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ABSTRACT: The general centers of diversity for genus Stachys which belongs to lamiaceae family, are 
located in tropical and sub-tropical regions. The aim of this article is the study of existing intra-specific 
diversity in the species Stachys inflata in Hamedan province of Iran using Determination of special 
station (D.S.S method); according to floristic-ecologic factors, special station is an area of different 
vegetation witch is homogenous. In this order, 13 special stations were determined for Stachys inflata. 
72 plant species were distinguished as associated species in these special stations. Floristic- ecologic 
data are analyzed by Anaphyto software with F.C.A method. Comparison of the obtained results on 
multiple coordinated axes, in order floristic- ecologic marker led to determination of 9 groups for this 
species, which is interpreted as the proof for existence of intra-specific diversity in this species. In 
addition, data were analyzed utilizing MVSP software with UPGMA, PCO and PCA methods. The results 
confirm the groups in compliance with those identified through floristic-ecologic marker. Results obtained 
from the analysis of ecological factors by MVSP software match those of floristic grouping. This 
agreement among the approaches verifies the presence of 9 groups for stachys inflata in Hamedan 
province. 
 
Keywords: D.S.S method; ecological marker, floristic marker, intraspecific diversity; MVSP; Stachys 
inflata. 
 
 

INTRODUCTION 
 

 1.1 plant description 
Stachys (Lamiaceae) is a widely distributed, and taxonomically complex genus. This genus with around 300 
species of annuals and perennials is found in all parts of the world, Excluding Australia and New Zealand, (Brown 
1995). Thirty four species of this genus are located in Iran of which 13 species are endemic (Ghahreman 1995). 
Biological studies have reported considerable characteristics for some Stachys species. Stachys inflata Benth is an 
endemic and native species in Iran which has some persian names like: poulk and ghole arghavan (Zargari 1992). 
Being a result of existence of different ecological factors in various stations, biodiversity represents the biological 
capacity and ability of each area. Inter and intraspecific diversity is one of the most important reserve that ended up 
with biodiversity (Atri 2007a). 
 Presenting intraspecific diversity in uncertain levels of taxons, is vital for the environment. Some studies don’t 
have specific procurers for collecting plants in the correct way by using floristic-ecologic data, therefore we should 
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apply an appropriate method that is according to governing factors of the nature. In this order, we employed 
Determination of Special Station (D.S.S) method. 
 
         1.2 D.S.S method 
D.S.S method is completely different from eco-phyto-sociology method, in eco-phyto-sociology studies, 
endogenous milieu is the unit of our survey, but in D.S.S method, Special station is used as a way for showing 
iterspecific and intraspecific diversity. However, D.S.S method inspired from eco-phyto-sociology method. Eco-
phyto-sociology method reveals that individuals of species or ubiquiste species, are spreaded in several groups or 
units of sociology. As a result, it’s clear that spaces between units of sociology is because of variety in composition 
of their species. Therefore presence of individuals of ubiquiste species in different groups of society, determines 
that individuals of this species are presented with different composition in variable stations. 
D.S.S method is achieved by following steps: 
1. Choosing Ubiquist taxa (with various habitats) 
2. Determining the distribution (Localities) of species by referring to the flora, resources and systematic expers. 
3. Referring to the region and identify common habitats of species. 
4. Determination of Special Station (D.S.S) in the individual of species in each of the habitats, based on presence 
of individuals and using the minimum level. 
5. Collecting floristic- ecological data from each of the special stations.  
6. Analyzing data based on species composition of each special stations (as a marker of floristic) using appropriate 
software. 
7. Classification of special stations based on the analysis of data to determine inter and intraspecies diversity. 
8. Identifying the distinguished species for each groups. 
9. Determining the type and level of diversity (ecophene, chemo type, ecotype, ecocline, etc.) by using 
morphometric, anatomy, photochemistry and carpological techniques. 
10. Demonstrating the effect of ecological factors by using proper software to determine the intra and interspecie 
diversity. 
 
       1.3 previous researches 
D.S.S method used as a beneficial way for studing diversity in plant species (Atri and Asgari-Nematian 2006); 
(Asgari-Nematian, Atri and Nazem 2007); (Atri et al 2009); (Asgari-Nematian, Atri and Chehregani Rad 2010); 
(Chehregani Rad, Atri and Yousefi, 2011); (Atri, Chehregani Rad and Yousefi 2012); (Kalvandi et al 2013); (Talebi 
et al 2014). Thus, we decided to perform such an analysis for Stachys sect. S. inflata was subject of various 
phytochemical researches in Iran (Ebrahim-Sajjadi and Somae 2004; Morteza-Semnani et al. 2006; Norouzi-Arasi 
et al. 2006, Ebrahimabadi et al.2010). According to (Chehregani RAd, Atri and Yousefi, 2011), (Atri, Chehregani 
Rad and Yousefi, 2012) and (Yavary and Shahgolzari, 2015)studies about electrophoresis pattern and seed protein 
storage, showed variance in number and density of the protein bands indicating existence of intraspecific diversity 
in the populations of Artemisia incana. Also for proving D.S.S method, a study by (Atri et al 2009) on Artemisia 
scoparia was done to show the intraspecific diversity by D.S.S method in the west of Iran. Also according to the 
findings that obtained from Chromosome counts in different populations of Stachys inflata in Hamedan province, 
D.S.S method showed Chromosome number variation in 9 groupings and the results indicated that the intraspecific 
polyploidy was confirmed in this species. (Chehregani rad et al 2012). The present work aims is determination of 
intraspecific diversity in stachys inflata by D.S.S method in Iran. This study is among the unique studies on the 
topic for the selected species. 
 

1. Materials and methods  
The first step of the methodology is determination of the studied taxon or taxons. D.S.S approach studies the 
species that are ubiquiste, well dispread and present in different ecological situations; the unique feature of the 
present work is implementation of this methodology on stachys inflata which is missing in the literature. In the next 
step, general stations of s.inflata are assessed, in this way the appropriate data is collected. Concretely, data on 
the place of this species and its transmittal are gathered from floras like Iranica flora, references, books and 
consultation with botany experts in research institute. All of the seeds of special stations in different populations 
obtained in flowering period were collected in September 2009. The labeled species deposited in the herbarium of 
Department of Biology, Faculty of Science, Bu-Ali SinaUniversity, Iran (BHU). In each general station, location of 
special station is determined on base of presence of individual study species. To determine the special station for 
the individuals in study species, minimal area is identified using the D.S.S method. Afterwards collecting floristic-
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ecologic data (floristical composition) done, in this procedure in participant of s.inflata, all of associated species 
were collected. All of the floristic–ecologic data, longitude (E°), latitude (N°), altitude (in meters), the study of 
species & companion species as floristic marker, date, code of each plant, minimum level, different kinds of bed 
were collected from each special station. 
 

Table 1: The populations of Stachys inflata considered for ecological studies 
 Name of 

species  
Locations  

Geographical 
characters  

Altitude(m)  Collector  
Date of 
collection  

1  
Stachys 
inflata 

Hamedan, Arak road, Protective 
area of Lashkardar, back of 
soldier garrison  

N: 34°08’ 28.5” E: 
48°13’ 03.2”  

1918  Jahandideh 2 July 2009  

2  S. inflata 

Hamedan, Arak road, 
Lashkardar, back of soldier 
garrison, first groove after 
garrison.  

N: 34°08’ 28.5” E: 
48°13’ 03.2”  

1926  Jahandideh 2 July 2009  

3  S. inflata 
Hamedan, Protective area of 
Khangormaz 

N: 34°46.3’ 49” E: 
48°07’ 06”  

2198  Jahandideh 1 July 2009  

4  S. inflata 
Hamedan, Kabudarahang, 3 Km. 
to airy radar.  

N: 35°11.5’ 12” E: 
48°16.1’ 17”  

2324  Jahandideh 1 July 2009  

5  S. inflata 
Hamedan, Razan, Boghati 
mountain  

N: 35°32.8’ 29” E: 
48°43.1’ 38”  

2365  Jahandideh 1 July 2009  

6  S. inflata Hamedan, Abbasabad mountain  
N: 34°22’ 33” E: 
48°34’ 12”  

2049  Jahandideh 
30 June 
2009  

7  S. inflate  
Hamedan, Abbasabad to 
Ganjnameh 

N: 34°22’ 34” E: 
48°23’ 12  

2066  Jahandideh 
30 June 
2009  

8  S. inflata 
Hamedan, Nahavand, Gian 
forest, 200 m higher than mirage  

N: 34°47’ 29.2” E: 
48°29’ 19”  

1737  Jahandideh 2 July 2009  

9  S. inflata 
Hamedan, Nahavand, Gian 
forest. not arrived to rocks, right 
side of valley  

N: 34°08’ 03.5” E: 
48°13’ 05.2”  

1737  Jahandideh 2 July 2009  

10  S. inflata 
Hamedan, after Tajabad village, 
right side of valley  

N: 35°06.6’ 16” E: 
98°47’ 54”  

2119  Jahandideh 9 July 2009  

11  S. inflata 
Hamedan, Almagholagh 
mountain  

N: 35°06.6’ 16” E: 
98°47.5’ 04”  

2104  Jahandideh 9 July 2009  

12  S. inflata 
Hamedan, Road of Malayer to 
Arak, 5Km , Sardehkouh 

N: 34°08’ 28.5” E: 
48°13’ 03.2”  

1822  Jahandideh 2 July 2009  

13  S. inflata 
Hamedan, Asadabad to 
Hamedan 

N: 34°47’.7 55” E: 
48°07’ 40”  

1800  Jahandideh 1 July 2009  

According to table 1, Hamedan province in west of Iran was the center of our survey, 13 special stations of stachys 
inflata had been collected. The table contains information on localities, collectors, geographical characters, altitude 
and collecting dates. 
 
Result and Discussion 
 
3.1 Results obtained from softwares 
 Grouping of special stations by florostic marker: In this article floristical composition is carried out in special 
stations of s.inflata using F.C.A (Factorielle Correspondance Analysis) method in Anaphyto software. This resulted 
in distinct and independent groups according to similarity or differences of species.  
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Figure 1: grouping of special stations in s.inflata by using results of F.C.A method on axis 2, 3 

 

 
Figure 2: grouping of special stations in s.inflata by using results of F.C.A method on axis 1, 3 
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Figure 3: grouping of special stations in s.inflata by using results of F.C.A method on axis 1, 2 

 

 In the following subsections details of figure 1, figure 2 and figure 3 will be debated: Then the results have 
been compared based on different axis. Therefore, according to the information from the analysis of the obtained 
results, 9 groups are identified showing intraspecific diversity of s.inflata as is observable from Figure 1, 2 and 3.  
These 9 identical groups are labled A to I. Group A includes: special stations 1 and 2. Group B contains: special 
station 3, group C comprises of: special stations 4 and 5, group D includes: special stations 6 and 7, group E 
includes: special station 8, group F includes: special stations 9 and 10, group G includes: special station 11, group 
H includes: special station 12 and group I includes: special station 13. 
 

1.2 Floristical composition (associated taxa) in S. inflata 
Different populations of stachys inflata were selected in different localities of Hamedan province in Iran and special 
stations were detected for every population on the basis of the presence of individual of S. inflata. In this 
investigation, seed proteins of 13 special stations were studied.If Stachys inflata centralizes in different stations, 
associated species will collect in a level that is monotonous from floristic- ecologic point of view. Therefore, 72 plant 
species distinguished as associated species in these special stations with details provided below in Table 2.  
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Table 2: Floristical composition (associated taxa) in S. inflata 
Special 
station 1 

    Stachys 
inflata 

Benth 

Euphorbia 
macroclada 

Boiss & Buhse 

Astragalus 
verus 

Cousinia 
bijarensis 

Aegilops 
triuncialis L 

Stipa 
barbata 

Desf 

Tragopagon 
maturates 

Boriss 

Centaurea 
virgata Lam 

 

Special 
station 2 

   Stachys 
inflata 
Benth 

Dendrostellera 
lessertii 

Euphorbia 
macroclada 

Astragalus 
verus 

Tragopagon 
maturates 
Boriss 

Aegilops 
triuncialis 
(Wikstr) 
Van Tigeh 

Trigonella 
spicata Sibth. 
& Sm 

Silene 
aucheriana 
Boiss. 
 

 

Special 
station 3 

Stachys 
inflata 
Benth 

Trichodesma 
incanum (Bge.) 
A.DC 

Cousinia 
bijarensis 
Rech. f 

Euphorbia 
macroclada 
Boiss & Buhse 

Astragalus 
glaucacathus 
Fisch 

Poa 
bulbosa L 

Bromus 
tectorum L 

Teucrium polium 
L 

 

Special 
station 4 

Stachys 
inflata 
Benth 

Bromus 
tectorum L 

Eremopoa 
persica 
(Trin.)Roshev 

Taeniatherum 
crinitum 
(Schreb.) 

 Bromus 
danthoniae 
Trin 

Aegilops 
triuncialis L 

Cerastium 
inflatum Link 
ex Desf 

Arenaria 
leptocladus 
(Reichenb.) 

 

Special 
station 4 

Ferula 
oopoda 
(Boiss & 
Buhse) 
Boiss 

Euphorbia 
macroclada 

Amygdalus 
lycioides 
Spach 

Linum album 
Ky ex Boiss 

Scrophularia 
striata Boiss 

 Onosma 
sericeum 
Willd 

Anthemis 
hyalina DC 

Eryngium 
noeanum Boiss 

 

Special 
station5 

Stachys 
inflata 
Benth 

Poa bulbosa L Bromus 
danthoniae 
Trin 

Eremopoa 
persica 
(Trin.)Roshev 

Taeniatherum 
crinitum 
(Schreb) 

Crucianella 
gilanica 
Trin 

Euphorbia 
spinidens 
Bornm. ex 
Prokh 

Acanthophyllum 
microcephalum 
Boiss 

Onosma 
Sericeum 
Willd 

Special 
station6 

Stachys 
inflata 
Benth 

Carthamus 
oxyacantha M. 
B 

Phlomis 
olivieri Benth 

Eryngium 
billardieri F. 
Delaroche 

Picris strigosa 
M. B 

Minuartia 
meyeri 
(Boiss.) 
Bornm 

Stipa barbata 
Desf 

Gundelia 
tournefortii L 

 

Special 
station 6 

Centaurea 
virgata 
Lam 

Taeniatherum 
crinitum 
(Schreb.) 

       

Special 
station 7 

Stachys 
inflata 
Benth 

Astragalus 
verus 

Cousinia 
elwendensis 
Bornm 

Gundelia 
tournefortii L 

Onosma 
microcarpum 
DC 

    

Special 
station 8 

Stachys 
inflata 

Benth 

Phlomis 
bruguiere Desf 

Eryngium 
billardieri F 

Onopordon 
heteracanthum 

C. A. Mey 

Scabiosa 
flavida Boiss. 

& Hausskn 

Astragalus 
verus 

Teucrium 
polium L 

Alyssum minus 
(L.) Rothm 

 

Special 
station 9 

Stachys 
inflata 
Benth 

Sophora 
alopecuroides 
L 

Crupina 
crupinastrum 
(Moris) Vis 

Festuca ovina 
L 

Acantholimon 
olivieri (Jaub. 
& Spach) 
Boiss 

Consolida 
anthoridea 
(Boiss.) 

Erysimum 
crassipes 
Fisch. & C. A. 
Mey 

  
 

Special 
station 10 

Stachys 
inflata 
Benth 

Acantholimon 
olivieri (Jaub. 
& Spach) 
Boiss 

Astragalus 
verus 

Festuca ovina 
L 

Ceratium 
dichotomum 

Elymus 
hispidus 
(Opiz) 

Stipa barbata 
Desf 

Scabiosa flavida 
Boiss. & 
Hausskn 

 

Special 
station 11 

Stachys 
inflata 
Benth 

Scariola 
orientalis 
(Boiss) 

Picris strigosa 
M. B 

Taeniatherum 
crinitum 
(Schreb.) 

, Bromus 
danthoniae 
Trin 

Acinus 
graveolens 
M. B 

Cephalaia 
dichaetophora 
Boiss 

Minuartia meyeri 
(Boiss.) 

Lens 
orientalis 
Boiss 

Special 
station 12 

Stachys 
inflata 
Benth 

Astragalus 
verus 

Festuca ovina 
L 

Stipa barbata 
Desf 

Salsola 
boissieri 
Botsch 

Verbascum 
speciosum 

Elaeostica 
nodosa Boiss 

Buffonia 
macrocarpa Ser 

 

Special 
station 13 

Ephedra 
major 

Alyssum minus 
 

       

 
 
As it observed in table 2, by Comparing taxa and species in different stations, the following results is achieved: for 
13 special stations in Hamedan, variety of associated taxa (in number and type of them) are observed. According 
to floristic marker 9 groups obtained based on similarity and differences of the associated taxa of stachys inflata, as 
a result, differences in associated taxa determine the intraspecific diversity and variation in 13 special stations of 
stachys inflata. 
 
     3.3 Proving diversity by ecological factors 
Ecological factors of special stations in stachys inflata  reveal that each taxon with a floristic composition, is 
absolutely influenced by ecological factors that is totally different from those of other groups, therefore it is deduced 
that ecological situations diversity in an area can produce different stations in that area, not only for composition of 
species in special stations used as floristic marker, but also for ecological factors like altitude, latitude, longitude, 
inclination and type of bed and so on analyzed for every special station. Analysis of ecological factors is carried out 
by benefiting from MVSP (Multi Variante Statistical Package) software with UPGMA (Unweighted Pair Group 
Method with Arithmetic Average) and C.C.A methods. In addition, the rate of conversions and changes and quality 
of effecting ecological factors, altitude, determined by F.C.A method. 
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Table 3: ecological data on special stations in stachys inflata 
Number of special 
station 

Altitude  
(m) 

Percent of plant 
covering 

Point of incline Type of bed 

1 2049 40% northwest slither 

2 2066 50% western slither 

3 1800 60% western stone, soil 

4 1737 70% eastern slither, clay 

5 1737 85% eastern slither, clay 

6 2118 50% eastern clay 

7 2126 40% southern clay 

8 1822 40% southwest Silt, clay 

9 2119 70% southeast rocky, clay 

10 2104 50% western rocky, clay 

11 2198 40% southern rocky 

12 2324 40% northern slither, soil 

13 2365 40% eastern rocky , stone 

 
 According to table 3, it was figured out that individuals of species in our survey are in different stations with 
diversity of beds like slither, soil, clay, silt, rocky stone or combination of them, and in different altitudes from 1737 
to 2365, covering variety of plant from 40 to 85 percent and including different point of inclination like western, 
eastern, southern, northern, southwest and so on. These variety in aspects of ecological data resulted in 
intraspecific diversity in s.inflata. Finally, it concluded that PH upper than 7, direction of incline eastern and 
western, soil bed stone and rocky and altitude upper than 2000m are the best ecological condition for growth and 
development in stachys inflata in Hamedan province. Populations of stachys inflata present in stone, rocky and 
slither beds, and they grow in dry and far from the water places. 
 
 

 
Figure 4: grouping of special stations based on ecological factors by MVSP software with UPGMA method  
 
Regarding ecological factors (figure 4), group A contains special stations 1 and 2 with slither bed and altitude 2049 
m to 2066 m; group B comprises of special station 3 with soil and stone bed and altitude 1800 m;  Group C is 
composed of special stations 4 and 5 with slither and clay bed and altitude 1737m; Group D describes special 
stations 6 and 7 with clay bed and altitude 2118 to 2126; Group E includes special station 8 with Silt and clay bed 
and altitude 1822 m; Group F is composed of special stations 9 and 10 with rocky and clay bed and altitude 2104 
to 2119m; Group G contains station 11 with rocky bed and altitude 2198m. Group H stands for special station 12 
with slither and soil bed and altitude 2324m and finally Group I contains special station 13 with rocky and stone bed 
and altitude 2365m. 
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Figure 5: Grouping of special stations obtained from analyzeing F.C.A method based on ecological bed factor on 1, 2 axis 

 

 
Figure 6: Grouping of special stations obtained from analyzeing F.C.A method based on altitude on 1, 2 axis. 

 

In figures 5 and 6 increase of bed hardness and altitude are demonstrated with an arrow. In figure 5, for instance, 
the rate of hardness is increasing from clay to slither and finally to stone. As these figures highlight, special station 
13 contains hardest bed among other stations because of having rocky and stone bed, therefore it represents the 
effect of bed type on grouping and the magnitude of their gradients. So based on ecological bed factor, 9 groups 
obtained. 
In figure 6, increasing the altitude is depicted by an arrow with a direction from left and top of the figure to right and 
down. The least altitude (1737m) is related to special stations 4 and 5; in addition the order of altitude increment is 
in as follows : 1800m,1822m, 2049m, 2066m, 2104m, 2198m, 2218m,2324m, 2226m, 2365m and finally special 
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station 13 has the highest altitude (2365m). In conclusion for this grouping, 9 groups were obtained based on the 
altitude factor. 
 

2. Concluding Remarks  
In this paper, intraspecific diversity is investigated for stachys inflata which is rarely reported in the past studies.  
Grouping of special stations is performed based on floristic composition by Anaphyto software with F.C.A method 
on axis 1, 2 and 1, 3 and 2, 3 is in accordance with grouping based on MVSP software by UPGMA method, where 
both of the approaches confirmed 9 groups representing intraspecific diversity in stachys inflata. Therefore the 
number of groups and their members were completely identical following the two approaches, indicating that in 
each population, the individuals of S. inflata had changed their inner composition in order to fit into the surrounding 
environment; moreover in their stations, there was specific adjustment between floristical and ecological attributes. 
The research findings therefore identify 9 groups based on floristic marker and ecological factors. There are some 
similar investigations about intraspecific diversity, for instance the survey of electrophoresis pattern, showed the 
differences regarding number and density of the protein bands indicating the intraspecific diversity in the 
populations of Artemisia incana (Chehregani RAd, Atri and Yousefi, 2011) and (Atri, Chehregani Rad and Yousefi, 
2012). Therefore in this species, the grouping according to floristic marker, confirmed with ecological and 
electrophoresis markers. Study by (Atri et al 2009) on Artemisia scoparia was carried out to determine intraspecific 
diversity by D.S.S method in the west of Iran. (Yavary and Shahgolzari, 2015). In addition, according to the findings 
that obtained from Chromosome counts in different populations of Stachys inflata in Hamedan province, D.S.S 
method showed Chromosome number variation in 9 groupings and the results indicated that the intraspecific 
polyploidy was demonstrated in this species. (Chehregani rad et al 2012). 
The results confirm that there is certain connection between the ecological characteristics of the habitat and floristic 
composition of 13 studied populations and their associated taxa. Therefore this is clear that composition of species 
in a defined level, is the best marker and the most clear indicator for composition of ecological factors in that level. 
In this manner analyses of ecological data by MVSP software with C.C.A distinguished the most effective 
ecological factor or factors in each special stations. Based on these findings and applying D.S.S method, excessive 
impression of it is clear in determination and proving of intraspecific diversity in stachys infalta. 
 

3. Nomenclature 
D.S.S:  Determination of Special Station 
UPGMA: Unweighted Pair Group Method with Arithmetic Average 
F.C.A: Factorielle Correspondance Analysis  
M.V.S.P: Multi Variante Statistical Package 
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