water contents, as recorded on the seeding day and averaged across all three
cropping seasons, were 17.80% £ 1.56% (w/w) at 0-150 mm, 18.5% =+ 2.13% (w/w) at
150-300 mm, and 19.0% = 2.54% (w/w) at 300450 mm. There were no significant differ-
ences (p > 0.05) in soil water content between treatments at plant emergence; therefore,
differences in plant emergence were explained by treatment effects. Figures 1 and 2 show
soil cone index (adjusted for covariate) and soil bulk density data, respectively. The soil
exhibited a densified, strengthened layer between about 75 and 150 mm depth, but no
significant differences were observed in bulk density or cone index between years (p > 0.05).
Therefore, these observations revealed that treatment differences in crop agronomic per-
formance were not due to differences in soil mechanical properties. However, it was
noted that soil bulk density values recorded at the site were between 88% and 96% of the
Proctor density, which yielded a value of 1567 & 101 kg-m 3 at a soil water content of
21.97% £ 1.23% (w/w). According to textural composition (loam), growth-limiting bulk
densities for this soil are between 1600 and 1650 kg-m 3 [46], suggesting that bulk densities
found at the site were below critical values for this soil type. However, some restriction
to root elongation may be encountered by sunflower plants as the soil dries out (that is,
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soil water contents below 50% of plant available water capacity) due to increased soil
strength [47,48], particularly at the 75-150 mm depth interval. This response will be more
significant in drier compared with wetter years [49,50], because of the effect of soil water
on soil strength [51,52].

Soil cone Index (kPa)
0 500 1000 1500 2000 2500 3000 3500

T T T T T T T T T T T I T 1

0 L
50
100 +
£ i
§150
=200 |
$250 |
.
-gsoo -
350 |
400 +
450 |
500 L

Figure 1. Soil cone index (adjusted for covariate) recorded at the site on seeding days in 2012, 2013,
and 2014, respectively. Error bars on mean datapoints (1 = 20) denote standard deviation; p < 0.05
(depth) and p > 0.05 (years).

Soil bulk density (kg m3)
1000 1200 1400 1600 1800

T T T T T T 1

-e-2012
--2013
-0-2014

Figure 2. Soil bulk density recoded at the site on seeding days in 2012, 2013, and 2014. Error bars on
mean datapoints (1 = 10) denote standard deviation; p < 0.05 (depth) and p > 0.05 (years).

3.2. Residue Cover

Table 5 shows the amount of residue cover before and after planting for each treatment
(T1, T2, and T3). Compared to the condition before planting, residue cover after planting
was reduced significantly for all treatments (p < 0.05). However, the amount of residue on
the surface after planting was higher than 30% cover for all treatments, with this value
being the minimum amount of residue cover recommended for no-tillage systems [5,53,54].
A survey of planting practices in the study area revealed that excessive crop residue cover
(e.g., >50%) is a significant management challenge in no-tillage systems, especially when
heavy planters with runner-type furrow openers are used [55]. In sunflower cultivation,
clearing surface residues helps reduce allelopathy [56] caused by seeding over rows from
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the previous year’s crop while also improving soil warming [57]. Thus, for a compromise
between the benefits and disadvantages of crop residue retention on the soil surface,
treatment T2 performed significantly better than T1 and T3. Consequently, inclusion of row
cleaners in the turbo disc coulter will improve the residue handling ability of the planter.

Table 5. Surface residue cover recorded before and after planting left by the assembly used for
seeding (3-year averages £ SD). Different letters indicate that mean values are significantly different
at a 95% confidence interval. Treatments were Tc + DDO (T1), Rc + Tc + DDO (T2), and no Tc + DDO
(T3), where Tc is turbo coulter blade, Rc is row cleaner, and DDO is double-disc opener.

Treatment Residue Cover (%)
Before planting 973+52a
T1 (after planting) 721+37b
T2 (after planting) 472 +28¢
T3 (after planting) 93.0+49a

3.3. Seedling Emergence

Results of seedling emergence as affected by treatments are shown in Figure 3.
In agreement with findings by Tourn et al. [13], residue clearance by the row cleaner
prior to the action of the turbo blade with T2 significantly improved plant counts in all
three growing seasons. Although similar (absolute) plant counts for T1 and T2 were ob-
served over the three seasons, stand establishment was relatively more uniform for T2.
This effect was of particular relevance in assessing the different treatments because lack of
uniformity in crop stand can result in subordinate plants with reduced number of grains
per plant [58]. Whilst dominant sunflower plants may have some capacity to compensate
for the small reduction in the grain number exhibited by subordinate plants, the net effect
will be loss of crop yield [59]. Results presented in Figure 3 suggest that the turbo blade
was efficient in cutting and was also good at penetrating and loosening the soil while being
able to bury a small amount of plant residue assisted by the row cleaner. The turbo blade
cut the soil and disturbed about 80-100 mm deep and 35 mm wide. The furrow was then
shaped by the double-disc opener guided by the side wheel for seed placement. Moreover,
a slight displacement of soil contributed to the action of the covering or packing wheels,
which improved the coverage of seeds placed in the soil and seed-soil contact.

40 r
35 | 02012 m2013 mW2014
30 a 2 a,a

2.5
2.0
15
1.0
0.5
0.0

Plants per m?

Treatment 1 Treatment 2 Treatment 3

Figure 3. Plant count per square meter on days (D) 11, 14, and 18 after seeding for three treatments
(T1, T2, and T3) in three growing seasons (2012, 2013, and 2014). Error bars on mean values denote
the standard deviation. Different letters (between treatments and within the same year) indicate that
mean values are significantly different at a 95% confidence interval. Treatments were Tc + DDO (T1),
Rc + Te + DDO (T2), and no Tc + DDO (T3), where Tc is turbo coulter blade, Rc is row cleaner, and
DDO is double-disc opener.
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3.4. Yield

Sunflower yield and gross income recorded for the three treatments over the three
growing seasons are shown in Table 6. Treatment T2, following its superior performance
in residue handling and seedling emergence, produced significantly higher yield relative
to T1 and T3 across all three growing seasons. Average sunflower yield for T2 was about
33% and 87% greater than T1 and T3, respectively. In T3, it was observed that furrow
openers could not efficiently cut into soil, possibly due to soil being firm after several
years of no-tillage (Figures 1 and 2), as shown by Botta et al. [2,60] for similar soils in
the region. Poor soil penetration of the units used in T3 adversely affected the accuracy
and uniformity of seed placement, both at depth and along the planting line [5,61], which
impacted sunflower yield. It appeared that the units used in T1 and T2 performed better
than T3 in firm soil. Estimates of crop gross incomes (using a 3-year average sunflower
price of 285.5 USD-Mg~! as perceived by the grower) were consistent with yield data.
Treatment T2 returned the highest gross income across all seasons followed by T1 and T3,
respectively (Table 6).

Table 6. Sunflower yield and gross income (price of crop X crop yield) for the three treatments in
the three growing seasons. The price of the crop was taken to be 285.5 USD-Mg~!, which equated
to the 3-year average (2012-2014) perceived by the grower. Different letters (between treatments
and within the same year) indicate that mean values are significantly different at a 95% confidence
interval. Treatments were Tc + DDO (T1), Rc + Tc + DDO (T2), and no Tc + DDO (T3), where Tc is
turbo coulter blade, Rc is row cleaner, and DDO is double-disc opener.

Season Crop Yield (Mg-ha—1) Gross Income (USD-ha—1)
Treatment T1 T2 T3 T1 T2 T3
2013 220b 270 a 1.80c 628 b 771 a 514 c
2014 240b 330a 1.68 ¢ 685b 942 a 480 ¢
2015 2.54b 350a 1.60 c 725b 999 a 457 ¢

Average + SD 238 £0.17 3.16 £ 0.42 1.69 £ 0.11 680 £48.8 903 £1189 483 £ 288

4. Conclusions

Three different configurations of seeding systems were evaluated for their effect on soil
surface residue cover, plant count at emergence, and sunflower yield and gross income over
three growing seasons. The seeding systems consisted of (1) turbo coulter blade, (2) notched
disc row cleaner before turbo coulter blade, and (3) no residue handling unit installed in
front of a double-disc opener. For all three seeding systems, on-row crop residue cover after
seeding was greater than the 30% minimum recommended residue cover for no-tillage. The
use of the notched disc row cleaner in front of the turbo coulter blade resulted in the best
residue cover (47.2%). This, in turn, consistently led to the highest plant emergence counts
and the most uniform stand establishment in all crop seasons. Consequently, average yield
(3.16 Mg-ha~!) and gross income (903 USD-ha~!) were highest when the notched disc
row cleaner in front of the turbo coulter blade was used compared to when only the turbo
coulter blade (2.38 Mg-ha~! and 680 USD-ha~!) and no residue handling unit in front of
the double-disc opener (1.69 Mg-ha~! and 483 USD-ha~!) were used. Sunflower growers
operating in long-term no-tillage systems (with high surface residue and relatively firm soil
conditions) may wish to consider the use of notched disc row cleaners combined with turbo
coulter blades, as this option improved crop establishment and agronomic performance.
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