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Abstract

Soil compaction made with traffic by agricultural machinery can be one of the factors limiting crop
yields. In any case, some cultivated crops are more sensitive to excessive soil compaction, such as spring
barley (Hordeum Vulgare). In this research, the development and growth of spring barley was moni-
tored in a field where a long-term CTF (Controlled Traffic Farming) is established. The RTF (Random
Traffic Farming), is simulated using three areas, that are passed once a year by tractor wheels. The
results show that soil compaction affected the emergence of barley, while fewer plants were emerged
per square meter on compacted soil, however, these plants formed similar number of tillers (on average
2.92 - 3.02 stems in different degrees of soil compaction). The number of ears was lowest in 1x trafficked
soil and in multiple-times trafficked soil (501 and 509 ears per m?), while in non-compacted soil it was
higher (572 ears per m?). Grain yield was highest on non-trafficked soil with CTF system - 5.23 t.ha™.
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INTRODUCTION

Modern agricultural production has brought an increase in the power and weight of tractors used in crop
production. Since 1966, the weight of agricultural tractors has increased by 300% (Kumhdla, et al.,
2013), while Keller et al. (2019) found, that the load on the wheels of harvesting machines increased by
up to six-times from year 1960. Some research shows, that first or second pass of a heavy tractor has a
negative effect on the growth of cultivated crops (Pytka & Szymaniak, 2004; Sakai et al., 2008; etc.),
but Schjonning et al. (2016) state, that only multiple passes have a negative impact. Increased soil com-
paction reduces soil porosity, restricts root growth of cultivated crops, thereby reducing water and fer-
tilizer use (Reintam & Kuht, 2012) and increasing the risk of water erosion.

It has been found that in conventional tillage system, 88% of the soil surface is trafficked in one year,
with minimal tillage the trafficked area is reduced to 65% (Kumhdla, et al., 2013; Rataj, et al., 2014).
Kroulik et al. (2009) states similar numbers, and calculated that up to 145,6 % of area can be trafficked
repeatedly in conventional tillage. CTF (Controlled Traffic Farming) is a technology that organizes the
movement and tracks of machines into permanent lines, thus reducing the trafficked area to a minimum.
CTF technology has a positive effect on the reduction of soil compaction, while it is suitable in combi-
nation with No-Till and Min-Till technologies, as it is not possible to use a plough when using CTF
(Antille, et al., 2019).

Some plants tolerate compacted soil conditions better, some worse (Orzech, et al, 2021; Arvidsson &
Hdkansson, 2014). Barley is more sensitive crop for soil compaction, as it prefer porous soil, it restrics
the growth of roots in compacted soil (Bingham, et al., 2009; Mulholland, et al., 1996; Willatt, 1986).
For this reason, the effect of negative soil compaction will be more significant.

The aim of this article is to monitor the impact of soil compaction and CTF traffic management on
growth and yield of spring barley sown with zero tillage technology.

MATERIALS AND METHODS

Spring barley (Hordeum Vulgare, variety IS Maltigo) was seeded by direct drilling technology on an 16
hectares experimental field with a long-term experiment with CTF (Control Traffic Farming), which
was established in 2009. The crop rotation on this field includes cereals, peas, corn and oilseed rape.
The field is located in the University farm in Koliflany, which belongs to Slovak University of Agricul-
ture in Nitra.

The OutTrack CTF system with a 6 m module is implemented to organize the traffic of machines without
additional modifications to the machinery. For the simulation of RTF (Random Traffic Farming), three
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areas are set in the field, which are trafficked by tractor wheel once a year, while they are placed per-
pendicular to the standard CTF tillage direction. There are 18 monitoring points on the experimental
field, and it is possible to obtain data from different degrees of soil compaction:
- A — non-compacted soil (non-trafficked soil since the beginning of the experiment - since 2009)
- B — 1x annually compacted soil
- C — multiple-times compacted soil (permanent lines for machinery traffic)
For the purposes of this experiment, a spring barley crop was established in 2021 by direct drilling after
the corn harvest. The soil surface was covered with a large amount of corn crop residues left after the
harvest, which caused lower crop emergence.
Barley growth was monitored in two growth stages at different degrees of soil compaction, as follows:
- End of tillering (BBCH 29-30) — Plants were taken up, and all tillers and stems on individual plants
were counted. Subsequently, the number of plants per meter squared, the current number of stems per
meter squared (main stem with tillers), and the average number of stems per plant were determined.
- Before harvesting — The plants were cut above the ground. The number of ears per meter squared,
thousand kernel weight, grain moisture and yield (converted to tons per hectare) were determined.

RESULTS AND DISCUSSION

The crop developed differently on all intensities of soil compaction through the whole season. The crop
was established by direct drilling into corn stubble, which caused lower emergence. The number of
plants also depended on the degree of soil compaction, with an average of 270 plants per m? emerged in
the non-trafficked soil. In compacted soil, the number of emerged plants was even smaller, 204 plants
per m? in 1x trafficked soil and 222 plants per m? in multiple-times trafficked soil.

During the first measurement, the number of stems per m? on the non-trafficked soil in experimental
field was 788 stems per m?. Once a year trafficked soil and multiple-times trafficked soil had similar
number of tillers as non-compacted soil (average 2.92 - 3.02 stems per plant), but due to the smaller
number of emerged plants in those areas there was a lower number of stems per m?, resulting in lower
current stand density.
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Fig. 1 Average number of emerged plants per 1 m? (Left) and average number of stems per 1 m?
(right)

The second measurement of the stand took place just before the crop was harvested. It was found that
the final number of productive ears in the area was lower than the number of stems found in the first
measurement. The stand density relatively to the intensity of soil compaction was unchanged, where the
highest density was on average 572 ears per m? in non-trafficked soil. 1x trafficked soil and multiple-
times trafficked soil had approximately the same number of ears (on average 501 and 509 ears per m?).
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Fig. 2 Average number of heads per 1 m? before harvest (Left) and average barley grain yield (right)

The final grain yield was affected by TKW (Thousand Kernel Weight) only slightly. It was found that
the TKW was similar in different degrees of soil compaction (54.3 g for non-trafficked soil, up to
53.7 g for multiple-times trafficked soil). Relatively similar TKW on compacted soil may be the result
of lower stand density.

These parameters had a significant effect on the grain yield at harvest. The highest yield was on non-
trafficked soil with an average 5.23 t.ha™. The average yield in 1x trafficked soil was 4.58 t.haand in
multiple-times trafficked soil 4.37 t.ha™. All of the above parameters in the experimental field with
different soil compaction intensity are shown in Tab. 1.

Based on those results it can be concluded, that even the first pass of agricultural machinery has a neg-
ative effect on barley growth and yield. Similar results were reported by Pytka & Szymaniak (2004);
Sakai et al. (2008); etc. It was also proved that barley is a sensitive crop on soil compaction, as reported
by Bingham et al. (2009), etc.

Tab. 1 Crop stand parameters and yield parameters of spring barley in experimental field

MEASUREMENT 1 MEASUREMENT 2
Number Number Number Number Thousand Grain
Traffic intensity (re- of plants of _stems of §tems of ears ker_nel yield,
lates 1o soil compac- perm?  (main (main per m? weight,g tha’
tion) stem  + stem  + before
tillers) tillers) harvest
perm?  per plant
Non-trafficked 270 788 3.00 572 54.3 5.23
1x trafficked per year 204 613 3.02 501 54.1 4.58
Permanent track line 222 637 2.92 509 53.7 4.37

CONCLUSIONS

Soil compaction has a negative effect on the growth and yield of cultivated crops. Spring barley sown
by direct drilling after the corn harvest had low number of emerged plants per m?, while it was even less
on the compacted soil. CTF system minimizes soil compaction by organizing the movement of machines
on permanent track lines, thus creating areas with non-trafficked and non-compacted soil. It was found
that the spring barley crop was better in this non-compacted soil, which was also reflected in the yield,
where the average grain yield in non-trafficked soil was 5.23 thal. That was more than
4.58 t.hat and 4.37 t.ha! on average in area with one annual machinery pass and multiple passes of
agricultural machinery wheels.

This experiment shows that the CTF system can also be used in soil-conservation tillage technologies
with a system of direct drilling and that one yearly pass of tractor has a significant effect on grain yield
of spring barley.
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