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Abstract 
 
     The aim of this research was to compare the amounts of existing mineral elements in plant aerial parts, litter and soil of 
three range species (Bromus tomentellus, Psathyrostachys fragilis, Agropyron tauri) in order to investigate the litter effect 
of species on soil properties of Taleghan rangeland. The measured mineral elements include carbon, nitrogen, 
phosphorous and potassium. After selection of the appropriate plant species and suitable sites, random- systematic 
sampling method was used to plant aerial part, litter and soil sampling. Soil data were taken of 0-30 cm depth and in 
addition to above mineral elements, soil texture, EC, pH and lime percentage was measured in soils of the sites. The data 
was analyzed by analysis of variance (ANOVA), Duncan’s test and t-test. Results of analysis of variance of different 
elements showed that the amounts of nitrogen, carbon and C/N ratio of the species litter had significant differences, so 
that A. tauri had the highest concentration of nitrogen and B. tomentellus had those of Carbon and C/N ratio. Results also 
indicated that there are significant difference among the amounts of nitrogen, phosphorous and carbon in plant aerial part 
of the mentioned species (P<0.01). P. fragilis had the highest amount of nitrogen and both P. fragilis and B. tomentellus 
had higher amount of carbon and phosphorous than A. tauri. Soil under the species and control showed significant 
differences so that the mentioned species improve soil productivity. Totally, A. tauri had the highest litter quality and 
decomposition rate. 
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1. Introduction  
 
     For investigation and integrated management 
of rangeland ecosystems, comprehensive 
recognition of its components and correct 
perception of their relationships is necessary. 
Ecologic relationships existing in nature such as 
topographic factors, climate, soil, vegetation cover 
and microorganisms should be known. According 
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to close relationship among ecosystem 
components, investigation of soil and vegetation 
cover interactions is vital for achievement to 
suitable range management projects.  
     The concept of litter is vegetative residues 
have been exposed to environmental conditions 
and they have been decomposed gradually 
(Paustina et al. 1977). Melillo et al. (1984) 
proposed that indices of litter quality include 
nutritive elements and concentration of different 
organic and carbonic compounds. Rowland and 
Plam (1997) proposed four elements (include: 
Carbon, nitrogen and phosphorous, potassium) are 
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more important than other elements in 
determining quality of litter. Surely 
microorganism has original role in litter 
decomposition; in fact whatever the environment 
is more suitable for macro-organism activities; 
consequently, decomposition of litter becomes 
faster. 
     The role of plant tissue chemistry and its 
decomposition on nutrient cycling in grasslands 
has been reviewed and conceptualized by Wedin 
(1995, 1999). Jafari and Rahimzadeh (2004) 
investigated the relationship between litter and 
soil properties in habitats of Artemisia aucheri, 
Artemisia sieberi and Acantholimon 
tragacanthinum. They found that amount of K and 
P in species litters and habitat soil follow a similar 
trend. Franck et al. (1997) stated that C/N ratio 
was smaller in Lolium prenne litter rather than 
Avena sativa. They supposed that the litter quality 
of Lolium prenne was higher due to little C/N 
ratio. Litter quality of Leucaena and Sesbania was 
studied by Lupwayi and Haque (1998). They 
reported that mentioned plants are different in 
viewpoint of their N, K, and Mg amounts while 
little difference was observed in P and Ca amount 
of the two plants. They explained that 
decomposition speed of Leucaena was bigger than 
Sesbania. 
     Throop et al. (2004) reported that decrease in 
C/N ratio leads to increase in mineralization speed 
and humus formation. Rate of litter decomposition 
is regulated by a hierarchy of interacting physical, 
chemical and biotic factors (Couteaux et al. 1995; 
Heal et al. 1997). Raeisi et al. (2001) stated that 
mass density and much litter production of slow 
decomposition species causes that nitrogen 
content of soil absorbs by microorganism and 
becomes unmovable. Madritch and Mark (2004) 
have also examined effects of species diversity on 
N and C variation and concluded that N and C 
cycle is affected by phenotypic changes. 
     Generally, in vegetation development and 
reclamation projects, only species adaptability is 
considered as a key criterion for plant selection. 
Adaptability to new condition is an important 
criterion but some other characteristics such as 
forage quantity and quality, production 
sustainability, revegetation and litter quality are 
other criteria that should be noted when one or 
more species are selecting for planting in a given 
area. 
     According to importance of organic matter in 
reclamation of physic-chemical attributes of soil 
and improvement of soil biology, every factor that 

affects the amount of organic matter, influences 
soil productivity. Soil productivity explains soil 
ability for provision of permanent and suitable 
growth of plant.  
     The aim of this research was to compare the 
amounts of existing mineral elements (carbon, 
nitrogen, phosphorous and potassium) in plant 
aerial parts, litter and soil of three range species 
(Bromus tomentellus, Psathyrostachys fragilis, 
Agropyron tauri) in order to investigate the litter 
effect of species on soil properties of Taleghan 
rangelands.  
 
2. Materials and methods 
 
     Taleghan watershed is located in Tehran 
province between Karaj and Alamoot watersheds, 
with area about 1325 km2. The region is located 
into 50° 36' 43" to 50° 53' 20" East longitude and 
36° 5' 19" to 36° 19' 19" North Latitude. The area 
has an average annual rainfall of 567 mm and its 
annual temperature is 7c°. In summer of 2008 and 
after primary study and field study, 3 range types 
as P. fragilis, A. tauri, B. tomentellus was 
recognized.  
     For each range type, a key area had been 
detected and random-systematic sampling method 
was used along four transects. Soil and plant 
samples were taken from 10 plots along with each 
transect. Litter and plant aerial parts were taken 
from each plot and soil samplings were taken 
from 0-30 cm depth in underbush and among the 
studied species as control treatment. Samples were 
dried in oven at 70˚C for 24 hours in the Soil and 
Plant Laboratory of Faculty of Natural Resources, 
University of Tehran. After drying, samples were 
ground and C, N, P, and K were measured in plant 
aerial parts, litter and soil by burning in furnace, 
Kjeldahl Method, spectrophotometery and flame 
photometer method respectively.  
     In addition to above minerals, in the soil sites, 
soil texture, EC, pH and lime was measured by 
hydrometric method, 1:1 extract, 1:1 extract and 
calcimetry method, respectively. The data was 
analyzed by analysis of variance (ANOVA), 
Duncan’s test and t-test. 
 
3. Results 
 
     The obtained results of variance analysis of 
various elements of B. tomentellus,  A. touri  and 
P. fragilis shows that the amounts of nitrogen, 
phosphorus, Carbon and C/N proportion in species 
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litters have significant difference (p<0.01), (Table 1). 
                                 Table 1. Variance analysis of aerial organs attributes of the studied species 

Properties df MS F Sig 
N (%) 2 0.207 0.104 6.214** 

P (ppm) 2 0.447 0.224 14.523** 
K (ppm) 
K (ppm) 2 392.043 196.02 1.283ns 

C (%) 2 219.250 109.625 10.103** 
C/N 2 150.659 75.329 1.908 ns 

                                  **: Significant difference at 1% level        *: Significant difference at 5% level            
                                  ns: non-significant difference 

 
     Variance analysis of different elements of litter 
of the species showed that the amounts of 
nitrogen, phosphorous and Carbon in aerial organs 

of the species had significant difference (p<0.01) 
(Table 2). 

 
                                      Table 2. Variance analysis of litter attributes of the studied species 

Properties df MS F Sig 
N (%) 2 1.412 0.706 7.495 ** 

P (ppm) 2 0231 0.116 0.622 ns 
K (ppm) 2 98.010 49.005 1.4 ns 
C (%) 2 1851.245 925.778 7.9 ** 
C/N 2 6152.409 3076.654 12.72 ** 

                                     **: Significant difference at 1% level        *: Significant difference at 5% level             
                                     ns: non-significant difference 

 
     The comparison of the elements in the soil sites 
show that the amounts of nitrogen and phosphorus 
have significant difference (p<0.05) and the 
amounts of potassium, Carbon, lime, sand, clay 

and silt have significant different (p<0.01) as well 
and only C/N proportion does not have any 
significant difference in the samples (Table 3). 

 
                              Table 3. Variance analysis of underbush soil attributes of the studied species 

Properties df MS F Sig 
N (%) 2 0.116 0.58 4.462* 

P (ppm) 2 146.33 70.17 4.939* 

K (ppm) 
K (ppm) 2 468.23 234.11 13.315** 

C (%) 2 13.18 6.59 11.299** 

C/N 2 528.81 264.4 1.469ns 

Lime (%) 2 403.18 201.59 14.982** 

Sand (%) 2 4048.10 2024.1 2377.895** 

Clay (%) 2 1391.10 695.54 53.332** 

Silt (%) 2 1236000 618000 35.654** 

                              **: Significant difference at 1% level        *: Significant difference at 5% level            
                              ns: non-significant difference 

 
3.1. The comparison of inorganic elements 
existing in plant aerial parts, litter and underbush 
soil 
 
     The maximum amount of nitrogen in litter and 
aerial organs exists in A. tauri and P. fragilis and 
the minimum amount of it exists in B. tomentellus 
and A. tauri. The amount of N existing in litter 
and aerial organs of three species are higher than 
soil nitrogen content (Figure 1). From the 
viewpoint of phosphorus amount existing in the 
litter and aerial organs, P. fraghis and B. 
tomentellus have the minimum of the element 

(Figure 2). The highest amount of potassium of 
litter and aerial organs is related to P. fragilis and 
B. tomentellus and A. tauri. About the content of 
soil potassium A. tauri species has the highest 
content and P. fragilis has the least content of K 
(Figure 3). From the viewpoint of carbon content 
in litter and aerial organs, B. tomentellus, and P. 
fragilis has the highest amount of Carbon and A. 
tauri species has the least amount of it, while the 
amount of carbon in underbush soil of B. 
tomenterllus is the highest and Within P. fragilis 
is the least (Figure 4). 
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Fig. 1. Comparison of the mean amount of Nitrogen in litter, aerial organs and soil of the species 

 
 

 
Fig. 2. Comparison of the mean amount of Phosphorous in litter, aerial organs and soil of the species 

 

 
Fig. 3. Comparison of the mean amount of potassium in litter, aerial organs and soil of the species 

 

 
Fig. 4. Comparison of the mean amount of carbon in litter, aerial organs and soil of the species 
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     About C/N proportion, B. tomentellus and P. 
fragilis have the highest amount of C/N in their 
litter and aerial organs, and A. tauri species has 
the least amount of the mentioned proportion. 

Also B. tomentellus has the highest content of C/N 
in its underbush soil and P. fragilis has the least 
content (Figure 5). 

 

 
Fig. 5. Comparison of the mean amount of C/N proportion in litter, aerial organs and soil of the species 

 
3.2. The comparison of physical- chemical 
attributes of soil in underbush soil samples and 
control area.  
 
     The results of pedology study showed that 
underbush soil of Bromus tomentellus has loam- 
clay- sandy texture, the amount of lime is 29.7%, 
the amount of EC is 0.66 ds m-1 and its pH is 
about 7. The amount of carbon content of 
underbush soil is 2.35%. Also about productive 
elements of soil, the amount of nitrogen is 0.19 % 
and the amounts of phosphorus and potassium are 
18.7 and 13.83 ppm respectively. For soil of 
control area of the species, the soil texture is 
loam- clay- sandy. The amounts of lime, pH and 
EC are 8.64 %, 7.05, and 0.6 ds m-1 respectively 
(Table 4). 
     The pedology studies also show that the texture 
of underbush soil of P.fragilis is loamy. The 
amounts of lime, EC and pH are 14.79%, 0.78 ds 
m-1 and 7.18 in order. Also the phosphorus and 
potassium contents of the underbush soil are 14.2 
and 7.41 ppm respectively. The soil texture of the 
control area for the species is clay, and the amount 
of lime, EC and pH are 7.81%, 0.41 ds m-1 and 7.2 
in order. The amount of phosphorus and 
potassium are 16 and 14.38 ppm respectively 
(Table 4). 
     Results of pedology studies also indicated that 
texture of underbush soil of P.fragilis is loam-
clay-sand. The amounts of lime, EC and pH are 
5.26%, 0.67 ds m-1 and 6.75 in order. Also the 

phosphorus and potassium contents of the 
underbush soil are 20.6 and 19.52 ppm 
respectively. The soil texture of the control area 
for the species is loam-clay, and the amount of 
lime, EC and pH are 9.27%, 0.39 ds m-1 and 7.22 
in order. The amount of phosphorus and 
potassium are 12.9 and 11.86 ppm respectively 
(Table 4). 
 
4. Discussion and Conclusion 
 
     The comparison of existing inorganic matter in 
plant aerial parts and litter with underbush soil of 
the species showed that the amount of nitrogen, 
Potassium, organic matter and C/N ratio in litter 
and aerial organs in three species are higher than 
underbush soil, but the amount of phosphorus in 
underbush soil is higher than litter and plant aerial 
parts. This result corresponds with the findings of 
Hajibagloo (2006). Hanteh (2002) showed that the 
amounts of soil potassium and phosphorus are 
raised as a result of adding plant aerial parts to 
underbush soil.  
     The amount of existing nitrogen in litter and 
plant aerial parts of the three species is higher than 
underbush soil. This means decomposition 
process has begun recently and therefore the 
elements did not return to the soil, and also the 
elements do not resist leaching and then lost 
easily.  
     Contrary to nitrogen and potassium, 
Phosphorus is resistant against leaching and it is 
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not lost rapidly. Also because of difficulty of 
phosphorus absorption by plant species by 
comparison of other elements, amount of 
phosphorus becomes higher in soil rather than 
litter and aerial organs. The amount of potassium 
is only higher in underbush soil of A. tauri 
species. The amount of potassium of underbush 

soil and soil of the control area showed a 
significant difference so that underbush soil had 
the higher amount of potassium. Alexander (1977) 
stated that because of lack of potassium in making 
of structural compound of litter, it is washed 
rapidly by physical process and its dynamic does 
not depend on biological activities.  

 
    Table 4. T- independent test between soil characteristics in underbush and control sites 

  P. fragilis A. tauri B. tomentellus 
Properties  Mean Sig Mean sig Mean Sig 

underbush 7.18 ** 6.7 ns 7 
pH 

control area 7.2  7.2  7.05 
ns 

underbush 0.78 ** 0.6 ns 0.66 
EC(ds m-1) 

control area 0.41  0.39  0.6 
** 

underbush 0.11 ** 0.24 ns 0.19 
N (%) 

control area 0.07  0.09  0.14 
** 

underbush 16 ** 20.6 ns 18.7 
P (ppm) 

control area 14.2  12.9  16 
ns 

underbush 14.3 ** 19.5 ns 13.83 
K (ppm) 

control area 7.4  11.8  14.3 
** 

underbush 1.57 ** 2/3 ns 2.3 
C (%) 

control area 0.68  1.38  1.6 
** 

underbush 14.5 ns 15.19 ** 21.2 
C/N 

control area 10.11  13.2  11.6 
** 

underbush 14.79 ** 5.26 ns 7.2 
Lime (%) 

control area 7.81  9.27  8.6 
** 

underbush 53.8 ns 23.43 ns 46.8 
Sand (%) 

control area 54.1  23.05  46.3 
ns 

underbush 26.2 ns 44.83 ns 34.7 
Clay (%) 

control area 25.7  46.45  37.2 
ns 

underbush 15.5 ns 32 ** 18.5 
Silt (%) 

control area 18.75  31  25.6 
ns 

 
     The results of the current study show that the 
presence of A. tauri and P. fragilis causes to 
improve soil productivity of underbush soil rather 
than control area. This improvement can be 
considered because of adding of their aerial 
organs and as a result of intensifying activities of 
microorganisms. The results of current study 
correspond with the findings of khalkhali (1997), 
Halvarson (1997), Rumbark et al. (1982) and 
Chalak Haghighi (2000). 
     C/N ratio is the important factor that influences 
soil productivity. By measuring this index in litter 
and soil, it can be elicited good results. Azar 
(1977) stated when C/N ratio is low; plants have 
better litter quality for soil productivity. Results 
indicated that A. tauri has less C/N ratio than 
other species and also this species has high 
amount of nitrogen in its litter.  
     Totally it can be concluded that A. tauri 
species is a suitable plant for influence on soil 
quality indices and it can be used for reclamation 
and development projects in the area.     
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