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Abstract

Stachys pilifera is an endemic plant to Iran. The main purpose of this study was to investigate the 
impacts of some habitat characteristics on the distribution of S. pilifera using the BMLR model in 
Kohgiluyeh and Boyer-Ahmad Province, Iran. Tow transects were randomly established in each region. 
10 quadrats sized 1 x 1 m2 were established along the transect. In each plot, canopy cover (%) of S. pilifera 
was recorded. 25 soil samples were gathered in the region to evaluate soil characteristics. The associated 
pixel of each plot was extracted and added to a prepared spreadsheet of a field database. The data gathered 
from experiments were fed into the computer item by item according to their own values. To determine 
the effect of environmental factors on the distribution of S. pilifera species, the researchers run a set of 
backward multiple linear regressions. The results of MLR to investigate the significance of   was not 
significant (P-Value >0.05). Then the most insignificant term in the first run (silt) is removed and the 
operation run again. After removing silt, the results of the BMLR model are seen by considering the effect 
of other factors, and some of terms are insignificant again. The process is continued step by step to the 
point that there are only significant terms. Results showed that the effects of rain, sand, P, Fe, Zn, Mn, and 
evaporation on the distribution of S. pilifera species were significant. Rain, P, and Fe have positive effects 
(positive coefficient), while sand, Zn, Mn, and evaporation have negative effects (negative coefficient). 
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As mentioned above, there are not many studies 
about the relationship between S. pilifera and controlling 
environmental factors. Therefore, studying the 
environmental requirements of this plant species is 
important. The main purpose of this study is to evaluate 
the impact of habitat characteristics on the distribution 
of S. pilifera using the BMLR model in Kohgiluyeh and 
Boyer-Ahmad Province, Iran. 

Material and Methods

Study Area

This study was carried out on Kohgiluyeh and Boyer-
Ahmad Province in central Zagros in southwestern 
Iran. The S.pilifera habitats were determined by asking 
experts and local people and also field investigations. 
Thus, S.pilifera habitats were clarified and separated as 
one of the sampling points. Detailed information about 
each habitat is presented in Table 1.

Data Collection

Habitat characteristics of the S.pilifera species 
were determined in order to achieve behavior and 
environmental conditions. Therefore, vegetation and 
different environmental factors including topography, 
pedology, and climatic characteristics were measured.

Tow transects were randomly established in each 
region. Ten 1x1 m quadrats were established along 
each transect. The recorded parameter in each quadrat 
was S. pilifera canopy cover (%).  The location of each 
quadrat was recorded with GPS. 25 soil samples  were 
taken (5 samples in each habitat) in order to identify soil 
characteristics such as EC [10], pH [11], organic matter 
[12], soil texture [13], P [14], N [10], K [15], Mn, Cu, 
Zn, and Fe [16]. For climatological and land shape data, 
the height, slope and aspect maps were generated by 
creating DEM. The associated pixel values of each plot 

Introduction 

The genus Stachys (Lamiaceae) contains about 
300 species and is extensively distributed in tropical 
and subtropical countries [1]. This genus in Iran is 
represented by 34 species, 13 of which are endemic. 
Stachys pilifera Benth is one of the endemic species 
to Iran. Stachys pilifera is a fruticose and pragnant 
perennial herbaceous plant of the Lamiaceae family. 
This plant species can be found in mountainous habitats, 
especially moist areas that are affected by humidity 
resulting from surface or subsurface waters. The 
plant has a short stem covered with simple and slender 
leaves, pink to white flowers that all aerial organs have 
a pleasant and distinctive smell (an aromatic compound). 
There are many studies on essential oil of this plant. 
Cis-chrysanthenyl acetate (25.2%) and trans-verbenol 
(19.7%) are the main compounds in the essential oil of 
Stachys pilifera.

The aerial organs of the plant are used in Iranian 
traditional medicine as herbal tea for the treatment 
of various diseases such as asthma and rheumatoid 
arthritis, plus infections [2]. A biological study has 
shown the potent antioxidant, antimicrobial, and 
antitumor activities of the n-butanolic extract of S. 
pilifera in in-vitro conditions [3].

Although there are many studies about 
environmental factors controlling plant distribution of 
endemic and endangered plant species [4-7], this kind 
of knowledge on S. pilifera is rare. For example, the 
distribution map of S. pilifera in Central Zagros in the 
Kohgiluyeh Region is prepared, and its autecology is 
determined [8]. Studying the cultivation possibility of 
S. pilifera showed that lowland ecotypes have more 
capability for greenhouse cultivation and that these 
ecotypes have more essential oil [9]. Phonological 
studies indicate that S. pilifera starts to germinate in 
mid-April and continues to vegetative growth until June; 
inflorescences appears in late June and seeds will mature 
until late September [8].      

Results showed that the BMLR appropriately modeled the canopy cover of S. pilifera based on RMSE, R2, 
and , which were 0.999, 0.998, and 2.1395, respectively.

Keywords: Stachys pilifera, habitat characteristics, BMLR model

Table 1. Detailed information about S.pilifera habitats in Kohgiluyeh and Boyer-Ahmad Province in central Zagros.

Habitat Longitude Latitude Mean elevation (m asl) Dominant vegetation type

Pazanan Sepidar 30°32΄9.3˝ 51°29΄8.1˝ 2575 Prangos uloptera

Delon Sisakht 30°52΄11.1˝ 51°28΄54.9˝ 2585 Daphne mucronata

Road of Margon to 
Lodab 30°58΄35.3˝ 51°2΄32.1˝ 2090 Gundelia turnefortii

Vezg 30°30΄24.5˝ 51°42΄33.4˝ 2420 Dorema aucheri

Chin village 31°5΄20.8˝ 51°48΄38.2˝ 2415 Prangos Sp
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were extracted and added to a prepared spreadsheet of 
field database.

Data Analysis

A set of backward multiple linear regressions were 
run to determine the effect of environmental factors on 
the distribution of S. pilifera species. The Kolmogorov-
Smirnov test was applied to verify the normality of 
canopy cover. This condition is an essential condition for 
using the parametric methods as BMLR. Canopy cover 
had normal distribution. Therefore, parametric methods 
can be applied for statistical analysis. Regression 
analysis generates an equation to describe the statistical 
relationship between canopy cover and environmental 
factors. Regression results indicate the direction, 
size, and statistical significance of the relationship 
between canopy cover and environmental factors. 
The sign of each coefficient indicates the direction 
of the relationship. Coefficients represent the mean 
change in canopy cover for one unit of change in one 
environmental factor while holding other environmental 
factors in the model constant. P-value for each 
coefficient tests the null hypothesis that the coefficient is 
equal to zero (no effect). Therefore, low p-values suggest 
that one environmental factor is a meaningful addition 
to the model.

In MLR, variables were removed and added to the 
regression model for the purpose of identifying a useful 
subset of environmental factors (the predictors). Multiple 
linear regression (MLR) is a flexible method of data 
analysis that may be appropriate whenever a quantitative 
variable  (the dependent or response variable) is to 
be examined in relationship to any other factors (X1, 
X2,…, Xk – the independent or explanatory or predictor 
variables). The general equation of MLR is presented by

Yi = β0 + β1X1i + β2X2i + ... + βkXki + εi

…for n observations n = 1,..., n,
…where β0, β1,...,βk are model parameters (coefficients) 
and εi, i = 1,..., n, are the random components of the 
model that follow independent normal distributions with 
mean 0 and variance σ2.

The dataset is used to estimate the coefficients  
β0, β1,...,βk. The general equation of the predictive MLR 
model is presented by

Ŷi = b0 + b1X1i + b2X2i + ... + bkXki

…where b0, b1,…,bk are estimations of model 
parameters, and Ŷi is the predicted value of Yi .

The MLR model can be rewritten in matrix form

Y = Xβ + ε

…where Y = (y1,…,yn)
T is vector of responses, X is 

a n × (k + 1) full rank design matrix with the first 

column given by (1,...,1)T, and the lth (2 ≤ l ≤ k +1) 
column given by, (xl–1,1,…,xl–1,n)

T, β = (β0,…,βk)
T is vector 

of unknown parameters, and ε = (ε1,…,εn)
T is vector of 

random errors. Also Ŷ = Xb, where Ŷ = (ŷ1,…,ŷn)
T is 

vector of predicted values, and b = (b0,…,bk)
T is vector 

of coefficients. We note that in the model without 
interception (β0 = 0), column (1,...,1)T should be removed 
from matrix X.

The ordinary least squares (Maximum Likelihood) 
estimation of the coefficient vector β is given by: 

b = (XT X)–1 XT Y.

This is a common approach, and it assumes that there 
are enough measurements to say something meaningful 
about β.

As can be seen, the MLR model contains linear 
effects of X1, X2,...,Xk. But perhaps some of these effects 
are not significant (P-Value >0.05). In this case, the 
backward method (BMLR) is used and the ineffective 
parameters are removed gradually. The final model 
has parsimonious accurate parameters. The statistical 
BMLR model was applied using R and Minitab 
software.

Table 2. Descriptive statistics of environmental variables for all 
S. pilifera.

N Mini-
mum

Maxi-
mum Mean Std. 

Deviation

Elevation 25 2,078 2,595 2,424.68 181.794

Rain 25 766 964 887.68 69.916

Temperature 25 11 20 14.60 4.113

PH 25 7.10 7.35 7.1888 .07020

EC 25 .32 1.88 .7364 .49942

OC (organic 
matter) 25 1.07 2.97 2.0092 .60643

Clay 25 28 46 36.28 5.144

Silt 25 50 65 56.08 3.696

Sand 25 3 15 7.76 2.554

K 25 194 529 327.28 112.316

P 25 4.22 19.96 13.0208 6.25604

N 25 .10 .85 .3091 .25617

Fe 25 8.17 19.80 14.1928 4.03759

Zn 25 .19 1.50 .6336 .47668

Cu 25 .40 1.22 .8072 .24234

Mn 25 5.37 14.49 10.9112 3.00740

Humidity 25 52 63 58.80 4.537

Evaporation 25 1,458 1,803 1,597.96 149.574

Canopy 
cover 25 43 68 55.36 6.720
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Results and Discussion 

Descriptive Statistics

Descriptive statistics of measured variables are 
shown in Table 2.

Important Factors on Distribution 
of S. pilifera Species

In order to evaluate the importance of different 
environmental factors on the distribution of S. pilifera, 
its canopy cover was considered as the response 
variable. Also, the other variables were continuous 
predictor variables. The general equation of MLR was 
presented by

Canopy Cover i = β0 + β1Elevi 
+ ... + β18Evapoi + εi

First, all terms were entered and created the model. 
Table 4 shows the results of MLR to investigate the 
significance of β0. As can be seen in Table 4, intercept 
(constant) was not significant (P-Value >0.05). In other 
words, the model didn’t need β0. 

Table 5 shows the results of the BMLR model after 
removing β0 As Table 5 indicates, by considering the 
effects of other variables, the effect of some factors was 
not significant (P-Value >0.05). 

Then the most insignificant term (term with the 
most P-Value) in the first run (Silt) is removed and the 
operation run again. Table 6 shows the results of the 
BMLR model after removing Silt. As can be seen in 
Table 6, by considering the effect of other factors, some 
terms are not significant again. 

Then the most insignificant term in the second 
run (OC) is removed and run the operation again. 
The process is continued step by step to the point that 
there are only significant terms. Table 7 indicates the 
summary of excluded variables in the BMLR method in 
each step.

Table 8 shows the results of the last run. As can be 
seen in Table 8, the effects of rain, sand, P, Fe, Zn, Mn, 
and evaporation on the distribution of S. pilifera species 
were significant. Rain, P, and Fe have positive effects 
(positive coefficient), and sand, Zn, Mn, and evaporation 
have negative effects (negative coefficient).

Therefore, the equation of the final BMLR model was 

Canopy Cover = 0.3301Rain – 1.3765Sand 
+ 6.1675P + 2.6558Fe – 54.4292Zn – 

6.3337Mn – 0.1511Evaporation

Table 4. Results of MLR for investigating the significance of β0.

Coefficient P-Value

Constant -24.6421 0.993

Elevation 0.0636 0.631

Rain 0.7317 0.132

Temperature 3.5585 0.918

PH 4.3846 0.853

EC 18.3102 0.650

OC -1.3487 0.963

Clay -0.2384 0.882

Silt -0.0610 0.971

Sand -1.7221 0.389

K -0.2491 0.365

P 5.8969 0.263

N -30.1243 0.636

Fe 3.4602 0.509

Zn -33.0304 0.445

Cu -17.3814 0.693

Mn -9.6971 0.433

Humidity -1.2606 0.954

Evaporation -0.3835 0.720

Table 5. The results of the first run of BMLR.

Coefficient P-Value

Elevation 0.0629 0.508

Rain 0.7299 0.075

Temperature 3.7060 0.896

PH 4.3749 0.840

EC 18.1040 0.557

OC -1.2537 0.960

Clay -0.2382 0.872

Silt -0.0586 0.969

Sand -1.7188 0.342

K -0.2484 0.307

P 5.8871 0.214

N -29.8105 0.545

Fe 3.4709 0.461

Zn -33.0846 0.401

Cu -17.2099 0.638

Mn -9.7372 0.361

Humidity -1.4385 0.872

Evaporation -0.3917 0.465
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Now, the goodness of the fitted model was assessed 
by the coefficient of determination (R2), adjusted 
coefficient of determination (R2

adj), root mean square 
error (RMSE), and residual analysis. A lower RMSE 
value and higher R2 and R2

adj values and independent 
normal residuals with stable variance are regarded as 
showing goodness of fitted predictive model. As can be 

seen in Table 9, it seems that the BMLR nicely modeled 
the canopy cover based on RMSE, R2, and R2

adj. 
To investigate the normality of residuals, probability 

plot and different statistical tests (Anderson-Darling, 
Kolmogorov-Smirnov, Shapiro-Wilk) were used. As 
can be seen in Figure 1, the normal probability plot (2) 
satisfied the normality of residuals, since the points are 
close to the line. The normality was also satisfied with 
different statistical tests (P-Value >0.05). 

As Fig. 2 indicates, the plot of residuals versus 
observations’ order was completely random about 
horizontal axis. Therefore, the independence of residuals 
is satisfied. 

Fig. 3 shows the plot of the residuals versus the 
fitted values. As can be seen, the points are completely 
random about of the horizontal axis, and the stability of 
the variance is satisfied. Therefore, the BMLR nicely 
modeled the canopy cover.

Cognition of vegetation communities and evaluating 
their interaction with environments is known as a crucial 
factor for achieving sustainable rangeland management 
in order to introduce the appropriate species for 
reclaiming a degraded area. Furthermore, knowledge 
about environmental factors can be used to predict 
success and failure of growing species.

In order to recognize the various native species and 
vegetation cover associated with them, these species 
can be used in ecosystem improvement and pastoral 
ecosystem revival. The present study examined the 
relationship between environmental variables and S. 
pilifera species distribution in Kohgiluyeh and Boyer-
Ahmad Province in central Zagros, Iran. 

Results showed that the effects of rain, sand, P, 
Fe, Zn, Mn, and evaporation, on the distribution of S. 
pilifera species were significant. Rain, P, and Fe have 
positive effects (positive coefficient), and sand, Zn, 
Mn, and evaporation have negative effects (negative 
coefficient). Results showed that the BMLR nicely 

Table 6. Results of the second run of BMLR.

Coefficient P-Value
Elevation 0.0623 0.476

Rain 0.7242 0.041

Temperature 4.2758 0.849

PH 4.4191 0.827

EC 17.5547 0.491

OC -0.7520 0.970

Clay -0.1835 0.651

Sand -1.6559 0.024

K -0.2448 0.240

P 5.9520 0.150

N -29.1160 0.495

Fe 3.3913 0.389

Zn -33.7229 0.312

Cu -16.3938 0.557

Mn -9.9082 0.273

Humidity -1.3221 0.860

Evaporation -0.4009 0.370

Table 7. Summary of excluded variables in the BANCOVA 
method.

Step Excluded variable P-Value

1 All variables are 
included

2 Silt 0.969

3 OC 0.970

4 Humidity 0.853

5 PH 0.761

6 Clay 0.520

7 Temperature 0.331

8 Elevation 0.388

9 EC 0.208

10 Cu 0.443

11 N 0.267

12 K 0.158

Table 8. The results of the last run of BMLR.

Coefficient P-Value

Rain 0.3301 0.002

Sand -1.3765 <0.001

P 6.1675 0.005

Fe 2.6558 0.017

Zn -54.4292 0.006

Mn -6.3337 0.001

Evaporation -0.1511 0.018

Table 9. Indexes for the goodness of fitted BMLR models.

R Square Adjusted R Square RMSE

0.999 0.998 2.1395



2176 Mirinejad S., et al.

modeled the canopy cover based on RMSE, R2, and , 
which were 0.999, 0.998, and  2.1395, respectively.

The results are in line with the findings of Darvishi 
et al. (2013). In this regard, Darvishi et al. (2013) 
investigated a study on the environmental factors 
contributing to the distribution of Thymus kotschyanus 
in Taleghan Basin, Iran. Results demonstrated that 
factors involving slope, altitude, organic matter, lime 
content, nitrogen content, and soil texture have the 
highest impact on vegetation characteristics [5].

Our results showed that the most significant factors 
are rain and evaporation. In this regard Jahantab et al. 
(2015) have shown that the relationship between number 
(density) and canopy cover percentage of Kelussia 
odoratissima mozaff with height, slope, rainfall, and 
evaporation were statistically meaningful at 95% 
confidence interval. Then the factors such as rain and 
evaporation were important factors on the distribution of 
plant species [17].  

Soil factors play a major role in ecological processes 
and are closely associated with the growth and 
distribution of plants. Our results indicated that soil 
properties such as sand, P, Fe, Zn, and Mn were effective 
in distributing S. pilifera species. In our study area, the 
differences of climate and topographical features are 
relatively small, so distribution of S. pilifera species 
may be potentially affected by soil properties. In this 
regard Zare et al. (2011) stated that soil texture is one of 
the most effective factors in distributing Z. eurypterum, 
P. aucheri, and A. spinosa species [18]. Gholinejad 
et al. (2012) stated that soil texture is one of the most 
effective factors in the distribution of As. gossypinus 
– Gu. tournefortii, Br. tomentellus-Fe. ovina and Fe. 
hausknekhtii – Pr. Ferulacea [19]. 

This study shows that organic carbon was not 
effective on the distribution of S. pilifera species. Based 

on our results, Komaee et al. (2012) [20], Fahimi-Pour et 
al. (2010) [21], and Ahmadi et al. (2010) [22] introduced 
organic matter and depth as the most important soil 
factors that influence the separation of vegetation 
types in the study area. Tao et al. (2017) stated that the 
distribution of herbs on sand dunes was dominantly 
influenced by sand dune topography (slope position, 
convexity, and relative height), soil nutrients (total 
nitrogen and phosphorus), and deep-rooted shrubbery 
(Ephedra distachya) [23].

Plant species distribution over a high geographical 
range is controlled by climatic factors — mainly 
temperature and rainfall. In a small range, species 
distribution is related to edaphic factors [24]. Therefore, 
these environmental factors are important not only 
in detecting plant species distribution variations with 
spatial scale, but also for providing insight into the 
environmental requirements of the species needed for 

Fig. 1. Normal probability plot of residuals for BMLR model. If the points on the plot depart from a straight line, the normality assumption 
may be invalid.

Fig. 2. Plot of residuals versus observation order for BMLR 
model; this is a plot of all residuals in the order that the data were 
collected and can be used to find non-random error. 
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successful ecological restoration and the establishment 
of plantations [25].

Our results showed that elevation was not effective 
distribution of  S.pilifera, while some researchers 
reported that topographic factors are related to 
vegetation communities, as found previously by many 
studies [26]. Zhong-hua et al. (2013) showed that 
topographical factors were more important than edaphic 
ones in affecting local plant distribution on steep slopes 
with extensive rock outcrops, while edaphic factors were 
more influential on gentle slope and relatively thick soil 
over rock in subtropical karst forest [27].

Schumann et al. (2016) reported that elevation and 
precipitation were the most influencing environmental 
factors on potential distributions of both juvenile and 
adult richness [28]. The appearance of a plant group 
in a given area isn’t accidental, but occurs in response 
to changes in climatic, topographic, edaphic, and biotic 
parameters. In fact, vegetation groups are determined by 
the combined effects of a variety ecological factors.

In this research we investigated the impact of some 
habitat characteristics on the distribution of S. pilifera 
Benth using the BMLR model. In this regard, Akhter 
et al. (2017) stated that the application of the species 
distribution model may provide policymakers and 
conservationists with a useful tool for predicting future 
distribution (at both local and regional scales) of poorly 
known species with high preservation concerns [29]. 

Bobrowski et al. (2017) stated that that analyzing 
and understanding the environmental factors driving 
the current distribution of Betula utilis is crucial for the 
prediction of future range shifts of B. utilis and other 
treeline species, and for deriving appropriate climate 
change adaptation strategies [30].

Conclusions

Our study investigated the impact of some habitat 
characteristics on the distribution of Stachys pilifera 
Benth, an endemic medicinal plant in Iran, using 
the BMLR model in Kohgiluyeh and Boyer-Ahmad 

Province. The BMLR model showed that environmental 
factors such as soil (sand, P, Fe, Zn, and Mn) and 
climate (rain and evaporation) are effective for the 
distribution of S. pilifera species. Rain, sand, P, Fe, Zn, 
Mn, and evaporation have significant effects on the 
distribution of S. pilifera. Rain, P, and Fe have positive 
effects, which means that S. pilifera will increase with 
their increase. Sand, Zn, Mn, and evaporation have 
negative effects (negative coefficient), in which case S. 
pilifera will decrease with their increase. The present 
study addressed some aspects of relationships between 
environmental factors and the distribution of S.pilifera 
species in Kohgiluyeh and Boyer-Ahmad Province. 
It was anticipated that this finding could be used as a 
tool for predicting the probability of existence and the 
absence of this plant species in similar ecosystems. 
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