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Summary

Summary :

This study was conducted on natural forests in northern Iraq (Duhok
Governorate), characterized by diverse topography, high mountains, and deep
valleys. The rugged terrain and varying slopes create an ideal environment for
the growth of many tree species, primarily Pinus brutia and Quercus spp.
(oak), which are the most dominant species. These forests are located at
elevations ranging from 396 to 1713 meters above sea level.

A preliminary survey of uneven-aged mixed forest stands in Duhok Forest
was conducted on September 10, 2023. The survey revealed variations in tree
densities, with some areas exhibiting high densities covering most of the
ground, while others had medium to low densities with scattered trees. High-
density sites showed reduced species diversity, whereas medium and low-
density sites exhibited increased diversity and abundance. Additionally, pure
uneven-aged stands of Pinus brutia were identified, where the species grows
predominantly. However, other sites displayed higher species diversity, with
Pinus brutia and Quercus spp. as the two dominant species.

Different density sites of pure and mixed stands of Pinus brutia and
Quercus spp. were randomly selected. In total, 10 high-density pure stands, 10
medium-density pure stands of varying ages, and 10 low-density Pinus brutia
stands were sampled. Additionally, nine mixed uneven-aged stands of
Quercus spp. and Pinus brutia were selected, including three high-density,
three medium-density, and three low-density stands. These were randomly
chosen from multiple locations: Bablo, Zawita, Mangishki, Badi, Kli Zawita,
Bakira, Joramarq, Sakrin, and Suware Tuka. Tree density classification was
based on crown cover area, where stands with more than 70 trees (N > 70)
were considered high-density, those with 40-70 trees (40 < N < 70) were
medium-density, and those with 15 — 40 trees (15 <N < 40) were low-density.

Field measurements were taken for each sample and recorded in pre-
prepared tables. These measurements included geographic coordinates using
GPS, total height, diameter at breast height (DBH), crown width, and crown
center height for all trees within a randomly selected circular plot (17.9m in
diameter, covering 1006m?).

Variogram analysis was used to study stand structure. The Nugget value for
pure and mixed stands ranged from (6.08 — 0.91). Low values near zero
indicated minimal variation at short distances and precise measurements,
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while higher values suggested unexplained height variation. High Sill values
indicated significant differences in tree height across sampled stands, whereas
lower values signified a more uniform height distribution. The Range in the
Variogram represented the distance at which spatial autocorrelation ceased.
The coefficient of determination (R?) was used to assess the efficiency of the
spatial height model.

Variogram analysis was also applied to basal area and cross-variogram
analysis was conducted for both height and basal area. Given the varying
topography and spatial extent of the stands, Kriging interpolation was used to
generate two-dimensional and three-dimensional distribution maps for height
and basal area, capturing spatial variations in all directions.

The spatial distribution pattern of tree points was analyzed, revealing a
generally aggregated distribution, with some stands displaying random or
regular patterns. Understanding spatial distribution is crucial for assessing the
impact of biotic and abiotic factors on tree growth and organization.
Aggregation index analysis was used to determine the effects of
environmental factors on horizontal tree distribution and species interactions.
Most samples exhibited an aggregated distribution with R-values below one,
indicating early growth stages. However, certain samples (7, 9, 10, 14, 17, 19)
showed a random distribution, while others (6, 18, 20, 32, 33) exhibited a
regular pattern, suggesting more advanced developmental stages with uniform
spacing between trees.

The study detailed the vegetation characteristics of uneven-aged mixed
Pinus brutia and Quercus spp. stands in Duhok, comparing the structural
properties of pure and mixed stands. A Chi-square test revealed no significant
differences between them. Growth estimation equations were developed for
tree diameter and basal area, as well as production estimation models for
uneven-aged pure Pinus brutia stands based on basal area and height.
Additionally, volume models were established for individual Pinus brutia and
Quercus spp. trees in mixed stands in Duhok Forest.
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