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Abstract – Careful, precise, and accurate estimation of 
vegetation density has always been one of the concerns of 
researchers in quantitative analysis of vegetation, and
different experts have introduced various suitable methods 
for this purpose. Plant density is estimated in different ways 
with distance methods as some of the fastest and least costly 
of them. Therefore, the present research studied and 
compared efficiencies of the two distance methods
pairs and nearest neighbor with respect to their accuracy and 
precision and the required time for density 
the plant species Periploca aphylla of the Tang
rangelands in Nikshahr employing the random distribution 
pattern. Results indicated that the random
the more efficient one in the study area with respect to the 
three criteria of accuracy, precision
measurement time, and the nearest neighbor method lacked 
suitable efficiency. 

 
Keywords – Plant density, without plots

nearest neighbor, Nikshahr. 
 

I. I NTRODUCTION
 

Quantitative plant analysis methods are considered the 
basis for describing and analyzing plant communities, and 
density plays a significant role as one of the important
features in evaluating rangelands 
characteristics of and changes in plant communities during 
various periods of change and plant reaction to various 
management measures, make measurements
determine species composition, and to estimate
and biomass (Musaei Sanjarei and Basiri, 2008).
is defined as the number of individuals of 
per unit area in the rangeland, usually expressed as the 
number of plants per hectare (Moghaddam, 2005).
present, measuring and estimating plant density and 
production in rangelands are considered necessary steps 
because plant density measurement is one ways 
estimating and measuring production, especially 
plants and shrubs in rangelands (Sheidai Karkaj et al., 
2013). This is why researchers in range manage
find suitable ways for estimating density and production of 
bush plants. One of the basic principles in sampling is to 

  

Copyright © 2017 IJAIR, All right reserved 
342 

International Journal of Agriculture Innovations and Research
Volume 6, Issue 2, ISSN (Online) 2319

Efficiencies of Two Distance Methods in Estimating
Plant Density in Shrublands 

(Case Study: Tange-Sarheh, Nikshahr)
Farshad Balouchi1, Mahdieh Ebrahimi2, Mohammad Taheri

. MSc student, Department of rangeland and watershed, faculty of water and soil, Zabol University, Zabol, Iran.
. Department of rangeland and watershed, faculty of water and soil, Zabol University, Zabol, Iran.

Sistan v balouchistan Forests, Range and Watershed Management Organization, Zahedan,Iran.
Corresponding author: Farshad Balouchi, Email:ganjresearch@gmail.com

Careful, precise, and accurate estimation of 
vegetation density has always been one of the concerns of 

quantitative analysis of vegetation, and 
various suitable methods 

Plant density is estimated in different ways 
of the fastest and least costly 

. Therefore, the present research studied and 
two distance methods of random 

ect to their accuracy and 
density measurement in 

the Tang-e Sarheh 
Nikshahr employing the random distribution 

the random-pairs method was 
in the study area with respect to the 

precision and required 
the nearest neighbor method lacked 

without plots, random pairs, 

TRODUCTION  

Quantitative plant analysis methods are considered the 
basis for describing and analyzing plant communities, and 
density plays a significant role as one of the important 

evaluating rangelands to describe 
and changes in plant communities during 

plant reaction to various 
measurements of vegetation, 

estimate production 
and Basiri, 2008). Density 

is defined as the number of individuals of the plant species 
the rangeland, usually expressed as the 

number of plants per hectare (Moghaddam, 2005). At 
present, measuring and estimating plant density and 

ion in rangelands are considered necessary steps 
because plant density measurement is one ways of 
estimating and measuring production, especially of bush 

Sheidai Karkaj et al., 
2013). This is why researchers in range management try to 
find suitable ways for estimating density and production of 
bush plants. One of the basic principles in sampling is to 

select a method that yields 
precision at the lowest cost and
does not disturb vegetation of the study area and
information in the shortest possible time (Pearson & 
Sternitzke, 1974). The direct methods of measuring 
density are time-consuming and costly, therefore, various 
indirect methods (without frames) 
(Mesdaghi, 2003). Distance methods are 
in measuring density (Laycock, 1961). The
developed after 1950 and are often known as
or plot-less techniques. Distance methods 
borders and do not measure density in a specific surface 
area. They are based on measuring the distance between 
two plants and/or between a point and a plant per unit area 
(Arzani and Abedi, 2015). In plot
methods, usually one plant species is studied b
increases time productivity and also estimation accuracy 
(Bonham, 1989). However, studies have demonstrated that 
various distance methods enjoy different precision and 
accuracy in estimating density in various types
growth (Sandgol, 1995).  

Arefian et al. (2014) used seven distance methods 
(random pairs, nearest neighbor, regular angle, point
centered quarter, wandering quarter, Ba
and the quadrat methods) in the R
regions to determine densities of
Stipa hohenackeriana, and concluded that the random pairs 
and nearest neighbor methods had the highest efficiencies 
in estimating population densities of these two species.
Taheri et al. (2014) studied accuracy of the random
method in the rangelands of Manzel Ab in Zahedan and 
reached the conclusion that lacked acceptable accuracy
 

II. M ATERIALS AND 
 
The Study Area 

The Tang-e Sarheh (Hichan) Basin has an area
9092.9 hectares, latitude of from 
18 ́ ́N and longitude of from 59
(Figure 1) 
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 the highest accuracy and 
cost and in the shortest time, and 

does not disturb vegetation of the study area and collects 
information in the shortest possible time (Pearson & 

irect methods of measuring 
consuming and costly, therefore, various 

indirect methods (without frames) have been developed 
Mesdaghi, 2003). Distance methods are among those used 

in measuring density (Laycock, 1961). They were 
are often known as variable-plot 

less techniques. Distance methods are without 
easure density in a specific surface 

They are based on measuring the distance between 
two plants and/or between a point and a plant per unit area 

In plot-less distance sampling 
methods, usually one plant species is studied because this 

productivity and also estimation accuracy 
(Bonham, 1989). However, studies have demonstrated that 
various distance methods enjoy different precision and 
accuracy in estimating density in various types of plant 

Arefian et al. (2014) used seven distance methods 
random pairs, nearest neighbor, regular angle, point-

wandering quarter, Batcheler integrated, 
) in the Rudshure and Saveh 

regions to determine densities of Artemisia sieberi and 
and concluded that the random pairs 

and nearest neighbor methods had the highest efficiencies 
in estimating population densities of these two species. 
Taheri et al. (2014) studied accuracy of the random-pairs 

rangelands of Manzel Ab in Zahedan and 
lacked acceptable accuracy.  

ATERIALS AND METHODS 

e Sarheh (Hichan) Basin has an area of 
latitude of from 26˚31 ́ 13 ́ ́ to 26˚37  ́

59˚52  ́ 34 ́ ́ to 59˚59 ́ 58 ́ ́ E 
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Characteristics of the Studied Plant S

Periploca aphylla Dence is a leafless shrub with average 
height (three meters) and rope- or whip
have some what a fleshy appearance. The branches are 
often opposite and exactly like those of Leptadenia 
pyrotechnica (these two shrubs cannot be differentiated 
their appearance). The green branches serve as leaves in 
fixing CO2 (Javanshir, 2000).  
 

III. S AMPLING METHOD
 
The study area was first identified on the topographic 

map (scale 1:50,000 or 1:25,000) and then determined by 
field visits, the area where the plant type under study
was specified, and three areas (replicates
meters (50 by 100 meters) were selected 
way that the key areas in the monitored
the species of interest. In each of these studied areas, all 
the plants of interest were counted using 50 by 100 meter 
strip-transects, and plant density was calculat
calculating the ratio of the number of plants to the area in 
square meters. This was considered the control method 
and the other two methods were compared with it. To 
estimate density using these other two methods, three 
areas were selected as the three replicates in
and five sampling lines 100 meters apart
(Imani, 2013). Parallel transects were established using 
100-meter long ropes with the two ends of each rope fixed 
in the ground with two iron nails. The height of the ropes 
was selected for them to be on plant crowns. 
meters apart were selected along the length of each 
transect. The first point for each transect 
selected and the samples were taken at this point in 
methods (Sandgol, 1995; Mirjalili, 2005)
pairs and nearest neighbor were the two methods used in 
this study. In the random-pairs method, a line 
from the random point to the nearest plant base
line was then drawn perpendicular to that
point, and the distance from this line to the nearest plant 
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Fig. 1. Location of the study area 

Species 
Periploca aphylla Dence is a leafless shrub with average 

whip-like shoots that 
fleshy appearance. The branches are 

often opposite and exactly like those of Leptadenia 
ese two shrubs cannot be differentiated by 

their appearance). The green branches serve as leaves in 

ETHOD  

The study area was first identified on the topographic 
map (scale 1:50,000 or 1:25,000) and then determined by 

the plant type under study grew 
es) of 5000 square 

were selected in the region in a 
monitored region included 

In each of these studied areas, all 
the plants of interest were counted using 50 by 100 meter 

transects, and plant density was calculated by 
the ratio of the number of plants to the area in 

square meters. This was considered the control method 
and the other two methods were compared with it. To 
estimate density using these other two methods, three 
areas were selected as the three replicates in the study area 

apart were created 
transects were established using 

meter long ropes with the two ends of each rope fixed 
in the ground with two iron nails. The height of the ropes 

for them to be on plant crowns. Ten points 10 
meters apart were selected along the length of each 
transect. The first point for each transect was randomly 

taken at this point in both 
methods (Sandgol, 1995; Mirjalili, 2005). The random 

were the two methods used in 
pairs method, a line was drawn 

from the random point to the nearest plant base, another 
that at the random 

ance from this line to the nearest plant 

base that lay in the half-plane outside the random point 
was measured (Imani, 2013; Musaei, 2008; Mesdaghi, 
2005; Sandgol, 1995). In the nearest neighbor method, 
individual closest to each random (sampling) poin
determined, and the distance from this plant to its nearest 
neighbor was measured and considered the distance 
between neighboring plants (Imani, 2013; Musaei, 2008; 
Mesdaghi, 2005; Sandgol, 1995). 

The relative difference between the estimated densit
in each of the studied methods from the actual density 
calculated. The standard deviations of the methods in each 
region were calculated to determine the precision, and the 
method with the least standard deviation was considered to 
have the highest precision among the employed methods 
(Asadi, 2008, Eidy, 2012). The time required for using 
each method was considered a cost index, and the total 
time needed to employ each method consist
spent in field operations and one
for making the calculations (Mirjalili, 2005; Saadatfar et 
al., 2007). The Protected LSD method (HSD) and the 
Bonferroni test at the 5% level
analysis and comparison of the means. Moreover, the t
was employed to compare the densities estimated by the 
distance methods with the actual density, and the 
density   determined in each method was compared with 
that of the control to obtain the estimation e
method. Statistical calculations were performed by SPSS 
19 and diagrams were drawn by EXCEL.   
 

IV.  RESULTS
 
Results related to control area

mean estimated densities in the two methods were 
less than the actual one, the random
was more accurate and precise than the nearest 
neighbor method, but the nearest neighbor method 
required less time (Table 1). 
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measured (Imani, 2013; Musaei, 2008; Mesdaghi, 

In the nearest neighbor method, the 
each random (sampling) point was 

and the distance from this plant to its nearest 
measured and considered the distance 

between neighboring plants (Imani, 2013; Musaei, 2008; 
Mesdaghi, 2005; Sandgol, 1995).  

The relative difference between the estimated densities 
in each of the studied methods from the actual density was 
calculated. The standard deviations of the methods in each 

were calculated to determine the precision, and the 
method with the least standard deviation was considered to 

precision among the employed methods 
The time required for using 

each method was considered a cost index, and the total 
time needed to employ each method consisted of the time 
spent in field operations and one-third of the time required 
for making the calculations (Mirjalili, 2005; Saadatfar et 
al., 2007). The Protected LSD method (HSD) and the 
Bonferroni test at the 5% level were employed for data 

arison of the means. Moreover, the t-test 
was employed to compare the densities estimated by the 
distance methods with the actual density, and the relative 

in each method was compared with 
that of the control to obtain the estimation error in each 
method. Statistical calculations were performed by SPSS 

drawn by EXCEL.    

ESULTS 

Results related to control area 1 indicate that the 
mean estimated densities in the two methods were 
less than the actual one, the random-pairs method 
was more accurate and precise than the nearest 
neighbor method, but the nearest neighbor method 
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Table 1: Mean density and accuracy and the
Method 
Mean density 
Mean accuracy of the density
Mean precision of the density
Mean time required for determining the density

 
In control area 2 also, the estimated densities were less 

than the actual one, the random-pairs method was more 
accurate, but the nearest neighbor method was more 
 
Table 2: Mean density and accuracy, and the

Method 
Mean density 
Mean accuracy of the density
Mean precision of the density
Mean time required for determining the density

 
In control area 3 also, the estimated densities were less 

than the actual one, the random-pairs method was more 
accurate and more precise than the nearest neighbor 
 

Table 3: Mean density and accuracy, and the
Method 
Mean density 
Mean accuracy of the density
Mean precision of the density
Mean time required for determining the density

 
Considering the results obtained from the 

and the statistical calculations and analyses, we can 
conclude that the random-pairs method was more efficient 
than the nearest neighbor method with respect to the three 
criteria of accuracy, precision, and time r
the method. 
 

V. CONCLUSION AND SUMMATION
 
The present research compared efficiencies of the 

random-pairs and nearest neighbor methods with respect 
to accuracy, precision, and the time required to determine 
plant density. Results indicated that the random
method was the more efficient of the two methods. These 
results agree with those found by Saadatfar et al. (2007) 
who studied eight distance methods to determine densities 
in Zygophyllum atriplicoides shrublands
results showed that the regular angle method wa
precise among the eight methods. Musaei Sanjarei
conducted a study in lands with Artemisia cover in Yazd 
Province, and found that the nearest neighbor and the 
nearest individual methods were the most accurate 
methods, respectively. Moreover, Eidy et al. (2012) 
compared eight distance methods and concluded that 
transect method and the nearest neighbor methods were 
more efficient than the other methods with respect to the 
time required for determining the density and the precision 
of density estimation, respectively. Imani et al. (2013) 
carried out research on five distance methods and reached 
the conclusion that the point-centered quarter and the 
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Table 1: Mean density and accuracy and the time required to estimate density in the studied methods in control area 1
Control Random pairs Nearest neighbor
0.081 0.020 0.044

Mean accuracy of the density  0.84 0.88
Mean precision of the density  0.022 0.141
Mean time required for determining the density  0.60 0.41

the estimated densities were less 
pairs method was more 

the nearest neighbor method was more 

precise. Furthermore, the nearest neighbor method 
required less time (Table 2). 

and the time required to estimate density in the studied meth
Control Random pairs Nearest neighbor
0.056 0.016 0.013

Mean accuracy of the density  0.77 0.83
Mean precision of the density  0.0105 0.0103
Mean time required for determining the density  0.24 0.44

area 3 also, the estimated densities were less 
pairs method was more 

accurate and more precise than the nearest neighbor 

method and required less time for determining the density 
(Table 3).  

and the time required to estimate density in the studied methods in control area 3
Control Random pairs Nearest 
0.041 0.013 0.0

Mean accuracy of the density  0.76 0.90
Mean precision of the density  0.006 0.01
Mean time required for determining the density  0.21 0.30

Considering the results obtained from the measurements 
and the statistical calculations and analyses, we can 

pairs method was more efficient 
than the nearest neighbor method with respect to the three 

accuracy, precision, and time required for using 

UMMATION  

The present research compared efficiencies of the 
pairs and nearest neighbor methods with respect 

time required to determine 
plant density. Results indicated that the random-pairs 
method was the more efficient of the two methods. These 
results agree with those found by Saadatfar et al. (2007) 
who studied eight distance methods to determine densities 

Zygophyllum atriplicoides shrublands of Bardsir. Their 
results showed that the regular angle method was the most 

Musaei Sanjarei (2004) 
conducted a study in lands with Artemisia cover in Yazd 

nearest neighbor and the 
nearest individual methods were the most accurate 
methods, respectively. Moreover, Eidy et al. (2012) 
compared eight distance methods and concluded that the 
transect method and the nearest neighbor methods were 
more efficient than the other methods with respect to the 
time required for determining the density and the precision 
of density estimation, respectively. Imani et al. (2013) 

five distance methods and reached 
centered quarter and the 

nearest neighbor methods were the most accurate. Taheri 
(2014) also compared seven distance methods for density 
determination in rangelands of Manzel Ab in Zahedan an
reported that the random-pairs method was suitable with 
respect to accuracy, whereas the nearest neighbor method 
was appropriate with respect to precision and
required for density determination, and the nearest 
neighbor method was the most effic
criteria were considered. 

Various factors cause the differences in density 
estimations. The first one is the time spent in measuring 
plant density because less time is required with increasing 
density and with shorter distance between
distribution pattern is another important factor. Increased 
uniformity reduces the size of the required sample and 
influences the time needed for sampling. The third 
important factor is the method itself. Some methods such 
as the point-centered quarter method measure several 
distances instead of one. Another factor is 
identifying individuals located close to and far from the 
random point. The person who makes the measurement is 
another factor because the mental images of this 
concerning plant density can influence the results. It is 
recommended that consequent c
carried out for various types of vegetation in different 
parts of the country where they are found because this will 
help researchers select the more suitable methods for the 
specific conditions related to their research. Moreover, 
application of various methods in different regions of the 
country can help improve the available methods as 
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time required to estimate density in the studied methods in control area 1 
Nearest neighbor 
0.044 
0.88 
0.141 
0.41 

precise. Furthermore, the nearest neighbor method 

time required to estimate density in the studied methods in control area 2 
Nearest neighbor 
0.013 
0.83 
0.0103 
0.44 

method and required less time for determining the density 

time required to estimate density in the studied methods in control area 3 
Nearest neighbor 
0.007 

90 
0.011 

30 

nearest neighbor methods were the most accurate. Taheri 
(2014) also compared seven distance methods for density 
determination in rangelands of Manzel Ab in Zahedan and 

pairs method was suitable with 
respect to accuracy, whereas the nearest neighbor method 
was appropriate with respect to precision and the time 

ired for density determination, and the nearest 
neighbor method was the most efficient one if all three 

Various factors cause the differences in density 
estimations. The first one is the time spent in measuring 
plant density because less time is required with increasing 

shorter distance between the shrubs. Plant 
distribution pattern is another important factor. Increased 
uniformity reduces the size of the required sample and 
influences the time needed for sampling. The third 
important factor is the method itself. Some methods such 

entered quarter method measure several 
distances instead of one. Another factor is finding and 
identifying individuals located close to and far from the 
random point. The person who makes the measurement is 
another factor because the mental images of this person 
concerning plant density can influence the results. It is 
recommended that consequent comparative studies be 
carried out for various types of vegetation in different 
parts of the country where they are found because this will 

the more suitable methods for the 
specific conditions related to their research. Moreover, 
application of various methods in different regions of the 
country can help improve the available methods as 
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Ghorbani (2008), Borhani (2001), Sandgol (1995), and 
Anderson (2006) also observed in their research. 
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