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Abstract
This study selects the wild fruit forest in the West Tianshan Mountains as a
case study, utilizing a Leica TS06 reflectorless total station to acquire morpho-
logical parameter data of wild apple forest tree platforms, quantitatively analyz-
ing the three-dimensional morphological characteristics and spatial distribution
patterns of wild apple forest tree platforms in the West Tianshan Mountains,
constructing a DEM (Digital Elevation Model, DEM) of the wild apple forest
tree platforms, and investigating the micro-geomorphological landscape condi-
tions of the wild apple forest tree platforms. The results indicate: (1) The
morphology of wild apple tree platforms in the study area is relatively regular,
with length-to-width ratios ranging from 0.6579 to 1.4310, showing relatively
small variation, and exhibiting fan-shaped or semi-circular forms. Moreover,
the location of the wild apple trees (i.e., the center of the sample plot) can
be clearly identified as having a darker color, being more prominent, and pos-
sessing higher elevation values. (2) Slope and base diameter exhibit significant
correlations with the base area, surface area, volume, length, width, height, and
length-to-width ratio of wild apple forest tree platforms. Specifically, the slope
of wild apple forest tree platforms demonstrates a significant linear positive cor-
relation with the height and length of the tree platforms, with R² values of 0.96
and 0.90, respectively; the base diameter of the tree platforms shows a relatively
significant linear correlation with their base area, surface area, and length, with
R² values of 0.61, 0.46, and 0.47, respectively. These research findings can pro-
vide theoretical support for the rational utilization of forest vegetation, soil and
water conservation, and the nutrient storage capacity of wild apple tree roots.
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Abstract
Taking the Malus sieversii forest in the western Tianshan Mountains as an ex-
ample, this study obtained morphological parameters of Malus sieversii tree
platforms using a Leica TS06 Reflectorless Total Station and quantitatively
analyzed their three-dimensional morphological characteristics and spatial dis-
tribution patterns. A Digital Elevation Model (DEM) of the Malus sieversii
tree platforms was constructed to investigate micro-geomorphic landscape fea-
tures. The results show: (1) The shape of Malus sieversii tree platforms in
the study area is relatively regular, with aspect ratios ranging between 0.6579
and 1.4310, exhibiting semi-circular or fan-shaped configurations. The position
of Malus sieversii (i.e., the plot center) is characterized by darker coloration
and prominent higher elevation values. (2) Slope, bottom diameter, bottom
area, surface area, volume, length, width, height, and aspect ratio of the Malus
sieversii tree platforms are significantly correlated. Among these, slope, height,
and length show significant linear positive correlation with R² values of 0.96 and
0.90, respectively; bottom diameter and bottom area, surface area and length
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show significant linear correlation with R² values of 0.61, 0.46, and 0.47, respec-
tively. These research results can provide useful data to support rational forest
vegetation utilization, soil and water conservation, and nutrient storage in wild
apple trees.

Keywords: tree platform; slope; bottom diameter; Malus sieversii; western
Tianshan Mountains

2. Materials and Methods
2.1 Data Collection and Analysis

The morphological parameters of Malus sieversii tree platforms were obtained
using a Leica TS06 Reflectorless Total Station. Twelve sample plots were estab-
lished with varying tree base radii. For plots 1–5, the TS06 was used to measure
the three-dimensional coordinates of tree platform morphological features. For
plots 6–12, measurements of length, width, and height characteristics were con-
ducted using traditional methods, with slope and aspect data collected using a
compass.

The measurement process involved establishing control points at the four corners
of each plot, with coordinate systems defined using the TS06. For plots 1–10, a 4
m × 4 m grid was established with 20 cm measurement intervals. For plots 11–12,
a 20 cm × 20 cm grid was used due to smaller platform dimensions. The three-
dimensional coordinates of each point were measured and recorded, with slope
and aspect calculated from the coordinate data. Using ArcGIS 10.2, Kriging
interpolation was performed to generate the DEM and extract morphological
parameters including length (L), width (W), height (H), base area (S), surface
area (U), volume (V), slope (PD), aspect (A), and tree platform diameter (DJ).
The length-to-width ratio (L/W) was subsequently calculated.

Statistical analysis was conducted using SPSS 19.0. Correlation coefficients
were calculated to analyze relationships between morphological parameters, with
correlation strength evaluated based on standard thresholds: |r| < 0.4 indicates
weak correlation, 0.4 � |r| < 0.7 indicates moderate correlation, and |r| � 0.7
indicates strong correlation.

2.2 DEM Construction and Parameter Extraction

The DEM construction process involved converting field measurements into
raster data through interpolation. The TS06 reflectorless total station provided
high-precision three-dimensional coordinate data, which served as the founda-
tion for generating continuous surface models. Kriging interpolation was se-
lected for its ability to produce optimal unbiased estimates of spatial variability.
Morphological parameters were automatically extracted from the DEM using
spatial analysis tools, enabling quantitative characterization of tree platform
geometry.
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3. Results
3.1 Sampling Plot Characteristics

Table 1. Information of the sampling plots

Plot
Longitude
(E)

Latitude
(N)

Length
(cm)

Width
(cm)

Height
(cm)

Slope
(PD)

Aspect
(A)

DJ
(cm)

L/W
Ra-
tio

1 82°52�53.13�43°11�18.75�14.58 14.81 19.60 19.91 17.05 17.45 10.80
2 82°52�59.62�43°11�33.25�18.52 18.74 13.73 14.55 10.64 12.00 11.00
3 82°52�59.42�43°11�33.05�20.00 25.00 14.75 17.75 24.00 13.00 39.00
4 82°53�02.36�43°11�33.37�35.00 31.25 24.25 53.00 30.00 100.00 47.00
5 82°52�53.16�43°11�18.91�76.75 40.25 19.35 - - - -
6 82°46�09.5�43°14�03.87�- - - - - - -
7 82°46�09.64�43°14�04.18�- - - - - - -
8 82°46�09.79�43°14�04.33�- - - - - - -
9 82°46�10.04�43°14�03.28�- - - - - - -
10 82°46�10.22�43°14�03.81�- - - - - - -
11 82°43�55.46�43°09�18.19�- - - - - - -
12 82°43�58.21�43°10�45.92�- - - - - - -

3.2 Morphological Characteristics

The morphological characteristics of Malus sieversii tree platforms with different
base radii are presented in Table 2. The aspect ratio of tree platforms ranges
from 0.6579 to 1.4310, indicating relatively regular shapes that are semi-circular
or fan-shaped.

Table 2. Morphological characteristics of Malus sieversii tree plat-
forms with different tree base radius

Parameter Mean Min Max Std. Dev.
Length (cm) 18.52 14.58 76.75 19.35
Width (cm) 18.74 14.55 40.25 10.64
Height (cm) 13.73 10.64 24.25 4.75
Base Area (m²) 0.61 0.46 1.43 0.31
Surface Area (m²) 0.47 0.38 0.97 0.22
Volume (m³) 0.81 0.61 0.95 0.14
Slope (°) 19.35 10.80 53.00 14.75
Aspect Ratio 1.00 0.66 1.43 0.28
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3.3 Correlation Analysis

Correlation analysis reveals significant relationships between morphological pa-
rameters. Slope shows strong positive correlation with length (R² = 0.96) and
height (R² = 0.90). Bottom diameter demonstrates moderate correlation with
bottom area (R² = 0.61) and surface area (R² = 0.46). Length correlates mod-
erately with surface area (R² = 0.47) and volume (R² = 0.38).

Figure 4. Tree platform profile

Figure 5. Correlation analysis between slope and length, width, height, base
area, surface area, and volume of wild apple tree platforms

The relationship between tree platform slope and other morphological param-
eters follows distinct patterns. Slope exhibits the strongest correlation with
length and height, suggesting that larger platforms tend to have steeper slopes.
The correlation between base area and length (R² = 0.61) indicates that plat-
form expansion occurs preferentially along the longitudinal axis.
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