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Abstract

Background and Objectives: Oak decline is a critical issue in Zagros forest ecosystems.
Disruptions in nutrient and water uptake, exacerbated by environmental stress, weaken trees,
leading to deterioration. Soil physico-chemical characteristics significantly influence forest
habitat performance. Given the spread of dieback trees in Kurdistan province, this study aimed
to investigate changes in deep soil parameters associated with control stands (healthy trees) and
dieback trees in the coppice stands of Marivan county, northwest Kurdistan province.
Methodology: The study was conducted in dieback (Garan) and control (Dolah Naw) forest
stands in Marivan county. Within each stand, ten trees (five healthy and five dieback) were
selected across north and south aspects (totaling 30 trees: 10 in the control, 20 in the dieback
habitat) and numbered in 2018. Soil samples were collected on the northern side of the crown,
one meter from the tree trunk at a depth of 20-40 cm (first week of August). Laboratory
analyses determined moisture percentage, pH, electrical conductivity, available phosphorus,
potassium, nitrogen percentage, organic carbon percentage, lime percentage, calcium, and
magnesium. Principal Component Analysis (PCA) using PC-ORD 5 software was employed to
assess the effect of deterioration on soil physico-chemical characteristics.

Results: Statistically significant differences were observed among the ten physical and chemical
parameters across the six treatments. The highest average values for electrical conductivity (599
decisiemens/cm), moisture (13.1%), lime (13.8%), available phosphorus (13 mg/kg), and
potassium (1317 mg/kg) were found in soil near trees on the northern slope of control stands.
Conversely, the highest levels of organic carbon (3.75%), nitrogen (0.32%), and calcium (44.2
milliequivalents/100g) were observed in soils beneath healthy trees on the southern slope of
control stands. Generally, control stands (both northern and southern aspects) exhibited higher
values for most soil physico-chemical parameters, except pH and magnesium. Dieback trees
showed nutrient and macronutrient deficiencies, with lower element concentrations in the soil
under their crowns. PCA revealed that electrical conductivity and moisture had the highest
positive loading (0.42) on the first component, while organic carbon and nitrogen loaded at
0.41. Calcium, lime, and pH loaded on the second component with positive values of 0.55, 0.53,
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and 0.49, respectively. PCA also indicated better soil moisture in healthy trees on the northern
slope.

Conclusion: Soil physico-chemical parameters and macroelement concentrations were
generally higher near trees in control stands compared to dieback-affected stands. For optimal
management of dieback trees in the research area, soil enrichment and strengthening, enhanced
protection measures (livestock grazing and traditional exploitation control), increased forest
restoration and development in dry areas (particularly southern slopes), and sanitary cuts
(branches and stems with red cracking and deterioration) are recommended.
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Table 1. Some structural parameters of the forest stands in the two researched habitats

Crown  Crown area Density Tree height  Basal area DBH High Coppice Elevation of Habitats
Cover (m?) (N/ha) (meters) (m?*/ha) (centimeters forest forest height above sea
(%) ) (%) (%) level
51.6 6.05 852 3.2 11.95 11.63 9.9 90.1 1410 Garan
374 6.77 6.77 3.7 13.21 15.61 17.4 82.6 1450 Dolah Naw
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Figure 1. Location of the study area in Marivan county in Kurdistan province
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Table 2. The results of ANOVA test to compare the physical and chemical parameters of the soil between
dieback and control trees (in two slope aspect) in the study area

Parameters Degrees of Mean Square F value The significance level
freedom

pH 5 0.085 20.861 0.000™
EC 29 84507.040 32.879 0.000™
Phosphorus 24 38.280 3.741 0.012"
Organic Carbon 5 3.213 15.004 0.000*"
Potassium 29 540013.977 5.298 0.002™
Total Nitrogen 24 0.024 14.499 0.000""
Moisture 5 16.688 140.295 0.000™
CaCO3 29 154.521 108.575 0.000™
Magnesium 24 27.980 2.865 0.036"
Calcium 5 326.593 16.467 0.000™

*: significant at p<0.05 and ** significant at p<0.01
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Figure 7. The average percentage of moisture (A) and the amount of calcium (B) in the samples of Garan and
Doleh Naw
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Table 3. Results of Principal Component Analysis for measured soil properties in B layer (20-40 cm).

The second component The first component Variable
0.49 -0.32 pH
-0.00 0.42 EC
-0.25 0.26 P
0.19 0.41 ocC
0.01 0.22 K
0.19 0.41 N
-0.11 0.42 Moisture
0.53 -0.05 CaCO3%
0.06 0.03 Mg
0.55 0.24 Ca
1.77 4.64 Eigenvalue
17.78 46.44 Vatiance %
64.22 46.44 Cumulative variance %

17.78 %
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Figure 8. The Principal Component Analysis of different soil parameters depending on the trees ZNH (Healthy
in the northern decline), ZNU (Decline in the northern decline), ZSH (Healthy in the southern decline), ZSU
(Decline in the southern decline), CNH (Healthy North Shahid) and ZSH (Zeval South Shahid)
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