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ARTICLE INFO ABSTRACT

. . The foundation of plant research results is the sampling and determination of the plot
Article type: size and sample size. This research was conducted to determine the optimal size and
Research Paper number of plots for monitoring vegetation cover and assessing biodiversity in a part of
the rangelands of the flood spreading project in the Birjand plain in the spring of 2024.
In this study, plots measuring 1, 2, 3, 4, 5, and 6 m? with the same number (30 plots

Article history each) were established along 5 transects of 100 m each to determine plot dimensions.
i The time required to measure the density for each plot size was recorded, and based on
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Accepted: 28 December 2024  :transects, and the density, vegetation cover, and numerical biodiversity indices were
. . determined within them. In this study, in addition, the required number of plots was
Published online: 13 July 2025 {554 calculated using Cochran's method. All statistical analyses were performed in R
and PAST software. The results of Wiegert's method and coefficient of variation (CV)
showed that a plot size of 4 m? was the most accurate in measuring vegetation cover in
the study area. Considering the dominant growth form of the region's plants and to
. avoid wasting time and reduce costs, a total of 35 plots of 4 m? are sufficient to
Keywords: Range_land . determine the percentage of vegetation cover in this area. Additionally, to investigate
Assessment, Sampling Intensity, iang calculate species diversity indices in the flood-spreading area, 90 plots of 6 m? are
Species Richness, Water required. The results of graphical methods (refraction curve and diversity ordering
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and dominance are affected by sampling effort.
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EXTENDED ABSTRACT

Introduction: One of the objectives of managing flood-spreading stations and rainwater harvesting systems in
the country is to examine and monitor the quantitative and qualitative changes in the vegetation cover of flood
spreading areas. The management and monitoring of vegetation cover in such ecosystems are based on the
quantitative characteristics of the rangelands. Since the data obtained from sampling forms the foundation of
research results and is generalized to the studied community, it is essential to exercise utmost precision in
sampling so that the size and number of samples are determined according to established scientific principles.
Sampling errors in rangelands are influenced by factors such as the size and number of plots, sampling methods,
and natural conditions. The size of the sampling units should be appropriate to the size and density of the plants
under study. Another important aspect of sampling is determining the required number of samples. If the
number of samples exceeds the necessary amount, it will increase costs, extended sampling time, and various
complications. Therefore, in the present study, in addition to determining the size and number of plots necessary
for measuring vegetation cover, the changes in biodiversity indices due to the increase in plot size and number
in the flood distribution area of Birjand were examined. Ultimately, the most accurate plot size and number and
biodiversity indices in the studied area were introduced.

Methodology: This research was conducted in a section of the flood spreading project in the Birjand plain
during the spring 2024. This area is considered part of a dry region. According to meteorological data from the
Birjand station, this area has an average annual rainfall of 152.2 mm and an annual temperature of 16.25 degrees
Celsius. In this study, plots of various sizes (1, 2, 3, 4, 5 and 6 m?) were established along 5 transects, with an
equal number of 30 plots for each size (1x1, 2x1, 3x1, 2x2, 5x1 and 6x1 m). Within each plot, plant density and
percentage of vegetation cover were determined. Based on plant density, numerical indices of richness,
dominance, heterogeneity, and evenness of species were calculated in the R environment. The time required to
measure the density for each plot size was recorded, and based on Wiegert's method, relative variance and
relative cost were calculated to determine the optimal plot size for vegetation cover in the flood spreading area.
After determining the appropriate plot size, 10, 20, 30, 40, 50, and 60 plots were established along 6 transects,
and the density and percentage of vegetation cover were also determined within them. Based on plant density,
numerical indices of richness, diversity, and evenness of species were calculated in the R environment. In this
study, in addition to the optimal number of plots using Wiegert's method, the required number of plots was also
calculated using Cochran's method. Wiegert presented two factors: relative variability and relative cost, which
were important for finding the optimal plot size. Since in this study, the dimensions and number of plots were
different, the refraction method was used to compare species richness, and the diversity ordering method was
used to compare species heterogeneity. To compare the number of individuals, species richness (number of
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species), Shannon's species diversity indices, and Simpson's species dominance indices, non-parametric
permutation tests were used for the species diversity indices concerning plot numbers. All statistical analyses
were performed in the R environment and the PAST software.

Results and Discussion: The results show that plot sizes of 6 and 5 m? have the maximum product of relative
variance in relative cost, while plot sizes of 1 m? and 4 m? have the minimum product of relative variance in
relative cost. Therefore, plot sizes of 1 and 4 m? will be considered as optimal plots. Since the average
vegetation cover of the entire area was about 25%, it seems that the 4 m? plot with 30% vegetation cover is a
more suitable choice for measuring vegetation compared to the 1 m? plot with 15.5% vegetation cover. In this
study, the necessary number of plots for vegetation studies using the graphical method was calculated. As the
number of plots increased to 60, the number of observed species increased uniformly. From plots 15 to 23 and
also from 35 to 40, the trend of changes was stable, therefore, at least 35 plots should be established in the
studied area.

Conclusion: Generally, rainwater harvesting systems, especially flood spreading systems in arid and semi-arid
regions, have a significant impact on the quantitative and qualitative indicators of vegetation cover. Considering
the dominant growth form of the region's plants and to avoid wasting time and reduce costs, a total of 35 plots of
4 m? are sufficient to determine the percentage of vegetation cover in this area. Additionally, to investigate and
calculate species diversity indices in the flood-spreading area, 90 plots of 6 m? are required.
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Table 1- Choosing the optimal plot size for measuring the vegetation cover by Wiegert's Method

; @)
. Time to take one . . 2 Product of
Plot size (m?) SD sample (min) Relative variance Relat(ivzz cost 1) x (2)

1 9.23 1.47 1 1 1

2 16 3.50 3 2.38 7.15

3 18.34 8.80 3.95 5.99 23.63

4 12.21 5.73 1.75 3.90 6.82

5 14.94 14.83 2.62 10.09 26.44

6 17.69 13.80 3.67 9.39 34.48
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Table 2- Choosing the optimal plot size for measuring vegetation percentage based on the coefficient of variation

Q%)
Plot size (m?) Mean SE cv
1 15.50 2.92 59.53
2 19 5.06 84.25
3 31.80 5.80 57.69
4 30 3.86 40.70
5 20.10 4.73 74.44
6 33.50 5.59 52.81
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Table 3- Choosing the optimal plot size for plant density estimation based on the coefficient of variation (CV)

Plot size (m?) Mean SD SE cv
1 1.80 1.23 0.39 68.29
2 1.30 0.92 0.29 70.69
3 1.67 1.11 0.35 66.67
4 2.72 1.45 0.46 53.22
5 142 0.96 0.30 67.53
6 1.50 0.94 0.30 62.85
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Figure 2- Rarefaction curves of cumulative increase of species richness for each plot size: The curve is plotted for
cumulative species richness as the function of individual plant species counts in different plot sizes.
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Figure 3- Diversity ordering curve (Renyi) for each plot size
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Figure 4- Determining number of plots required for measuring vegetation by graphical method in the studied area
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Figure 5- Rarefaction curves of cumulative increase of species richness for each sample size (The curve is plotted for
cumulative species richness as the function of individual plant species counts in different sample sizes. )
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Figure 6- Diversity ordering curve using Renyi method for each sample size
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Table 4- Significant level (p value) of the permutation test to compare species diversity indices for the different

sample sizes
Indices 10 20 Perm p(eq) 30 40 Perm p(eq)
Individuals 48 207 0.00** 316 383 0.00**
Taxa (S) 12 18 0.53 21 25 0.08
Shannon H 2.35 1.77 0.02* 1.96 2.19 0.03*
Dominance 0.10 0.33 0.00** 0.24 0.19 0.04*

** .Significant at 0.01 level, * :Significant at 0.05 level.
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Figure 7- Theoretical background to identify the optimal size and number of sampling plots
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Table 5- Recommended minimum sample size for different plant communities (Mueller-Dombois & Ellenberg, 1974,
Tiner, 2016, Kent, 2012)

Plant community Minimum sampling area (m?)
Herbs 1-2
Grasslands 1-4
Dune grasslands 1-10
Salt marshes 2-10
Wet meadows 5-10
Shrub heaths, tall herbs and grasses 4-16
Tall shrubs 16
Tall herbs, low shrubs 10-25
Dwarf shrublands, alpine meadows 10-50
Pastures 25-50
Scrublands, woodlands 100
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