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Abstract

Long-term monitoring of soil fertility parameters is critical for evaluating the 
sustainability of agricultural practices and their environmental impacts. This study 
investigates soil pH, organic matter, and available phosphorus dynamics over a 34-year 
period in Turkey’s Thrace Region (Edirne, Kırklareli, Tekirdağ). For each province, soils 
were classified using the same threshold intervals in 1984 and 2018, and the proportion 
of samples in each class was compared between years (reported as percentages and 
percentage-point changes). The results show a marked shift toward soil acidification, with 
strongly acidic soils (pH < 4.5) emerging for the first time, now accounting for up to 3.1% 
of sampled soils. The share of neutral soils declined substantially, from 55.5% to 36.7% in 
Edirne. Soil organic matter levels remained critically low throughout the region, with over 
80% of soils containing less than 20 g kg-1organic matter. Meanwhile, excessive phosphorus 
accumulation was observed: over 70% of soils were classified as “high” or “very high” in 
available P, indicating long-term over-application of phosphate fertilizers. These changes 
reflect the cumulative impact of conventional fertilization practices and insufficient organic 
matter inputs. The findings highlight the urgent need for corrective strategies, such as lime 
application, balanced fertilization, and organic amendments, to restore soil health and 
sustain agricultural productivity in the Thrace Region. 
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Resumen

El monitoreo a largo plazo de los parámetros de fertilidad del suelo es fundamental para 
evaluar la sostenibilidad de las prácticas agrícolas y sus impactos ambientales. Este estudio 
investiga la dinámica del pH del suelo, la materia orgánica y el fósforo disponible durante 
un período de 34 años en la región de Tracia, Turquía (Edirne, Kırklareli, Tekirdağ). Para 
cada provincia, los suelos se clasificaron utilizando los mismos intervalos de clasificación 
en 1984 y 2018, y se comparó la proporción de muestras en cada clase entre ambos años 
(expresada como porcentajes y cambios en puntos porcentuales). Los resultados muestran 
un marcado cambio hacia la acidificación del suelo, con la aparición por primera vez de 
suelos fuertemente ácidos (pH < 4,5), que ahora representan hasta el 3,1% de los suelos 
muestreados. La proporción de suelos neutros disminuyó sustancialmente, del 55,5% al 
36,7% en Edirne. Los niveles de materia orgánica del suelo se mantuvieron críticamente 
bajos en toda la región, con más del 80% de los suelos conteniendo menos de 20 g kg-1 de 
materia orgánica. Paralelamente, se observó una acumulación excesiva de fósforo: más del 
70% de los suelos se clasificaron como “altos” o “muy altos” en P disponible, lo que indica 
una aplicación excesiva a largo plazo de fertilizantes fosfatados. Estos cambios reflejan el 
impacto acumulativo de las prácticas de fertilización convencional y el aporte insuficiente de 
materia orgánica. Los hallazgos destacan la urgente necesidad de implementar estrategias 
correctivas, como la aplicación de cal, la fertilización equilibrada y el uso de enmiendas 
orgánicas, para restaurar la salud del suelo y sostener la productividad agrícola en la región 
de Tracia.

Palabras clave
monitoreo a largo plazo del suelo • desequilibrio de nutrientes • manejo sostenible del suelo

Introduction 

Maintaining soil fertility in intensive agricultural systems is a persistent global challenge 
with implications for food security and environmental sustainability. Overreliance on 
chemical fertilizers -particularly nitrogen (N) and phosphorus (P)- has been strongly 
associated with soil degradation processes such as acidification, nutrient imbalances, and 
organic matter depletion (Wang et al., 2022). These changes diminish soil productivity 
and threaten long-term agricultural sustainability. Acidifying effects are intensified by 
ammonium-based fertilizers, which not only lower pH but also increase the solubility of 
toxic elements like cadmium, particularly under heavy P fertilization (Cassani et al., 2024; 
Liang et al., 2024; Zeng et al., 2015). Phosphate fertilizers have been recognized as a primary 
source of cadmium accumulation in European soils (Zeeshan et al., 2024), raising concerns 
about food safety and human health risks (Savala et al., 2019). 

Global crop production depends heavily on phosphate fertilizers derived from finite 
rock phosphate reserves. Increasing demand, combined with geopolitical constraints and 
contamination risks, is expected to intensify the “phosphorus crisis” (Sattari et al., 2012; 
Zhu et al., 2018), threatening future fertilizer supply (Blackwell et al., 2019). Although 
advancements in phosphorus use efficiency and microbial enhancement strategies have 
gained attention (Alori et al., 2017; Richardson & Simpson, 2011), P-saving fertilization 
practices are still limited in large-scale agriculture (Zou et al., 2022). In Türkiye, similar 
intensification trends are evident, particularly in the Thrace Region, where crops such as 
sunflower (Helianthus annuus L.), wheat (Triticum aestivum L.), rice (Oryza sativa L.), and 
maize (Zea mays L.) are cultivated intensively. Farmers often apply excessive amounts of 
base and top-dress fertilizers to optimize yield, while foliar fertilizers have become more 
common in recent years, especially in wheat and rice. However, the long-term impact of 
such practices on soil health remains insufficiently quantified. Soil acidification is one of the 
most concerning outcomes of fertilization practices. Ammonium-based N fertilizers acidify 
soil via hydrogen ion release during nitrification, negatively influencing nutrient availability 
and microbial communities (Atav et al., 2024). In contrast, nitrate-based fertilizers may have 
an alkalizing effect, highlighting the importance of fertilizer formulation and application 



3 | 11Revista de la Facultad de Ciencias Agrarias - UNCuyo | 2026 | 58(2)

Soil Fertility Change in Thrace Region (1984-2018)

method (Goulding, 2016; Yılmaz & Altınbaş, 2019). Soil organic matter (SOM) depletion 
further aggravates the problem, as SOM plays a central role in soil structure, water retention, 
nutrient cycling, and carbon sequestration (Arévalo-Aranda et al., 2024; Campbell & 
Paustian, 2015; Lal, 2004). Unsustainable practices and climate change have turned many 
soils into net carbon emitters, amplifying degradation risks (Walsh & McDonnell, 2012). 
National-scale surveys initiated in the 1980s by Turkey’s General Directorate of Soil and 
Water Resources helped characterize soil fertility and informed provincial fertilizer 
guidelines based on texture, pH, lime content, SOM, and available P (RTMAFRA, 1984a; 
RTMAFRA, 1984b; RTMAFRA, 1984c). However, systematic long-term monitoring has been 
limited, hampering the ability to detect regional degradation trends. 

This study evaluates long-term changes in soil pH, SOM, and available P in Edirne, Kırklareli, 
and Tekirdağ over a 34-year period (1984-2018). The objective is to assess how conventional 
fertilization practices have shaped the region’s soil fertility trajectory and to support the 
development of sustainable management strategies grounded in empirical evidence.

Materials and Methods

Study Area and Land Use Characteristics
The study was conducted in the Thrace Region of Türkiye, covering the provinces 

of Edirne (41.6771° N, 26.5557° E), Kırklareli (41.7351° N, 27.2252° E), and Tekirdağ 
(40.9780° N, 27.5117° E). The given coordinates represent the city centers of the respective 
provinces. The region is one of the major agricultural production areas of the country. 
Field crop production dominates land use, where cereal-sunflower (Helianthus annuus L.)  
rotations under rainfed conditions are most common, while maize (Zea mays L.) and paddy 
rice (Oryza sativa L.) are primarily cultivated in irrigated areas (Granados Ortiz et al., 2025). 
Canola (Brassica napus L.) is also occasionally integrated into rainfed cropping systems. 
Beyond field crops, vegetable cultivation occupies a significant proportion of the agricultural 
land, followed by fruit orchards and vineyards. Olive (Olea europaea L.) groves are found 
mainly in specific districts of Tekirdağ province. 

In the Thrace Region, conventional arable farming is generally characterized by repeated 
cereal-sunflower-dominated rotations, intensive tillage, and periods of continuous 
monocropping (e.g., rice-rice or maize-maize), together with limited organic matter inputs 
(Atav et al., 2025; Eyüpoğlu et al., 1999). Among crop residues, cereal straw is often removed 
from the field for forage or other purposes, while sunflower residues are typically chopped 
and left in the field. In paddy areas, stubble burning is still practiced, which reduces the return 
of crop residues to the soil (Alcalá Jáuregui et al., 2025). These management conditions are 
important for interpreting the long-term changes in soil pH, soil organic matter (SOM), and 
available P reported in this study.

The spatial distribution of agricultural land use types was assessed using the CORINE 
Land Cover (CLC2018) database, developed by the European Union and updated in 2020 
(European Environment Agency, 2020). This classification system includes categories 
such as non-irrigated arable land, irrigated land, rice fields, vineyards, fruit trees, pastures, 
and heterogeneous agricultural areas. Land use data were processed using ArcMap 
10.4 (ESRI, USA) to generate maps reflecting the distribution of agricultural activities 
across the Thrace Region. A general overview of land use distribution is presented in figure 
1 (page 4).

Climatically, the region lies in a transition zone between the Mediterranean and 
continental climates, with long-term annual precipitation ranging from 550 to 650 mm 
and monthly mean temperatures varying between 2-5°C in January and 23-25°C in July 
(TSMS, 2014). 

Pedologically, the Thrace Region comprises extensive peneplain lowlands shaped by the 
Meriç and Ergene river basins. According to national soil classification studies, six dominant soil 
groups are found in the Meriç Basin, including Non-calcareous Brown soils, Brown Forest soils, 
Vertisols, and Alluvial types. In the Marmara Basin and coastal uplands, additional soil groups 
such as Rendzina, Red Mediterranean, Red-Yellow Podzolic, and Colluvial soils are observed, 
reflecting the topographic and climatic heterogeneity of the region (MRAC-GDSW, 1980).
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Soil Sampling and Data Sources
To evaluate long-term changes in key soil fertility parameters, two national-scale soil 

datasets were utilized: the Soil Fertility Inventory (SFI) conducted in 1984 and the Soil 
Properties Database (SPD) compiled in 2018. In the SFI study, soil sampling was conducted 
across agricultural lands based on a systematic approach. Surface samples (0-20 cm depth) 
were collected from five different points within each square kilometer, focusing on areas 
with similar soil and topographic features. A total of 13,223 soil samples were collected 
from the three provinces: 5,031 from Edirne, 3,324 from Kırklareli, and 4,868 from Tekirdağ.

The SPD project employed a revised sampling strategy using digitized 1:25,000 scale 
soil maps. A systematic 2.5 × 2.5 km grid network was superimposed over Turkey’s 
agricultural lands to determine sampling points. Grid intersections within irrigated and 
rainfed croplands, vineyards, orchards, and olive groves were included, while locations 
affected by topographic limitations, soil group transitions, non-agricultural land use, 
and urban or industrial development were excluded. In total, 1,912 soil samples were 
collected across the Thrace Region in the SPD study, consisting of 712 from Edirne, 484 
from Kırklareli, and 716 from Tekirdağ.

Laboratory Analyses and Data Processing
In both the SFI and SPD studies, soil samples underwent comparable preparation and 

analysis procedures. Upon arrival at the laboratory, samples were air-dried in shaded 
conditions after the removal of stones and plant residues. The dried soils were then crushed 
using wooden mallets and passed through a 2 mm stainless steel sieve for homogenization. 
Although minor variations in equipment and reagents existed between the two study 
periods, analytical methodologies were consistent and based on standardized protocols. 

Figure 1. Agricultural lands and crop types in the Thrace Region.
Figura 1. Tierras agrícolas y tipos de cultivos en la Región de Tracia.
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pH was measured in a saturated soil paste using a glass-electrode pH meter, following 
the Methods of ISO 10390 standards. SOM content was determined by the modified 
Walkley-Black method (Page et al., 1982). Available phosphorus (P₂O₅) was quantified 
using the Olsen method and expressed in kg da-1 (Page et al., 1982). To enable temporal 
comparisons, the classification of pH, SOM, and available P  values was standardized based 
on threshold intervals defined in national guidelines (Ülgen & Yurtsever, 1995). This 
classification ensured consistency in the evaluation of soil fertility changes over time. 

The use of these standardized classification thresholds was critical to ensure 
methodological consistency and comparability when interpreting long-term changes in soil 
fertility indicators across the Thrace Region. 

For each province and year (1984 and 2018), we calculated the percentage of samples in 
each fertility class as (n_class / n_total) × 100, where n_class is the number of samples in a 
given class and n_total is the total number of samples for that province and year. Temporal 
change was expressed as the percentage-point difference for each class (2018 - 1984). All 
comparisons were conducted at the province level, and changes were evaluated separately 
for Edirne, Kırklareli, and Tekirdağ. The results were interpreted based on class proportions 
and their changes over time.

Land Use Characterization and Mapping
Land use data derived from the CLC2018 classification were integrated with the soil data 

to support spatial interpretation of soil fertility trends in relation to prevailing agricultural 
practices. Using ArcMap 10.4 software, spatial distributions of non-irrigated and irrigated 
croplands, rice fields, vineyards, orchards, pastures, and heterogeneous agricultural areas 
were mapped for the Thrace Region. These land use maps contributed to evaluating the 
relationship between soil property changes and land management patterns across the 
study area.

Results and Discussion

Temporal Changes in Soil pH
Figure 2 (page 6), illustrates the distribution of soil pH classes across Edirne, Kırklareli, 

and Tekirdağ based on SFI and SPD data. A consistent acidification trend was observed, with 
strongly acidic soils (pH < 4.5) emerging in the SPD dataset (2.3-3.1%), despite being absent 
in the SFI. Moderately acidic soils (pH 4.5-5.5) also increased markedly (from 1.5-7.3% to 
12.6-19.9%), while neutral soils (pH 6.6-7.5) declined, especially in Edirne (from 55.5% 
to 36.7%). These patterns indicate a regional trend toward acidification. Earlier surveys 
reported predominantly neutral soils in Thrace (Sönmez et al., 2018; Taşova & Akın, 2013), 
with Eyüpoğlu (1999) noting no strongly acidic soils at the time. However, localized acidity 
had already been reported in areas like Uzunköprü (Bellitürk, 2011). 

The dominant driver of this trend is prolonged use of ammonium-based N fertilizers, 
which acidify soils through H⁺ release during nitrification (Hojito, 1998; Zhang et al., 2024). 
Ammonium sulfate further contributes via sulfuric acid formation (Goulding & Blake, 1998). 
Widespread use of such fertilizers in cereal, maize, and rice systems has likely intensified the 
acidification. Additional contributors include uptake of basic cations by crops, H⁺ release by 
legumes during N fixation (Bolan & Hedley, 2003; Zhao & Shen, 2018), SOM mineralization 
(Abdi, 2024; Bolan et al., 1999), and possibly acid deposition from industrial emissions 
(Foy, 1992; Goulding, 2016).    

Soil acidification has well-documented negative effects, including increased Al³⁺ 
solubility and toxicity at pH < 5.5 (Kariuki  et al., 2007; Parker et al., 1989), as well as 
leaching of essential base cations like Ca²⁺ and Mg²⁺ (Fageria & Baligar, 2003). Acidic 
conditions also impair microbial activity and nutrient cycling (Lewis  et al., 2018). Liming 
is the standard countermeasure (Abdi, 2024; Haynes, 1984), yet its application remains 
limited in Thrace due to cost and awareness issues (Goulding, 2016). Adjusting lime use to 
crop-specific pH requirements (Kurşun & Gürbüz, 2010) and adopting integrated practices 
such as organic amendments and reduced tillage (Campbell & Paustian, 2015) may help 
mitigate acidification risks.
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Figure 2. Distribution of soil pH classes across Edirne, Kırklareli, and Tekirdağ based on 
SFI (1984) and SPD (2018) data.

Figura 2. Distribución de las clases de pH del suelo en Edirne, Kırklareli y Tekirdağ, 
basada en los datos de SFI (1984) y SPD (2018).

A long-term trend of acidification is evident over the past 30-40 years in the Thrace 
Region, driven by chemical fertilization and insufficient corrective practices. Urgent action 
is needed to counteract further soil degradation and ensure long-term productivity. 

Temporal Changes in SOM
Soils with high (>30 g kg-1) or very high (> 40 g kg-1) SOM content constituted less 

than 5% of samples in both periods and all provinces, indicating persistently low SOM 
levels in Thrace (figure 3, page 7). While “very low” SOM (<10 g kg-1) slightly decreased in 
Edirne and Kırklareli, it remained stable in Tekirdağ. In contrast, “low” SOM (10-20 g kg-1) 
increased notably: from 48.2% to 61.9% in Edirne, 43.4% to 58.1% in Kırklareli, and 50.9% 
to 61.2% in Tekirdağ. Overall, nearly 80% of soils had <20 g kg-1 SOM. These findings 
align with earlier regional assessments (Eyüpoğlu, 1999; Taşova & Akın, 2013). Although 
practices like sunflower stalk incorporation and reduced stubble burning have led to minor 
improvements, they remain insufficient to reverse long-term SOM decline. 

SOM supports aggregation, water retention, nutrient storage, buffering capacity 
(İlay & Kavdır, 2021; Okur et al., 2022; Weil & Magdoff, 2004), and microbial activity 
(Acır & Günal, 2019; Dvořáčková et al., 2022). In Thrace, intensive tillage, continuous 
cropping, and insufficient organic inputs have driven SOM losses over decades. Similar 
depletion patterns were observed in long-term trials such as Rothamsted (Johnston et 
al., 2009). Local trials demonstrate the potential of green manuring. For instance, Gürbüz 
(2010) found that winter vetch applications raised SOM from 13.4 g kg-1 to 21.7 g kg-1 over 
three years. Conversely, harvesting vetch for forage or conventional practices produced 
smaller gains. Comparable trends have been reported globally. In Ethiopia, SOM loss 
threatens long-term productivity (Woldeamlak & Solomon, 2013), while sub-Saharan Africa 
has seen 20-83% reductions in original SOC stocks (Lal, 2004). These parallels highlight 
the global relevance of Thrace’s soil degradation. To rebuild SOM, region-specific strategies 
must include reduced tillage, cover crops, green manures, compost or manure addition, and 
elimination of stubble burning. Promoting crop rotations and raising farmer awareness of 
SOM’s importance are also essential. In summary, despite slight regional gains, SOM levels 
in Thrace remain critically low. Without major management changes, the risk of further 
fertility loss and degradation persists.
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Figure 3. Percentage distribution of SOM classes by province (Edirne, Kırklareli, Tekirdağ) 
for 1984 (SFI) and 2018 (SPD) datasets.

Figura 3. Distribución porcentual de las clases de MOS por provincia 
(Edirne, Kırklareli, Tekirdağ) para los conjuntos de datos de 1984 (SFI) y 2018 (SPD).

Temporal Changes in Available P
Available P levels have increased markedly across all provinces. Soils in the “high” and 

“very high” classes rose to 74.4% in Edirne, 65.7% in Kırklareli, and 71.7% in Tekirdağ, 
compared to 60.9%, 61.9%, and 56.3% in the 1980s SFI data, respectively. Simultaneously, 
“very low” and “low” P classes declined notably, with “very low” soils falling to 2-5% from 
earlier levels of 8-12% (figure 4). These results indicate that over two-thirds of Thrace soils 
are currently classified as P-sufficient or P-excessive.

Figure 4. Percentage distribution of available phosphorus (P) classes by province 
(Edirne, Kırklareli, Tekirdağ) for 1984 (SFI) and 2018 (SPD) datasets.

Figura 4. Distribución porcentual de las clases de fósforo (P) disponible por provincia 
(Edirne, Kırklareli, Tekirdağ) para los conjuntos de datos de 1984 (SFI) y 2018 (SPD).
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This trend aligns with regional studies reporting similarly high P levels (Eyüpoğlu, 1999; 
Kayalı & Yüksel, 2024; Taşova & Akın, 2013) and indicates long-term overuse of phosphate 
fertilizers. Farmers commonly apply P regardless of soil test results, leading to 
accumulation due to P’s low mobility. In Thrace, calcareous soils promote P fixation as 
calcium phosphates, while acidic soils immobilize P as iron and aluminum phosphates 
(Goldstein, 2000; Yurdakul & Usta, 2023), limiting short-term availability but contributing 
to buildup in non-labile forms. While P is vital for plant growth, excessive accumulation 
can disrupt nutrient balance. High soil P impairs zinc uptake (Ova et al., 2015), and runoff 
losses can accelerate eutrophication (Withers  et al., 2014). For instance, P loading from 
agricultural fields is suspected to have contributed to recent mucilage events in the Sea 
of Marmara. These events involve gelatinous organic aggregates linked to algal blooms 
and are often favored by nutrient enrichment (especially P) under suitable hydro-climatic 
conditions. Sustainable P management is now critical. Fertilizer rates should be based 
on soil testing and adjusted according to crop-specific thresholds. Li  et al. (2024) found 
optimal P levels for wheat and maize to be 12.5 and 50 kg P ha-1, respectively. Regional 
calibration for dominant rotations like wheat-sunflower is needed to guide applications. 
Organic amendments (compost, manure, microbial inoculants) can improve P availability 
and reduce fixation (Braschi  et al., 2003; Karabatak, 2006). Conservation tillage, cover 
cropping, and crop rotation support P balance by enhancing uptake and minimizing surplus.

Conclusion

Addressing the observed long-term changes in soil fertility in the Thrace Region requires 
region-specific corrective and preventive strategies. Priority actions include routine soil 
testing to guide input decisions, targeted liming to maintain crop-appropriate pH ranges, 
rebuilding soil organic matter through organic amendments and residue-return practices, 
and phosphorus management based on calibrated, crop-specific thresholds. Wider 
adoption of conservation-oriented practices (e.g., reduced tillage, diversified rotations, and 
cover crops) together with farmer guidance and supportive policies will be essential to 
sustain soil health and agricultural productivity in the region. 
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