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Conventional pedotransfer functions (PTFs) often fail to capture management-induced
changes in soil pore architecture, particularly in conservation agriculture (CA) systems.
This study evaluated wetting front depth (WF)—a field-integrated infiltration metric—
as a predictor to improve estimates of saturated hydraulic conductivity (K) and available
water capacity (AWC). We compared long-term CA (5-11 years) with conventional
tillage (CT) at two semi-arid sites in northern Iraq: one clay loam site and one silt loam
site. CA significantly reduced bulk density (9-12%) and increased soil organic carbon
(SOC; 47-93%), resulting in a 40-48% deepening of the wet front. These structural shifts
corresponded with substantial increases in Ky (80-116%) and AWC (14-15%).
Management-specific PTFs incorporating WF explained 92-97% of the variance in
calibration, with cross-validated performance (R%*cv) ranging from 0.88 to 0.93.
Incorporating WF improved predictive accuracy by AR? = 0.18-0.22 over texture-only
models. Regression coefficients for WF were 1.5-fold larger under CA than CT,
indicating that WF effectively quantifies macropore connectivity and flow domain
continuity. We conclude that conventional PTFs underestimate hydraulic functionality in
CA due to their inability to account for structural porosity. Integrating WF as a
management-sensitive variable mitigates this bias, offering a robust, low-cost
methodology for hydrological modeling in data-scarce drylands. These findings support
the ecodynamic design of climate-resilient agricultural systems by providing a scalable,
field-deployable methodology for parameterizing hydrological models in data-scarce
drylands.

1. INTRODUCTION

(Ks) by 30-60% and plant-available water capacity (AWC) by
10-20% compared to conventional tillage (CT) systems [9,

In semi-arid drylands, where potential evapotranspiration
often exceeds annual precipitation, the agricultural
productivity of rainfed systems depends not on total rainfall
amount, but on the soil's capacity to capture, transmit, and
store water within the root zone during critical growth stages
[1, 2]. This hydraulic functionality is governed primarily by
the architecture of the soil pore network—specifically, the
continuity and connectivity of macropores that facilitate rapid
infiltration and reduce evaporative losses [3, 4].

Conservation agriculture (CA), characterized by minimal
soil disturbance, permanent residue cover, and crop
diversification, has emerged as a strategic management system
to rehabilitate this hydraulic architecture in degraded dryland
soils [5, 6]. By avoiding tillage-induced disruption, CA
promotes the preservation of continuous biopores, stabilizes
macroaggregates through organic binding agents, and
enhances surface organic matter accumulation, collectively
reconfiguring the pore system toward greater structural
stability and connectivity [7, 8]. Empirical evidence from
long-term field experiments indicates that these structural
modifications can increase saturated hydraulic conductivity
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10]. However, the magnitude of these benefits varies
substantially with soil texture, climate, and duration of CA
implementation, creating a pressing need for predictive tools
that can accurately account for management-induced
hydraulic heterogeneity [11, 12].

Despite this mechanistic understanding of tillage effects on
soil structure, the primary tools used to estimate soil hydraulic
properties for hydrological modeling—pedotransfer functions
(PTFs) remain largely insensitive to agricultural management.
Conventional PTFs, such as those embedded in the Rosetta
model or derived from the HYPRES database, predict K and
AWC exclusively from static soil attributes: texture, bulk
density, and organic carbon content [13, 14]. These functions
implicitly assume that soil hydraulic behavior is time-invariant
and that tillage leaves no enduring signature on pore
architecture—an assumption increasingly contradicted by
empirical data from long-term CA systems [15, 16]. When
applied to no-till systems, texture-based PTFs systematically
underestimate K by 40-70% and mischaracterize the soil
water retention curve, particularly in the matrix potential range
governing plant-available water [17, 18]. This predictive bias
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stems from a fundamental conceptual limitation: conventional
PTFs parameterize the soil matrix but fail to resolve the
macropore networks and structural pores that dominate flow
under near-saturated conditions in CA systems [19, 20].

Wet front depth (WF)—defined as the vertical distance of
water penetration following a standardized infiltration event—
represents a novel, field-measurable proxy for pore
connectivity. Unlike laboratory-derived parameters that
characterize static soil samples, WF integrates the dynamic
effects of surface crusting, macropore continuity, and sublayer
permeability under realistic field conditions [21, 22].
Conceptually, WF reflects the depth to which the near-
saturated hydraulic conductivity of the soil profile can transmit
water within a fixed time, making it a functional integrator of
pore connectivity from the millimeter to the meter scale [23,
24]. Recent field studies have demonstrated that WF is highly
responsive to tillage management, with 35-50% deeper
wetting fronts observed under no-till compared to plowed
soils, consistent with the preservation of biopore networks and
reduced surface sealing [25, 26]. However, no study to date
has systematically evaluated whether WF can serve as a robust
predictor variable in management-specific PTFs—that is,
whether incorporating WF into regression models can bridge
the accuracy gap left by texture-based functions when
estimating K and AWC in CA systems.

The mechanistic basis for WF as a functional indicator lies
in its direct sensitivity to soil pore architecture. Macropores—
generated by root channels, earthworm burrows, and inter-
aggregate voids—minimize flow path tortuosity and increase
the effective hydraulic radius, thereby accelerating the vertical
advance of the wetting front [21, 22, 25, 26]. Under CA, these
macropore networks are preserved and reinforced over time by
continuous root activity, fungal hyphae, and organic binding
agents, which stabilize macroaggregates and maintain pore
connectivity  [7, 8]. Conversely, CT fragments
macroaggregates, collapses biopores, and shifts the pore size
distribution toward micropores, increasing tortuosity and
forcing water through slower, matrix-dominated flow paths
[23, 24]. Consequently, WF serves as an integrative, field-
deployable metric that captures the cumulative management
effect on structural porosity. Importantly, because WF reflects
near-saturated flow conditions, it maintains a strong functional
relationship with saturated hydraulic conductivity (K;) and
demonstrates relative stability across seasonal moisture
fluctuations, making it a reliable proxy for long-term hydraulic
performance in semi-arid systems.

This question is particularly critical in data-sparse drylands
such as semi-arid northern Iraq, where rainfed wheat
production supports millions of smallholder farmers yet faces
accelerating soil degradation and water scarcity [27, 28].
While adoption of CA is gradually increasing in the region,
with some farmers maintaining no-till systems for 5-11 years,
no region-specific PTFs exist for these managed soils. This
data gap forces modelers and extension services to rely on
generic functions developed in temperate or texturally
dissimilar environments, undermining efforts to quantify the
water-related benefits of CA adoption and to develop
evidence-based irrigation scheduling.

The specific objectives of this study were to:

(1) Quantify the effects of long-term CA (5 and 11 years)
on WF, saturated hydraulic conductivity, and AWC compared
to CT at two sites with contrasting soil textures (clay loam and
silty loam) in semi-arid northern Iraq;

(2) Develop and validate management-specific PTFs
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incorporating WF as a novel predictor variable for estimating
Ksand AWC;

(3) Evaluate the improvement in predictive accuracy gained
by including WF compared to texture-only models;

(4) Assess the relationship between WF and key soil
structural properties (bulk density, soil organic carbon (SOC))
to elucidate the mechanisms linking WF to pore connectivity.

By addressing these objectives, this work aims to provide
the first quantitative assessment of WF as a functional proxy
for tillage-induced macropore connectivity, offering a
scalable, field-deployable methodology for parameterizing
hydrological models in data-scarce dryland agroecosystems.

2. MATERIALS AND METHODS
2.1 Study sites

The study was conducted during the 2024-2025 wheat
growing season at two long-term experimental sites in
Nineveh Governorate, northern Iraq, representing distinct soil
textures and durations of CA adoption. The first site, Abbasiya
(36.42 °N, 43.20 °E; 250 m a.s.l.), features a clay loam soil
(Typic Haplocalcid) and has been under continuous CA
management since 2014 (11 years). The second site, Nimrud
(36.11 °N, 43.42 °E; 256 m a.s.l.), consists of a silt loam soil
(Typic Haplocalcid) and was established under CA in 2020 (5
years). Figure 1 shows the location of the two study sites in
Nineveh Governorate, northern Iraq. Both sites experience a
semi-arid Mediterranean climate (Koppen BSh) with mean
annual precipitation of 150-350 mm (80% falling between
November and April), and potential evapotranspiration
exceeding 2500 mm yr .

* Scale1:250,000

o | 0——10—20kn|
+ Abbasiya(CA, CT/ y7)

+ Nimrud (€A, CT51)

* Base map: Esrl World Street

Figure 1. Map of the study area in Nineveh Province, Iraq,
showing the locations of the long-term conservation
agriculture (CA) sites at Abbasiya (clay loam) and Nimrud
(silt loam)

2.2 Experimental design

At each site, a paired-plot design was implemented with five
spatially independent fields (each >2 ha) per tillage system,
resulting in five field replicates per treatment per site. The CA
system involved zero tillage with direct seeding and retention
of 30-50% wheat residue cover, while the CT system consisted
of annual moldboard plowing (25-30 cm depth) followed by



disk harrowing, with complete residue removal or
incorporation. A randomized complete block design (RCBD)
was employed at each location, with tillage system as the fixed
factor and fields serving as blocks. This yielded a total of 20
experimental units (2 sites x 2 tillage systems x 5 blocks).
Within each block, a 20 m x 20 m sampling plot was
established, positioned > 50 m from field boundaries to
minimize edge effects.

2.3 Soil sampling and laboratory analyses

Soil sampling was conducted at three key phenological
stages: pre-planting (November 2024), mid-season (February
2025, active tillering), and post-harvest (June 2025). At each
stage, undisturbed soil cores (5 cm diameter X 5 cm height)
were collected from three depth increments (0-10, 10-20, and
20-30 cm) using stainless steel rings. Three cores per depth
were taken from each plot and composited by depth for a
single composite measurement per plot per depth, yielding a
total of 540 undisturbed cores (2 sites x 2 tillage systems x 5
blocks x 3 depths x 3 times X 3 cores = 540). Adjacent
disturbed samples were collected for physicochemical
characterization.

In the laboratory, bulk density (pb) was determined by the
core method after oven-drying at 105 °C for 24 h [29]. Particle
size distribution was analyzed via the hydrometer method
following organic matter oxidation and chemical dispersion
[18]. Saturated hydraulic conductivity (K;) was measured on
undisturbed soil cores using the falling-head permeameter
method [30]. Cores were slowly saturated from the bottom
upward for 48 hours to minimize air entrapment. After
saturation, the initial head (ho) and final head (hi) were
recorded, and K, was calculated using:
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Soil water retention was determined using pressure plate
extractors at matric potentials of —33 kPa (field capacity) and
—1500 kPa (permanent wilting point) [31]. AWC was
calculated as the volumetric difference between these two
potentials. SOC was quantified using the Walkley—Black wet
oxidation method [32], and calcium carbonate equivalent was
measured volumetrically.

2.4 Field measurement of wet front depth

WF was measured in situ during the mid-season sampling
event (February 2025) to capture soil structural conditions
under active root growth. In each plot, a 2 m x 2 m subplot
was established, and 50 mm of water was applied uniformly
using a portable rainfall simulator calibrated to an intensity of
20 mm h™', matching regional storm characteristics. Twenty-
four hours after application, volumetric water content (VWC)
was measured at 5 cm intervals from the surface to 50 cm
depth using Time Domain Reflectometry (TDR; Campbell
Scientific CS616) with probes calibrated against gravimetric
samples. Five profiles were measured per subplot and
averaged. WF was defined as the deepest depth where post-
irrigation VWC exceeded the pre-irrigation baseline by > 0.05
cm?® cm™3, indicating detectable wetting. This metric integrates
the cumulative effects of surface crusting, macropore
continuity, and sublayer permeability under field conditions.
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2.5 Development of specific pedotransfer functions

Management-specific PTFs were developed separately for
CA and CT systems using multiple linear regression. Data
from all depths and phenological stages were integrated within
each management system (n = 90 observations per system; 2
sites x 5 fields % 3 depths x 3 times), integrating hydraulic
variability across the root zone and growing season. The
following predictor variables were evaluated: clay content
(%), bulk density (pb), SOC, and WF. Prior to modeling,
predictors were checked for normality (Shapiro—Wilk test) and
multicollinearity (Variance Inflation Factor, VIF < 5).
Saturated hydraulic conductivity (K) was logio-transformed to
satisfy normality assumptions.

Clay content was excluded from the final PTF models due
to high collinearity with WF and SOC (VIF > 5) and because
it showed no significant independent contribution to K, or
AWC prediction (p > 0.05) when WF was already included.
This is consistent with the understanding that in structurally
dynamic soils, pore architecture (reflected by WF) overrides
texture as the primary control on near-saturated hydraulic
behavior [20, 21].

Akaike's Information Criterion (AIC) was selected for
model selection because it balances goodness-of-fit against
model complexity, penalizing the addition of non-informative
predictors. This criterion is preferred over stepwise p-value
selection as it avoids overfitting and is robust for comparing
non-nested models in hydrological applications [13, 15].

Model selection followed a backward elimination procedure
based on AIC, retaining only statistically significant predictors
(p < 0.05) with physically plausible coefficient signs (e.g.,
negative for pb, positive for WF and SOC). The general model
structure was:

Y = Bo + B1(WF) + B2(pb) + B3(SOC) + Ba(Clay) + ¢ 2)
where, Y represents either logio(Ks) or AWC, fo is the
intercept, f:-f4+ are regression coefficients, and ¢ is the error
term.

2.6 Statistical analysis

To rigorously evaluate predictive performance and avoid
overfitting given the spatial nesting of data, we employed
leave-one-field-out cross-validation (LOFO-CV). For each
iteration, data from one complete field (all depths and times)
were withheld as a validation set, and the model was calibrated
on the remaining nine fields. This process was repeated until
every field served once as the validation set. Performance was
assessed using the cross-validated coefficient of determination
(R%cv) and root mean square error (RMSEcv), with RMSEcv
reported in original units (cm h? for K, cm? cm™ for AWC).
The contribution of WF to model accuracy was quantified by
comparing the full models against reduced models containing
only static predictors (clay, pb, SOC), calculating the
improvement in R? (AR?).

Statistical analyses were performed using R version 4.4.2
[33]. Effects of tillage, site, and their interaction on soil
properties were tested using two-way ANOVA with block as
a random factor, followed by Tukey's HSD test (p < 0.05).
Differences in regression coefficients between CA and CT
models were assessed by comparing 95% confidence intervals
derived from bootstrap resampling with 1000 iterations; non-
overlapping intervals indicated significant differences.



3. RESULTS AND DISCUSSION
3.1 Tillage effects on soil physical and hydraulic properties

CA significantly improved soil physical and hydraulic
properties compared to CT across both study sites (p < 0.001;
Table 1). Bulk density (pb) was consistently lower under CA,
decreasing by 11% at Abbasiya (1.32 vs. 1.49 Mg m™) and by
12% at Nimrud (1.28 vs. 1.45 Mg m™). Concurrently, SOC
accrued substantially under CA, with increases of 93% at
Abbasiya (15.8 vs. 8.2 g kg™') and 47% at Nimrud (13.7 vs.
9.3 g kg™!) relative to CT controls.

These structural modifications resulted in profound
enhancements in hydraulic functionality. Saturated hydraulic
conductivity (Ks) was most responsive, increasing by 116%
under CA at the clay loam site (0.82 vs. 0.38 cm h™') and by
80% at the silt loam site (1.35 vs. 0.75 cm h™'). Similarly,

AWC was significantly higher under CA, showing gains of
14% (0.285 vs. 0.250 cm® cm™®) and 15% (0.278 vs. 0.242 cm?
cm™) at Abbasiya and Nimrud, respectively. These findings
align with recent meta-analyses by Zhang et al. [9] and Li et
al. [10], who reported similar magnitudes of hydraulic
improvement under long-term no-till systems in semi-arid
regions.

WF profiles under CA and CT are shown in Figure 2.
Measured as a field-integrated indicator of infiltration
capacity, WF reflected these hydraulic gains. Under CA, WF
averaged 28.4 cm at Abbasiya and 31.6 cm at Nimrud,
representing a deepening of 48% and 41%, respectively,
compared to CT (19.2 cm and 22.5 cm; p < 0.001). The strong
positive correlation between WF and K (» = 0.83, p <0.001)
across both management systems confirms that WF effectively
captures tillage-induced variations in transmission capacity
under field conditions.

Table 1. Soil physical and hydraulic properties

AWC

Site Management pb (Mg m™) SOC (g kg™) K (cm h™) (cm? em) WF (cm)
. . CA 132a 158a 0.82a 0.285a 284a
First site (Abbasiya) CT 1.49 b 82b 038 b 0250 b 192b
L CA 1282 13.7a 1352 0278 a 31.6a
Second site (Nimrud) CT 1.45b 93b 0.75 b 0.242 b 225b

Note: CA: Conservation agriculture, CT: conventional tillage. Values are means (n = 5). Different letters within each site and column indicate significant
differences between treatments at p < 0.05.
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Figure 2. Wet front depth (WF) profiles under conservation agriculture (CA) and conventional tillage (CT) at both sites
(Abbasiya and Nimrud)

3.2 Performance of management-specific pedotransfer
functions

Management-specific PTFs incorporating WF showed
higher predictive accuracy for both K and AWC compared to
models relying on static soil attributes (Table 2). Backward
elimination based on AIC retained WF, pb, and SOC as
significant predictors in all final models (p < 0.05), while clay
content was not retained. Coefficient signs aligned with
physical expectations (positive for WF and SOC; negative for
pb).

For saturated hydraulic conductivity, the CA-specific PTF
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explained 97% of the variance in calibration (R* = 0.97, Root
Mean Square Error (RMSE) = 0.08 cm h™):

logio(KCA) = -3.84 + 0.42-WF - 2.11-pb + 0.28-SOC  (3)

The CT-specific PTF for K, explained 92% of the variance
(R2=0.92, RMSE =0.09 cm h™):
logio(KT) = -1.62 + 0.28-WF - 1.46:pb + 0.15-SOC  (4)

For AWC, the CA-specific PTF explained 95% of the
variance (R? = 0.95, RMSE = 0.021 cm® cm™3):



AWCEA =0.043 + 0.0062-WF - 0.0366-pb + (5)
0.0044-S0C

The CT-specific PTF for AWC (AWCCT) explained 90% of
the variance (R?= 0.90, RMSE = 0.024 cm?® cm™):

AWCET =0.021 + 0.0038-WF - 0.0250-pb +

0.0022-SOC (6)

In all equations, K; is in cm h™', WF in cm, pb in Mg m™,
and SOC in g kg™'.

Table 2. Performance metrics of pedotransfer functions

(PTFs)
Management Hydraulic R RMSE Rlev
System Property
Conservation .
Agriculture Ks(emh™) 097  0.08 0.92
Conservation AWC (cm?
Agriculture om) 095 0.021 093
Conventional 4
Tillage Ks(emh™) 092  0.09 0.88
1 3
Con\{entlonal AWCi(cm 090 0024  0.90
Tillage cm)

R2cv = cross-validated R%; RMSE: Root Mean Square Error.

LOFO-CV confirmed the robustness of these models,
yielding cross-validated coefficients of determination (R%cv)
ranging from 0.88 to 0.93 (Table 2). Notably, the inclusion of
WF improved predictive performance by AR? = 0.18-0.22
compared to reduced models containing only static predictors
(pb and SOC). This improvement was greatest for K
prediction under CA, where static models alone struggled to
capture the enhanced macroporosity.

Regression coefficients for WF were 1.5-fold larger under
CA than under CT for both K, and AWC predictions.
Similarly, the coefficient for SOC was nearly twice as large
under CA. This statistical divergence indicates that the
relationship between structural indicators (WF, SOC) and
hydraulic function is not universal but is fundamentally
modulated by long-term tillage. These findings align with
recent work by Rajput et al. [14], who demonstrated that
management-specific PTFs substantially outperform generic
functions in predicting soil hydraulic behavior.

3.3 Implications for hydrological modeling in drylands

These findings carry several important implications for soil
hydrological modeling in semi-arid regions where CA is being
promoted.  First, conventional texture-based  PTFs
systematically underestimate hydraulic functionality in CA
systems due to their inability to account for management-
induced changes in pore architecture. When applied to our
dataset, the Rosetta model [16] underpredicted K for CA
fields by 40-60%, consistent with observations by Jarvis et al.
[20] in Mediterranean no-till systems.

Second, the strong predictive performance of WF-
integrated PTFs demonstrates that simple, field-measurable
infiltration metrics can serve as effective proxies for structural
porosity. This offers a practical, low-cost alternative to
expensive laboratory determinations of hydraulic properties,
particularly valuable in data-scarce dryland regions where CA
is increasingly adopted [27, 28].

Third, the significant divergence in regression coefficients
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between CA and CT systems confirms that tillage legacy
fundamentally alters structure-hydraulic property
relationships. ~ This  necessitates =~ management-aware
parameterization in hydrological models used for climate
adaptation planning, as generic functions calibrated on tilled
soils will systematically misrepresent water dynamics under
no-till management.

From an ecodynamic design perspective, the strong
predictive performance of WF-integrated PTFs demonstrates
that simple, field-measurable infiltration metrics can serve as
design parameters for sustainable soil-water management.
This approach aligns with nature-based solutions that work
with, rather than against, natural soil processes to enhance
system resilience under climate stress.

3.3.1 Practical implications for sustainable system design

The WF-integrated PTFs provide a field-deployable
framework for parameterizing hydrological models where
laboratory infrastructure is limited. By coupling basic
infiltration metrics with routine soil properties, this approach
avoids expensive laboratory determinations [27, 28].

In resource-constrained settings, WF can be approximated
using simplified protocols: (i) post-precipitation profiling in
shallow trenches, or (ii) modified double-ring infiltrometers
with dye tracers. These methods require minimal training and
basic equipment, providing sufficient accuracy for
comparative assessments.

Furthermore, WF-based PTFs can be scaled up using
remote sensing platforms (e.g., SMAP, Sentinel-1 SAR) to
generate landscape-scale hydraulic estimates. This hybrid
approach aligns with ecodynamic design principles,
supporting climate-adaptive dryland agriculture [27, 28].

4. CONCLUSION

This study evaluated the potential of WF as a field-
measurable proxy for tillage-induced changes in soil pore
connectivity and its utility in developing management-specific
PTFs for semi-arid CA systems.

CA significantly improved soil physical and hydraulic
properties compared to CT, with reductions in bulk density of
9-12%, increases in SOC of 47-93%, improvements in
saturated hydraulic conductivity of 80-116%, and gains in
AWC of 14-15%. These enhancements were reflected in 40-
48% deeper wet front penetration under CA, demonstrating
improved macropore connectivity and infiltration capacity.

Management-specific PTFs incorporating WF explained
92-97% of the variance in calibration, with cross-validated
performance (R?*cv) ranging from 0.88 to 0.93. The inclusion
of WF improved predictive accuracy by AR? =0.18-0.22 over
texture-only models, with regression coefficients for WF
being 1.5-fold larger under CA than CT. This confirms that
WF effectively quantifies the structural porosity and flow
continuity characteristic of no-till systems.

We conclude that conventional texture-based PTFs
systematically underestimate hydraulic functionality in CA
due to their inability to account for management-induced
changes in pore architecture. Integrating WF as a
management-sensitive variable offers a robust, low-cost
methodology for improving hydrological predictions in data-
scarce dryland regions where CA is increasingly adopted.

From an ecodynamic design perspective, the strong
predictive performance of WF-integrated PTFs demonstrates



that simple, field-measurable infiltration metrics can serve as
design parameters for sustainable soil-water management.
This approach aligns with nature-based solutions that work
with, rather than against, natural soil processes to enhance
system resilience under climate stress.

5.STUDY LIMITATIONS AND FUTURE DIRECTIONS

This study was conducted at two sites over a single growing
season (2024-2025), which limits generalization across
broader spatial and temporal scales. The shorter duration of
CA at Nimrud (5 years) may underestimate long-term effects
compared to Abbasiya (11 years), and future research should
validate the WF-PTF framework across more sites, longer time
frames, and diverse soil types. Additionally, exploring remote
sensing approaches (e.g., soil moisture active/passive (SMAP)
or Sentinel-1 backscatter) to estimate WF at the landscape
scale could enable regional hydrological modeling without
extensive field campaigns. Such scaling efforts would enhance
the practical utility of WF for policy-making and agricultural
extension in data-sparse drylands.

Future research should also validate this framework across
broader soil-climate gradients and explore the long-term
trajectory of WF beyond 11 years, particularly regarding
carbon accumulation plateaus and macropore stabilization.
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NOMENCLATURE

AWC

K

R%cv

SOC

VIF
WF
pb
p

€

available water capacity, cm® cm™

saturated hydraulic conductivity, cm h™
cross-validated coefficient of determination,
dimensionless

soil organic carbon, g kg™

variance inflation factor, dimensionless

wet front depth, cm

bulk density, Mg m3

regression coefficient, dimensionless

error term, dimensionless

Greek symbols

ARZ

improvement in coefficient of determination,
dimensionless

Subscripts

CA
CT

conservation agriculture
conventional tillage





