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import pandas as pd

# Define diameter and depth class ranges
class _ranges = [(0.1, 0.5), (0.5, 1), (1, 1.5), (1.5, 2)1]
depth ranges = [(0, 10), (10.1, 20), (20.1, 30), (30.1, 40), (40.1, 50)1]

# Define categorization function for a specific value
def categorize(value, ranges):
for i, (low, high) in enumerate (ranges):
if low <= value <= high:
return f"Class {i+l} ({low}-{high})"
return "Out of range"

# Read the CSV file
data = pd.read csv("All roots Astragalus sp Plot 1.csv'")

# Add new columns for categorized diameter and depth

data["Diameter Class"] = data["Root Diameter"].apply(lambda x: categorize(x,
class_ranges))

data["Depth Class"] = data["Depth"].apply(lambda x: categorize(x, depth ranges))

# Create a frequency table (pivot table)
frequency table = pd.pivot table(
data,
index="Depth Class",
columns="Diameter Class",
aggfunc="size",
fill value=0
)

# Print the frequency table
print (frequency table)

# Save the frequency table to a CSV file
frequency table.to csv("Frequency Table.csv'")
import pandas as pd

import numpy as np

# LU 5 besls o108 CSV

file path = "All roots Acantholimon_sp_ Plot l.csv" # LG .. CSV L

data = pd.read csv(file path)

o Ges 5 k8 glagduaies iy
diameter bins = [0, 0.5, 1.0, 1.5, 2.0] # b sdoares
depth bins = [0, 10, 20, 30, 40, 50] # Ges gtoazes

diameter labels = ["0.1-0.5", "0.5-1.0", "1.0-1.5", "1.5-2.0"]
depth labels = ["0-10", "10-20", "20-30", "30-40", "40-50"]

# Ges 5 5 oo S

data['Diameter Group'] = pd.cut(data['Root Diameter'], bins=diameter bins,
labels=diameter labels)

data['Depth Group'] = pd.cut(datal['Depth'], bins=depth bins, labels=depth labels)

# m:Jﬁé\ﬁw)ajg\}\ﬁwbu

result = data.groupby(['Diameter Group', 'Depth Group']).size().unstack(fill value=0)
percentages = result.div(result.sum(axis=1), axis=0) * 100

# s G s deons 5 Slslb oS s

final table = pd.concat([result, percentages], keys=['Frequency', 'Percentage'], axis=l)

# ol dsar Bl
print(final table)
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import numpy as np # Importing NumPy for numerical operations

import pandas as pd # Importing pandas for data manipulation

import matplotlib.pyplot as plt # Importing Matplotlib for plotting
from scipy.spatial import KDTree # Importing KDTree for spatial queries
import os # Importing os for interacting with the operating system

oSl Ker b s sl badols 5 (MCF) - islas (sla )| S5 slaes
distances = np.linspace(0, 25, 100) # aubss glp balol MCF

random iterations = 100 # 8 i gileand sl S5 slaw

oSl K b als 1y 16 (MCF)

def mark correlation function(data, distances, random iterations):
coords = data[['x', 'Depth']l].values # Slaw ol Ful X Depth
marks = data['Root Diameter'].values # Lol Olge o el i ol sl
tree = KDTree(coords) # cxpcsle KD lab gl 5 ey sly

observed mcf = [] # ,sleo,3 gl MCE ol sdalis

# aslwe MCF o sualio
for d in distances:
pairs = tree.query pairs(d) # dobl bl i cil,s d
similarities = [marks[i] * marks[j] for i, j in pairs] # Lalswslss

observed mcf.append(np.mean(similarities) if similarities else 0) # ol gl cals Sle

#I5 ose gleans

random mcfs = [] # o3l MCF jslas sl

for in range(random iterations):
np.random.shuffle (marks) # L, ki jslar ol

-

random mcf = [] # o5l ced MCE IS pl gl p ol

for d in distances:
pairs = tree.query pairs(d) # dobl bl g cil,s d
similarities = [marks[i] * marks[J] for i, J in pairs] # Loals cule
random mcf.append(np.mean(similarities) if similarities else 0) # Lsls Sle

random_mcfs.append(random mcf) # o= MCF S5 ol ol olas

# cd L MCFal)l & gslas gl numpy

random mcfs = np.array(random mcfs)

mean random mcf = random mcfs.mean(axis=0) # .Klo MCF jslas sls
std random mcf = random mcfs.std(axis=0) # e il MCF jslas ol

return distances, observed mcf, mean random mcf, std random mcf

#5025 Sl Ges Sleessdons i 2
depth ranges = [(0, 10), (10.1, 20), (20.1, 30), (30.1, 40), (40.1, 50)]

# J—;Lé vy:l-j‘éj-,_‘
try:
# LG Sl besls 510856 CSV
data = pd.read csv(file path)

# o Ges e3gdome a6l baesls S5ls
for depth range in depth ranges:
#F e Gas esgdos ulal s baesls 058 2l

filtered data = data[(data['Depth'] >= depth range[0]) & (data['Depth'] <= depth range[1])]

if len(filtered data) > 0: # Gesessdms o bl sy oy
# aslws sl Lo gl 1 MCF

distances, observed mcf, mean random mcf, std random mcf = mark correlation function(
filtered data, distances, random iterations

)

# gl s sed sl MCF
plt.figure(figsize=(10, 6))

plt.plot(distances, observed mcf, label="Observed MCE", color="blue") # s MCF oiiodalis
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plt.plot(distances, mean random mcf, label="Mean Random MCE", color="green",
linestyle="--") # s MCF _islas
plt.fill between(
distances,
mean _random mcf - 2 * std random mcf, # 40 Olbleil b d=%

o=l

mean random mcf + 2 * std random mcf, # 40 Olublel VL a=%
color="green'",
alpha=0.2,
label="Confidence Interval (95%)"
)
plt.axhline(y=1, color='red', linestyle='-', label="No Correlation") # JKLWA¢Aﬁétﬂc?f<Z$

plt.xlabel("Distance (cm)") # Lowcwn, X
plt.ylabel ("MCE") # ,pwocex, ¥
plt.legend() # Lol il

plt.title(f"Mark Correlation Function (MCFE) - Depth Range {depth range[0]}-
{depth_range[l]} cm - {file path}")

# olis 025330 MCE  Jlsses 555 e Olss @

plt.text(
0.8, 0.9, f"Observed MCF: {np.mean(observed mcf):.2f}",
horizontalalignment='center', verticalalignment='center',
transform=plt.gca() .transAxes, color="blue"

)

plt.text(
0.8, 0.85, f"Mean Random MCF: {np.mean(mean random mcf):.2f}",
horizontalalignment='center', verticalalignment='center',
transform=plt.gca() .transAxes, color="green"

)

# fjjin\.iﬁ);)\;ja.}aﬁii
# output file = os.path.join (output folder,
f'{Species} {base name 1} Frequency per diameter and depth class.jpeg')

output file = os.path.join(
output folder,
f"{Species} {base name} MCEF Depth {depth range[0]} {depth range[l]} .Jjpeg"
)
plt.savefig(output file)
plt.show()
plt.close() # sl slealil gl slsses i
print(f"Saved plot for depth range {depth range[0]}-{depth range[l]} cm at
{output_file}")
else:
print(f"No data found in depth range {depth range[0]}-{depth range[l]} cm for file
{file path}")

except Exception as e:
print(f"Error proc

sing file {file path}: {e}")
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Abstract

Root competition plays a significant role as a key factor in determining plant distribution patterns and their adaptation
in rangeland ecosystems. This research aimed to investigate the effect of root competition and the spatial distribution
pattern of roots of two species, Astragalus sp. and Acantholimon sp., in the Shanjan Shabestar rangelands. The main
objective of this study was to analyze the root distribution in different soil layers and the effect of soil physical
properties on their competition. Sampling was conducted at five different depths (0-10, 10-20, 20-30, 30-40, and 40-50
cm), and root characteristics, including the number and diameter of roots, were measured. Root competition was
analyzed using the Marked Correlation Function (MCF) and the extraction of the competition index. Soil physical
properties, including texture, moisture, and organic matter, were also measured. The results showed that the number of
roots in both species decreased with increasing depth, especially in the 30-50 cm depths, where a decrease of more than
88% in Astragalus sp. and 81.67% in Acantholimon sp. was observed. In Astragalus sp., the highest root density was
recorded in the surface layer (0-10 cm) with an average of 50 roots per unit area, while in Acantholimon sp., this value
was 60. The root distribution in Astragalus sp. showed a uniform decreasing trend, but in Acantholimon sp., a sharper
decrease was observed in the lower depths. The root diameter in Astragalus sp. increased with depth and reached its
maximum value (1.21 mm) at the 40-50 cm depth, while in Acantholimon sp., the highest average root diameter was
observed at the 0-10 cm depth (0.83 mm) and then decreased. Competition analysis showed that Acantholimon sp. had
stronger root competition than Astragalus sp., especially in the surface layers where the competition index was higher.
At lower depths, due to the decrease in root density and greater access to resources, the intensity of competition
decreased. Furthermore, the results showed that soil texture and moisture had a significant effect on root distribution
and competition intensity. In soils with heavier texture and higher moisture, root density and competition intensity
increased. These findings suggest that different species adopt different root growth strategies in response to competition
and resource availability in soil layers. The results of this research can be used in rangeland management, improving
vegetation restoration strategies, and increasing the productivity of rangeland ecosystems, especially in arid and semi-
arid regions.

Keywords: Acantholimon , Astragalus, Python software, Root competition, Spatial root distribution.



