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Abstract

A review of research on soil and plant interactions in rangeland and desert ecosystems shows that the number
of soil samples are not determined on a scientific basis. The present study, with the aim of using effect size
and power analysis to determine the number of soil samples in three plant types of Salsola spp. was
conducted in three arid and semiarid regions of Shahriar, Zirkouh and Zabol. In addition, 15, 10, and 5 soil
samples were collected for each plant type, respectively. Some soil properties, including electrical
conductivity, sand content, organic matter content, calcium carbonate equivalent, and saturation percentage,
were determined in the laboratory. The number of samples was estimated after the initial sampling based on
the calculated effect size (f) and the power of 80 % and before the sampling based on the medium effect size
(f=0.25) and the power of 60 %. The results showed that the power analysis of the three studied sites was
88, 56, and 38 %, respectively. To determine the minimum number of soil samples required to achieve a
power of 80 %, at least 20 soil samples are required for Zabol and Zirkouh, and at least 12 soil samples are
required for Shahriar. If there is no previous information about the soil properties, more than 50 soil samples
must be collected from each plant type for a statistical comparison of three plant types with a medium effect
size, a power of 80 %, and a significant level of 0.05.
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Background and Objective: In the field of vegetation studies, there are statistical and graphical methods to
estimate the number of plots needed for sampling, and their application has been approved in numerous
research studies. In a review of research on soil and plant interactions in rangeland and desert ecosystems, it
seems that the number of soil samples are not determined based on a scientific basis. Either by autecology or
synecology, soil samples were taken from different depths at the first and end points of each transect
according to the soil depth by using the random-systematic method (i.e., a total of 6—8 soil samples). The
sampling scheme captures all the decisions and information, such as the purpose of the sampling, financial
constraints, sampling method, sample size, method(s) of statistical analysis, and accuracy of results (Arzani
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and Abedi, 2015). One of the most frequent problems in statistical analysis is determining the appropriate
sample size (Rostampour and Eftekhari, 2023). The present study has the aim of using effect size and power
analysis to determine the number of soil samples in three plant types in the halophyte-psammophyte
ecosystem of the arid and semi-arid regions.

Methods: The present study was conducted on three plant types of Salsola spp. in three arid and desert areas
of Shahriar, Zirkouh, and Zabol. At Shahriar, Zirkouh and Zabol sites, 15, 10, and 5 soil samples were
collected for each plant type, respectively. Then, the soil samples were passed through a 2-mm sieve and
some soil properties, including electrical conductivity, organic matter content, sand content, calcium
carbonate equivalent and saturation percentage were measured in the laboratory. In general, for estimating
the number of samples based on power analysis, there is a need for three factors: effect size, power, and
significant levels. In the present study, two methods were used to determine the number of soil samples: 1)
the estimation of the optimal sample number after the initial sampling based on the calculated effect size (f)
and the power of 80 %, and 2) the minimum number of samples before sampling based on the medium effect
size (f=0.25) and power of 60 %.

Results: The results showed that with an increase in the number of soil samples, the power analysis of the
three studied sites was 38, 56, and 88 %, respectively. To determine the minimum number of soil samples
required to achieve a power of 80 %, at least 20 soil samples are required for the Zabol and Zirkouh sites,
and at least 12 soil samples are required for the Shahriar site. If the effect size is unknown due to the absence
of data variance, the numbers of samples required for the sample sizes of small, medium, and large, and to
reach a power of 60 % at the level of 0.05, are about 209, 35, and 14 samples, respectively. If there is no
previous information about the soil properties, for a statistical comparison of three plant types with a medium
effect size, a power of 80 %, and a significant level of 0.05, more than 50 soil samples must be collected
from each plant type.

Conclusions: As per guideline, a power of 80 % is often considered an acceptable threshold, and studies
with a power of less than 50 % should not be usually conducted. Accordingly, only the Shahriar site has a
power above 60 %. Therefore, sampling from the Zirkouh and Zabol sites was not adequate for the statistical
analysis. If there is no previous information about the soil properties, at least 50 soil samples should be
collected from each plant type to compare the statistical significance of the three plant types with a medium
effect size (F = 0.25) and a significant level of 0.05.
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Table 1. Characteristics of the studied sites
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Table 2. Mean and coefficient of variation (CV) of soil properties in the studied sites of Zabol, Zirkouh and Shahriar.

Electrical Calcium carbonate
conductivity, EC ] Organic matter, equivalent, CCE  Saturation percentage,
Site (dS ) Sand 0 OM (/) (%) SP ()
S Ll s 5 ol VMJS
ol A e (o) (4e;3) JTasle 4 (e33) gl b
et i) (4 33) Jslas
Mean CcvV Mean CcvV Mean CcvV Mean Ccv Mean Ccv
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M 6.71 87.7 52.9 354 0.39 50.5 13.1 153 37.8 19.9
Zirkouh
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Fig. 1. Plot group means and 95% confidence intervals for the soil properties in the studied sites: Zabol, Zirkouh and Shahriar.
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Table 3. One-way analysis of variance (ANOVA) for the effects of habitat on the studied soil properties in Zabol site.

Properties Source of variation Sum squares df Mean squares P value
b S5 e e Sl pyeme @il ey Sl Sl F Sold sxa
Between Groups 485.64 2 242.82 87.17 0.000
EC Within Groups 3343 12 2.78
Total 519.07 14
Between Groups 758.33 2 379.17 1.01 0.39
Sand Within Groups 4506.33 12 375.53
Total 5264.67 14
Between Groups 0.04 2 0.02 0.49 0.62
oM Within Groups 0.53 12 0.04
Total 0.58 14
Between Groups 13.66 2 6.83 1.75 0.21
Lime Within Groups 46.82 12 3.90
Total 60.48 14
Between Groups 99.82 2 4991 0.80 0.47
SP Within Groups 748.05 12 62.34
Total 847.87 14

ov

gl Cosby SP 5 Jolas nds s 5 CCE “_ﬂ osle OM (% Sand « S I Ll :EC

EC: Electrical conductivity, OM: Organic matter, CCE: Calcium carbonate equivalent and SP: Saturation percentage
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Table 4. Effect size, power and sample size needed for one-way analysis of variance with three vegetation types in Zabol site.

Effect size Sample size

o3l

Power 4 gl 51
Properties Eta-squared Interpretation ols N N per group
la S5 e b f e IS sl o e il sl
EC 0.93 3.81 Large 1 6 2
Sand 0.14 0.41 Large 0.22 63 21
OM 0.08 0.29 Medium 0.13 123 41
CCE 0.22 0.50 Large 0.36 39 13
SP 0.12 0.36 Medium 0.18 78 26
Mean 0.30 1.07 - 0.38 62 21

Sl Mean gl Cosb, SPe Usles pedS b 5 CCE “;ﬂ o3le :OM (.5 Sand ( S S UL, EC

EC: Electrical conductivity, OM: Organic matter, CCE: Calcium carbonate equivalent and SP: Saturation percentage



C’U“-’%f"‘” \f°\'DM_}/()LG—TUM/V.AAJLQ—‘—:JL«/AL:?}J\"L.:U)

0 5 ol 53 sy 3y50 St gla Shs 0 o&ius, I (ANOVA) w6 b uills 452 = 0 dpu
Table 5. One-way analysis of variance (ANOVA) for the effects of habitat on the studied soil properties in Zirkouh site.

Properties Source of variation Sum squares df Mean squares P value
b S e e Sl pgome @l arys Slase o Sila F Sol3 e
Between Groups 0.004 2 0.002 1.57 0.22
EC Within Groups 0.03 27 0.001
Total 0.04 29
Between Groups 81.87 2 40.93 3.66 0.04
Sand Within Groups 301.60 27 11.17
Total 383.47 29
Between Groups 0.02 2 0.009 1.40 0.26
OM Within Groups 0.17 27 0.006
Total 0.19 29
Between Groups 29.40 2 14.70 8.57 0.001
CCE Within Groups 46.30 27 1.71
Total 75.70 29
Between Groups 15.80 2 7.90 2.68 0.09
SP Within Groups 79.70 27 2.95
Total 95.50 29

gl Cusb s SP 5 Usbes oS Sl S :CCE Il sl5e OM (5 Sand S I bl EC

EC: Electrical conductivity, OM: Organic matter, CCE: Calcium carbonate equivalent and SP: Saturation percentage
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Table 6. Effect size, power and sample size needed for one-way analysis of variance with three vegetation types in Zirkouh site.

Effect size Sample size
o3l Power FPRINTRY
Properties Eta-squared Interpretation ol N N per group
u;}“} & <l f S Js sl o bl sl

EC 0.10 0.34 Medium 0.33 87 29
Sand 0.21 0.52 Large 0.67 39 13
oM 0.09 0.32 Medium 0.30 99 33
Lime 0.39 0.80 Large 0.97 21 7
Sp 0.16 0.44 Large 0.53 54 18
Mean 0.19 0.48 0.56 60 20

ks Mean gl Cosby $SPe dslas ds by S CCE ‘Lﬁ slge OM (5 Sand (S sl UL, :EC

EC: Electrical conductivity, OM: Organic matter, CCE: Calcium carbonate equivalent and SP: Saturation percentage
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Table 7. One-way analysis of variance (ANOV A) for the effects of habitat on the studied soil properties in Shahriar site.

Properties Source of variation Sum squares df Mean squares P value
bS5 ¥ e Sl smms bl s Sle e Sl F S s
Between Groups 23.06 2 11.53 20.51 0.000
EC Within Groups 23.62 42 0.56
Total 46.68 44
Between Groups 1278.04 2 639.02 4.60 0.016
Sand Within Groups 5833.07 42 138.88
Total 7111.11 44
Between Groups 1.08 2 0.54 6.76 0.003
OM Within Groups 3.35 42 0.08
Total 4.43 44
Between Groups 70.53 2 35.26 4.18 0.022
CCE Within Groups 354.62 42 8.44
Total 425.15 44
Between Groups 560.41 2 280.20 7.83 0.001
SP Within Groups 1502.49 42 35.77
Total 2062.90 44

gl Cusb s SP 5 sbes oS Sl S :CCE Il 3150 OM (5 Sand S I bl EC

EC: Electrical conductivity, OM: Organic matter, CCE: Calcium carbonate equivalent and SP: Saturation percentage
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Table 8. Effect size, power and sample size needed for one-way analysis of variance with three vegetation types in Shahriar site.

Effect size Sample size
S a3l Power & a3
Properties  Eta-squared Interpretation ol N N per group
bS5 o b f e IS o e sl sl

EC 0.49 0.99 Large 0.99 15 5
Sand 0.18 0.47 Large 0.78 48 16
OM 0.24 0.57 Large 0.92 36 12
CCE 0.16 0.44 Large 0.73 54 18
SP 0.27 0.61 Large 0.95 30 10
Mean 0.27 0.62 0.88 37 12

Sole Mean gl Cosb,y $SPedsles ds by S CCE “;ﬂ sl30 OM (5 Sand S I Ll :EC

EC: Electrical conductivity, OM: Organic matter, CCE: Calcium carbonate equivalent and SP: Saturation percentage
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Table 9. The results of t-student test, effect size and power for the effects of sample size on the studied soil properties in Shahriar

site.
Properties P value Cohen's d Power
e t . N o -
b S Sl e oAsS A esll olg
EC 0.22 0.83 0.18 0.06
Sand -0.73 0.50 -0.59 0.13
OM 0.43 0.69 0.35 0.08
CCE 0.33 0.76 0.27 0.07
SP 0.72 0.51 0.58 0.13

glesl Zusby SP 5 doles oS by S :CCE (T 2l50 OM (i Sand (S SI UL, EC

EC: Electrical conductivity, OM: Organic matter, CCE: Calcium carbonate equivalent and SP: Saturation percentage
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Table 10. Proposed sample sizes for one-way ANOVA with 3, 4, 5 and 6 groups (effect size: small, medium and large, power: 0.60
and 0.80, alpha = 0.05).

Number of groups Small Medium Lfirge
oo S sl S S by Sz
Power: 0.60  Power: 0.80  Power: 0.60  Power: 0.80  Power: 0.60  Power: 0.80
3 208 322 34 53 14 22
4 180 273 30 45 12 18
5 160 240 26 39 11 16
6 144 215 24 35 10 14
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Table 11. Power for different sample sizes for one-way ANOVA with three groups (effect size: medium and alpha = 0.05).

Number of groups N N per group Alpha Power
Lao s S sl JS 4 ges 031! 05,5 A shilay 4 gad 03l 3 me o Ose3l Ol g

3 15 5 0.25 0.05 0.11
3 30 10 0.25 0.05 0.19
3 45 15 0.25 0.05 0.28
3 60 20 0.25 0.05 0.37
3 75 25 0.25 0.05 0.46
3 90 30 0.25 0.05 0.54
3 105 35 0.25 0.05 0.61
3 120 40 0.25 0.05 0.67
3 135 45 0.25 0.05 0.73
3 150 50 0.25 0.05 0.78
3 165 55 0.25 0.05 0.82
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Table 12. Sample size of soil studies for different purposes in rangeland ecology.

) 3a0 03161 Sample size
Study type b P
sk & I\flin Max Mfan
Jila Sl Sk
Soil-plant relationships (Synecology)
(3551 o) oS 5 S Ly s e 10
Carbon sequestration
S 5 g oS ol 15 30 20
Nutrition elements analysis
. . . 25 40 30
e jole 420
Autecology
. .1 12 48 30
S
Soil seed bank
Sk Lk S 10 20 15
Plant distribution modelling
6 12 8

A sLi S s gsledas
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