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Abstract. This research explored how wheat responds agronomically when cultivated under
no-tillage and multi-tillage farming scenarios, representing conservational and conventional
systems, respectively. Using site-specific soil data, the Agricultural Production Systems
sIMulator (APSIM) was calibrated to investigate the long-term (7 winter seasons) influence of
tillage-induced soil health on crop yield, and some of the yield components. As a results, wheat
yields and yield components were significantly (p-value <0.05) higher under no-tillage
conditions. In years with moderate rainfall (= 230 to 400 mm in-season), the predicted values of
grain yield and total biomass between no-tillage and multi-tillage systems showed superiority to
no-tillage system. Despite the demonstrated superiority of the no-tillage system in providing the
best values for the investigated indicators under dry conditions, the differences in grain yield and
total biomass between the two farming systems decreased with increasing rainfall. The
differences in simulated and observed data were 13% and 8% for grain yield and biomass,
respectively, under no-tillage condition, and approximately 6% and 10% for grain yield and total
biomass, respectively, under multi-tillage condition. APSIM simulated outcomes showed that
increased productivity, and annual yield under no-tillage system, was able to increase total
financial incomes of wheat by USD120-396 ha™! depending on in-season rainfall and the tillage
system practiced. Therefore, no-tillage appears to offer a more sustainable and viable approach
to boosting nutrition uptake and grain yield compared to the conventional technique in water-
limited environments.

Key words: conservation agriculture, multi-tillage, conventional agriculture, wheat crop, yield
components.

INTRODUCTION
Modern agricultural systems face unprecedented challenges, including soil

degradation, climate variability, and diminishing natural resources, which threaten
global food security and ecological stability (Chamen et al., 2003; Botta et al., 2010;
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Jorgensen, 2012). In response to these pressing issues, conservation agriculture has
emerged as a transformative approach that redefines traditional farming paradigms
(Zhu et al., 2025), which concentrate on minimal soil disturbance, permanent soil cover,
and diversified crop rotations (Srean et al., 2025). Conservation agriculture seeks to
harmonize agricultural productivity with environmental stewardship. Through
prioritizing the preservation of soil structure and organic matter, this system enhances
water infiltration, reduces erosion, and fosters microbial activity, thereby improving
long-term soil health and resilience (AL-Wazzan & Muhammad, 2022; Zhang et al.,
2025).

The adoption of conservation agriculture is increasingly recognized as a critical
strategy for mitigating the adverse effects of climate change, particularly in regions
vulnerable to droughts, extreme temperatures, and erratic rainfall patterns. Studies have
demonstrated its capacity to sequester carbon, enhance biodiversity, and optimize
water-use efficiency, offering a viable pathway to sustainable intensification.
Furthermore, the integration of agroecological practices within conservation agriculture
frameworks promotes synergies between crop and livestock systems, reducing reliance
on synthetic inputs and lowering production costs for farmers (Hussein et al., 2021a,
2021b; Hassan et al., 2022).

Climate challenges are accelerating the use of predictive models in farm decision-
making. These mechanistic tools simulate crop performance by explicitly representing
causal processes (Challinor et al., 2009). The Agricultural Production Systems sIMulator
(APSIM) is a key model for projecting yield responses to climate shifts and soil factors
(Keating et al., 2003). Recognized globally for its sophistication, APSIM is capable of
modelling complex agricultural systems through interconnected components covering
plants, animals, soil, climate, and management (Akponikpe et al., 2010). As a leading
dynamic simulator, APSIM is also capable of predicting water and nitrogen dynamics
across different soil fertility scenarios. Over the years, this eco-physiological program
has become well-established through comprehensive validation in diverse environments
(Asseng et al., 2000; Chenu et al., 2011; Peake et al., 2011; Balwinder-Singh et al.,
2011). APSIM stands out for its modular process-based approach, ability to simulate
long-term soil-plant-management interactions, and integration with data-driven
technologies. Compared to other tools (e.g., DSSAT or AquaCrop), this modelling
software offers a unique combination of mechanistic depth, modular flexibility, and
proven applicability to complex agricultural systems. Its ability to integrate multi-year
climate data, precise soil-plant processes, and emerging technologies makes it especially
valuable for studies aiming to optimize irrigation and enhance sustainability.

Improvements in soil structure under no-tillage systems also appear to improve
plant uptake of water and nutrients. Despite its documented benefits, the widespread
implementation of conservation agriculture in Iraq remains hindered by socio-economic,
institutional, and knowledge-based barriers. Smallholder farmers, in particular, often
face challenges related to access to appropriate technologies, financial resources, and
extension services. This paper explores the multifaceted dimensions of conservation
agriculture, examining its agronomic impacts on the performance of wheat crop under
this particular farming system.
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Despite APSIM’s global validation (Carberry et al., 2013), its application to Iraqi
agroecosystems, particularly contrasting conservational and conventional practices,
represents a novel contribution. Therefore, the main objectives of this study were to (1)
assess wheat yield response to soil preparations under different tillage conditions; (2)
predict the Long-Term effects of soil health and weather changes on grain yield and
biomass using APSIM to simulate 7 years crop productivity and hydrological outcomes,
based on measured soil properties; (3) quantify the Long-Term economic returns based
on the grain yields derived from APSIM model.

MATERIALS AND METHODS

Field experimental site

The field trial was conducted during the winter season of 2023-2024 at Tel kaif
district, about 13 km Northeast of Mosul, within the Ninawa plains, Iraq (coordinates:
36°27'32.2", 43°9'22.5"). Overall, during the field experiment, temperatures remained
close to historical norms, though springtime lows were slightly cooler (Fig. 1 left).
Rainfall during the season (from the beginning of October to the end of April) was higher
than the historical averages by recording more than 800 mm, which was similar to the
growing seasons of 2018-2019 (890 mm) (Fig. 1 right).
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Figure 1. Average monthly maximum and minimum temperatures (left) and total seasonal
rainfall (October — May) during the modelled period (right), records for Mosul, Ninawa, Iraq
(data sourced from Directorate of Agriculture).

The soil at the site is classified as a Black-Gray soil. It is moderately well-drained
with minimal slope (< 0.5%). Particle size analysis revealed a high silt content (=54% in
the top 200 mm), typical of soils used for cereal cropping in this region. The area had a
history of at least three years of cereal production prior to the study.

Field study

The trial was conducted on two adjacent farms representing the two farming system
treatments (no-tillage and multi-tillage). The adjacent farms were chosen in order to
eliminate the effects of environmental and soil differences on results. One of the farmers
has been practicing conservation agriculture (no-tillage) since 2008, while the other
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farmer still utilizes conventional tillage and seeding system (multi-tillage). During the
experiment, primary tillage was done using a mouldboard plough, followed by seedbed
preparation with two passes (one across the other) using a tine cultivator on the multi-
tillage farm. This is the typical combination of tillage operations employed by farmers
in Iraq. Wheat (Triticum aestivum L. variety: DINC) was sown on 16 December 2023 at
a target density of 300 plants m™ using a no-tillage planter with disc openers at 150 mm
row spacing with both farming systems. The seeder slightly disturbed the soil to improve
seed-to-soil contact without deep loosening. Crop establishment was uniform across all
plots. One irrigation event (= 25 mm) was applied after planting to ensure emergence.
Two nitrogen sources were applied to the crop, namely, Urea (46% N) and Diammonium
phosphate DAP (46% N). Each Fertiliser type was applied in two equal doses: first at
the time of planting and then during stem elongation. Application rates were 100 kg ha!
for each fertilisation stage. The experimental plots consisted of stripes of 50 m wide and
100 m long. Three plots (replications) were randomly selected within 5 ha farmland of
each of the two farming systems. During crop growth, plant height, spikes per m? and
grains per spike were observed and recorded. Yield parameters evaluated in this study
included crop biomass yield, grain yield and thousand grain weight (TGW).

Simulation Approach

The Agricultural Production Systems sIMulator (APSIM), a process-based
modelling platform (Holzworth et al., 2014), was employed to model dryland wheat
production under contrasting soil management practices (conservational vs.
conventional systems) over 7 years (2018-2025). Prior to this, the biomass and grain
yield outputs of the model were validated against the field experimental results.
Economic analysis of wheat production in the Ninawa Governorate based on the 7-year
APSIM simulation result comparing the no-tillage and multi-tillage farming systems was
also conducted. This included the total income per ha derived from the two farming
systems and the difference between them for each simulated years, based on the 2024
Iraqi wheat market price of USD 600 ton™' (Ministry of Agriculture in Iraq, 2024).

Detailed model specifications, including module descriptions and codebase access,
are available in the APSIM documentation repository (https://www.apsim.info/).
A Black-Gray soil type was simulated, with climate inputs sourced from regional
meteorological records. To assess soil compaction effects on crop development,
the SoilWat module was selected to model soil-water dynamics, deviating from
prior methodologies that utilized alternative modules (e.g., Huth et al., 2012; Antille et
al., 2016).

Soil physical and hydraulic properties (Table 1) were measured during the one-year
field experiment to calibrate and guide parameterisation and application of APSIM, and
to model the long-term impacts of simulated soil conditions of no-tillage and
multi-tillage farming systems on crop productivity and biomass. These properties were
measured directly from soil samples taken from the study site. Specifically, undisturbed
soil cores were collected from the top 300 mm layer at multiple locations within the
experimental plots. Bulk density (BD) was determined using the core method. Saturation
threshold (SAT) and upper drainage capacity (DUL, often equivalent to field capacity)
were subsequently determined in the laboratory using the constant head method
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(Klute, 1965). Saturated hydraulic conductivity (KSAT) values were restricted to the
upper 150 mm for conventional system, while deeper profiles (300-600 mm) were
extrapolated from historical datasets of analogous soils (Dalgliesh & Foale, 1998;
Connolly et al., 2001). For conventional systems, pedotransfer functions based on
particle-size distributions (Gee & Bauder, 1986) were applied to estimate lower moisture
limits (LL) across all depths and DUL/SAT below 300 mm. Surface runoff coefficients
were adjusted to 73 for multi-tillage (Kodur et al., 2017), with a 7-unit increment for
multi-tillage scenarios (McCloskey et al., 2014), while evaporation parameters followed
default APSOIL database configurations. The simulation was run to cover a continuous
period of 7 years (2019-2025), enabling the prediction of multi-year future crop yield
based on experimental measurements. The simulation was based on the Continued
Wheat template of the APSIM software as this was the mostly closely aligned template
to the environmental conditions of this study.

Table 1. Soil physical properties used in the APSIM simulations for conservation agricultural
(no-tillage) and conventional farming (multi-tillage) conditions for a Black-Gray soil at Ninawa,
Iraq

Plant lower Drained

Depth Bulk density  Porosity limit upper limit Saturation Kgar
(mm) (g Cm_3) (%) (m3 m-S) (m3 m-3) (m3 m_3) (mm day_l)
Multiple-Tillage

0-100 1.14 0.57 0.22 0.30 0.54 950
100-150 1.16 0.56 0.25 0.30 0.53 501
150-200 1.19 0.55 0.23 0.35 0.47 104
200-300 1.21 0.54 0.23 0.34 043 51
300400 1.23 0.54 0.24 0.35 0.42 52
No-tillage

0-100 1.36 0.49 0.21 0.25 0.47 52
100-150 1.24 0.53 0.24 0.27 0.48 26
150-200 1.33 0.50 0.23 0.36 043 20
200-300 1.29 0.51 0.24 0.34 0.40 21
300400 1.26 0.52 0.25 0.35 0.40 25

Wheat (Triticum aestivum L.) was modelled annually with sowing triggered by
cumulative rainfall thresholds (> 20 mm within 5 days) between mid-November and
mid-December. If the rainfall threshold was unmet, forced planting occurred by the end
of December. Seeding density (300 plants m2) and nitrogen application (200 kg ha'! urea
and DAP) aligned with regional practices (Zadoks et al., 1974). Initial soil moisture
(95% of maximum capacity) was equilibrated via a 7-year pre-simulation data.

Model outputs were calibrated against empirical yield data, with simulated yield
disparities (13% between no - and multi-tillage) closely mirroring field observations
(12%). Seasonal water-use efficiency, calculated as grain yield per unit seasonal rainfall
(Hochman et al., 2009), served as a key performance metric.
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Statistical analysis

Statistical Package for the Social Sciences (SPSS-version 23) software was used to
analyse the data derived from the field study (Swan & Sandilands, 1995). Means of yield
and yield components were compared for significant differences using independent
samples #-test at 5% level of probability. Linear regression analyses were applied to
examine the relationships between grain yield and rainfall during the simulated seasons.

RESULTS AND DISCUSSIONS

Field Results

The results derived from the field investigation, presented in Table 2, indicate
that measured yield components were significantly influenced by the tillage-farming
system (P < 0.05). Significantly higher grain yield (3,900 kg ha!), total dry biomass
(10,433 kg ha!), plant height (105.5 cm) and TGW (29.5 g) were obtained where
no-tillage technique was used, compared to the conventional tillage system (3,600 kg ha!,
8,916 kg ha'!, 83.3 cm and 24.43 g for grain yield, biomass, plant height and TGW,
respectively). No significant differences were observed in the other parameters (spikes
per m? and number of grains per spike).

Table 2. Measured yield components as affected by tillage-farming systems (n = 3)

Farming system Biomass Spikes Plant height  Grains TGW Yield
(kg ha™) per m? (cm) per spike  (g) (kg ha™')

Multi-tillage 8,916 b 395.67b 83.30b 31.12b 24.43 b 3,600 b

No-tillage 10,433 a 399.50b  105.50 a 32.50b 29.50 a 3,900 a

This finding suggests that the excessive use of tillage operations has negative
effects across all agricultural domains, particularly impacting environmental sustainability
and the economic viability of the agricultural sector. Farmers in Ninawa Governorate
invest substantial funds in performing multi-tillage passes prior to planting. This
practice, based on traditional farmer knowledge, aims to loosen and invert the soil to
increase aeration as a result of increased porosity as evidence in Table 1. However, it
overlooks the significant water wastage, as the large pores created between soil particles
allow rainwater to percolate rapidly beyond the root zone, from which the crop derives
little benefit (Alrijabo, 2014). These outcomes were also confirmed by Ghosh et al.
(2015) who investigated the agronomic and economic benefits of adopting conservation
farming technique.

Validation of APSIM Results

Fig. 2 displays the differences between observed and predicted grain yields and
total biomass for wheat during the growing season of 2023—2024 under both investigated
farming systems. These results confirmed that field-model discrepancies remained
within the acceptable ranges, showing approximately 13% and 8% differences for yield
and biomass, respectively, under no-tillage farming system, versus 6% and 10% under
conventional system.

This alignment demonstrates that rainfall patterns and tillage systems influence
wheat productivity not only in empirical studies but also under simulated conditions
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when environmental parameters are replicated. These predicted outcomes were within
the range reported by previous studies (e.g., Radford et al., 2007), and other projects that
compared the effects of compacted and non-compacted soils on simulated crop yield and
yield components (e.g., Galambosova et al., 2017; Shaheb et al., 2018). The outcomes
also confirm that the impacts of compaction due to no-tillage farming system on crop
performance depends on the seasonal rainfall, minimum and maximum temperatures
(McKyes et al., 1979). Such validation significantly supports pre-planting decision-
making by farmers, particularly regarding farming system selection.
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Figure 2. Differences between observed and predicted grain yields and biomass obtained from
the field and APSIM model, respectively, during the 2023-2024 season.

Long-Term Predicted Results

Fig. 3 shows the fluctuation in predicted wheat production (grain yield and total
biomass) from 2018 to 2024 relative to seasonal rainfall. Peak values for grain yield
and total dry weight were recorded during the rainy seasons of 2018-2019 and the
2023-2024 winter season. In contrast, the 2024-2025 season recorded the lowest
predicted wheat production in the past seven years, with yields falling below
1,000 kg ha! under conventional tillage systems and approximately 1,300 kg ha™ under
no-tillage systems.

Simulated outcomes indicate that agricultural management systems exert sustained
influence on crop productivity and biomass accumulation across diverse climatic
scenarios, aligning with single-season trial observations. Repeated tillage operations
demonstrate particularly adverse impacts on yield parameters and vegetative growth
during suboptimal precipitation periods. In arid and semi-arid dryland ecosystems,
pre-sowing soil moisture reserves fundamentally govern production viability.
Consequently, modelled variations in this critical (water) resource dictate phonological
outcomes and inform strategic sowing decisions (Zeng et al., 2021; Yu et al., 2024).
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Figure 3. Grain yield and total biomass derived from the two farming systems and their relations
with total seasonal rainfall during the simulated period (2018-2024).

Predicted yields and biomass under rainfall variability for no-tillage and multi-
tillage conditions are shown in (Fig. 4,a andb), respectively. Conventional farming
system represented by multi-tillage reduced grain yield and biomass, by 65% and 48%,
respectively, when the rainfall condition fell below average (< 30" percentile = 230 mm).
These differences between the two farming systems decreased within the average
seasonal rainfall (2,700, 2,780 and 3,000 kg ha! yield under conservational tillage
farming system versus 2,500, 2,570 and 2,800 kg ha! yield under the conventional
farming system). The biomass response followed the same trend, with both farming
systems. The differences between the two farming systems decreased in the years that
received above average rainfall compared to the dry seasons which reflects similar
behavior of crop response during the field studies.
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Figure 4. Simulated long-term (2018-2025) wheat (a) Grain yield and (b) Total biomass within
a wheat-fallow cropping system on Iraqi Black-Gray soil, comparing no-tillage and multi-tillage
farming systems as a function of rainfall. The dashed vertical lines indicate the 30" (left) and 70"
(right) rainfall percentiles.
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Economic analysis

Table 3 shows the economic analysis results of the two tillage-farming systems
derived from APSIM-modelled grain yield during the 7-year simulated period. These
outcomes focus exclusively on vyield differentials and their resulting financial
implications between the no-tillage and multi-tillage farming systems. Although, the
operational costs disparities were not accounted, based on several studies (e.g., Loss et
al., 2014; Loss et al., 2015; Luhaib et al., 2017; Hasan et al., 2022) conservational
farming system have demonstrated superiority in reducing variable costs (e.g., fuel and
lubrication, labor, and maintenance)
by about USD 100 ha! compared Table 3. Financial returns from the two tillage

with conventional farming system. systems based on 7-year APSIM outcomes
Following the yield results Total income (USD ha'!)
presented in Fig. 2, the no-tillage Season Rainfall No- Multi- .
. . . . Differences
system resulted in higher total tillage tillage

income in all simulated seasons 2018 891 2,700 2,580 120
compared to the multi-tillage system 2019 532 2,400 2,280 120
(Table 3), based on Iraq’s wheat 2020 248 1,620 1,290 330

. . 2021 278 1,589 1,320 269
-1 s D
grain price of USD 600 ton 2022 300 1800 1440 360

(Ministry of Agriculture in Iraq, 2023 810 2,700 2304 396
2024). The differences in income 2024 130 600 240 360

ranged from USD 120 in the 2018
season to USD 396 ha'! in the 2023 season, proving the higher profitability of no-tillage
farming, especially in seasons with above average rainfall and when cost of production
would be factored in.

CONCLUSIONS

Enhanced wheat grain yield and total biomass in no-tillage farming system were
mainly explained by avoidance of multi-tillage and minimized soil disruption in both
short and long-term investigations. This was confirmed by differences in all agronomic
indicators of crop performance in field experiment findings (number of spikes, plant
height, number of grains per spike and thousand grain weight) observed in the two
farming systems. Conservation agriculture appears to be a more effective practice to help
increase input-use-efficiency (while reducing total farm operations), which in this
study resulted in improved economic returns of USD 120 to 396 ha™!. In the long-term
modelling investigation, the predicted outcomes revealed that the impact of the
implemented farming system on grain yield and biomass is dependent on in-season
rainfall with better results in years with rainfall above average and vice versa. Long-term
simulations suggested that productivity of wheat in the arid and semi-arid conditions
could be improved if the crop was managed under no-tillage system, depending on
rainfall.

ACKNOWLEDGMENTS. Technical and field support provided by the staff of the Center for

Arid Farming and Conservation Agriculture Research’s (C.AFCAR) at the University of Mosul
is gratefully acknowledged.

1105



REFERENCES

Akponikpe, P.B., Gérard, B., Michels, K. & Bielders, C. 2010. Use of the APSIM model in long
term simulation to support decision making regarding nitrogen management for
pearl millet in the Sahel. European Journal of Agronomy 32(2), 144-154.
https://doi.org/10.1016/j.eja.2009.09.005

Alrijabo, A.A. 2014. Effect of the new farming system-zero tillage in growth, yield and its
components of bread wheat, durum wheat and barley crops in moderate rainfall area in
ninevah province. Mesopotamia Journal of Agriculture 42(1), 1-16.

Al-Wazzan, F.A. & Muhammad, S.A. 2022. Effects of conservation and conventional tillage on
some soil hydraulic properties. In IOP Conference Series: Earth and Environmental Science
1060(1), p. 012002. IOP Publishing. https://10.1088/1755-1315/1060/1/012002

Antille, D.L., Huth, N.I., Eberhard, J., Marinoni, O., Cocks, B., Poulton, P.L., Macdonald, B.C.
& 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. https://doi.10.1303 1/trans.59.11547

Asseng, S., van Keulen, H. & Stol, W. 2000. Performance and application of the APSIM Nwheat
model in the Netherlands. European Journal of Agronomy 12(1), 37-54.
https://doi.org/10.1016/S1161-0301(99)00044-1

Balwinder-Singh, Gaydon, D.S., Humphreys, E. & Eberbach, P.L. 2011. The effects of mulch
and irrigation management on wheat in Punjab, India-Evaluation of the APSIM model.
Field Crops Research 124(1), 1-13. https://doi.org/10.1016/j.fcr.2011.04.016

Botta, G.F., Tolon-Becerra, A., Lastra-Bravo, X. & Tourn, M. 2010. Tillage and traffic effects
(planters and tractors) on soil compaction and soybean (Glycine max L.) yields in Argentinean
pampas. Soil and Tillage Research 110(1), 167—174. doi: 10.1016/j.sti11.2010.07.001

Carberry, P.S., Liang, W., Twomlow, S., Holzworth, D.P., Dimes, J.P., McClelland, T., Huth, N.L.,
Chen, F., Hochman, Z. & Keating, B.A. 2013. Scope for improved eco-efficiency varies
amongdiverse cropping systems. The Proceedings of the National Academy of
Sciences (PNAS) 110(21), 8381-8386. doi: 10.1073/pnas. 1208050110

Challinor, A.J., Ewert, F., Arnold, S., Simelton, E. & Fraser, E. 2009. Crops and climate change:
progress, trends, and challenges in simulating impacts and informing adaptation. Journal of
Experimental Botany 60(10), 2775-2789. https://doi.org/10.1093/jxb/erp062

Chamen, T., Alakukku, L., Pires, S., Sommer, C., Spoor, G., Tijink, F. & Weisskopf, P. 2003.
Prevention strategies for field traffic-induced subsoil compaction: A review: Part 2.
Equipment and field practices. Soil and tillage research 73(1-2), 161-174.
https://doi.org/10.1016/S0167-1987(03)00108-9

Chenu, K., Cooper, M., Hammer, G.L., Mathews, K.L., Dreccer, M.F. & Chapman, S.C. 2011.
Environment characterization as an aid to wheat improvement: inter- preting genotype-
environment interactions by modelling water-deficit patterns in North-Eastern Australia.
Journal of Experimental Botany 62(6), 1743—1755. https://doi.org/10.1093/jxb/erq459

Connolly, R., Freebairn, D., Bell, M. & Thomas, G. 2001. Effects of rundown in soil hydraulic
condition on crop productivity in south-eastern queensland-a simulation study. Australian
Journal of Soil Research 39(5), 1111-1129. https://doi.org/10.1071/SR00089

Dalgliesh, N. & Foale, M. 1998. Soil matters-monitoring soil water and nitrogen in dryland
farming systems. CSIRO/Agricultural Production Systems Research Unit, Technical
Manual-ISBN 0.

Galambosova, J., Macak, M., Rataj, V., Antille, D.L., Godwin, R.J., Chamen, W.C. & Chlpik, J.
2017. Field evaluation of controlled traffic farming in Central Europe using commercially
available machinery. Transactions of the ASABE 60(3), 657—669. doi: 10.13031/trans.11833

1106



Gee, G.W. & Bauder, J.W. 1986. Particle-size analysis. In: Klute, A., editor. Methods of soil
analysis. 2nd ed. Part 1: physicaland mineralogical methods. Madison (WI). Soil Science
Society of America, pp. 383—411. https://doi.org/10.2136/sssabookser5.1.2ed.c15

Ghosh, B.N., Dogra, P., Sharma, N.K., Bhattacharyya, R. & Mishra, P.K. 2015. Conservation
agriculture impact for soil conservation in maize—wheat cropping system in the Indian
sub-Himalayas. International Soil and Water Conservation Researc 3(2), 112-118.
https://doi.org/10.1016/j.iswer.2015.05.001

Hasan, M.A., AL-Jeboory, JM.A. & Tahir, H.T. 2022. Zero-Tillage Performance Of Comparing
With Conventional Cultivation In The Economic Study. Natural Volatiles & Essential Oils
Journal 9(2), 542-552.

Hassan, W., Li, Y.E., Saba, T., Jabbi, F., Wang, B., Cai, A. & Wu, J. 2022. Imprved and
sustainable agroecosystem, food security and environmental resilience through zero tillage
with emphasis on soils of temperate and subtropical climate regions: A review. International
Soil and Water Conservation Research 10(3), 530-545. doi: 10.1016/.iswcr.2022.01.005

Hochman, Z., Holzworth, D. & Hunt, J.R. 2009. Potential to improve on-farm wheat yield and
WUE in Australia. Crop and Pasture Science 60(8) 708-716. doi: 10.1071/CP09064

Holzworth, D.P., Huth, N.I., Zurcher, E.J., Herrmann, N.I., McLean, G., Chenu, K., van
Oosterom, E.J., Snow, V., Murphy, C. & Moore, A.D. 2014. Apsim—evolution towards a
new generation of agricultural systems simulation. Environmental Modelling & Sofiware
62, 327-350. https://doi.org/10.1016/j.envsoft.2014.07.009

Hussein, M.A., Aatille, D.L., Kodur, S., Chen, G. & Tullberg, J.N. 2021a. Controlled traffic
farming delivers improved agronomic performance of wheat as a result of enhanced rainfall
and fertiliser nitrogen use efficiency. Acta Agriculturae Scandinavica, Section B—Soil &
Plant Science 71(5), 377-398. https://doi.org/10.1080/09064710.2021.1903984

Hussein, M. A., Aantille, D.L., Kodur, S., Chen, G. & Tullberg, J.N. 2021b. Controlled traffic
farming effects on productivity of grain sorghum, rainfall and fertiliser nitrogen use efficiency.
Journal of Agriculture and Food Research 3, 100111. doi: 10.1016/j.jafr.2021.100111

Huth, N.I., Bristow, K.L. & Verburg, K. 2012. SWIM3: model use, calibration, and validation.
Transactions of the ASABE 55(4), 1303—1313. https://d0i.10.13031/2013.42243

Jorgensen, M.H. 2012. Agricultural field machinery for the future — from an engineering perspective.
Agronomy Research 10(1), 109—113. https://agronomy.emu.ce/vol10Specl/p10s111.pdf.

Keating, B.A., Carberry, P.S., Hammer, G.L., Probert, M.E., Robertson, M.J., Holzworth, D.,
Huth, N.I., Hargreaves, J.N., Meinke, H., Hochmana, Z., McLean, G., Verburg, K.,
Snowc, V., Dimes, J.P., Silburn, M., Wangb, E., Browna, S., Bristow, K.L., Asseng, S.,
Chapman, S., McCown, R.L., Freebairn, D.M. & Smith, C.J. 2003. An overview of
APSIM, a model designed for farming systems. European Journal of Agronomy 18(3—4),
267-288. https://doi.org/10.1016/S1161-0301(02)00108-9

Klute, A. 1965. Laboratory measurement of hydraulic conductivity of saturated soil. Methods of
Soil Analysis: Part 1 Physical and Mineralogical Properties, Including Statistics of
Measurement and Sampling 9, 210-221.

Kodur, S. 2017. Improving the prediction of soil evaporation fordifferent soil types under dryland
cropping. Agricultural Water Management 193, 131-141. doi: 10.1016/j.agwat.2017.07.016

Loss, S.P., Haddad, A., Desbiolles, J., Cicek, H., Khalil, Y. & Piggin, CM. 2015.
The practical implementation of conservation agriculture in the Middle East.
International Center for Agricultural Research in the Dry Areas (ICARDA).
https://hdl.handle.net/20.500.11766/8337

Loss, S., Piggin, C., Haddad, A., Alrijabo, A., Al Kubaisy, M., Siddique, K., Denton, M. &
Huttner, E. 2014. Final Report: Development of conservation cropping systems in the
drylands of northern Iraq. ACIAR, Canberra, Australia, pp. 1-54.

1107



Luhaib, A.A.A., Aantille, D.L., Tullberg, J.N., Hussein, M.A. & Chen, G. 2017. Effect of
controlled traffic farming on energy saving in Australian grain cropping systems. ASABE
Paper No.: 1700583. St. Joseph, MI. In 2017 ASABE Annual International Meeting,
American Society of Agricultural and Biological Engineers. https://doi.org/10.13031/aim.

McCloskey, G.L., Waters, D.K., Ellis, R. & Carroll, C. 2014. Modelling reductions of pollutant
loads due to improved management practices in the Great Barrier Reef catchments — Cape
York NRM region, Technical Report, Volume 2, Department of Natural Resources and
Mines, Cairns, Queensland. (ISBN: 978-0-7345-0440-1).

McKyes, E., Negi, S., Douglas, E., Taylor, F. & Raghavan, V. 1979. The effect of machinery
traffic and tillage operations on the physical properties of a clay and on yield of silage corn.
Journal of Agricultural Engineering Research 24(2), 143-148. doi: 10.1016/0021-
8634(79)90048-9

Ministry of Agriculture in Iraq [Internet] Wheat Grains Reception Plan for the 2023-2024
Agricultural Season [cited 29 June 2025] https://www.zeraa.gov.iq/?article=3795

Peake, A.S., Gilmour, A. & Cooper, M. 2011. The 1BL/1RS translocation decreases grain yield
of spring wheat germplasm in low yield environments of north-eastern Australia. Crop and
Pasture Science 62(4), 276-288. https://doi.org/10.1071/CP10219

Radford, B.J., Yule, D.F., McGarry, D. & Playford, C. 2007. Amelioration of soil compaction
can take 5 years on a Vertisol under no till in the semi-arid subtropics. Soil and Tillage
Research 97(2), 249-255. https://doi.org/10.1016/].stil.2006.01.005

Shaheb, M.R., Grift, T.E., Godwin, R.J., Dickin, E., White, D.R. & Misiewicz, P.A. 2018. Effect
of tire inflation pressure on soil properties and yield in a corn-soybean rotation for three
tillage systems in the Midwestern United States. In 2018 ASABE annual international
meeting (p. 1). American Society of Agricultural and Biological Engineers.
https://d0i.10.13031/aim.201801834

Srean, P., Lesueur, D., Khin, S., Ngang, C., Horn, S.A., Lo, S. & Bates, R.M. 2025. Conservation
agriculture enhances soil biodiversity and fertility: Evidence from contrasting soil textures
in Cambodia. Pedobiologia 110, 151053. https://doi.org/10.1016/j.pedobi.2025.151053

Swan, A. R. & Sandilands, M. 1995, Introduction to geological data analysis, Blackwell Science,
Cambridge Mass, USA, p. 446.

Yu, X., Liu, Y., Niu, S., Zhao, W., Fu, C. & Chen, Z. 2024. Structure, Functions, and Interactions
of Dryland Ecosystems. In Dryland Social-Ecological Systems in Changing
Environments (pp. 69-107. Singapore: Springer Nature Singapore.

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. https://doi.org/10.1111/j.1365-3180.1974.tb01084.x
Zeng, H., Wu, B., Zhang, M., Zhang, N., Elnashar, A., Zhu, L. & Liu, W. 2021. Dryland
ecosystem dynamic change and its drivers in Mediterranean region. Current Opinion in

Environmental Sustainability 48, 59—67. https://doi.org/10.1016/j.cosust.2020.10.013

Zhang, W., Feng, J., Bai, X., He, W., Mo, J., Gao, Q. & Gu, S. 2025. Crop yield and soil
quality of soya bean-maize rotation in response to 8-year keep stubble with no
tillage practices on the Northeast China. European Journal of Agronomy 164, 127526.
https://doi.org/10.1016/j.€ja.2025.127526

Zhu, Y., Li, Z., Zhao, D., Zhang, B., Zhu, B., Yao, Z. & Zhou, M. 2025. Effects of Conservation
Agriculture on Soil N20 Emissions and Crop Yield in Global Cereal Cropping
Systems. Global Change Biology 31(1), €70048. https://doi.org/10.1111/gcb.70048

1108



