An ASABE Meeting Presentation
DOI: 10.13031/aim.201700586
Paper Number: 1700586

®

2950 Niles Road, St.Joseph, Ml 49085-9659, USA
269.429.0300 fax 269.429.3852 hgq@asabe.org www.asabe.org

Agronomic performance of wheat (Triticum aestivum L.) and
fertiliser use efficiency as affected by controlled and
non-controlled traffic of farm machinery

Mahmood A. H. Hussein'?, Diogenes L. Antille'", Guangnan Chen?, Adnan A. A. Luhaib?,
Shreevatsa Kodur?, Jeff N. Tullberg'?,

1 University of Southern Queensland, National Centre for Engineering in Agriculture, Toowoomba, QLD,
Australia; 2 University of Mosul, College of Agriculture and Forestry, Mosul, Iraqg; 3Australian Controlled Traffic
Farming Association Inc., Buninyong, VIC, Australia. *Correspondence, E: d.l.antille@gmail.com, Ph: +61 (7) 4631
2948.

Written for presentation at the
2017 ASABE Annual International Meeting
Sponsored by ASABE
Spokane, Washington
July 16-19, 2017

ABSTRACT. Controlled traffic farming (CTF) is a mechanization system that confines all load-bearing wheels to permanent traffic lanes,
thus optimizing productivity of non-compacted crop beds for given energy, fertilizer and water inputs. This study investigated the
agronomic and economic performance of winter wheat (Triticum aestivum L.) grown in compacted and non-compacted soils to represent
the conditions of non-CTF and CTF systems, respectively. Yield-to-nitrogen (N) responses were obtained by applying urea (46% N), urea
treated with 3,4-dimethyl pyrazole phosphate (DMPP), commercially known as ENTEC® urea (46% N), and urea ammonium nitrate
(solution, 30% N) at rates between 0 (control) and 300 kg ha* N at regular increments of 100 kg ha™* N. The results showed that the CTF
system increased grain yield, total aboveground biomass, and harvest index by 12%, 9%, and 4%, respectively compared to the crop
grown under the non-CTF system (P<0.05). Overall, the agronomic efficiency was approximately 35% higher in CTF compared with non-
CTF (=4 vs. 3 kg kg%, respectively). Nitrogen use efficiency (NUE) was approximately 50% higher in CTF compared with non-CTF;
however, there was not fertilizer type effect on NUE. On average, the optimal economic nitrogen application rates and corresponding
grain yields were 122 kg ha* and 3337 kg hal, and 175 and 3150 kg ha in the CTF and non-CTF systems, respectively. This work
demonstrated that significant improvements in fertilizer-N recoveries may not be realized with enhanced nitrogen formulations alone and
that avoidance of (random) traffic compaction is a pre-requisite for improved fertilizer use efficiency.
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nitrate, Urea.
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Introduction

Controlled traffic farming (CTF) is a mechanization system in which tramlines and seed beds are distinctly and
permanently separated to optimize conditions for trafficability with farm machinery as well as soil conditions for crop
growth. Recent studies (e.g., Antille et al., 2015a) have shown that CTF systems have the potential to either reduce nitrogen
(N) fertilizer inputs without compromising crop yield or increase crop yield for the given fertilizer input. This is supported
by studies showing enhanced structural conditions in soils established under CTF (e.g., McHugh et al., 2009) and by
enhanced nutrient uptake in the absence of traffic compaction (e.g., Lipiec and Stepniewski, 1995). However, no detailed
studies have been reported on the effects of traffic compaction on the actual yield-to-fertilizer response relationships from
which optimum economic N application rates could be derived, particularly for subtropical edaphoclimatic conditions.
Therefore, work was undertaken to: (1) Determine the effect of traffic compaction on the yield-to-nitrogen response of
winter wheat crops, (2) Determine the effect of such compaction on fertilizer use efficiency and quantify differences in
fertilizer-use efficiency for controlled and non-controlled traffic systems, N fertilizer formulation, and derive the most
economic fertilizer application rate, and (3) Determine the changes in the crop’s gross margins under both traffic systems as
a result of changes in the price of nitrogen fertilizers. This work also seeks to demonstrate that in terms of nitrogen use
efficiency little can be gained from the use of enhanced fertilizer formulations (EEF) if soil conditions are such that crop
agronomic performance cannot be optimized. This has practical implications for nitrogen management because much effort
is being spent on optimizing the use of EEF, but no consideration has been given to the detrimental effects of traffic
compaction on fertilizer use efficiency, with some exceptions (e.g., Tullberg et al., submitted).

Materials and Methods

Experimental site

The experiment was conducted at the Experimental Station of the University of Southern Queensland (27°36'35.27"S,
151°55'50.62"E) located in Toowoomba (Queensland, Australia) during the winter of 2015. Rainfall and temperature records
for the experimental site are shown in Figure 1. Total rainfall in May 2015 (138 mm) largely exceeded long-term (1970-
2014) records for this month (57 mm), and it was relatively lower in June-July and October 2015, respectively. Overall,
mean air temperatures did not departure significantly from long-term records, despite that minimum temperatures were
slightly below average, particularly in early spring.
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Figure 1. Rainfall and temperature records for the University of Southern Queensland at Toowoomba, Australia (after University of
Southern Queensland, 2015).

The soil at the site is described in Isbell (2002) as a Red Ferrosol, which is well-drained and has a gentle slope (<0.8%),
and it is similar to those frequently occurring in Queensland. Soil textural analyses (British Standards, 1990) for the bulked
0-200 mm layer were: 69% clay, 11% silt, and 20% sand. There was a requirement to remove historical near-surface
compaction at the experimental site to enable the two traffic treatments (CTF and non-CTF, respectively) to be imposed
(Godwin et al., 2015). For this, the soil was first chisel-plowed to a depth of 300 mm. This cultivation depth was chosen
based on an earlier study in SE Queensland (Antille et al., 2016), which showed that removal of compaction to such depth
was sufficient to return mine-rehabilitated land affected by compaction to satisfactory crop production and that rainfall-use
efficiency achieved after cultivation was >85% in most years.
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Subsequently, a power rotary harrow was used to smooth and level off the soil surface. No further tillage operations were
conducted in soil representing the CTF system. The ‘random’, non-controlled traffic system (non-CTF) was established by
imposing traffic compaction to the corresponding plots after conducting the tillage operations described above. This was
performed by adjacent wheel-beside-wheel passes with an agricultural tractor (Belarus 920, 100 HP, gross mass: 3.9 Mg)
driven at a speed of 5 km h?, fitted with 11.2-20 (front) and 15.5-38 (rear) tyres inflated to 35 and 26 psi, respectively. A
total of 9 passes with the tractor were required to achieve ~30% higher soil bulk density in the non-CTF compared with the
CTF treatment. This relative difference in soil compaction was considered to be appropriate based related studies (e.g.,
Radford et al., 2001; Antille et al., 2013; Godwin et al., 2015) albeit on different soils. Soil moisture at the time of traffic
was 18% and 20.5% (w/w) at the 0-200 mm and 200-400 mm depth intervals, respectively.

Wheat (Triticum aestivum L. c.v. Summate) was sown on 13 June 2015 at a field-equivalent seeding rate of 60 kg ha'*
(Angus and Fischer, 1991), and subject to standard agronomic practice; except for the fertilizer application, which was
dependent on treatment. Sowing was conducted with a 7-row conventional driller fitted with Janke press wheels and knife
points at 250 mm row spacing. Phenological stages (Zadoks et al., 1974) were recorded during the crop cycle. Supplementary
irrigation (=20 mm) was applied after sowing to ensure crop establishment was satisfactory, and within the recommended
timeframe for winter crops in SE Queensland. A blanket application (40 kg ha*) of Granulock® Starter Z fertilizer (11% N,
21.8% P,0s, 4% SO3, and 1% Zn0O) was applied to all plots at sowing based on fertilizer recommendations given in Price
(2006).

The experiment was conducted in two adjacent blocks; namely: CTF and non-CTF, in which 60 plots (dimensions: 3.25-
m x 5-m) with 13 plant rows per plot were laid-out in a completely randomized design, and subject to the fertilizer treatments
described here. Three types of fertilizer were used: urea (46% N), urea treated with 3,4-dimethyl pyrazole phosphate
(DMPP), commercially known as ENTEC® urea (46% N), and urea ammonium nitrate referred to as UAN (30% N, solution).
All fertilizer treatments, including controls, were setup in triplicate (n=3). The fertilizers were hand-applied in a single band
(=50 mm) next to the plant row and incorporated at N rates between 0 (control) and 300 kg ha™* N at regular increments of
100 kg ha. For all fertilizer treatments, the full N application rate was halved and the splits applied at tillering (7 August
2015) and subsequently at early stem elongation (20 August 2015), respectively.

Soil measurements and analyses

Soil bulk density (p,) was determined for the 0-300 mm depth layer at regular increments of 200 mm by taking soil cores
of 50 mm in diameter. Measurements were taken three times (n=3) before and after the traffic treatments were imposed, and
pb was determined based on Blake and Hartge (1986) (Table 2). Cone penetrometer resistance was measured by pushing a
cone (125 mm? base area, 30° apex angle) into the soil to a depth of 500 mm at constant speed (0.05 m s?), and digitally
recording the force at 25 mm depth increments based on ASABE Standard EP542 (ASABE, 2013). Soil moisture content
was simultaneously determined because of its influence on soil strength (Ayers and Perumpral, 1982). Measurements were
conducted ten times (n=10) for each traffic treatment. Soil water infiltration was measured using the double-ring
infiltrometer method (Parr and Bertrand, 1960). Infiltration rates were subsequently obtained by differentiating Kostiakov’s
equation with respect to time to describe the relationship between the rate of infiltration and time. Measurements were
replicated three times (n=3).

Crop measurements and analyses

The crop was harvested by hand-cutting the entire plant from two-linear meters of the two central rows of each plot at
approximately 20 mm above the soil surface on 11 November 2015. These samples were used to determine grain yield,
expressed as kg ha at 14% (w/w) moisture content, and the following yield components: harvest index (HI), the ratio grain
weight-total aboveground biomass (Donald and Humblin, 1976); thousand grain weight (TGW) (MAFF, 1986, Method No.:
73), number of grains per ear, and ears per square meter (ears m2). Cumulative dry matter was also determined at major
phenological stages from one-linear meter samples per plot collected from the second crop row from the edge of the plot.
Total N in grain (MAFF, 1986, Method No.: 48) was used to estimate apparent N recovery in grain by the difference method,
and hence N use efficiency (NUE). Differences in yield between fertilized and non-fertilized crops, relative to N applied as
fertilizer were used to denote agronomic efficiency (Baligar et al., 2001). Yield-to-nitrogen response relationships were
examined by applying nonlinear regression analyses, and by fitting quadratic functions to the data (Abraham and Rao, 1966).
The approach used in this work is from studies (e.g., Kachanoski, 2009; Antille et al., 2017) dealing with cereal crop
responses to applied N fertilizer, and assumes a quadratic-plateau relationship. Crop’s gross margin (GM) was estimated as
the difference between gross income (GI) and total variable costs (TVC) (Galambo3Sova et al., 2017). This analysis uses the
Nrare as the optimum N application rate (MERN), which is derived from the yield-to-nitrogen response relationship. This
is used to estimate the fertilizer component of the variable costs and also to derive the corresponding grain yield from the
yield-to-nitrogen response curve. Therefore, GM reflects the gross profitability of the crop when the fertilizer N input is
optimized.
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A simplification was made by assuming that variable costs were identical in both traffic systems; except for the fertilizer
costs, which were dependent on fertilizer treatment (James and Godwin, 2003). In well-design CTF systems in Australia,
the area subject to traffic typically occupies 15% (or less) of the cultivated field area, particularly when permanent no-tillage
is practiced. By contrast, in non-CTF systems, this area is often greater than 45% and it can be as high as 85% in conventional
tillage systems that require primary tillage operations prior to crop establishment (Tullberg et al., 2007; Antille et al., 2015b).
Therefore, GM calculations were adjusted to reflect the effect on yield of the relative areas affected by traffic compaction
in typical CTF and non-CTF systems, respectively. For this, it was assumed that 65% and 35% of the cultivated area in the
non-CTF system was and was not subject to traffic compaction, respectively, whereas for the CTF system, these relative
areas were 15% and 85%, respectively. Hence, the corresponding Gl for each traffic system was derived by adjusting Y mern
in Equation (9a) by these relative percentages. This was considered to be a fair assumption based on earlier studies (e.g.,
GalamboSova et al., 2017).

Results and Discussion

Soil physical properties

Soil penetration resistance determined for the CTF and non-CTF systems is shown in Figure 2. Overall, there were
significant differences (P<0.05) in soil cone index between the two traffic systems, particularly in the 50 to 300 mm depth
interval, where penetration resistance was up to 40% higher in non-CTF. Mean values of cone index in the 0-500 mm depth
range were 2.56 and 4.32 MPa (LSD 5% level: 1.32) for the CTF and non-CTF systems, respectively. No differences in
penetration resistance were observed below 350 mm deep. Differences in soil moisture content between the two traffic
systems were small (P>0.05).
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Figure 2. Soil penetration resistance and soil moisture content observed at the experimental sites for the CTF and non-CTF systems.
For penetration resistance use P<0.05 (traffic treatments), and P>0.05 for soil moisture content.

Soil water infiltration rates for the CTF and non-CTF treatments are shown in Figure 3. Infiltration rates were

significantly lower in non-CTF compared with CTF at any given time (P-values <0.05). Terminal infiltration rates in CTF
were approximately double those of the non-CTF system.
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Figure 3. Relationship between infiltration rate and time recorded at the experimental site for the two traffic treatments. Use P<0.05.

Grain yield and yield components

There were significant differences in grain yield between CTF and non-CTF as well as between fertilizer-treated crop
and controls (zero-N), which were observed in both traffic systems (P-values <0.05) (Figure 4). Comparisons between non-
fertilized crops showed that grain yield was approximately 250 kg ha* higher in CTF compared with non-CTF. For fertilizer-
treated crop, grain yield was approximately 400 kg ha* (=12%) higher in CTF compared with non-CTF. The optimum
nitrogen application rates (MERN), and corresponding grain yields, were 122 and 3336 kg ha', and 175 and 3028 kg ha™*
for CTF and non-CTF, respectively. Overall, there was not fertilizer type effect on grain yield, which suggested a relatively
greater effect of compaction for all N-fertilizer formulations and N application rates. There was not fertilizer type x N

application rate effect on grain yield (P>0.05). Despite this, the maximum yield was observed (3579 kg ha't) under the
CTF system with UAN applied at a rate of 200 kg ha™* N.
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Figure 4. The relationship between nitrogen application rate and grain yield as affected by traffic of farm machinery. Error bars denote
standard deviation (SD) of mean (n = 9, except for N=0 and N=MERN, n=3).

There were significant differences in aboveground biomass between fertilizer-treated crop and controls, which were
observed in both traffic treatments (P<0.05), but there was not fertilizer type effect on aboveground biomass (P>0.05).
Overall, cumulative aboveground biomass was higher in CTF compared with non-CTF, which also reflected enhanced
response to applied fertilizer-N in the absence of traffic compaction (Figure 5). Treatment effects on aboveground biomass
were significant after tillering, which also explained difference in dry matter accumulation throughout the crop cycle and

dry matter partitioning. There was a nitrogen rate effect (P<0.10) on cumulative aboveground biomass, which was only
observed after flag leaf.
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Figure 5. The effect of traffic compaction on cumulative aboveground biomass. Use n = 27 for treatments and n = 3 for controls).
Error bars denote standard deviation of the mean. Crop growth stages are based on Zadoks et al. (1974).

Differences in harvest index were generally small (<4%) and not affected by traffic treatment, fertilizer type or nitrogen
application rate (P-values >0.05), and therefore consistent with relative changes in grain yield and total aboveground
biomass (Figure 6). Harvest indices were generally higher when fertilizer was applied at rates between 100 and 200 kg ha™*
N, which was in accord with estimates of optimum N application rates.
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Figure 6. Harvest index as affected by controlled and non-controlled traffic of farm machinery. Box plots show Min, Q;, Med, Q3,
and Max, respectively. Use n = 6 for Control (N = 0), and n = 27 for traffic treatments (N # 0).

Fertilizer-use efficiency

Total grain-N was significantly higher in CTF compared with non-CTF (P<0.05). Overall differences in TN between
traffic treatments were approximately 6%. Nitrogen contents were approximately 10% lower in controls compared with
fertilizer treatments. These differences were consistent with N recoveries in grain, which showed up to 20% increase in
NUE in CTF compared with non-CTF (Figure 7).
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Figure 7. Traffic treatment effects on total grain-N (A) and N recovery in grain (B), respectively. Box plots show: Min, Q;, Med, Qs, and
Max, respectively. Use n = 6 for Control (N =0), and n = 27 for traffic treatments (N # 0).

Overall, the CTF system showed that NUE may be increased by up to 50% compared to non-CTF, which was significant
(P<0.01) as shown in Figure 8. The fertiliser type effect was not significant (P>0.05) and confirmed a significantly greater
effect of compaction on NUE. This also suggested that significant improvements in NUE may not be possible if changes in
fertilizer formulations are not concurrent with improved soil conditions. The value of NUE that corresponds with the
optimum N application rate was derived from the NUE-to-N rate response relationships shown in Figure 8. This shows that

if N was to be applied at the optimum rate, NUE is expected to be approximately 60% higher in CTF compared with non-
CTF.
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Figure 8. The relationship between N application rate and N use efficiency (NUE) for CTF and non-CTF. Error bars denote SD of
mean (n=6, except n = 3 for N = 300 kg ha and N=MERN). Use P<0.05.

Overall, agronomic efficiency (AE) was =35% higher in CTF compared with non-CTF (=4 vs. 3 kg kg1, respectively),
as shown in Figure 9. However, at the optimum N rate (MERN), the agronomic efficiency is approximately 50% higher in
CTF compared with non-CTF (P<0.01). Similarly, there was not fertilizer type effect on AE, which was therefore consistent
with NUE calculations and also suggested a stronger compaction than fertilizer formulation effect on grain yield.

ASABE 2017 Annual International Meeting Page 7



=
N
|

y=717x083, R2=0.55 @ Non-CTF
| y=576.3x99, R2=0.96 OCTF

=
o
|

T m AE at N=MERN (Non-CTF)
OAE at N=MERN (CTF)

o]
|

Agronomic efficiency (kg kg1)
(2]

0 . f . f . f . f . f . f . i
0 50 100 150 200 250 300 350
Nitrogen rate (kg ha't)

Figure 9. The relationship between N application rate and N use efficiency (NUE) for CTF and non-CTF. Error bars denote SD of
mean (n=9, except n = 3 for N = MERN). Use P<0.05.

Most economic rate of nitrogen and gross margin

Table 3 shows the most economic rate of N (MERN) and corresponding yield (Y mern) calculations as derived from the
yield-to-nitrogen response relationships, and price ratios (Pr) for the year of harvest. Yield-to-nitrogen responses were
significant when a quadratic model was fitted to the data (P<0.05), which was observed in both traffic systems. For all
fertilizer materials, responses were higher in CTF compared with non-CTF. Average gross margin (GM) calculations were
approximately 11% higher in CTF compared to non-CTF (Table 4). Differences in gross margins between fertilizer types
are mainly due to differences in the cost of N, particularly for ENTEC. The impact of fertilizer-N cost on gross margin was
therefore higher for the non-CTF system because of overall lower yield.

ASABE 2017 Annual International Meeting Page 8



Table 3. The most economic rate of nitrogen (MERN) for wheat and the theoretical application rate for maximum yield response (Nmax) for CTF and non-CTF systems. Notation: (1) price of grain, (2) price

of nitrogen, (3) price ratio, (4) standard error (5), maximum nitrogen application rate (6), maximum yield (7), most economic rate of nitrogen (8), crop yield at MERN.

P Grain ® P N(2) P R(3) ReSpOnse P-value R?-value SE® N MaX(S) Y Max(e) N MERN(7) Y MERN(B)
Treatments
(AUD kg?)  (AUD kg?h) -- --- --- --- --- (kgha'N)  (kgha'l) (kgha®N) (kg ha?)
88
UAN 0.28 0.77 2.8 y =1390.17 + 19.6x - 0.051x? 0.06 0.99 192 3273 165 3236
57
Non-CTF ENTEC urea 0.28 0.96 34 y = 1422.89 + 16.35x - 0.038x? 0.04 0.99 215 3182 170 3104
266
Urea 0.28 0.75 2.7 y = 1469.48 + 14.52x - 0.031x? 0.19 0.96 234 3170 191 3112
65
UAN 0.28 0.77 2.8 y = 2681.6 + 9.22x - 0.0226x2 0.09 0.99 204 3622 143 3538
20
CTF ENTEC urea 0.28 0.96 34 y = 2662.32 + 5.13x - 0.008x2 0.03 0.99 321 3485 106 3117
116
Urea 0.28 0.75 2.7 y = 2692.91+ 8.74x - 0.026x? 0.20 0.95 168 3427 117 3358
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Table 4. Total variable cost (TVC) and gross margin (GM) obtained from winter wheat based on the MERN and Y wern presented in Table 3
(Rural Solutions SA, 2016). GI is gross income, use AUD1 = USD0.75

Traffic treatment/Cost Fertilizer Seed Operations Agrochemicals TVC Gl GM
AUD ha AUD hat AUD hat AUD hat AUDha! AUDha! AUD hat

UAN 168 20.3 27.1 97.1 3124 935.7 623.3

Non-CTF ENTEC urea 204 20.3 27.1 97.1 3484 8704 522.1

Urea 184 20.3 27.1 97.1 3284 895.5 567.2

UAN 151 20.4 27.1 97.1 295.4 982.4 687.1

CTF ENTEC urea 142 20.4 27.1 97.1 286.4 8724 586.1

Urea 128 20.4 27.1 97.1 2724 933.5 661.2

Conclusions

The main conclusions derived from this work are:

e Controlled traffic farming (CTF) reduced soil cone index by 40% compared to non-CTF. In addition, CTF had a
positive, significant effect on yield components, which therefore translated into higher yield (12%) compared to the
non-CTF system. As a result, yield-to-nitrogen responses were significantly lower in non-CTF compared with CTF,
which had implications for nitrogen recovery in grain and use efficiency.

e Gross margin analyses showed that for the crop established under CTF this was approximately 10% higher than non-
CTF. Differences in gross margin between fertilizer types were mainly due to differences in the price of N as there was
no fertilizer type effect on grain yield.

e The experimental results showed that it is unlikely that significant gains in fertilizer use efficiency could be achieved
through the choice of N formulation alone, and that improved soil conditions such as that of a typical CTF system, are
a pre-requisite for improved nutrient recovery in crop and crop yield.

Acknowledgments

This work received financial, technical and operational support from the University of Southern Queensland through the
National Centre for Engineering in Agriculture, and the Iragi and Australian Governments, respectively. Technical assistance
from S. H. Al-Lwayzy, S. Rees, B. Smith, K. M. Al-Halfi, and Mr M. Haraz is greatly appreciated.

References

Abraham, T. P, Rao, V. Y. (1966). An investigation of functional models for fertilizer response surfaces. J. Indian Soc. Agric. Stat.
18(1):45-61.

Angus, J. F., Fischer, R. A. (1991). Grain protein responses to nitrogen applied to wheat growing on a red earth. Australian J. of
Agricultural Research, 42(5), 735-746. DOI: 10.1071/ar9910735.

Antille, D. L., Ansorge, D., Dresser, M. L., Godwin, R. J. (2013). Soil displacement and soil bulk density changes as affected by tire size.
Transactions of the ASABE 56(5):1683-1693. DOI: 10.13031/trans.56.9886.

Antille, D. L., Chamen, W. C. T, Tullberg, J. N., Lal, R. (2015a). The potential of controlled traffic farming to mitigate greenhouse gas
emissions and enhance carbon sequestration in arable land: a critical review. Transactions of the ASABE 58(3): 707-731. DOI:
10.13031/trans.58.11049.

Antille, D. L., Eberhard, J., Huth, N. I., Marinoni, O., Cocks, B., Schmidt, E. J. (2016). The effects of coal seam gas infrastructure
development on arable land in Southern Queensland, Australia: field investigations and modeling. Transactions of the ASABE.
59(4):879-901. DOI: 10.13031/trans.59.11547.

Antille, D. L., Godwin, R. J., Sakrabani, R., Seneweera, S., Tyrrel, S. F., Johnston, A. E. (2017). Field-scale evaluation of biosolids-
derived organomineral fertilizers applied to winter wheat in England. Agronomy Journal 109(2): 654-674. DOI:
10.2134/agronj2016.09.0495.

Antille, D. L., Imhoff, S. C., Alesso, C. A., Chamen, W. C. T., Tullberg, J. N. (2015b). Potential to increase productivity and sustainability
in Argentinean agriculture with controlled traffic farming: a short discussion. Acta Technologica Agriculturae 18(3): 83-87. DOI:
10.1515/ata-2015-0016.

ASABE. (2013). ASABE Standard EP-542: Procedures for using and reporting data obtained with the soil cone penetrometer. St. Joseph,
Mich.: ASABE.

ASABE 2017 Annual International Meeting Page 8



Ayers, P. D., Perumpral, J. V. (1982). Moisture and density effect on cone Index. Transactions of the ASABE 25(5): 1169-1172. DOI:
10.13031/2013.33691.

Baligar, V. C., Fageria, N. K., He, Z. L. (2001). Nutrient use efficiency in plants. Communications in Soil Science and Plant Analysis,
32(7-8), 921-950. DOI: 10.1081/CSS-100104098.

Blake, G. R., Hartge, K. H. (1986). Bulk density. In: Klute, A. (Editor). Methods of soil analysis. Part 1: Physical and mineralogical
methods (2nd Edition). Agronomy Monograph No.: 9, pp. 363-382. Madison, WI: American Society of Agronomy.

British Standard. (1990). BS1377 Section 2.0:1990: Sedimentation by pipette method. London, U.K.: The British Standards Institution.

Donald, C. M., Hamblin, J. (1976). The biological yield and harvest index of cereals as agronomic and plant breeding criteria. Advances
in Agronomy 28: 361-405. DOI: 10.1016/S0065-2113(08)60559-3.

Galambo3ova, J., Macak, M., Rataj, V., Antille, D. L., Godwin, R. J., Chamen, W. C. T., Zitiidk, M., Vitazkové, B., Dud'ak, I., Chlpik, J.
(2017). Field evaluation of controlled traffic farming in Central Europe using commercially available machinery. Transactions of
the ASABE 60 (In Press). DOI: 10.13031/trans.11833.

Godwin, R. J., Misiewicz, P. A., Smith, E. K., Millington, W. A. J., White, D. R., Dickin, E. T., Chaney, K. (2017). Summary of the effects
of three tillage and three traffic systems on cereal yields over a four-year rotation. ASABE Paper No.: 1701652. DOI:
10.13031/aim.201701652.

Godwin, R., Misiewicz, P., White, D., Smith, E., Chamen, T., Galambo3ov4, J., Stobart, R. (2015). Results from recent traffic systems
research and the implications for future work. Acta Technologica Agriculturae 18(3): 57-63. DOI: 10.1515/ata-2015-0013.

Isbell RF (2002) “The Australian Soil Classification.”. Melbourne, VIC, Australia: CSIRO Publishing.

James, I. T., Godwin, R. J. (2003). Soil, water and yield relationships in developing strategies for the precision application of nitrogen
fertiliser to winter barley. Biosystems Engineering 84(4):467-480. DOI: 10.1016/S1537-5110(02)00284-2.

Kachanoski, R. G. (2009). Crop response to nitrogen fertilizer: The delta yield concept. Canadian J. Soil Science 89(5):543-554. DOI:
10.4141/CJSS09003.

Lipiec, J., Stepniewski, W. (1995). Effects of soil compaction and tillage systems on uptake and losses of nutrients. Soil and Tillage
Research, 35(1-2), 37-52. DOI: 10.1016/0167-1987(95)00474-7.

MAFF. (1986). The analysis of agricultural materials. 3™ Edition. London, U.K.: Ministry of Agriculture, Fisheries, and Food.

McHugh, A. D., Tullberg, J. N., Freebairn, D. M. (2009). Controlled traffic farming restores soil structure. Soil and Tillage Research,
104(1), 164-172. DOI: 10.1016/j.still.2008.10.010.

Parr, J. F., Bertrand, A. R. (1960). Water infiltration into soils. Advances in Agronomy 12 (C): 311-363.

Price (2006). Australian soil fertility manual. Melbourne, VIC, Australia: CSIRO Publishing.

Radford, B. J., Yule, D. F., McGarry, D., Playford, C. (2001). Crop responses to applied soil compaction and to compaction repair
treatments. Soil and Tillage Research 61: 157-166.

Rural Solutions SA. (2016). Farm gross margin guide: A gross margin template for crop and livestock enterprises 2016. Retrieved
from: www.grdc.com.au/FarmGrossMarginGuide.

Tullberg, J. N., Antille, D. L., Bluett, C., Eberhard, J., Scheer, C. Controlled traffic farming effects on soil emissions. Soil and Tillage
Research (Submitted).

Tullberg, J. N., Yule, D. F., McGarry, D. (2007). Controlled traffic farming — From research to adoption in Australia. Soil and Tillage
Research 97(2): 272-281. DOI: 10.1016/j.still.2007.09.007.

University of Southern Queensland. (2015). Station data 2015. Toowoomba, QLD, Australia: University of Southern Queensland.

Zadoks, J. C., Chang, T. T., Konzak, C. F. (1974). A decimal code for the growth stages of cereals. Weed Research 14(6): 415-421. DOI:
10.1111/j.1365-3180.1974.th01084 ..

ASABE 2017 Annual International Meeting Page 9


http://www.grdc.com.au/FarmGrossMarginGuide

	2017 Annual Meeting Paper Template for ASABE Authors
	Author 1
	Affiliation for Author 1
	Author 2
	Affiliation for Author 2
	Author 3
	Affiliation for Author 3
	Author 4
	Affiliation for Author 4
	Author 5
	Affiliation for Author 5
	Author 6
	Affiliation for Author 6
	Paper number and page range
	Agronomic performance of wheat (Triticum aestivum L.) and fertiliser use efficiency as affected by controlled and            non-controlled traffic of farm machinery
	Written for presentation at the
	2017 ASABE Annual International Meeting
	Sponsored by ASABE
	Spokane, Washington
	July 16-19, 2017
	Introduction
	Materials and Methods
	Experimental site
	Soil measurements and analyses
	Crop measurements and analyses

	Results and Discussion
	Soil physical properties
	Grain yield and yield components
	Fertilizer-use efficiency
	Most economic rate of nitrogen and gross margin

	Conclusions
	Acknowledgments
	References

