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Abstract: Calcium is an essential macronutrient in soils and plays an important role in the structure
and function of an ecosystem. In this study, we selected the Huajiang dry-hot valley region in south-
west China as our research object, aiming to comprehend the soil calcium distribution characteristics
of different altitudes and vegetation types in this karst dry-hot valley region. The results showed that
the mean value of total soil calcium content in the karst dry-hot valley was 13.00 ± 3.28 g·kg−1, and
the mean value of the proportion of exchangeable calcium content to total calcium was 50.31%. In the
vertical profile, total soil and exchangeable calcium contents decreased with increasing soil depth.
With increasing altitude, total soil and exchangeable calcium contents increased. Among the different
vegetation types, the total and exchangeable calcium contents of crops were higher than the three
natural vegetation types of forest, scrub, and grassland, and the soil calcium content of forest was the
lowest. Total soil and exchangeable calcium content in the karst dry-hot valley were affected by rock
exposure rate, vegetation coverage, soil thickness, soil organic matter and soil pH. In addition, the
unique environmental gradient characteristics at different elevations in the dry-hot valley area may
redistribute soil calcium, and the positive vegetation succession may cause a gradual decrease of soil
calcium content in the area.

Keywords: soil calcium; dry-hot valley; karst; distribution characteristics

1. Introduction

Calcium is an essential component of soils and plants and plays a key role in the
structure and function of ecosystems [1,2]. There is a wide range of calcium content in
soils, and the average calcium content of soils in most regions is higher than that of plant
nutrients such as N, P, S, and Mg [3]. Karst regions with widespread carbonate rocks and
high rock exposure have soils rich in calcium due to the chemical properties inherited
from the parent rock [4,5]. The soil calcium content in southwest China is 1 to 3%, which
is two to three times higher than that of silicate rock soils at the same latitude [6]. A
high calcium level is an important ecological factor in karst regions [7], which obviously
affects the plant diversity of karst ecosystems and determines the species and number
of soil microorganisms [8,9]. However, changes in climatic conditions affect soil calcium
retention and transport, resulting in differences in the stability and longevity of soil calcium
under different climatic conditions. Due to these disparities, it is impossible to provide a
comprehensive picture of soil calcium distribution patterns based on the findings of studies
conducted in one or two climatic zones. Therefore, a clear understanding of soil calcium
distribution patterns under different climatic conditions remains an important research
question in the field of soil calcium ecological cycle and balance.
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Numerous researchers have conducted studies on soil calcium in different climatic
zones and made substantial progress. In humid areas, soil calcium content increases
with altitude and decreases with soil depth [10]. In different geomorphic regions, soil
calcium content is ranked as follows: slope > depression > saddle area > plain area [11].
In humid karst areas, soil calcium content near bare rock is significantly higher than
near non-bare rock, and soil calcium content gradually increases with the degree of stone
desertification [12]. In semi-arid areas, soil calcium is susceptible to loss due to water or
wind erosion, and slope and elevation are significant factors affecting soil calcium content
at various depths [13]. In arid regions, the soil calcium content of broadleaf forests is
over three times higher than that in coniferous forests. The soil surface calcium loss of
mature broadleaf forests is higher than that of mixed coniferous forests [14]. Soil calcium
content is significantly higher in the arid regions of northwest China than in the humid
regions of southeast China, which is related to the calcium content of the parent rock in
this region [15]. The characteristics of soil calcium distribution and influencing factors are
obverted in different climatic zones.

Different climatic zones impact the distribution of soil calcium due to their specific
climatic characteristics. In contrast, the dry-hot valley, as a valley-type arid zone embedded in
a subtropical humid and semi-humid climate [16], shows a distinct environmental gradient in
temperature, precipitation, and soil properties within the valley. The dry and wet seasons are
distinct, and moisture and light and heat conditions are highly imbalanced [17,18], resulting
in soils in the region being subject to both humid and arid climatic conditions within a
hydrological year. How the combination of a typical karst region and a dry-hot valley climate
leads to the distribution of soil calcium in karstic dry and hot river valleys remains unclear.
The answer to this question is an important addition to the body of knowledge of the soil
calcium ecological cycle and balance and a realistic need to guide ecological construction and
sustainable land management in the karst dry-hot valley region.

This study selected a small watershed with similar soil and lithology substratum
conditions inside the dry-hot valley as the sampling area. The soil samples were obtained
through in situ sampling, while the environmental conditions of soil and vegetation near
the sampling site were investigated. The objectives of this study are: (1) to clarify the
status and distribution characteristics of total soil and exchangeable calcium contents of
different elevations and vegetation covers in the karst dry-hot valley; (2) to reveal the
influencing factors of total soil and exchangeable calcium distribution characteristics in the
karst dry-hot valley to discuss the effects of environmental gradient changes at different
elevations, and vegetation succession on soil calcium contents.

2. Materials and Methods
2.1. Overview of the Study Area

The study area is located in the Huajiang Canyon area in Guizhou Province, south-
western China, with a geographical location of 105◦36′30′′ E–105◦46′30′′ E, 25◦39′13′′ N–
25◦41′00′′ N (Figure 1). The elevation is 446–1360 m, and the relative height difference is
914 m. The surface landscape distribution is discontinuous, and the rock desertification is
severe; the rock desertification area accounts for 53.82% of the total area. The climate in the
area is a central subtropical monsoon, dry and hot, with an average annual temperature
above 18.4 ◦C, an average annual rainfall of 1100 mm, and an average annual evaporation
of 1200–1300 mm (Figure 2). From May to October, precipitation accounts for about 83%
of the total annual precipitation, and the seasonality of precipitation is obvious, with the
typical characteristics of a dry-hot valley.
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Figure 2. Monthly average variation of temperature, precipitation and evapotranspiration of Huajiang
dry-hot valley from 2002 to 2021.

The soil layer in the study area is shallow and discontinuous, with patchy distribution.
Soils are mainly sandy, loamy limestone soils, and soil erosion is serious due to the con-
centration of precipitation and large relative height differences and slope. The vegetation
is sparse, with low forest canopy coverage, little native vegetation and mainly artificial
vegetation. The distributed plants include compound feather-leaved Koelreuteria bipinnata,
Zanthoxylum planispinum var. dintanensis, Broussonetia papyrifera, and many others.

2.2. Soil Sampling and Determination

The sub-basin area is 8.09 km2, and the exposed strata are mainly the Middle and
Upper Triassic strata, including the Yangliu and Longtou carbonate formations, which are
pure and thick. Soil sampling points with equal spacing (about 0.4 km apart) were set up
in the Dingtan sub-basin, and 45 soil sampling points were set up (Figure 1c).

To reduce the effects of continuous rainfall, drought, and rapid vegetation growth period
on soil calcium content, field survey sampling was conducted from 25–28 September 2020.
Towards the end of the rainy season in the Huajiang dry-hot valley, the weather during the
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sampling period was cloudy. The sampling types were divided into disturbed samples and in
situ soil samples to determine soil calcium content and properties, respectively. Each sampling
site consisted of three small soil samples to form a mixed sample, and the individual soil
samples collected by the quadrat method weighed about 1 kg. Soil samples were obtained
by stratified sampling, as the average soil depth in the study area was 60 cm, with a shallow
depth of 40 cm. The soil samples were divided into the surface (0–10 cm), intermediate
(10–20 cm), and deep soil (20–30 cm) samples to ensure a consistent soil sampling depth.
While collecting soil samples, the basic information such as location, elevation, slope, thickness
of the soil layer, exposed rock, and vegetation type of the sampling site were recorded in detail
(Table A1 in Appendix A). Soil samples were collected and brought back to the laboratory,
naturally dried, ground through a 0.149 mm nylon mesh sieve, and then sealed and stored for
the determination of soil calcium content.

2.3. Soil Calcium Content Determination

Soil whole calcium and exchangeable calcium contents were determined by sample pretreat-
ment with concentrated nitric acid–hydrofluoric acid–perchloric acid digestion, ammonium acetate
oscillatory leaching, and deionized water oscillatory leaching, respectively, and measured directly on
an atomic absorption spectrophotometer (PinAAcle 900H, PerkinElmer, Waltham, MA, USA) [19].
Soil whole calcium and exchangeable calcium contents were reported in (g·kg−1) mass, and their
stoichiometric ratios were calculated based on mass (g·kg−1).

The physicochemical properties of the soil were analyzed according to the standard method
recommended by the Chinese Society of Soil Science [20] (Table 1). Soil organic matter was
determined by the potassium dichromate oxidation–external heating method; soil acidity was
measured by pH and determined by potentiometric method (PHS-3C, Shanghai INESA Scientific
Instrument Co., Ltd., Shanghai, China); soil particle composition (clay, powder and sand) was
determined by Malvern laser particle size meter (Mastersizer 2000, Malvern, Worcestershire, UK);
and soil bulk density was determined by the ring knife method.

Table 1. Soil properties in the study area.

Soil Depth
(cm)

Soil Bulk Density
(g·cm−3)

Soil Organic
Matter (g·kg−1)

Total Soil Porosity
(%)

Soil pH
Soil Grain Composition (%)

Clay Powder Sand

5 cm 1.23 ± 0.05 54.86 ± 3.26 53.40 ± 0.86 7.81 ± 0.02 13.07 81.22 5.70
15 cm 1.22 ± 0.04 49.50 ± 1.13 53.68 ± 0.64 7.82 ± 0.04 13.08 81.98 4.94
25 cm 1.22 ± 0.05 49.67 ± 1.23 53.68 ± 0.56 7.82 ± 0.05 13.08 81.96 4.96

Average 1.22 ± 0.03 51.34 ± 2.49 53.69 ± 0.13 7.82 ± 0.04 13.08 81.72 5.20

2.4. Data Processing

The raw data of total soil and exchangeable calcium contents were normally dis-
tributed, and the data were analyzed without any transformation. The means of soil
calcium contents were compared at p < 0.05 by ANOVA and Duncan’s method with the
Least Significant Difference (LSD) test. Correlations between soil calcium content and soil
properties and environmental factors were analyzed using Pearson correlation matrices
using IBM SPSS Statistics 22.0 software (SPSS Inc., Chicago, IL, USA). Soil calcium content
statistics were plotted using OriginPro 2021 (Origin Lab Inc., Northampton, MA, USA).

3. Results
3.1. Soil Calcium Content Statistics

Table 2 show that in the vertical profile, the total soil and exchangeable calcium content
decreased with increasing soil depth, and the proportion of exchangeable calcium content to
total calcium increased (the mean value of the proportion was 50.31%). In the 0–10, 10–20,
and 20–30 cm soil layers, the total soil calcium content was 13.51, 13.07, and 12.41 g·kg−1. The
exchangeable calcium content was 6.78, 6.48, and 6.35 g·kg−1, respectively. The proportion of
exchangeable calcium to total calcium was 50.19, 49.58, and 51.17%, in that order.
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Table 2. Statistics of soil calcium content.

Soil Depth (cm) TCa (g·kg−1) ECa (g·kg−1) ECa/TCa (%)

0–10 13.51 ± 4.99 a 6.78 ± 1.94 b 50.19
10–20 13.07 ± 4.79 a 6.48 ± 1.90 b 49.58
20–30 12.41 ± 4.81 a 6.35 ± 1.96 b 51.17
0–30 13.00 ± 3.28 6.54 ± 1.52 50.31

Note: Same lowercase letter indicates no statistically significant difference between groups (p > 0.05); TCa is total
soil calcium, and ECa is soil exchangeable calcium.

3.2. Soil Calcium Content at Different Altitudes

Figure 3 shows that the total soil and exchangeable calcium contents increased signifi-
cantly (p < 0.05) with increasing elevation and then gradually decreased. At different altitudes,
the mean values of total soil calcium content were 10.44, 14.15, 13.75, and 11.96 g·kg−1, and the
mean values of exchangeable calcium content were 6.17, 7.69, 6.25, and 5.66 g·kg−1 at 500–700,
700–900, 900–1100, and 1100 m above elevation, respectively. The total soil and exchangeable
calcium contents increased and then decreased in the 0–10, 10–20, 20–30 cm soil layers with
increasing elevation.
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Figure 3. Total soil calcium content at different altitudes (a); Soil exchangeable calcium content
at different altitudes (b). Different lowercase letters represent significant differences (p < 0.05) in
soil calcium content between different elevations, and NS represents non-significant differences
(p < 0.05) in soil calcium content between different soil layers. The ranges 0–10, 10–20, 20–30, and
0–30 represent the depths of 0–10 cm, 10–20 cm, 20–30 cm, and 0–30 cm soil layers, the same as below.
The ranges 500–700, 700–900, 900–1100, and >1100 represent the elevation at 500–700 m, 700–900 m,
900–1100, and above 1100 m above sea level, respectively.

3.3. Soil Calcium Content of Different Vegetation Types

From Figure 4, it can be seen that in different vegetation types, the whole calcium and
exchangeable calcium contents of crops were significantly higher (p < 0.05) than the three
natural vegetation types of forest, scrub and grassland; among the three natural vegetation
types, the calcium content of scrub was again relatively higher. The mean values of total
soil calcium and exchangeable calcium were 11.57, 13.31, 11.87, and 15.30 g·kg−1 for forest,
scrub, grassland, and crops, respectively, and 5.88, 6.64, 6.32, and 7.13 g·kg−1 for exchangeable
calcium, respectively, among the different vegetation types. In the 10–20 cm soil layer, the
lowest total and exchangeable calcium content were found in crops, the highest total and
exchangeable calcium content in scrub and the lowest exchangeable calcium content in the
forest; in the 20–30 cm soil layer, the highest total and exchangeable calcium content were
found in scrub and the lowest total and exchangeable calcium content in forest.
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3.4. Relationship between Soil Calcium Content and Environmental Factors and Soil Properties

Pearson correlation coefficient statistics (Figure 5) showed that total soil and exchange-
able calcium contents were significantly correlated with soil bulk, soil pH, soil organic
matter content, vegetation cover, and rock exposure rate (p < 0.05), and the correlation
with soil thickness was not significant (p > 0.05). As seen in Figure 6, both total soil and
exchangeable calcium contents decreased with increasing vegetation cover (p < 0.05) and
increased with increasing rock exposure rate (p < 0.05) under the influence of environmental
factors; total soil calcium content decreased with increasing soil thickness and exchangeable
calcium content increased with increasing soil thickness (Figure 6a–c). Under the influence
of soil properties, total soil and exchangeable calcium content increased with increasing
soil organic matter content (p < 0.05), decreased with increasing soil bulk weight (p < 0.05)
and increased with increasing soil pH (Figure 6d–f).
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4. Discussion
4.1. Uniqueness of Calcium Content of Soils in Karst Dry-Hot Valleys

From Table 2 and Figure 3, it can be seen that the soil calcium content of the karst
dry-hot valley is high, with a mean value of 50.31% of exchangeable calcium content as a
proportion of total calcium, which may be due to the combination of calcium-rich properties
of carbonate rocks and the dry, hot climate. Compared with karstic hills [12] and karstic
crest slopes [21], karst dry-hot valley soils have higher total and exchangeable calcium
contents. The mean value of the proportion of exchangeable calcium to total calcium
(59.75%) is higher in karst hills [12] than in karst dry-hot valleys. Calcium in soils is mainly
derived from the soil-forming parent material, and the high-calcium limestone weathering
and dissolution can provide sufficient calcium elements for soils [3]. Carbonate rocks with
pure and thick layers are widely distributed in the karst dry-hot valley, and the rate of rock
exposure is high. Calcium elements from the weathering and dissolution of carbonate rocks
directly enter the surface soil, making the area’s limestone soils rich in calcium elements
due to the chemical properties of the inherited parent rock.

The uneven rainfall and heat caused by the dry and hot climate provide dynamic
conditions for soil calcium replenishment and transport. The dry and wet seasons in
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karst dry-hot valleys are differentiated, with high temperatures and concentrated and
intense rainfall in the wet season, which largely increases the loss of calcium from the soil.
Studies have shown that calcium in groundwater mainly originates from rainwater and
bedrock [22], and rock fissures are widely developed in karst areas. During rainfall, calcium
in the soil will leak along rock fissures into underground caves or rivers with rainwater,
forming underground leakage [23]. However, the high temperature and high intensity
of rainfall during the wet season also accelerate the weathering and dissolution rate of
carbonate rocks [24,25], and the amount of calcium entering the soil increases, replenishing
some or all of the soil calcium lost in the soil due to rainfall. During the dry season, when
rainfall is less in the dry-hot karst valley, the temperature is higher than in the same latitude
due to the deep topography [26], and the weathering and dissolution of carbonate rocks
continue to provide calcium to the soil. Due to the low rainfall, it is difficult to form runoff
on the slope, and the lack of water in the soil, the loss and leakage of soil calcium are low
and the accumulation increases.

4.2. Complexity of the Effect of Altitude on Soil Calcium Distribution

It has been shown that soil calcium content increases with increasing altitude [10,27]. In
the present study, soil calcium content increased and then decreased with altitude, showing
a significant increase (p < 0.05) at 700–900 m above sea level (Figure 3). Elevation, as a
highly integrated topographic factor, can cause changes in environmental factors such as
combined water and heat conditions (temperature, precipitation) and soil nutrients [28–30].
The vertical climate variation within the Huajiang dry-hot valley is obvious. The average
annual rainfall and temperature from the valley floor and slope to the valley shoulder show
obvious gradients (Figure 7), and the climate of the southern subtropical dry-hot valley and
the northern subtropical dry-hot valley converge at 700–900 m above sea level, forming
more complex hydrothermal changes, which may be an important factor causing the soil
calcium content at 700–900 m above altitude to be significantly higher than at 500–700,
900–1100, and 1100 m above elevation. The soil organic matter, as an important soil organic
matter component, is the most important factor in the soil. As an important soil nutrient,
soil organic matter has strong adsorption and complexation of calcium ions in limestone
soils, which can inhibit calcium loss and migration to a certain extent [31,32]. It has been
shown that the characteristics of low temperature and high humidity at the middle and
high altitudes are more favorable for organic matter accumulation [33,34], which may also
be one of the reasons for the altitudinal differences in soil calcium content. In conclusion,
the hydrothermal conditions and soil properties at different altitudes in the dry-hot valley
area show obvious environmental gradient characteristics, which may lead to significant
differences in the spatial distribution of soil calcium.
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4.3. Specificity of the Effect of Vegetation on Soil Calcium Distribution

It has been shown that soil calcium content is higher in crops fields than in forests,
scrubs, and grasslands [22]. Figure 4 shows that crops has the highest soil calcium content
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among the four different vegetation types. Studies have shown that the application of
organic fertilizers increases soil calcium content, the application of nitrogen and phosphorus
fertilizers also increases soil calcium content, and the application of potassium fertilizers
may reduce the effect on soil calcium content [35–38]. The types of fertilizers applied
in the Huajiang dry-hot valley area are mainly nitrogen, phosphorus, and potassium
fertilizers, accompanied by the application of farmyard manure and organic fertilizers, and
the simultaneous application of these fertilizer types may directly lead to an increase in soil
calcium content under crops.

Soil-vegetation reciprocal feedback loops are important factors influencing the geo-
chemical transformation of calcium in the soil surface system [39,40]. The soil calcium
content of this study’s four different vegetation types was, in descending order: crops,
scrub, grassland, and forest (Figure 4), with forest having the lowest soil calcium content.
As seen in Figure 6a, the soil calcium content decreased significantly with increasing veg-
etation cover. Related studies have also shown that the natural recovery of vegetation
can improve soil development conditions and attenuate soil erosion [41,42]. However, on
longer time scales, there was an decrease in soil calcium content with the development of
ecosystem positive succession [43]. This is due to the positive vegetation succession leading
to an increase in plant growth and vegetation cover as well as in the type and quantity of
dead litter, humus, and soil microorganisms in the understory [44,45]. It also enhances the
complexation of calcium with organic compounds in the soil, forming more complexed
calcium [46]. The complexed calcium in the soil is easily absorbed by plants, and the
transpiration of vegetation is enhanced due to the high temperature in the karst dry-hot
valley area, while the transpiration of forest is stronger than that of scrub, grassland and
crops and the soil calcium absorption capacity of forest was higher than that of the other
three vegetations. Generally, the soil is thicker where forest vegetation can grow in karst
areas and the root system extends into the rock crevices. During rainfall, a large amount of
complexed calcium in the soil is leached [47] and precipitated to deep soil or rock crevices
by gravitational potential energy, making the shallow soil calcium content lower than that
of scrub, grassland and crops. This suggests that the positive vegetation succession in the
karst dry-heat valley may, to some extent, lead to a decrease in soil calcium content.

4.4. Limitations

Due to the lack of typical profiles and research tools, this study only considers the soil
calcium distribution characteristics of the shallow surface in the dry-hot valley area, and
no research has been conducted on soil calcium in the pores (fissures) of the karst dry-hot
valley. The steep topography of the karst dry-hot valley and the concentrated and high
intensity of rainfall in the wet season cause more serious soil erosion. Soil nutrients are
leaked through solutes, and soil nutrient leakage is positively correlated with rainfall [48,49].
The widespread development of carbonate rocks and pore (fissure) spaces in the study area
provide sites and channels for the accumulation and transport of surface soils and solute
sediments [50], making surface soil erosion occurring in karst dry-hot valleys accompanied
by subsurface leakage processes. Surface soil erosion and subsurface soil leakage may lead
to more complex soil calcium fugacity and transport processes.

Although the soil calcium content in the karst dry-hot valley is still high and carbonate
rocks continuously input calcium to the soil during weathering and dissolution, the soil
calcium content may decrease as the vegetation cover increases and the soil calcium is
leached by high-intensity local rainfall. If the soil calcium content in the karst dry-hot valley
area continues to decrease, other nutrients in the soil will also change, and the soil may not
be sufficient to supply more vegetation growth in the future. Achieving a relative balance
between the degree of vegetation restoration, the rate of soil calcium leaching and the rate
of calcium input from carbonate rocks in the karst dry-hot valley remains an important
issue concerning the sustainable use of local soils.
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4.5. Application Value

The soil calcium content of different elevation gradients in the karst dry-hot valley
varies significantly. This result inspires vegetation construction and land use in the dry-hot
valley area. Soil calcium in the karst dry-hot valley area forms the distribution character-
istics of “high altitude with low heat and more water and less calcium, middle altitude
with alternating hot and cold water and heat with most calcium, and low altitude with
high heat and less water and less calcium” at different altitudes, so changes in soil calcium
content at different altitudes may lead to changes in other soil properties. Therefore, the
karst dry-hot valley should reasonably allocate land resources and agricultural planting
patterns according to the soil fertility and water-heat combination at different altitudes to
promote the coordinated use of water-soil resources.

5. Conclusions

This study found that the total soil and exchangeable calcium contents were higher
in a karst dry-hot valley. Still, the differences were not significant among different soil
layers in the vertical profile. The total soil and exchangeable calcium content increased and
decreased with increasing altitude. Among the different vegetation types, the total soil and
exchangeable calcium contents of crops were higher than the three natural vegetation types
of forest, scrub and grassland, with scrub being higher than grassland and forest being the
lowest. The increase in rock exposure rate, soil organic matter, and soil pH increased the
soil calcium content, and the increase in vegetation cover and soil bulk weight decreased
the soil calcium content. The increase in soil thickness made the total soil calcium content
decrease and the exchangeable calcium content increase. Our results indicate that the
unique environmental gradient characteristics at different elevations in the dry-hot valley
area may redistribute soil calcium, and the positive vegetation succession may cause a
gradual decrease of soil calcium content in the area.
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Appendix A

Table A1. Environmental information sheet for sampling sites.

Number Latitude
(◦N)

Longitude
(◦E)

Elevation
(m)

Vegetation
Types

1 25◦38′0.698′′ N 105◦38′34.744′′ E 1103.92 S

2 25◦38′0.698′′ N 105◦39′4.243′′ E 1153.77 S

3 25◦38′16.130′′ N 105◦38′19.995′′ E 1062.27 G

4 25◦38′16.130′′ N 105◦38′34.744′′ E 1087.73 C

5 25◦38′16.130′′ N 105◦38′49.493′′ E 965.41 C
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Table A1. Cont.

Number Latitude
(◦N)

Longitude
(◦E)

Elevation
(m)

Vegetation
Types

6 25◦38′16.130′′ N 105◦39′4.243′′ E 1041.86 S

7 25◦38′31.562′′ N 105◦38′5.246′′ E 1029.62 S

8 25◦38′31.562′′ N 105◦38′19.995′′ E 1009.46 G

9 25◦38′31.562′′ N 105◦38′34.744′′ E 1014.45 G

10 25◦38′31.562′′ N 105◦38′49.493′′ E 1017.79 C

11 25◦38′31.562′′ N 105◦39′4.243′′ E 922.52 S

12 25◦38′31.562′′ N 105◦39′18.992′′ E 910.51 C

13 25◦38′46.994′′ N 105◦38′5.246′′ E 967.17 S

14 25◦38′46.994′′ N 105◦38′19.995′′ E 951.72 F

15 25◦38′46.994′′ N 105◦38′34.744′′ E 955.55 F

16 25◦38′46.994′′ N 105◦38′49.493′′ E 907.59 G

17 25◦38′46.994′′ N 105◦39′4.243′′ E 930.00 G

18 25◦38′46.994′′ N 105◦39′18.992′′ E 935.57 S

19 25◦39′2.426′′ N 105◦38′5.246′′ E 922.55 S

20 25◦39′2.426′′ N 105◦38′19.995′′ E 887.91 S

21 25◦39′2.426′′ N 105◦38′34.744′′ E 893.83 G

22 25◦39′2.426′′ N 105◦38′49.493′′ E 888.82 S

23 25◦39′2.426′′ N 105◦39′4.243′′ E 921.15 G

24 25◦39′2.426′′ N 105◦39′18.992′′ E 912.69 S

25 25◦39′2.426′′ N 105◦39′33.741′′ E 910.43 S

26 25◦39′17.858′′ N 105◦38′5.246′′ E 837.64 F

27 25◦39′17.858′′ N 105◦38′19.995′′ E 834.95 G

28 25◦39′17.858′′ N 105◦38′34.744′′ E 789.18 G

29 25◦39′17.858′′ N 105◦38′49.493′′ E 754.05 F

30 25◦39′17.858′′ N 105◦39′4.243′′ E 903.63 G

31 25◦39′17.858′′ N 105◦39′18.992′′ E 869.52 C

32 25◦39′17.858′′ N 105◦39′33.741′′ E 820.41 C

33 25◦39′33.290′′ N 105◦38′34.744′′ E 775.35 S

34 25◦39′33.290′′ N 105◦38′49.493′′ E 718.15 F

35 25◦39′33.290′′ N 105◦39′4.243′′ E 688.53 G

36 25◦39′33.290′′ N 105◦39′18.992′′ E 689.05 C

37 25◦39′33.290′′ N 105◦39′33.741′′ E 749.82 S

38 25◦39′48.722′′ N 105◦38′49.493′′ E 705.53 C

39 25◦39′48.722′′ N 105◦39′4.243′′ E 628.87 G

40 25◦39′48.722′′ N 105◦39′18.992′′ E 638.24 G

41 25◦39′48.722′′ N 105◦39′33.741′′ E 655.93 G

42 25◦40′4.154′′ N 105◦39′4.243′′ E 615.7 S

43 25◦40′4.154′′ N 105◦39′18.992′′ E 532.66 G

44 25◦40′19.586′′ N 105◦39′18.992′′ E 542.58 S

45 25◦40′19.586′′ N 105◦39′33.741′′ E 513.91 S
Note: F: forest; S: scrub; G: grassland; C: crops.
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