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Introduction: Farm Traffic

Over past decades, there has been a steep emergence
in the use of larger and heavier agricultural machinery
including for tillage, planting, spraying, and
harvesting. Although this is done to achieve higher
productivity and efficiency (Khanal, 2021), the
unregulated traffic in the crop fields raise wheel loads
to result in heavy soil compaction risks. Soil
compaction is one of the major reasons for soil health
degradation impacting physical, chemical, and
biological properties of the soil and eventually the
crop productivity. For example, unregulated heavy
traffic in the field can lead to patches of poor crop
performance, standing water, and risks of other biotic
and abiotic stresses to the crop (Antille et al., 2019)
(Fig. 1). This is because the soil compaction increases
soil bulk density and decreases soil porosity, nutrient
and water availability. On-farm research indicates
that over 50-80% of the fields witnessed traffic in any
given year when field traffic is not controlled (Antille
et al., 2019; GalambosSova et al., 2014). The effects of
soil compaction, especially in the subsoil, are even
more long-lasting and intensified with each
machinery pass. It has been reported that on average,
about 70% of the field can be trafficked in a
conventional cropping system while the traffic could
be up to 50% in the no till systems (Dyck, 2017).
Moreover, about 70-80% of the soil compaction can
occur on the first pass itself, indicating that driving
even once can create enormous soil compaction
problems. While most of the damage can be done in
the first pass, the second and further passes will
worsen soil health, potentially beyond recovery
(Dyck, 2017). Natural soil recovery depends greatly
on the soil type, compaction levels, amount of drying

and wetting, and cycles of freezing and thawing.
Despite this, for all soil types, the chances of soil
normalization or recovery from compaction decreases
with the depth (Antille et al., 2019). In a nutshell, soil
compaction from unregulated machinery traffic can
lead to loss in productivity and efficiency as well as
endanger sustainable production due to irreversible
soil health (Fig. 1). We present the impact of soil
compaction on crop yield and assess Controlled
traffic farming (CTF) as a possible solution.

Controlled Traffic Farming

Controlled traffic farming (CTF) has evolved as a
method to minimize soil degradation due to
compaction resulting from unregulated traffic of
heavy machinery (Fig. 2). CTF confines all high load
wheel/track traffic from equipment to permanent
shared lanes in a field to minimize compaction and
simplify farming operations. While not a new
concept, the advent of GPS-controlled equipment and
GIS software facilitates CTF adoption (Tamirat et al.,
2022). Permanent traffic lanes are often used to mark
common wheel ways, which are used for all field
traffic. Although the permanent track area from CTF
compacts the soil, about 70-80% of the farmland does
not get compacted (Tamirat et al.,, 2022). CTF
systems have the capability of maintaining structural
integrity of soils in the no-traffic zones and save
operation time (Antille et al., 2019).
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Figure 1. Effects of heavy machinery traffic on (a) soll,
showing compaction, and standing water, (b) irregular
growth of corn crop in the compacted soil zones as
well as (c) overall impact on crop shoot-root growth
and development, availability of water and nutrients,
deterioration of chemical, biological and physical
properties and eventually the productivity (Dyck,
2017; Shaheb et al., 2021).
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Figure 2. (a) A 20-inch row-spacing planter with ability
to automatically leave unplanted tramlines (wheel
tracks), resulting in less reliance on auto-steer and
guidance, and (b) soybean planted using this
equipment. The visible tramlines remain in the same
position across all crops in the rotation, allowing easy
implementation of Controlled Traffic Farming. (Photos
credits: Lydia Taylor, Virginia Tech).

Experimental study

A study was conducted at two grower farms planted
with corn and soybean in Blackstone, VA in 2023 to
quantify the impacts of traffic on soil compaction and
eventually the crop health and yield. These fields
have been under CTF since 2018. Corn and soybean
fields were divided into 12 blocks, 6 for cover crop
(CC) and 6 for no-cover crop (NC), and each block
marked for two traffic zones (no-track and track). Soil
compaction measurements were collected in these
blocks using a soil cone penetrometer (FieldScout SC
900) that read compaction down to 18-inch depth in
soil. A total of 18 measurements were collected per
block with 6 in the no-track zone and 12 in the track
zone to quantify soil compaction. Soil compaction
measurements were collected after planting and after
harvest for corn, and after planting and before harvest
for soybeans. The crop yield information for
soybeans was gathered from the combine harvester
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and was used for impact evaluation of soil
compaction. To assess the impact of soil compaction
also on crop health, very high-resolution imagery data
was collected from low-orbital satellites at 0.5
m/pixel resolution. The imagery data was processed
in GIS software to derive Normalized Difference
Vegetation Index (NDVI), an indicator of crop health
and yield where higher value represents healthier
crops and higher yield potentials.

Results

The near/after harvest compactions were evaluated as
until that time, all major operations would have
accumulated the impact on soil for that growing
season. For the corn crop field, the average soil
compaction pressure (SCP) increased down till the
hardpan (0—10-inch depth) with track zone (374 kPa)
having higher SCP than no-track zone (362 kPa) (Fig.
3a). After the hardpan, the track zone consistently had
higher compaction than the no-track zone down to 18-
inch depth (Fig. 3a). For the soybean crop, SCP in the
track zone was consistently higher than the no-track
zone till and beyond the hard pan (0-18 inch) (Fig.
3b). For example, at the 10-inch depth, the track zone
SCP was 298 kPa compared to the no-track zone SCP
of 281 kPa (Fig. 3b). The SCP due to CTF under no-
cover-crop (NC) was slightly higher compared to the
cover crop (CC) conditions in the corn field. While
the SCP differences were not visible, for NC and CC
in soybean field. The presence of cover crop poses
some level of resistance to traffic weight unlike NC
conditions. This creates a possibility of cover crops
developing higher root biomass due to growth and
penetration thereby breaking down compacted soil
layers and retaining porosity. This is unavailable to
soil under NC conditions and thereby remains more
prone to compaction. SCP in the crop root zone at
early growth stages (11-18-inch depth) certainly had
anegative impact on root and shoot development, that
impacted crop health (NDVI) later in the season (Fig.
5a). In addition, crop yield had a strong positive
correlation with NDVI (Figure 5b, r = 0.63). These
two observations suffice that soil compaction will
have a negative impact on crop yield. An unregulated
traffic field was not compared in this study.
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Figure 3. The variation of soil compaction pressure in
track and no-track zones with depth for (a) corn field
and (b) soybean field. SCP increased within topsoil
range (0-10 inch) but decreased after the hard pan
encounter (11-18 inch). In most cases, the SCP in
track zone was higher than in no-track zone.
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Figure 4. Soil compaction pressure observations from
controlled traffic farming under no cover crop (NC)
and cover crop (CC) conditions in (a) corn field and
(b) soybean field. The SCP was slightly higher for
soils under NC conditions in the corn field, but
differences were negligible for the soybean field.
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Figure 5. Relationship between (a) soil compaction
and NDVI and (b) yield and NDVI for soybean field. A
negative relationship between soil compaction and
NDVI and a positive relationship between crop yield
and NDVI implies negative impact of soil compaction
on crop health as well as final yield and productivity.

Conclusion

Study shows that the soil compaction was higher for
the track zone compared to the no-track zone for both
the corn and soybean growing fields. Importantly, this
impact was prominent in the root zone depth i.e., till
and beyond the hard pan. In some cases, the
compaction varied so prominently that it led to the
formation of two hard pans. Evaluations for the CTF
also showed a trend that the field treatments with no
cover crop experienced the highest soil compactions
whereas the treatments with cover crops experienced
the least compaction in most cases. It was also evident
that soil compaction led to reduced crop health which
likely also impacts the crop yield. Studies have
reported earlier that it may be relatively less difficult
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for the soil above the hard pan to recover from
compaction compared to depths beyond the hard pan.
Most importantly, this is the depth that represents the
crop root zone where roots expand and access
aeration, nutrients, and water during early crop
growth. Therefore, it becomes highly critical to
minimize the soil compaction from unregulated
traffic of heavy agricultural machinery. CTF can be a
potential solution that limits the traffic to the smallest
portion of the overall field thereby reducing soil
compaction and enhancing productivity, efficiency,
and environmental sustainability.

A major impediment to the adoption of CTF is getting
all equipment at a common width, generally intervals
of 30 or 40 ft wide (i.e. 30 ft planter and combine
headers and a 90 ft wide sprayer). Having equipment
widths that do share an interval would require major
capital investments to adopt CTF but could be done
over time as equipment purchases are made. Ideally,
wheel spacing would also be the same between
equipment, but a common equipment interval is a best
fit setting for a CTF.
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	Figure 2. (a) A 20-inch row-spacing planter with ability to automatically leave unplanted tramlines (wheel tracks), resulting in less reliance on auto-steer and guidance, and (b) soybean planted using this equipment. The visible tramlines remain in the same position across all crops in the rotation, allowing easy implementation of Controlled Traffic Farming. (Photos credits: Lydia Taylor, Virginia Tech).
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