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 Understanding ecological needs of range species is very important for 
conservation and utilization of rangeland ecosystems. The current research was 
conducted to find out ecological characteristics of Salsola arbusculiformis in 
Garmeh (north east of Iran). In this site, different parameters such as climate 
characters, vegetation studies, forage quality, physical and chemical analysis of 
the soil were determined. The results showed that Salsola arbusculiformis could 
be adapted in regions with arid cold climate, annual rainfall average of 229 mm 
and annual average temperature of 12.93°C. Salsola arbusculiformis have 
dispersed in northern and flat slope and altitude 1280- 1600 m of sea level in 
sandy area. Soil studies of the mentioned species showed that it mainly grows in 
soils with loam to loamy sand textures, EC of 0.199 -0.214 ds/m and pH of 
8.14. According to the results of the vegetation studies, average of the current 
yield was 1145.36 kg/ha and 16909 species per hectare was estimated as 
average of the density of Salsola arbusculiformis. Forage quality analysis at 
three phonological stages showed that the amount of CP was reduced while 
DMD and ME were increased. 
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INTRODUCTION 

 
Iran with about 1.65 million square kilometer area is 

a large country and after Turkey is the richest country of 
plant diversity in the Middle East (Jafari and Akhani, 
2008). Iran is one of the major centers of endemism in the 
world. This country is rich in plant diversity; topographic 
factors have created a very diverse microclimate and 
edaphic conditions that caused growth around 8000 plant 
species (Haghighi and Mozafariyan, 2011). 

Knowledge of ecological factors such as climate, soil, 
topography and disturbance influencing plant species 
distribution is necessary for conservation, management, 
and recovery of rangeland ecosystems (Ajeer and 
Shahmoradi, 2007; Nautiyal et al., 2009). 

Autecological studies are necessary for determination 
of the ecological requirements of plant species and 
provide basic knowledge for relevant authorities such as 
range managers (Abarseji et al., 2007) in identifying 
suitable plant species for the rehabilitation of degraded 
rangeland. Many studies (Saeedfar et al., 2003; Bashari & 
Shahmoradi, 2004; Ghorbanian, 2005; Kaya & Aksakal, 
2007; Farahani et al., 2008) reported the Autecological 
characteristics of various range plants species throughout 

the world. Bashari and Shahmoradi (2004) found no soil 
texture restrictions on the establishment of 3 range plants, 
i.e. Artemisia siebiri Besser, Ferula gummosa Boiss., and 
Stipa hohenackeriana Trin. & Rupr., in arid rangelands of 
Qom Province, Iran. Saeedfar et al. (2003) reported that 
Salsola orientalis S.G. Gmel can be used for the 
rehabilitation of rangelands in poor ecological conditions 
in the central steppes of Iran. Ajeer and Shahmoradi 
(2007) found that Ferula ovina Boiss can productively 
grow on calcareous soils with EC <1 mmohs/cm, pH 
between 7 and 7.7 and sandy texture. 

For an understanding of the biological characteristics 
of a species, it is important to have knowledge of its 
habitats that helps to maintain, cultivate and develop the 
habitat of this plant. 

Salsola arbusculiformis Drob. is one of plant species 
of Iran with soil conservation, forage and ecological 
values in Central Elborz Mountains in the North of Iran. 
Salsola arbusculiformis Drob. belongs to the 
Chenopodiaceae family, This species is shrub and its tall 
is 20-50 (80) cm, stem is woody with light gray bark and 
much branches. This plant is growing in Provinces such as 
North Khorasan, Semnan, Azarbaijan, Tehran and 
Golestan in Iran. The objective of this study was to 
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investigate some Autecological characteristics of Salsola 
arbusculiformis to reveal its ecological requirements and 
provide basic knowledge for its successful establishment 
and survival in dry rangeland. 

 
MATERIALS AND METHODS 

 
Study area 

The study area was chosen in arid rangelands of 
Garmeh in North East of Iran (North Khorasan 
Provinces). This region is located between 37° 18' to 37° 
24' North latitude and 56° 20' to 56° 37' East longitudes. 
The area is approximately 30000 hectares with elevation 
ranging from 1280 m to 1600 meter. The means of 
precipitation is 229mm/year that maximum and minimum 
of precipitation occur in April and July respectively. The 
mean of annual temperature is 12.9°C. The average 
maximum temperature is 32.6°C in July and minimum 
temperature is -5.92°C in January (Fig.1). The climate of 
this region with using of Emberger method is cold arid. 
The embrothermic diagram show that drought period is 
for six months of year and wet season start in November 
and continues until May (Fig.2). 
 
Measurement of habitat characteristics 

Autecology and phonological studies for Salsola 
arbusculiformis were done for two years. At first, related 
information such as: Meteorological statistics, 
topographic maps were collected. Then, vegetation 
habitats of this plant were chosen in Garmeh and three 
regions were selected.  

The distribution area (habitat) of Salsola 
arbusculiformis was delineated through screening of the 
literature i.e. published reports, land use maps, and 
vegetation type maps, as well as field inspection. 
Hereafter, all measurements were performed only in the 
selected key areas. 

The climatic (temperature, rainfall), topographic 
(slope, altitude), and edaphic (physical and chemical) 
properties of the habitat were determined in the key areas. 
Meteorological data including rainfall, temperature and 
evaporation were obtained from Robate, Chamanbid and 
Charchobeh meteorological station. Five soil profiles were 
randomly dug at each key area. In each of the two depth 
profiles of 0-30 and 30-60 cm soil samples were taken. 
Soil samples were analyzed for OC, EC, pH, N, Na, K, P, 
CaCO3, CaSO4 and texture. Plant height, density, 
abundance, canopy cover, and yield of Salsola 
arbusculiformis were directly measured in the field using 
transect and quadrat method (Mannetje, 1978). Five 
transects each 100 meter were established and then 10 
plots by the average of 1m × 2m were selected in each 
transect. All samples were chosen by a random systematic 
method, in each region. Rooting depth was also measured 
in each soil profile. Major phenological stages of the 
species were recorded by biweekly field inspection. 
Nutritive value of Salsola arbusculiformis during leaf 
growth perfect, vegetative growth and flowering was 
determined by measuring P, K, crude protein (CP), Acid 
detergent fiber (ADF), Neutral detergent fiber (NDF), dry 
matter digestibility (DMD) and metabolizable energy 
(ME). 

Statistical analyses 
Assumptions of normality and homogeneity of 

variance were checked and found to be valid. Duncan’s 
test was used to compare the difference among all key 
areas in the habitat with regards to soil and plant 
characteristics.  All the tests were run using SPSS (SPSS 
Inc., 2007). A P<0.05 level for testing significance was 
used in this study.  

 
RESULTS AND DISCUSSION 

 
Climate is one of the most important factors in the 

plant development (Vallejo et al., 1998). In Irano-
Turanian zone, fall and winters are cold, rainy and snowy, 
and summers are dry and hot, are covered by 
sclerophylleous species that need quite little water and 
high temperatures (Dogan, 2003). 

Using the Emberger climate classification, the habitat 
of Salsola arbusculiformis was categorized as cold arid. 
The mean annual rainfall and temperature were about 229 
mm and 12.9°C for the habitat, respectively, with the bulk 
of the rains concentrated in February, March, April and 
May. 

The Flora of study area is rich composed of annual 
and perennial plants. This area is categorized as fair 
rangelands. Other plants include Artemisia sieberi, Poa 
bulbosa, Stipa barbata, Carex sp., Eurotia ceratoides, 
Salsola rigida, Bromus tectorum and Scariola orientalis. 
 
Plant cover 

In table 4, vegetative characteristics of Salsola 
arbusculiformis were shown in the study area. Based on 
these accomplished studies, this plant is distributed on the 
flat and northern slopes, dry land, calcareous places and 
altitude of 1280-1600 m. 

Percentage of cover for this plant in three areas is as 
23.75% (Karnakh), 13.12% (Aspakho) and 18.21% 
(Robate). The average canopy cover of Salsola 
arbusculiformis was 18.36% across the habitat. The mean 
height were 25.55 (cm) for Robate, 25.33 (cm) for 
Aspakho and 18.50(cm) for Karnakh. 

The density of plants in three sites including Robate, 
Aspakho and Karnakh were counted as 15437, 11125and 
24166 per hectare, respectively. Means of density in these 
three sites is 16909 plants per hectares. 

Biomass of this plant in three areas are 1449 
(Karnakh), 785 (Aspakho) and 1203 (Robate) Kilograms 
per hectare. 

Salsola arbusculiformis have long horizontal and 
vertical roots. These roots can penetrate up to 2 meters 
depending on soil condition. About 60%-65% of the root 
system was in surface soils (0-40 cm). This plant can 
tolerate dry condition for a long period. 

Germinating capacity of seeds was 88% in laboratory 
conditions, but was reduced by increasing salinity level in 
the medium. However, it was still able to germinate in a 
salinity level up to 500 mmol. This can be attributable to 
differences in metabolic response to salinity effects during 
germination (Khan et al., 2006). Hamed et al. (2006) also 
reported similar results in relation to germinating capacity 
and salinity level. 
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Fig. 1: The line chart of temperatures 
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Fig. 2: The lines on 2 Axes chart of embrothermic curve 
 
Phonology  

Initiation of growth: The plant starts to grow from 
early of March and its primary leaf buds appear. 
Vegetative stage: This stage starts from middle of March 
to first September. In this stage, new branches and buds 
appear. Flowering stage: Flowers of this plant appear at 
the beginning of September to end October. Seed 
formation stage: Seeds of plants are formed in the first fall 
and become ripened at the end of fall. Seed release stage: 
Some seeds are separated from plant on November and 
distributed during December. Dormancy stage: This stage 
starts from end of fall to early of March. 
 
Palatability of Salsola arbusculiformis  

Based on the comparison of nutrient mean content 
(table 5) the following results are suggested: Significant 
differences were obtained between forage quality of 
Salsola arbusculiformis species (P<0.01).  Crude protein: 
the results showed that there is a significant difference in 
protein content among growth stages of Salsola 
arbusculiformis (P<0.01). The highest protein content was 
10.34% in leaf growth perfect stage and the lowest value 
(3.26%) was in flowering stage. The crude protein content 
of vegetative growth stage was 5.11%. Seasonal changes 
of CP during different phenological stages were reported 
by White (1983), Akbarinia and Koocheki (1992) and 
Arzani et al. (2004). They found that when plants became 
older, CP declined. 

Table 1: The analysis results of soil in the habitats of Salsola 
arbusculiformis in 0-30 cm depth. 

F Region 
 KarnakhAspakho RobateParameters 

.35ns54.10 49.12 48.72 Sand (%) 

.79ns31.60 37.74 41 Silt (%) 
1.79ns14.30 13.14 10.28 Clay (%) 
2.35ns.213 .206 .177 EC (ds/m) 
1.94ns8.134 8.122 8.19 pH 
8.02** 1.13 2.05 1.95 Organic matter (%) 
8.02** .66 1.19 1.13 Organic Carbon (%) 
.75ns23.075 24.25 21.92 CaCO3 (%) 

3.08ns.884 .879 .878 CaSO4 (%) 
40.27**.0227 .0241 .0293 N (%)  

.14ns45.97 47.71 45.21 Saturation moisture (%)

.87ns.17 .078 .123 P (mg/kg) 

.02ns40.88 40.155 40.46 K (mg/kg) 
1.52ns8.4 5.63 4.75Na (mg/kg)

 
Table 2: The analysis results of soil in the habitats of Salsola 
arbusculiformis in 30-60 cm depth. 

F Region 
 KarnakhAspakho Robate Parameters 

1.32ns38.12 45.92 40.32 Sand (%) 
1.42ns37.84 34.71 36.03 Silt (%) 
.77ns 24.04 19.37 23.65 Clay (%) 

2.07ns.157.179 .305 EC (ds/m)
1.96ns 8.23 8.13 8.07 pH 
.51ns.832 1.09 1.2 Organic matter (%) 
.51ns.482 .631 .697 Organic Carbon (%) 
.69ns25.50 25.30 22.8 CaCO3 (%) 
.38ns.88 .88 .88 CaSO4 (%) 
9.8**.0194 .021 .024 N (%)  
3.66ns43.61 51.68 49.44 Saturation moisture (%) 
2.68ns.026 .082 .073 P (mg/kg) 
4.09*28.42 25.09 20.00 K (mg/kg) 
9.27**4.235.92 20.53 Na (mg/kg)

 
Table 3: The compare of physical and chemical analysis results 
on the soil in the habitats of Salsola arbusculiformis in 0-30 and 
30-60 cm depths. 

 
ADF & NDF: The results revealed that the ADF and 

NDF percentage of Salsola arbusculiformis the significant 
difference in different stages of plant growth (P<0.01). 
The highest ADF and NDF percentage was at the first 
stage and vegetative growth with flowering stage wasn’t 
significant differences. 

Digestible Dry Matter (DMD) and Metabolic Energy 
(ME): The results of statistical analysis showed that DMD 
content of plant tissues of Salsola arbusculiformis in 
different vegetative stages have significant differences 
(P<0.01). The highest DMD and ME content were 80.95%

F 30-60cm 0-30cm Parameters 
*7.06 41.453 50.645 Sand (%) 
ns .0536.193 38.850 Silt (%)

**26.66 22.353 12.507 Clay (%) 
.18ns.214 .199 EC (ds/m) 
.02ns8.143 8.149 pH 

**10.41 1.04 1.712 Organic matter (%) 
**10.41 .604 .993 Organic Carbon (%) 
1.29ns24.535 23.082 CaCO3 (%) 
1.03ns .879 .88 CaSO4 (%) 
**15.5 .0212 .0254 N (%)  
.66ns 48.245 46.295 Saturation moisture (%) 
*4.25 .06 .124 P (mg/kg) 

**58.06 24.50 40.50 K (mg/kg) 
2.2ns 10.22 6.26 Na (mg/kg) 
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Table 4: The vegetative characteristics of Salsola arbusculiformis in the study area 
Mean Height (cm) Canopy cover (%) Litter % Density (per hectare) product per hectare (kg) Abundance % Regions 

18.50 23.75 4.57 24166 1449 96.7 Karnakh 
25.33 13.12 9.4 11125 785 90 Aspakho 
25.55 18.21 10.53 15437 1203 93.75 Robate 

 
Table 5: The analysis results of forage quality of Salsola arbusculiformis in the study area. 

   Parameters    Phenological stages 
CP% ADF% %NDF DDM% ME p% k(ppm)  

a 10.34 a 13.24 a 30.69a 77.02 a 11.09 a 1.1 a 55.8 leaf growth perfect 
b 5.11b 5.8 b 12.96b 80.95 b 11.76 b .36 b 29.9 vegetative growth 
c 3.26 b 6.1 b 14.66b 79.93 b 11.59 b .33 b 38.2 flowering 

* Means in columns with different superscripts (a, b...) between phenological stages are different (P<0.01). 
 
and 11.71 MJ/kg in vegetative growth stage. The results 
of measured DMD and ME showed significant differences 
for Salsola arbusculiformis in phenological stages. In the 
experiment for this plant DMD value of forage is above 
70%. Generally, about 50% digestibility is sufficient for 
animal maintenance (Victor, 1981; White, 1983; 
Gonzalez-Hernandez and Silva-Pando, 1999). Information 
on ME content could guide range managers to estimate 
forage requirements of grazing animals based on energy 
required for particular physiological status. The basic 
energy requirement for maintenance of sheep is derived 
from the metabolic weight relationship: Kcal required = 
70W0.75 where W is the weight of animal in kilograms 
(Stoddart et al., 1975). 

Phosphorus (P) & Potassium (K) elements: The P & 
K content in different vegetative stages of Salsola 
arbusculiformis species shows significant differences 
(P<0.01). The highest value p and K percentage was at the 
first stage But second and third stages no significant 
differences.  

Range forage quality has spatial and temporary 
variations. The chemical analysis of range forage plants 
serves as a comparative measure of differences between 
species and changes with season or phenology. 
Rangelands of region usually supply both sheep and goat 
during spring, summer and fall. 
 
Soil physical and chemical properties 

Statistical characteristics of soil physical and 
chemical properties of the stations are shown in Table 1, 
2, 3. The analysis of the properties of clay, silt, sand, 
organic matter, pH, EC, N, K and P were applied. The 
results indicated that among the soil variables in the 
studied sites, only measured in 0-30 cm depth of organic 
matter and N  are significantly different (P<0.01). As, the 
results showed in 30-60 cm depth the amount of N, P and 
Na are significantly different (P<0.01, 0.05). The compare 
of physical and chemical analysis results on the soil in the 
habitats of Salsola arbusculiformis between the top soil (0 
–30 cm) and the sub-soil (30 - 60 cm) indicate that sand, P 
(P<0.05) and Clay, organic matter, N, K (P<0.01) are 
significantly different.  No significant differences are 
observed in other characteristics. 

Soil pH varied from 8.07 and 8.23. Soil pH is a major 
factor influencing the availability of elements in the soil 
for plant uptake (Marschner, 1995). Among the effects of 
pH, the most important is mainly on the solubility of 
nutrients and their ionic forms (Ronen 2007). Some 
nutrients might become unavailable while others might 
reach high concentrations leading to deficiency or 

toxicity, respectively, at different levels of pH (Ronen 
2007). In our study, pH range is optimum. Saturation 
moisture ranges were between 43.61 and 51.68% in the 
habitats. But it is not a significant difference between 
different soil depths and the regions. Concentration of 
CaSO4 is worthless. Concentration of CaCO3 is 22.36% 
for Robate, 24.29% for Karnakh and 24.775% for 
Aspakho. The data depicts that plant has the ability to 
grow in high calcareous soil. Electrical conductivity was 
measured in 0-30, 30-60 cm depths as 0.177- 0.305 (ds/m) 
for Robate, 0.206- 0.179 (ds/m) for Aspakho and 0.213-
0.157 (ds/m) for Karnakh, which implies compatibility of 
non-saline texture.  

The chemical analysis of soils showed that N values 
are 0.024-0.029% for Robate, 0.021-0.024% for Aspakho 
and 0.0194-0.023% for Karnakh. In general, percentage N 
contents of mineral soils varies are between 0.02 and 0.5, 
while the average value is 0.15 (Kacar & Katkat 2010; 
Bruce and Rayment, 1982). Our results indicated that 
values are within normal range, but lower than average. 
Organic carbon was measured in 0-30, 30-60 cm depths as 
1.13- 0.697% for Robate, 1.19-0.631% for Aspakho and 
0.66-0.482% for Karnakh area. Average P values in the 
soils were from 0.123-0.073 mg/kg for Robate, 0.078-
0.082 mg/kg for Aspakho and 0.17-0.026mg/kg for 
Karnakh area. The average value for soil P is between 
0.0006 and 0.0009% (Eskin et al. 2013). The results 
showed that soil P for three locations is low. Average K 
values in mg/kg were 40.46-20 in Robate, 40.155-25.09 in 
Aspakho and 40.88- 28.42 in Karnakh. Normal values of 
K in soil lie between 130 and 580 mg/kg and the average 
value is 355 mg/kg (Eskin et al. 2013). Therefore, it can 
be concluded that K levels in the soils of Salsola 
arbusculiformis are lower than the average. 

The average of soil Na in mg/kg was measured as 
4.75-20.53 mg/kg in Robate, 5.63-5.93 mg/kg in Aspakho 
and 8.4-4.23 mg/kg in Karnakh. These values are lower 
than normal limits lying around 46 mg/kg (Eskin et al. 
2013). 

From the physical analysis of the soils, it was found 
in this study that Salsola arbusculiformis grows on loamy 
(73%), sandy-loam (14%), clayey-loam (10%) and Silt- 
loam (3%) soils. Soil texture has a large influence on 
controlling soil moisture and nutrients available to plants 
(Jafari et al., 2006). Between morphological parameters, 
soil and vegetation are closely related. Therefore, any 
suggestion for reform in rangeland should take into 
account the soil characteristics. Having the knowledge of 
soil properties of each species has effective role in 
suggesting suitable species to the soil conditions in the 
same areas (Jafari et al., 2006). 
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Conclusions  
In this research, the phenological and ecological 

properties of Salsola arbusculiformis have been 
investigated. Arid regions receive low annual rainfall and 
are subject to periodic drought and extreme temperatures, 
which may accelerate vegetation degradation and water & 
wind erosion particularly in areas. Native plant species 
that have evolved within these regions are perfectly 
adapted to grow up in the current climate, soil, and 
environmental conditions. It can be impressively used for 
rehabilitation of desertified rangeland and improvement of 
degraded rangeland in arid regions. Soil properties are 
major determinants in the establishment and distribution 
of Salsola arbusculiformis on Garmeh rangelands. In 
addition, Salsola arbusculiformis could be a good fodder 
resource for sheep and goat in arid areas due to its 
relatively high crude protein content, Digestibility and 
Metabolic Energy during vegetative growth. Six month of 
vegetative growth in this species is grazing time. 
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