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Aims: Regression analysis is one of the most widely used statistical tests in vegetation
evaluation. However, determining more than the sample size for the model validation is
required in the plant ecology literature. Indirect methods of estimating forage production
always require regression analysis. The fundamental question in such research is that at
least a few pairs of samples are required to achieve a valid regression equation. Therefore,
this study determines the sample size required to estimate the production of Haloxylon
persicum Bunge, Artemisia sieberi Besser, and Stipagrostis pennata (Trin.) De Winter uses
plant dimensions, including cover percentage, plant area, height, and volume.

Materials & Methods: The study was conducted in Shahrakht Plain, Zirkouh in South Khorasan
province. The research focused on three indicator species in the study area: Haloxylon persicum,
Artemisia sieberi, and Stipagrostis pennata. The study utilized the relationship between plant
cover and dimensions to estimate forage production. In each habitat, 25 plots were established.
After computing the power of the correlation and regression tests, the minimum data pair
required for the study was estimated, aiming for a power of 80% at the significance level of
0.05. The effect size and power analysis methods were employed to determine the sample size
and were then compared with the coefficient of determination (R?) and thumb rules methods.
Findings: The results of correlation analysis between cover percentage and production
show that in Haloxylon persicum, Artemisia sieberi, and Stipagrostis pennata species, the
correlation coefficients are 0.54 (p < 0.01), 0.76 (p < 0.001) and 0.40 (p < 0.05) respectively.
The correlation power analysis results indicate that with a sample size of 25 pairs of
numbers, the effect size of the correlation coefficient is large, and the power ranges between
52% and 99%. The regression power analysis results indicate that with a sample size of 25
pairs of numbers, the effect size of the regression coefficient is significant for some species
and medium for others, with power ranging from 78% to 97%. To achieve a test power of
80%, the recommended number of pairs for regression analysis in the three species would
be around 30, 12, and 56, respectively.

Conclusion: The results showed that for regression analysis and the statistical importance of the
equation and regression coefficients between the cover and production for Haloxylon persicum,
Artemisia sieberi, and Stipagrostis pennata, about 30, 12, and 56 pairs were proposed, respectively.
This study did not examine the relationship between all plant species and production dimensions,
but only the relationship between cover and production. Although the correlation test results
showed significant relationships between plant dimensions and production, it is not necessarily
a good predictor of production (valid regression equations were not obtained).

Keywords: Cover; Power Analysis; Rangeland; Regression; Sample Size.
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Introduction

Rangeland production holds  significant
importance when assessing rangelands, and
its yearly estimation plays a crucial role in
rangeland science. It helps determine various
factors such as rangeland grazing capacity,
rangeland condition, ecosystem well-being,
water and soil preservation, and the capacity for
carbon sequestration [*%#5], The assessment of
forage production is critical in managing natural
resources as it directly influences the quantity
of available forage for livestock and wildlife [,
Various techniques have been developed to
measure forage production. One of the most
common methods for estimating production
is the clipping and weighing 8. However;, due
to the extensive size of rangelands, directly
estimating forage production annually becomes
impractical, time-consuming, and costly. So,
direct methods have been replaced by indirect
methods for estimation .

An effective indirect method for estimating
production involves utilizing canopy cover in-
formation . Canopy cover and production are
commonly observed vegetation characteristics
that correlate strongly when analyzing range-
land vegetation 1%, Plant height, canopy cover;
and crown diameter are the influential factors
in plant production 2, While measuring veg-
etation is relatively straightforward, accurate-
ly estimating production can be challenging.
Therefore, combining cover and production in-
formation can offer a more suitable approach
for estimating production. Rangeland science
researchers have long utilized plant dimensions
(such as height, volume, and surface area) to es-
timate production, comparing different methods
in accuracy, time efficiency, and cost ['3 1415 16:17],
Tsutsumi et al. (2007) conducted a study on
estimating plant production through cutting
and weighing. According to their findings,
when aiming for a 10% acceptable error and
95% confidence level, approximately 200,
77, and 9 plots 50 x 50 cm are necessary for
rangelands with very high, medium, and very
low heterogeneity, respectively 8. In certain
studies, it is worth noting that some sources

inaccurately refer to the estimation of forage
production based on cover percentage as
the “double sampling” method. The genuine
double sampling method involves estimating
forage production across numerous plots,
with a subset of these plots being randomly
selected for cutting and weighing to obtain
precise measurements .,

The fundamental question in the production
estimation method, which relies on cover
information,ishowmanyplotsshouldundergo
cutting and weighing. The method involves
measuring plant dimensions in a specific and
limited number of plots, and within those
same plots, production is directly determined
through cutting and weighing. According to
Coulloudon et al. (1999), a general rule in the
double sampling method is to cut at least one
plot for every seven estimated plots. This cut
plots to estimated plots ratio corresponds to
approximately 15% [,

In any case, all of these methods utilize
regression tests to examine relationships and
establish the equation 2%l Regression analysis
is widely employed across various scientific
disciplines?!, and determiningthe appropriate
sample size is critical to regression analysis
(22,231 A research study requires adequate
statistical power and sample size to detect
scientifically valid effects. Despite multiple
linear regression being a widely recognized
statistical tool, the issue of sample size for
model validation has yet to receive sufficient
attention in the literature ©!. In biological
sciences, the sample size is relatively small 24,
Jenkins and Quintana-Ascencio (2020) found
that approximately 64% of ecological studies
related to disturbance and degradation
and about 80% of biogeographical studies
related to species-area relationships had
sample sizes of less than 25 [?%. In contrast,
disciplines such as psychology and economics
in the humanities tend to have very high
sample sizes, and there might be a general
relationship between research budget and
sample size across different fields ?*. The
implications of having a low sample size can
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Figure 1) shows the histogram curve and the significance level of the Shapiro-Wilk test of the cover percentage
in Haloxylon persicum (A), Artemisia sieberi (B), and Stipagrostis pennata (C).

be detrimental to the credibility of research,
leading to wasted time and resources and the
production of inconclusive or contradictory
results. Conversely, having a high sample size
may increase the workload and cost [#°.
Indeed, the primary objective of most statistical
analyses is inference, which makes it essential
to establish the required sample size before
conducting any analysis ¢l For regression
analysis, this necessity becomes twofold
because the researcher aims to determine the
relationships between the dependent variable
and independent variable(s) and predict and
assess the contribution of each independent
variable to the dependent variable using
regression analysis.

This study tested two hypotheses:

1. There is a significant correlation between
plant dimensions and production.

2. The 25 pairs of samples provide a valid
regression equation to predict production
from the plant dimensions.

Therefore, this study focuses on determining
the appropriate sample size for correlation
and regression analysis when investigating
the relationship between the percentage of
vegetation and forage production in three
species: Haloxylon persicum, Artemisia sieberl,
and Stipagrostis pennata. The research aims
to compare its findings regarding sample size
determination with other proposed methods,
thereby ensuring the robustness and reliability
of the statistical analysis performed.
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Figure 2) The histogram curve and the significance level of the Shapiro-Wilk test of production in Haloxylon
persicum (A), Artemisia sieberi (B), and Stipagrostis pennata (C).

Materials & Methods

The study was conducted in Shahrakht
Plain, which is located approximately 25 km
from Haji Abad, Zirkouh, in South Khorasan
province,atcoordination of E60°30’to 60°56’
and N 33°10’to 33°30’. The mean elevation is
about 802 m above the sea level. The mean
annual rainfall is 147.75 mm, and the mean
annual temperature is 20.53 ° C. Sampling
occurred in June 2022 across three distinct
habitats. The research focused on three
indicator species in the study area: Haloxylon
persicum Bunge, Artemisia sieberi Besser, and
Stipagrostis pennata (Trin.) De Winter. The
study utilized the relationship between plant
cover and dimensions to estimate forage
production. In each habitat, 25 plots were

established randomly, ensuring that each
plot contained at least one of the individual
species. In cases where multiple species
were present within a plot, one species was
randomly selected, and the cover percentage
of the target species was determined using
the plot method. Measurements of plant
height and large and small diameter were
taken using meters and determined using
trigonometric relationships based on the
surface and volume of the specific plant
species. Subsequently, the forage production
(the current year’s growth) of the selected
species was directly determined in all plots.
For this purpose, the green parts of the
aerial sections and branches were carefully
cut using gardening scissors and placed in
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separate paper envelopes. These samples
were then dried in a shaded environment to
achieve the dry weight of the species, which
was estimated for each plant individual.
After recording cover percentage, dimensions,
and plant production data, the histogram curve
and the Shapiro-Wilk test assessed the data’s
normality. Because the data did not meet the
normality assumption, Spearman’s correlation
coefficient was employed to investigate the
relationship between plant dimensions and
production using a correlation test.

As all three studied species exhibited
a significant relationship between the
percentage of cover and forage production,
the cover percentage was treated as an
independent variable. In contrast, production
was considered the dependent variable in
the simple linear regression analysis. Even
though all traits were initially included as
independent variables, the analysis revealed
high correlations among these variables, and
the variance inflation factor (VIF) values,

determined using the VIF function from the
car package (version 3.0-11), indicated the
presence of collinearity between them. As the
primary goal of the research was to identify
the minimum data required for the cover-
production relationship, only simple linear
regression was employed.

Several methods are available to determine
sample size in regression analysis, with the four
most commonly used ones being the coefficient
of determination (R?), effect size (d and f2),
power analysis (1-3), and Rules of Thumb. Each
method has its advantages and disadvantages,
which this article will thoroughly discuss. The
effect size (Cohen’s f2) measures the strength
of correlation and regression slope coefficients.
The probability of making a type Il error (failing
to reject the null hypothesis when it is false)
is called B (beta). Power is the probability
of avoiding a Type Il error. The higher the
statistical power of a test, the lower the risk of
making a Type II error. [27]

After conducting correlation and regression

Table 1) The effect size of correlation and regression analyses and the limit suggested by Cohen 271,

Small Medium Large
Correlation Analysis 0.1 0.3 0.5
Regression Analysis 0.02 0.15 0.35

Table 2) Correlation analysis between vegetation percentage and forage production of the three studied plant species.

Correlation Coefficient Confidence Limits Upper Limit Lower Limit
H. persicum 0.54 0.63 0.15 0.78
A. sieberi 0.76 0.42 0.48 0.90
S. pennata 0.40 0.71 -0.01 0.69

Table 3) Comparison of the correlation coefficients between the percentage of vegetation cover and the forage

production of the three studied plant species.

Z P-value
Artemisia sieberi - Haloxylon persicum 1.3 0.19
Stipagrostis pennata - Haloxylon persicum 0.6 0.55
Stipagrostis pennata - Artemisia sieberi 1.9 0.06
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analyses, the research proceeded to assess
power analysis, specifically Type II error or f3,
and effect size using the “pwrrtest” and “pwr
f2.test” functions from the pwr package (version
0-1.3), respectively. To calculate the effect size
for both correlation (d) and regression (f2), the
“r_to_d” function from the effect size package
(version 0.5) was utilized. Furthermore, the
effect sizes were expressed based on Cohen’s
criterion using the “cohen.ES” function from
the pwr package, which categorized them into
three levels: small, medium, and large (Table 1).
After computing the power of the correlation
and regression tests, the minimum data pair
required for the study was estimated, aiming for
a power of 80% at the significance level of 0.05.
The effect size and power analysis methods
were employed to determine the sample size
and were then compared with the coefficient of
determination (R?) and thumb rules methods.
All statistical analyses were conducted using
the R program (version 4.2.2) 128,

Findings

The histogram curve results and the significance
level of the Shapiro-Wilk test (p = 0.05)
indicated that both the cover percentage and
forage production of all three species exhibit
non-normal distributions (Figures 1 and 2). The
histogram charts visually display the data’s lack
of symmetry, positively skewed or skewed to the
right. Therefore, a non-parametric correlation
test (Spearman’s coefficient) was used.

The results of the scatter diagram show that
in Haloxylon persicum and Artemisia sieberi,
all traits have a significant positive correlation
with each other and production at the 0.01

level (Figures 3 and 4). There was a strong,
positive correlation between cover and production
of Haloxylon persicum and Artemisia sieberi,
which was statistically significant (v (25)=0.54, p
=0.01 and  (25)= 0.76, p = 0.001, respectively).
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Figure 3) Corrplot of the studied characteristics of
Haloxylon persicum.
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Table 4) Variance inflation factor values of three general regression equations calculated in multiple regression.

Variance Inflation Factor (VIF)

Cover Percentage

H. persicum 3.04
A. sieberi 4.02
S. pennata 5.13

Area Volume Height
21.29 36.68 5.03
5.97 4.24 1.35
25.97 20.54 3.13
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In the Stipagrostis pennata species, there is
a significant positive correlation between
the percentage of cover and production (at
the 0.05 level) and the percentage of cover,
area, and volume of the plant (at the 0.01
level) (Figure 5). Cover and production were
moderately positively correlated, 7(25) = 0.40,
p =0.03.
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Figure 5) Corrplot of the studied characteristics of
Stipagrostis pennata.

The results of correlation analysis between
cover percentage and production show that
in Haloxylon persicum, Artemisia sieberi, and
Stipagrostis pennata species, the correlation
coefficients are 0.54 (p < 0.01), 0.76 (p <
0.001), and 0.40 (p < 0.05) respectively.
Confidence limits of correlation coefficients
are presented in Table 2.

The t-test results for the standard values
(z and P.wvalue) indicate no significant
difference between cover percentage and
production correlation coefficients among
thethree studied plantspecies (Table 3). The
correlation coefficients of 0.76 in Artemisia
sieberi and 0.40 in Stipagrostis pennata
do not exhibit a significant difference (p
> 0.01), implying that it is not possible to
conclude that the correlation between
these two traits is higher in Artemisia sieberi
compared to Stipagrostis pennata. The lack
of significance in the t-test suggests that
the correlations are comparable across the
three species.

The strong correlation between plant area,
volume, and height attributes indicates the
possibility of collinearity, a prerequisite for
multiple regression analysis. The variance
inflation factor (VIF) was calculated for the
regression model involving production and
the dimensions of the three speciesto assess
collinearity. VIF values exceeding 5 indicate
a high degree of collinearity. As depicted in
Table 4, Haloxylon persicum and Stipagrostis
pennata species display significant linearity
between area and volume attributes with
other traits. Consequently, including all
four factors in the regression model is not
feasible. Although a regression elimination
method could be employed, where the least
effective trait is eliminated, followed by
recalculating VIF to redo the regression,
this study focused solely on the cover-
production relationship. Therefore, the
details of all regression relationships were
omitted, and the findings apply solely
to simple regression analyses with an
independent variable.

After establishing the direction and
strength of the relationship between the
cover percentage and forage production
for the three studied species, a simple
linear regression analysis was employed to
derive the equation. The analysis outcomes
revealed that the three species’ coefficient
of determination (R?) is 0.29, 0.58, and 0.16,
respectively (Tables 5, 6, and 7).

The analysis of variance for the model, as
indicated by the F statistic, demonstrates
that the linearity of the relationship was
confirmed at the 0.05 level for all three
species. However, while the models were
significant, it was determined that they
were not valid for Haloxylon persicum. This
is because the slope of the regression line,
represented by the coefficient of the cover
percentage in the equation, was insignificant
(p =2 0.05) for this species.

The correlation power analysis results
indicate that with a sample size of 25 pairs
of numbers, the effect size of the correlation
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coefficient is large, and the power ranges
between 52% and 99%. The Type II error
rate is approximately 18%, 1%, and 48%,
respectively (Table 8). To achieve a test
power of 80%, the recommended number
of pairs for correlation analysis in the three
species would be around 25, 11, and 47,
respectively.

The regression power analysis results
indicate that with a sample size of 25 pairs
of numbers, the effect size of the regression
coefficient s significant for some species and
medium for others, with power ranging from
78% to 97%. Additionally, the Type II error
rate is approximately 22%, 3%, and 8%,

respectively (as shown in Table 9). To achieve
a test power of 80%, the recommended
number of pairs for regression analysis in
the three species would be around 30, 12,
and 56, respectively.

The question is whether the coefficients of
determination of the three equations are
valid. In this study, with 25 pairs of samples,
the R? should be approximately 0.38 to reach
a significant level of 0.05 (Figure 6). Thus,
although the linearity of the relationship
was significant (F in Tables 5 and 7), the
coefficient of determination for Haloxylon
persicum and Stipagrostis pennata is less
than 0.38, so it was not significant.

Table 5) Regression analysis of the relationship between the cover percentage and forage production of

Haloxylon persicum.

Model Results

Coefficient of Determination

0.29 3.82

Model Coefficients

F-Statistic

Variable Regression Coefficient SE t-value p-value

Constant 1149.87 287.28 4.003 0.00%**

Cover 190.85 97.63 1.955 0.06
k% p < 0.00

Table 6) Regression analysis of the relationship between the cover percentage and forage production of

Artemisia sieberi.

Model Results

Coefficient of Determination

0.58 18.51

F-Statistic

Model Coefficients

Variable Regression Coefficient SE t-value p-value

Constant 15.37 5.37 2.86 0.00%**

Cover 94.87 22.05 4.30 0.00%**
*% p < 0.00
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Table 7) Regression analysis of the relationship between the cover percentage and forage production of

Stipagrostis pennata.

Model Results

Coefficient of Determination

F-Statistic

0.58 18.51

Model Coefficients

Variable Regression Coefficient SE t-value p-value

Constant 15.37 5.37 2.86 0.00***

Cover 94.87 22.05 4.30 0.00***
**% p < 0.00

Table 8) Analysis of the correlation power at the 0.05 level (two-tailed) and the number of suggested pairs

based on the 80% test power.

[ EIGETEE D gll;rilzﬁel:a(i):s (S::,al?iasliics BREEENG  LHOwET gllllgrggse{e(c)lfPairs
H. persicum 25 1.28 Large 0.82 25
A. sieberi 25 2.34 Large 0.99 11
S. pennata 25 0.87 Large 0.52 46

Table 9) Regression power analysis at the 0.05 level (two-tailed) and the number of suggested pairs based on

80% test power.

Plant Species Nl_n_nber o i Cohen Statistics
Initial Pairs

Number of

Effect Size Power Suggested Pairs

H. persicum 25 0.41
A. sieberi 25 1.38
S. pennata 25 0.19

Large 0.78 30
Large 0.97 12
Medium 0.92 56
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Figure 6) Sample size estimation for regression
analysis. In the present study, with 25 pairs of
samples, R? =0.38 is significant at the significance
level of 5%

Discussion

Estimating the required sample size and
statistical power for research is an essential
part of research design, and calculating
the appropriate sample size and power
analysis have become important topics
in the research. In this paper, the power
and sample size of the regression were
studied to investigate the relationships
between the cover and the production of the
dominant rangeland species of Shahrakht
in Iran. The initial phase of this research
involved gathering 25 pairs of data samples
associated with plant dimensions (such
as area and volume) and the production of
three rangeland plants: Haloxylon persicum,
Artemisia sieberi, and Stipagrostis pennata.
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Table 10) Sample size for multiple linear regression based on the coefficient of determination (R?) and the

number of variables studied (significance level: 0.05 and power: 0.80)

Variable Number R
0.2 0.3 0.4 0.5 0.6 0.7
1 91 44 28 20 15 12
2 90 42 26 18 14 11 9
3 103 48 30 21 16 12 10
4 113 53 33 24 18 14 12
Table 11) Some rules of thumb in determining regression sample size in different sciences
The Field of Study Sample Size Description Ref.
Statistics N> 50+ m Step-by-step regression 31,32, 33
N =10-15m = 31
Biostatistics N =25 Data with high variance 24
N=8 Data with minimal variance 24
N =100+50 m Logistic regression 26
N =10 m Logistic regression 24
Ecology N >20x m Species abundance distribution modeling 34
N =10-15m = 35
N =30-45 Environmental gradient analysis studies 36
Humanities N=>50+8m Testing the entire model 37
N 2104+ m Testing the significance of the coefficients 37
N>10x m Stepwise regression and hierarchical regression 38, 39
N >40x m Inter regression 39
N>5xm The normality of the residuals 39
N =20+5m - 40

In the current research, based on the power
analysis method, about 25, 11, and 46
number pairs were proposed to analyze the
correlation between cover and production
for Haloxylon persicum, Artemisia sieberi,
and Stipagrostis pennata, respectively. The
equation and regression coefficients were
proposed for Haloxylon persicum, Artemisia
sieberi, and Stipagrostis pennata for
regression analysis and significance, about
30, 12, and 56 number pairs, respectively.
Comparing the Results of Power Analysis
with the Coefficient of Determination (R?)

Algina and Olejnik (2000) suggested
utilizing the coefficient of determination
(R?) to determine the appropriate sample
size for multiple regression analysis [,
However, it is essential to consider that the
value of R? is heavily influenced by the size
of the initial sample (n) and the nature of
the data under examination. Moreover, R?
does not attain statistical significance when
dealing with a large sample size. Referring
to Table 10, it is evident that having a
minimum of one independent variable
necessitates approximately 28, 12, and 44
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pairs of samples, respectively. Notably, as the
coefficient of determination (R?) decreases,
the sample size increases rapidly B
Comparison of Power Analysis Results
with Rules of Thumb

Determining the minimum number of
sample pairs in regression analysis involves
various rules of thumb, with some applied
in the humanities and medical fields and
others in ecology and rangeland sciences.
Table 11 provides insights into this matter,
revealing that the required number of data
pairs for at least one independent variable
can range from 5 to 104 samples, depending
on factors such as the type of data (normal or
not, low or high variance), test purpose, and
regression type. The range of these values
spans approximately 100 sample pairs,
indicating a significant disparity in the rules
of thumb for calculating sample size. This
wide range emphasizes the considerable
variation in approaches across different
disciplines.

In ecology, it is generally recommended
to have a sample size between 10 and 45
samples 1¥53¢, However, specific rules for other
regressions, such as estimating production
based on cover, are only sometimes observed
in rangeland science. In the double sampling
method, which is a type of regression, a rule
of 1 to 7 (ratio of cut plot to estimated plot)
has been suggested 9. For instance, in a
plant species that is studied with around 30
to 60 plots, somewhere between 4 and 8 plots
should be cut directly, which is relatively low.
It is important to note that this rule may not
lead to a valid regression equation when
dealing with a small number of initial plots
(less than 30 plots) and only four pairs of
estimated and interrupted production data.
The mentioned rule becomes more applicable
when the initial plots increase to 100 to 200
samples, where 14 and 28 pairs of numbers
should be cut. Interestingly, this closely aligns
with the results obtained from the current
research, suggesting a similar range for
sample pairs when the number of initial plots

is in that range.

Green (1991) provides a comprehensive
overview of the procedures used to determine
regression sample sizes. He suggests N > 50
+ 8 m (where m is the number of IVs) for
testing the multiple correlations and N > 104
+ m for testing individual predictors *”.. After
evaluating the approach utilized in this study
and comparing it with other rules, it can be
deduced that employing Green’s formula is
not advisable in the area under investigation.
When at least one independent variable is
involved, a substantial number of sample
pairs, ranging from approximately 58 to 105,
are necessary. Considering the vast extent
of the rangelands, this requirement could
be more practical regarding cost, time, and
environmental damage. Currently, the issues
surrounding rules of thumb for estimating
sample size in multiple regression analysis are
subject to critical discussions !, While some
researchers initially questioned the scientific
rigor of the rule-of-thumb approach compared
to precise calculations, it remains a viable and
commonly used method *?.. Nevertheless, there
are criticisms regarding the need for more
empirical evidence and the arbitrary nature
of these recommendations, as they often vary
significantly. For instance, Khamis and Kepler
(2010) expressed their reservations about
rules of thumb, suggesting that they are difficult
to substantiate and somewhat subjective “°.. To
address this concern, Khamis and Kepler (2010)
proposed an alternative formula based on the
confidence criterion, resulting in the 20+5m
formula, which appears to produce outcomes
akin to the present study’s findings.

In the current study, the regression effect size
was significant for two species, Haloxylon
persicum and Artemisia sieberi, and medium
for Stipagrostis pennata. Cohen’s general
rule indicates that approximately 25 pairs of
samples are required for a large effect size
and around 54 for a medium effect size, with a
desired power level of 80% (Table 12).
The power of the regression tests conducted
in this research was between 78% and 97%.
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Table 12) Comparison of the sample size studied in this research with other rules and tests

Rules of Thumb Minimum Pair of Samples Ref.
Green’s law (whole model) 58 37
Green’s law (significance of coefficients) 105 37
Khamis-Kepler formula 25 40
Power analysis (large effect size) 25 27
Power analysis (medium effect size) 54 27
Power analysis (small effect size) 403 27
Current research 12-56

Table 13) Comparison of the sample size studied in the present study with another research conducted in Iran

The Dominant Vegetative Form Pair of Samples Ref.

Grass and forb 8-12 44

Bush 15 45, 46
Bush and forb 16 47

Bush 7-11 48

Bush and forb 30 49

Bush and forb 25 14

Bush and shrub 12-56 Current research

Based on this information, the recommended
number of sample pairs falls between 15
and 25, which aligns with the study’s power
analysis results. The current study’s findings
demonstrate similarity with the results
obtained from the power analysis conducted
for a large effect size. According to Cohen’s
general rule, a sample size of approximately
400 pairs is advised for detecting a small
effect size (Table 12). However, when there
is a low correlation between two variables,
resulting in a small effect size, it is not
recommended to use relational and causal
hypothesis tests. In this research, another
important finding is the presence of high
collinearity among the independent variables,
precisely the percentage of cover, volume,
surface area, and plant height. This violation
of the assumption of independence among
the variables makes it inappropriate to use

multiple regression analysis. To address this
issue, employing a single regression analysis
using a plant dimension or trait that exhibits
a strong correlation and a high coefficient of
determination with production is suggested.
Alternatively, it is possible to include traits
related to production, but these traits should
be independent when used in the multiple
regression equation.

The current study’s findings suggest that
power analysis can be utilized to determine
the sample size needed for regression
analysis, given that the effect size, a crucial
parameter in power analysis, is accurately
computed. Bujang (2021) also advocates
for researchers to employ methods for
determining sample size that incorporate
effect size *?l However, several criticisms
are concerned with using Cohen’s effect
size in power analysis. Cohen (2003 and
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2013) pointed out that these guidelines only
apply when estimates related to the specific
research area of interest are unknown [27- 431,
Brydges (2019) criticized the use of Cohen’s
effect size in sample size determination,
asserting that these guidelines lack a basis
in quantitative estimates [*4. Furthermore,
the interpretation of Cohen'’s effect size does
not rely on a formal statistical analysis of the
data, and the distribution of effect sizes may
differ across various disciplines 331,
Comparison of Power Analysis Results with
Experimental Research Conducted in Iran
In the studies within Iran, double sampling
methods are generally used, in which
between 7 and 30 pairs (an average of 15
pairs) are recommended (Appendix, Table
13), which is less than the number of pairs
in the present study (12 to 56).

Conclusion

The results showed that for regression analysis
and the statistical importance of the equation
and regression coefficients between the
cover and production for Haloxylon persicum,
Artemisia sieberi, and Stipagrostis pennata,
about 30, 12, and 56 pairs were proposed,
respectively. This study did not examine
the relationship between all plant species
and production dimensions, but only the
relationship between cover and production.
For the first hypothesis, sample data provided
enough evidence to reject the null hypothesis;
therefore, there are significant relationships
between plant dimensions and production,
but it is not necessarily a good predictor
of production (valid regression equations
were not obtained). The null hypothesis was
confirmed for the second hypothesis, and
25 pairs of samples are not enough to use
regression equations to estimate production
from the cover percentage of Haloxylon
persicum and Stipagrostis pennata.
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