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Determining the minimum data set for soil quality assessment of rainfed
wheat lands in Qorveh Plain, Iran.

Abstract

Soil quality is fundamental to agricultural sustainability, optimal land management, and productivity. determined a
minimum data set (MDS) for evaluating soil quality and compared three indices alditive (SQla), wgighte and Nemoro
(NQI) in dryland wheat areas of the Qorveh Plain. Soil samples (0—30 cm depth) were collected to me mical, and
, organic
carbon, and available potassium) were selected for the MDS. Indices were calculat
and regressed against crop yield. Results revealed a significant correlation (p < 0.
indices. Under the MDS framework, the highest coefficient of determination was achiev
(R? = 0.67) and SQIla (R? = 0.63). A matching pattern emerged for the TDS baseline)
0.70, 0.61, and 0.51, respectively . Consequently, the weighted additive index (SQI
yield variations. Due to higher yield correlations, lower analytical cos, and a reducedii

= 0.75), followed by NQI
r predictigg values (R? =
i ty to explain
DS approach proved
more efficient than using the full TDS. Ultimately, the overgksoil of the a region was classified

as poor (Class V).

Keywords: Soil quality index, Principal component analysis, Mi stainable soil management

xtended tract

Introduction ‘

Agricultural sustainability in arid and semi-arid environments faces severe challenges due to topsoil degradation, erratic climatic
parameters, and suboptimal land management schemes. In country regions like Iran, dryland wheat functions as a critical backbone
for domestic food security and rural livelihoods. However, rainfed production systems are exceptionally vulnerable to changing
soil physiochemical matrix conditions, which dictate water retention capacity, nutrient availability, and plant structural
support.Evaluating soil quality is widely accepted as an effective operational pathway to monitor the environmental footprints of
continuous tillage and to optimize landscape-scale productivity. Because soil is an expansive multi-component system, tracking
every physical, chemical, and biological attribute continuously is financially prohibitive and labor-intensive. This logistical obstacle
has led to the scientific formulation of two parallel methodologies: the Total Data Set (TDS) and the Minimum Data Set (MDS).
The MDS framework integrates advanced multivariate statistics—most notably Principal Component Analysis (PCA) to distill a
high-dimensional dataset into a sparse, high-fidelity cluster of sensitive soil indicators.While multiple quantitative frameworks
exist to aggregate these indicators into cohesive numeric values, three schemes dominate contemporary soil health research:The
Additive Soil Quality Index (SQla): Integrates normalized scores uniformly under an equal-weight assumption.The Weighted Soil
Quality Index (SQIw): Allocates distinct mathematical weights scaled to the total variance explained during PCA extraction.The
Nemoro Quality Index (NQI): Calculates composite metrics by intentionally pairing average scores with the absolute minimum
score observed to capture extreme limiting factors.To date, comparative validations of these competing indices across specialized
regional geomorphologies in Western Iran remain sparse. The Qorveh Plain, situated within the Kurdistan Province, represents a
crucial dryland agricultural zone characterized by aggressive seasonal microclimates and vulnerability to organic matter depletion.
This investigation was structured to fill these knowledge gaps by:Establishing a highly localized MDS for rainfed wheat
agroecosystems.Empirically validating and comparing SQla, SQIw, and NQI algorithms across both TDS and MDS
baselines.Dissecting their empirical relationships with field-measured crop yields to provide regional producers with an optimal
land diagnostic framework

Method
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study Area and Environmental BaselineThe investigative footprint spans the agricultural coordinates of the Qorveh Plain, located
in Kurdistan Province, Western Iran. This zone features a predominantly cold semi-arid climate regime. The landscape is dominated
by extensive open plains historically dedicated to rainfed winter wheat cultivation under conventional mechanical moldboard
plowing regimes. Soil Sampling and Laboratory FingerprintingField campaigns were executed immediately post-harvest. A total
of representative georeferenced points were designated across actively managed dryland fields. Soil cores were systematically
extracted from the primary root zone zone from a depth of zero to thirty centimeters, where active nutrient exchange and root
development manifest.Samples were air-dried, crushed, and passed through a two millimeter physical mesh sieve to isolate fine
earth fractions. Laboratory procedures quantified a comprehensive suite of physical, chemical, and fertility characteristics:Physical
Attributes: Particle size distribution, specifically sand and silt percentages, was extracted using the hydrometer standard
procedure.Chemical Attributes: Soil reaction (pH) was determined pH meter. Electrical conductivity was logged via saturated paste
extracts. Cation Exchange Capacity was estimated via the sodium acetate exchange extraction method.Fertility Indicators: Soil
Organic Carbon was mapped utilizing the Walkley-Black wet oxidation sequence. Available Potassium was measured through
ammonium acetate extraction coupled with flame photometry detection. Available Phosphorus was evaluated through the Olsen
sodium bicarbonate method. Minimum Data Set GenerationTo construct the MDS, the comprehensive indicator repository (TDS)
was subjected to Principal Component Analysis to isolate components displaying Eigenvalues greater than one. Within each
selected Principal Component, individual variables exhibiting factor loadings within ten percent of the maximum absolute loading
value were consolidated into a high-priority sub-group. When multiple overlapping indicators emerged within a single component
window, statistical redundancies were resolved using Pearson correlation metrics. If highly correlated pairs occurred, the parameter
displaying the highest cumulative factor loading was retained in the final MDS, while the redundant parameters were excluded.
Mathematical Formulation of Soil Quality IndicesIndicator scoring was processed using standard non-linear scoring functions,
normalizing parameters into a standardized scale ranging from zero to one. Variables were categorized into three functional models:
"higher is better" for organic carbon, CEC, and available nutrients; "lower is better" for compaction or salinity indicators; and
"optimum range" for soil pH.The standardized scores were aggregated via three distinct indexing equations representing the
additive soil quality index, the weighted soil quality index, and the Nemoro quality index. The additive framework averaged the
normalized indicator scores uniformly. The weighted approach scaled each score according to the statistical weight derived from
the variance explained during PCA. -~ gl

Results and Discussion

PCA Trajectories and MDS Composition Statistical extraction via PC ed that a substantial portion of total soil dataset
variance could be effectively mapped to major pri nts. Thri systematic screening, six distinct attributes were
selected for inclusion in the final MDS:Sand Per tageCation Exchange Capacity (CEC)Soil pHSoil Organic
Carbon (SOC)Available PotassiumThe retention of ighlights the vital role that physical soil texture plays in
controlling structural stability and conserving limite infed systems. The chemical parameters, pH and CEC,
reflect the structural dynamics gEnutrient adsorption an se calcareous soils. Soil organic carbon emerged as the
single most critical driver acros(ﬂe i at directly influences structural stability, water holding
capacity, and microbial nutrient cycli
of each soil index configuration, comp
regression analytics dem@@igtrated a statist
mathematical permutationxe firmipg a
productivity. The comparative®egregsi

structure achieved the highest expla

elation at the five percent probability level across all evaluated
ng functional link between quantitative soil properties and overall crop
revealed that the Weighted Additive Soil Quality Index combined with the MDS
er with a coefficient of determination of 0.75. This configuration outperformed both
the Simple Additive index, which scored 0.63.Interestingly, a matching performance
S computations, though it yielded consistently lower coefficients of determination.
Specifically, the weighte leved 0.70, followed by the Nemoro index at 0.61, and the simple additive framework at 0.51.
The superior performance DS over the TDS can be attributed to the elimination of statistical noise and redundant multi-
i n obscure key soil processes when utilizing unweighted full-scale datasets.Regional Soil Quality
weighted additive index values, the soils of the Qorveh Plain were categorized into standardized
lasses. The vast majority of the rainfed wheat acreage fell squarely into Class IV, representing Poor
Quality. This wid8 ad classification indicates severe soil degradation across the region. Decades of continuous conventional
tillage, complete crop residue removal, and insufficient organic matter inputs have depleted the soil organic carbon pools. This
depletion has disrupted soil aggregate stability, accelerated structural compaction, and limited nutrient availability, leaving the soil
poorly equipped to support optimal dryland crop production.

Conclusions

This study evaluated soil quality indices for dryland wheat cultivation in the Qorveh Plain. The statistical distillation of the total
dataset via Principal Component Analysis successfully established a streamlined Minimum Data Set composed of six key
indicators: sand percentage, silt percentage, CEC, soil pH, SOC, and available potassium.The Weighted Additive Soil Quality
Index paired with the MDS approach proved to be the most accurate and efficient model for predicting rainfed wheat yields.
Because it minimizes data redundancies, reduces laboratory analytical costs, and provides superior predictive capacity compared
to the TDS, this MDS-based framework offers a highly practical tool for regional agricultural monitoring.The widespread
classification of the study area as Class IV (Poor Quality) highlights an urgent need to transition from intensive conventional
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farming toward conservation agriculture. Implementing strategies such as reduced or no-tillage, retaining crop residues, and
integrating organic soil amendments will be essential to rebuild organic carbon reserves, restore soil health, and ensure long-term
food security in the region.
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