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Abstract

:

Livestock grazing can affect the cycling of nutritional elements in soil by making changes to the vegetation coverage. This study aimed to investigate the effect of rangeland exploitation on vegetation coverage and nitrogen kinetics. To this end, three experimental sites of light, moderate, and heavy grazing in Nodoushan rangelands of Yazd province were selected. The vegetation properties were then measured through systematic random sampling method and three to five bases along the transect were sampled from the current year growth of the dominant plants in the region. The soil samples were collected from 0–15 cm depth in five replications and mixed together to obtain a single composite soil sample on each site. In the first stage, nitrogen (N), carbon (C), C/N, cellulose, hemicellulose, and lignin of the sampled plant as well as nitrogen, carbon, lime, soil texture, saturation moisture percentage, pH, and electrical conductivity (EC) of the soil were measured. As the soil properties did not differ for light and moderate grazing soils, different treatments were conducted on the dominant species of light and heavy grazing sites with 1% organic carbon added to the rangeland soil. Nitrogen mineralization treatments were selected based on vegetation changes that, with increasing livestock grazing intensity, changed the predominance of plant composition from Artemisia sieberi and steppe to percentage Artemisia sieberi and Peganum harmala. The treatments included control, 100% Artemisia sieberi, 75% Artemisia sieberi and 25% Peganum harmala, 50% Artemisia sieberi and 50% Peganum harmala, 25% Artemisia sieberi and 75% Peganum harmala, and 100% Peganum harmala. The soil samples were incubated for pure nitrogen mineralization in three replications of 3 months. The results of nitrogen mineralization revealed that the immobilization of the treated soil with higher Artemisia sieberi and lower Peganum harmala was done at a more rapid rate during the first week. The immobilization was slowly reduced by the third week and then followed a growing rate. Overall, the results show that an increase in grazing intensity was associated with a change in vegetation coverage toward Peganum harmala species, the biochemical characteristics of which elevated the levels of pure nitrogen mineralization in soil.
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1. Introduction


Livestock grazing is a major determinant of soil and vegetation that can affect the structure and function of vegetation coverage in many ways [1,2], for which it is necessary to establish a grazing plan for the conservation of these ecosystems and their plant species useful for livestock [3,4]. It can also influence the nutrient flows and the performance of rangeland ecosystems [5]. In most cases, livestock grazing leads to the abundance of plants that have a low rate of decomposition in the plant composition. This can be attributed to the fact that only those plants that contain deterrent texture such as lignin, kutins, and toxins are able to survive in the plant composition [5]. Among livestock grazing consequences are soil carbon increase and soaking due to growth stimulation [6] or soil carbon decrease due to loss of the photosynthetic part of the plant and a consequent increase in greenhouse gas emissions [7]. Additionally, livestock grazing may not significantly influence soil carbon content [6]. These reported differences or contradictions about the effect of grazing on the storage of soil nutrients—carbon and nitrogen in specific—can arise from the differences in climate, soil intrinsic properties, soil topography, plant community composition, livestock type, and different grazing management strategies with different intensities and durations [6,7,8]. In this regard, there are two hypotheses. The first is the acceleration hypothesis, which suggests that due to increased growth and stimulation of plant growth—the factor of increasing forage quality—grazing animals thus contribute to an increase in the rate of decomposition of litter and organic matter and an increase in the mineralization of elements. The second hypothesis is the reduction hypothesis, which states that grazers harvest plants selectively rather than randomly, and over time cause the dominance of low-quality plants in the long run. The rate of decomposition and mineralization of the elements in them is very low.




	-

	
The quantity and quality of soil organic matter are considered to be the most influential factors in soil nitrogen immobilization. The ability of soil to convert organic nitrogen into mineral nitrogen (the potential for nitrogen mineralization) is considered as an indicator of plant access to nitrogen in soil ecosystems [9]. Among the chemical and biochemical factors, nitrogen release is correlated with nitrogen content, C/N ratio of organic materials, and the polyphenol/N ratio of tropical legumes. Meanwhile, the ratio of lignin to nitrogen is better correlated with nitrogen release for tree litters [10]. Knowing the decomposition rate of plant residues, the soil microbial community, and organic materials is necessary to perceive the cycle of nutrients and to maintain soil quality and fertility as well as pasture sustainability [11,12,13]. Based on previous studies, the hypothesis of this research is that increasing the intensity of livestock grazing has been able to cause changes in vegetation and soil that have reduced the mineralization kinetics of nitrogen; as a result, the amount and speed of nitrogen available to plants is reduced in the soil. Therefore, this study aimed to investigate the effect of animal grazing intensity on changes in rangeland vegetation and then the effect on some soil biological activities in relation to the amount and rate of nitrogen mineralization kinetics, which is a good indicator for expressing the supply of nitrogen and soil fertility.










2. Materials and Methods


For this study, steppe grasslands of the Nodoushan area in Yazd province were selected. Nodoushan, a watershed with an area of 46,000 ha, is located in the west of Yazd province between longitudes 53°24′15″ E to 53°48′ 36″ E and latitudes 31°45′16″ N to 32°17′23″ N (Figure 1). The study area is located in the altitude range of 1900 to 3400 m above sea level and the slope range from zero to 80 percent [11]. According to the statistics of the last 10 years, the number of days with zero and less than zero temperatures is 85 days, and the average maximum and minimum temperatures are 22.3 and 7 degrees Celsius, respectively. The average annual rainfall is 124 mm, and also, according to the Ambrotic curve, the length of the dry season is 8 months, which lasts from early April to early December and has shallow to deep soils. They are relatively well-matched with round river rocks, and the herd grazing in this range is a mixture of goats and sheep, of which about 10% of the livestock are sheep [14].



2.1. Vegetation Coverage


The study area was first developed on a topographic map with a scale of 1:25,000, and then the study sites were determined including light, moderate, and heavy grazing grasslands. The intensity of grazing was considered based on previous studies in the same area. The area enclosed in barbed wire, which was used only in special conditions, such as the end of the season, was selected as a light grazing area, and the area around the fountain used by livestock every day twice was selected as a high grazing intensity. Some field visits each grazing site were arranged, and the number of plots was obtained from the statistical method N = t2s2/p2x2. In this formula, N equals the number of required samples, t is extracted from the t-Student table with the desired probability level (10%), x is the mean of the primary sample, p shows the error range usually between +0.1 and −0.1, and s2 is the variance of primary samples. In the vegetation study of grassland sites, 2 m2 squares were used as a suitable pattern for plant distribution in steppe regions [15,16,17]. After identifying study units, vegetation sampling was done using plots of 2 m2 area along a transect of 50 m length in the region. The number of plots deployed at each study site was about 60 plots on 20 transects. The percentage of vegetation coverage and production (cutting and weighing method) of each genus within each plot were measured for the three light, moderate, and heavy grazing sites (Figure 2).




2.2. Soil and Plant Sampling and Analysis


Soil samples were collected from a depth of 0–15 cm. For each plot, five samples were taken at the ending points of transects and mixed together to reach a single composite soil sample. Soil texture was determined by hydrometry [18]. Electrical conductivity (EC) and pH were estimated in the saturation extract [18]. The percentage of organic carbon and the percentage of total nitrogen were respectively measured using wet oxidation by the addition of potassium bichromate and concentrated sulfuric acid agents [19] and auto-collector model 3200 by the Caldwell method [20]. The amount of moisture saturation percentage (SP) was measured by the weight method [18]. Plant sampling was performed on the predominant species in terms of general physiognomy. Then, three to five bases were randomly harvested along each transect. Due to the lack of production and to reduce harm to the bases, the samples were mixed together and considered as a single composite sample. All the plant samples were washed and air-dried and then ground. Similar to soil samples, organic carbon and total nitrogen percentages were measured for the selected residues. The level of cellulose, hemicellulose, and lignin was also determined by means of the Goering and Van Soest method [21] using neutral and acidic detergents.




2.3. Treatment Design


According to the results of the effect of livestock grazing on vegetation and soil, the treatments were selected based on the fact that due to the increase in livestock grazing intensity, the plant composition had changed so that from Artemisia sieberi Besser and Stipa barbata Desf. dominance to Artemisia sieberi Besser, Stipa barbata Desf. had changed, and given that Artemisia sieberi Besser, Stipa barbata Desf., and Peganum harmala L. constituted over 75% of the region vegetation coverage [22], the C/N ratio was calculated for each genus, showing no significant difference between Artemisia sieberi and Stipa barbata. Covering most of the pasture [23], Artemisia sieberi was adopted in addition to Peganum harmala as the plant samples with which to study the effect of pasture exploitation on the kinetics of carbon and nitrogen decomposition. Since there was no significant difference between the light and moderate grazing sites in terms of physical and chemical properties, the following treatments were imposed on the light and heavy grazing soils in nitrogen mineralization experiments with 3 replications. Then light and heavy soils with 1% organic carbon [24] added to aerial organs of the plants of Artemisia sieberi and Peganum harmala were treated by control, 100% Artemisia sieberi, 75% Artemisia sieberi 25% Peganum harmala, 50% Artemisia sieberi, 50% Peganum harmala, 25% Artemisia sieberi 75% Peganum harmala, and 100% Peganum harmala treatment.




2.4. Nitrogen Mineralization Kinetics


For this purpose, 50 g of the studied soils were mixed with the plant residues to the extent of 1% by weight increase in soil organic carbon. Next, distilled water was gradually sprayed on the soil and plant residues to the extent required for a 50% increase in water retention moisture. The moist soils were then placed in polyethylene containers with a volume of 250 mL. Afterwards, all the samples were incubated at 25 °C for three months, during which the lost moisture was supplied by adding distilled water and bringing the original weight to the samples. At the end of the incubation period, the treated soil samples were extracted with 2M KCL. The mineralized nitrogen was measured using the steam distillation method. Mineralization or pure immobilization (Nm/i) was obtained from the following equation:


NM/I = (NH4 − N + NO3 − N)final−(NH4 − N + NO3 − N)initial



(1)







During this period, the content of mineralized nitrogen was obtained for 1, 2, 3, 4, 6, 8, 10, 12, 14, 18, and 22 weeks after the start of incubation [24]. In order to measure potassium chloride–extractable nitrogen, the content of nitrogen extracted in the dry soi samples was measured using the method proposed by [24].




2.5. Statistical Analysis


Before statistical analysis, all data obtained were examined by a Kolmogorov–Smirnov test to ensure their normality. Then, a completely randomized design was used to compare each index for the effect of grazing on vegetation and soil and factorial design in a completely random format for investigating the mineralization of nitrogen over time. Thus, Duncan’s test was used to compare the means using SPSS 22 software.





3. Results


3.1. Vegetation Investigation in the Studied Grasslands


The results show that the highest vegetation coverage and production belong to Artemisia sieberi. Due to the recent droughts and lack of rainfall, [22] there was no significant difference between light and moderate grazing sites in Artemisia sieberi coverage. After Artemisia sieberi, Lactuca orientalis (Boiss.) Boiss, Astragalus bisulcatus (Hook.) A. Gray, and Hertia angustifolia (DC.) Kuntze had the highest production in the light grazing site, respectively [11]. Among grass species, Stipa barbata and then Poa annua L. had the highest production and coverage, reducing at higher grazing intensities as becoming closer to the water trough. Among the species, Peganum harmala had the highest production and coverage at higher grazing intensities, as it was not appealing enough for grazing in the water trough (Table 1). Poa annua, the most appealing grass for grazing, was declining in this grassland. Artemisia sieberi, Stipa barbata, Lactuca orientalis, and Astragalus were the second most appealing plants. Peganum harmala as the third most appealing plant for grazing had the highest production and coverage in the water trough and is classified as an invasive species.



Using Duncan’s test, the results of analysis of variance and means comparison suggested that there were significant differences between light, moderate, and heavy grazing sites in the production and percentage of vegetation coverage. Three Artemisia sieberi, Stipa barbata, and Peganum harmala covered nearly 70% of vegetation in three regions and included an average of 60% production of the total study area (Table 1).



There was no significant difference between the three plant species in the mean organic carbon content. The highest C/N level of 39.64 was observed in Stipabarbata, not significantly different from its lowest level in Artemisia sieberi. Peganum harmala and Artemisia sieberi were selected for mineralization of carbon and nitrogen in the treatments concerning the higher production and coverage percentage of Artemisia sieberi compared with Stipa barbata in all three experimental sites. The total content of cellulose, hemicellulose, and lignin in Artemisia sieberi was higher than Peganum harmala (Table 2).




3.2. Soil Properties of Study Area


The soil texture of all three sites is composed of loamy sand. There was no significant difference between all three soils in the level of pH and lime, whilst the rate of EC of moderate grazing soil was significantly lower than that of heavy grazing soil (Table 3). Since the light grazing site had a higher coverage percentage and production than the moderate grazing site, the soils of light and heavy grazing sites were selected to study the process of nitrogen kinetics.




3.3. Nitrogen Mineralization in the Residues of Artemisia sieberi and Peganum harmala in Light and Heavy Grazing Sites


As residues of Artemisia sieberi are poor in total nitrogen storage, containing high ratios of carbon to nitrogen as well as lignin to nitrogen (Table 2), they are less able to be decomposed. To meet its needs, a soil microorganism community takes nitrogen from the soil and converts it to organic nitrogen in the microbial biomass. Increased carbon dioxide production in the first week of incubation was indicative of a large community of decomposer microbes (Figure 3). Comparing the time procedure of nitrogen mineralization at different percentages of Artemisia sieberi with that of Peganum harmala residues (Figure 4) at the start of incubation, it can be seen that the mineralized nitrogen was much more strongly reduced under the treatments containing more Artemisia sieberi than Peganum harmala. Over time, this difference became more evident, showing pure nitrogen mineralization for the residues of 100% Artemisia sieberi that contained more nitrogen content and lower C/N ratio compared with residues of 100% Peganum harmala.



The kinetics of nitrogen mineralization in heavy grazing soil was also influenced by different percentages of Artemisia sieberi and Peganum harmala in plant residues (Figure 3).



The results of the analysis of variance in the light grazing soil show that there was a significant effect of time and plant residues as well as their interaction on (Nm/i) (Table 4). The positive values of Nm/i indicate pure nitrogen mineralization, and the negative values of Nm/i indicate pure nitrogen immobilization.



The highest mineralization of nitrogen (250.05 gr nitrogen per kilogram of soil) corresponds to week zero and before the start of incubation. It was sharply decreased up to the second week and then went up by the 22nd week (Figure 5).



In all comparisons, the larger values of Nm/i correspond to the plant residues containing higher nitrogen and lower C/N ratio. Regarding the obtained Nm/i for Peganum harmala residues, it seems that the total nitrogen content and C/N ratio were more influential than other chemical and biochemical properties (Figure 6).



The highest and the lowest pure nitrogen mineralization took place for 100% Peganum harmala with 420 gr N per kg soil in week zero and 100% Artemisia sieberi with 67.66 gr N per kg soil in week two of incubation (Figure 7).



The results of the analysis of variance in the heavy grazing soil show that there was a significant effect of time, plant residues, as well as their interaction on pure nitrogen mineralization (Table 5).



The positive values of Nm/i are indicative of pure nitrogen mineralization, and the negative values of Nm/i are indicative of pure nitrogen immobilization. The highest and the lowest mineralization of 238 and 1 gr of N per kg of soil occurred in the zero and third weeks, respectively (Figure 8). The highest and the lowest Nm/i of 117 and −6 gr N/kg soil belonged to 100% Peganum harmala and 100% Artemisia sieberi treatments, respectively.



The results from the interrelation of plant residues, time, and pure nitrogen mineralization in heavy grazing soil suggest that the highest and the lowest pure mineralization values of 446.83 and 65.92 gr N/kg soil respectively correspond to 100% Peganum harmala in week zero and 100% Artemisia sieberi in week three (Figure 9 and Figure 10).





4. Discussion


The results of the present study suggest that in spite of short distance, light grazing includes more varied species and thus richer vegetation than the moderate and heavy grazing grasslands. The lack of vegetation in heavy grazing grassland is suggestive of the removal of species from the flora list due to continuous grazing as well as the existence of unappealing plants including Peganum harmala in the water trough.



Gholami et al. [25] conducted a study on the diversity, richness, and functions of plants in Mamasani pastures of Fars province with different grazing intensities. They reported a significant decrease in declining plants and a significant increase in the growing plants from reference to critical sites. Compared with light and moderate grazing pastures, production and vegetation were also reported to be significantly declined in heavy grazing pasture during the growing season. They concluded that heavy grazing can bring about a significant decrease in production and vegetation coverage of this area.



These results are consistent with those of Tatian et al. [26], who studied the relationship between livestock grazing and vegetation changes in Mako city. They stated that an increase in grazing intensity is correlated with a decrease of crown percentage, a change in plant composition, and a cut in vegetation coverage. The results of the present study show that Artemisia sieberi is the predominant genus in the light and moderate grazing sites whose production is significantly declined in the water trough as the consequence of heavy grazing.



Accordingly, the decline in the production of this plant results from heavy grazing, providing neither opportunity for the proliferation or reproduction of new plants nor space for the presence of more appealing species. Studies have shown that Peganum harmala genus tends to grow surrounding water troughs. It is increased with an increase in the grazing intensity, not by growing in light and moderate grazing postures. Peganum harmala is known as an invasive, unappealing, and toxic plant. These results are consistent with the results of Karimi et al. [27], who introduced improper management and time control over livestock entry and departure as a determinant of vegetation changes in Kohgiluyeh and Boyer Ahmad pastures. These findings also confirm the study of Javadi et al. [28] about the effect of livestock grazing on the vegetation composition and diversity of the protected and unprotected grazing areas, showing that the highest coverage percentage belonged to the unprotected area of Class III plants.



The Effect of Plant Residues on the Nitrogen Mineralization Kinetics in Light and Heavy Grazing Soils


The organic carbon levels of light and moderate grazing soils were significantly different from that of heavy grazing soil, whereas the total nitrogen levels of moderate and heavy grazing soils were significantly different from that of light grazing soil.



In the first week of incubation, the nitrogen mineralization trend in treated soils of both regions (light and heavy grazing) with 50% to 100% Artemisia sieberi residues showed strong immobilization. This trend followed a slower rate by the third week and then continued with an increasing rate. Given that the light grazing area has been protected against livestock for more than 20 years, the tentative decrease in mineral nitrogen at the start of incubation seems to have occurred after the provided conditions for plant residue decomposition. In other words, suitable conditions during incubation in terms of temperature and humidity make it possible for Artemisia sieberi and Peganum harmala residues to be decomposed. As Artemisia sieberi residues are of poor quality (high carbon to nitrogen and lignin to nitrogen ratios), the microbial community of soil heterotrophs uses and decomposes mineral nitrogen storage. The use of mineral nitrogen storage by the soil heterotrophic community causes nitrogen transfer from the mineral phase into the microbial biomass. In the first three weeks of incubation, the nitrogen mineralization process falls and mineral nitrogen declines. After this time, the limited supply of required carbon by microbes stops the immobilization process. Then, the decomposition of microbial biomass releases the organic nitrogen and changes it into mineral nitrogen. This justifies the increase in mineral nitrogen levels after the third week of incubation. In comparison with 100% Artemisia sieberi, 100% Peganum harmala residues increased nitrogen mineralization due to higher nitrogen and lower C/N.



Therefore, with an increase in grazing intensity and Peganum harmala percentage in vegetation, pure nitrogen mineralization is increased. This finding is in agreement with the findings of Trincetrol et al. [29], who found that residues with a C/N ratio in the range of 24 to 150 showed pure immobilization and residues with a ratio of less than 24 showed pure mineralization. Similarly, this finding is in line with that of Reeder [30], reporting a growth in the total mass of mineral nitrogen for heavy grazing compared with light grazing. However, it is inconsistent with the findings of Frank et al. [31] and Riahi and Raisi [32], expressing that an increase of grazing intensity is associated with a decrease in pure nitrogen mineralization. This can be explained by the difference between their study area and ours in the type of invasive genus of the heavy grazing region.



The highest and the lowest values of 168.38 and 10.4 gr/kg for Nm/i were respectively obtained from 100% Peganum harmala and 100% Artemisia sieberi treatments in light grazing soil. The results obtained from the interrelation of time and treatments revealed their separate effects on the pure nitrogen mineralization in light and heavy grazing regions. For both regions, the highest and the lowest pure nitrogen mineralization correspond to 100% Peganum harmala treatment in week zero and 100% Artemisia sieberi treatment in week three, respectively. These results support the results of Jafari and Raeesi [33], who found that the effect of plant residues on nitrogen mineralization is conditional to chemical quality and the carbon-to-nitrogen ratio of residues.





5. Conclusions


In sum, the study findings suggest that a high intensity of livestock grazing causes changes in the composition of vegetation leading to a reduction in vegetation coverage, the removal of some species, and the addition of some unappealing species including Peganum harmala in the grassland. These changes influence nitrogen mineralization kinetics, affecting the amount and speed of this process in this pasture. Additionally, there is a heavy loss of this element and the consequent loss of necessary cations that, in the long run, reduce soil fertility in the heavy grazing grassland. This can be attributed to the lower vegetation coverage and thus low nitrogen absorption as well as more livestock traffic and thus high soil erosion rate. Hence, more attention should be paid to implementing effective strategies for proper management and renewal of vegetation coverage, enhancing the species useful for grazing, those useful for humans, and in particular the wild crops related to environmental sustainability [34,35,36].
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Figure 1. Location of the study area in Iran and Yazd province along with the location of sampling sites (HG: Heavy Grazing, MG: Moderate Grazing, LG: Light Grazing). 
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Figure 2. Overview of the area (a) light grazing sites (b) moderate grazing sites (c) heavy grazing sites. 
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Figure 3. Nitrogen mineralization process for light grazing soil. 100E: 100% Peganum harmala; D25E75: 25% Artemisia sieberi 75% Peganum harmala; D50E50: 50% Artemisia sieberi 50% Peganum harmala; D75E25: 75% Artemisia sieberi 25% Peganum harmala; D100: 100% Artemisia sieberi; Control: control treatment. 
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Figure 4. Nitrogen mineralization process for heavy grazing soil. 100E: 100% Peganum harmala; D25E75: 25% Artemisia sieberi 75% Peganum harmala; D50E50: 50% Artemisia sieberi 50% Peganum harmala; D75E25: 75% Artemisia sieberi 25% Peganum harmala; D100: 100% Artemisia sieberi; Control: control treatment. 
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Figure 5. Mean comparison of the main effect of time on pure nitrogen mineralization in the light grazing site. Bars with no common letters are significantly different (p < 0.05). 
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Figure 6. Mean comparison of the main effect of treatments on pure nitrogen mineralization in the light grazing site. 100E: 100% Peganum harmala; D25E75: 25% Artemisia sieberi 75% Peganum harmala; D50E50: 50% Artemisia sieberi 50% Peganum harmala; D75E25: 75% Artemisia sieberi 25% Peganum harmala; D100: 100% Artemisia sieberi; Control: control treatment. Bars with no common letters are significantly different (p < 0.05). 
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Figure 7. The interrelation of time and treatments with the process of pure nitrogen mineralization in the light grazing soil. 100E: 100% Peganum harmala; D25E75: 25% Artemisia sieberi 75% Peganum harmala; D50E50: 50% Artemisia sieberi 50% Peganum harmala; D75E25: 75% Artemisia sieberi 25% Peganum harmala; D100: 100% Artemisia sieberi; Control: control treatment. Bars with no common letters are significantly different (p < 0.05). 
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Figure 8. Mean comparison of the main effect of time on pure nitrogen in the heavy grazing site. Bars with no common letters are significantly different (p < 0.05). 
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Figure 9. Mean comparison of the main effect of the plant residues on pure nitrogen in the heavy grazing site. 100E: 100% Peganum harmala; D25E75: 25% Artemisia sieberi 75% Peganum harmala; D50E50: 50% Artemisia sieberi 50% Peganum harmala; D75E25: 75% Artemisia sieberi 25% Peganum harmala; D100: 100% Artemisia sieberi; Control: control treatment. Bars with no common letters are significantly different (p < 0.05). 
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Figure 10. The interaction of time and treatments with the process of pure nitrogen mineralization in the heavy grazing soil. 100E: 100% Peganum harmala; D25E75: 25% Artemisia sieberi 75% Peganum harmala; D50E50: 50% Artemisia sieberi 50% Peganum harmala; D75E25: 75% Artemisia sieberi 25% Peganum harmala; D100: 100% Artemisia sieberi; Control: control treatment. Bars with no common letters are significantly different (p < 0.05). 
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Table 1. List of plants within the measured plots in the study area.
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Vegetation Genus

	
Vegetation Coverage (%)

	
Production * (g/m2)




	
Light

	
Moderate

	
Heavy

	
Light

	
Moderate

	
Heavy






	
Artemisia sieberi

	
5.37 a

	
6.65 a

	
3.46 b

	
2.94

	
4.9

	
2.34




	
Stipa barbata

	
4.79 a

	
2.77 ab

	
0.46 b

	
7.37

	
1.42

	
0.61




	
Peganum harmala

	
0

	
0

	
2.84

	
0

	
0

	
1.85




	
Poa annua

	
2.02 a

	
0.75 b

	
0.11 c

	
2.53 a

	
1.59 b

	
0.4 c




	
Iris kemaonensis

	
1.83 a

	
0.57 b

	
0.01 c

	
6.11 a

	
3.2 b

	
046 c




	
Lactucavirusa

	
0.38 b

	
0.18 b

	
1 a

	
0.66 b

	
0.35 b

	
1.18 a




	
Astragalus bisulcatus

	
0.27 a

	
0.21 a

	
0.12 b

	
0.31 a

	
0.23 b

	
0.08 c




	
Hertia Angustifolia

	
0.44 a

	
0.25 a

	
0

	
0.11 a

	
0.22 a

	
0




	
Jacobaea maritima

	
0.92 a

	
0.55 a

	
0

	
0.65 a

	
0.59 a

	
0




	
Cirsium arvense

	
0.04

	
0

	
0

	
0.055

	
0

	
0




	
Total

	
16.02 a

	
11.72 ab

	
8.17 c

	
20.80 a

	
12.5 b

	
6.92 c




	
Ratio of the first three plants to the total

	
0.65

	
0.78

	
0.71

	
0.52

	
0.560

	
0.70








* dry weight. The letters a, b and c indicate statistically significant difference at p < 0.05 within each row for vegetation coverage and production separately.
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Table 2. Mean comparison of the chemical and biochemical properties of Artemisia sieberi, Stipa barbata, and Peganum harmala.
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	Plant Residue
	OC
	TN
	CEL
	HE
	LG
	C:N
	CEL:N
	HE:N
	LG:N





	Artemisia
	43.74 a
	1.13 b
	33.16 a
	15.16 b
	17.06 a
	38.64 a
	29.29 a
	13.39 b
	15.07 a



	Stipa
	43.93 a
	1.11 b
	28.06 b
	30.16 a
	10.63 c
	39.64 a
	25.30 b
	27.19 a
	9.58 b



	Peganum
	42.38 a
	2.70 a
	3.63 c
	11.53 c
	13.36 b
	15.68 b
	1.34 c
	4.26 c
	4.94 c







OC: organic carbon (gkg−1); TN: total nitrogen (gkg−1); CEL: cellulose (gkg−1); HE: hemicellulose (gkg−1); LG: lignin (gkg−1); C/N: carbon-to-nitrogen ratio; CEL/N: cellulose-to-nitrogen ratio; HE/N: hemicellulose-to-nitrogen ratio; LG/N: lignin to-nitrogen ratio. The letters a, b and c indicate statistically significant difference at p < 0.05 within each column.
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Table 3. Mean comparison of physical and chemical properties of the studied grassland soils.






Table 3. Mean comparison of physical and chemical properties of the studied grassland soils.





	Region
	Texture
	OC
	TN
	pH
	EC
	Lime





	Light Grazing
	Loamy sandy
	0.73 a
	0.68 a
	7.24 a
	922 b
	21.66 a



	Moderate Grazing
	Loamy sandy
	0.66 a
	0.14 b
	7.24 a
	996 b
	21.5 a



	Heavy Grazing
	Loamy sandy
	0.17 b
	0.37 b
	7.24 a
	1318.9 a
	22.33 a







OC: organic carbon (gkg−1); TN: total nitrogen (gkg−1); EC: electrical conductivity; pH: acidity; pH and EC were measured in the saturated extract. The letters a and b indicate statistically significant difference at p < 0.05 within each column.













[image: Table] 





Table 4. Variance analysis of the effect of incubation time and different percentages of Artemisia sieberi and Peganum harmala residues on the pure nitrogen in the light grazing soil.
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	Change Resources
	Degree of Freedom
	Mean Square
	F





	Plant residues
	11
	71,134.927
	279.165 **



	Time
	5
	138,817.159
	46.237 **



	Plant time
	55
	1227.837
	4.301 **



	Error
	144
	285.49
	







** Significance at 1%.
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Table 5. Variance analysis of the effect of plant residues and time on pure nitrogen in heavy grazing site.
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	Change Resources
	Degree of Freedom
	Mean Square
	F





	Time
	11
	72,259.000
	256.000 **



	Plant residues
	5
	90,101.000
	319.000 **



	Plant time
	55
	3088.000
	10.000 **



	Error
	144
	282.000
	







** Significance at 1%.
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