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   Abstract                                        
    The appearance of sowbugs (Hemilepistus shirazi Schuttz) in the sedimentation basins of the artificial recharge of groundwater (ARG) systems in the Gareh Bygone Plain (GBP) in southern Iran is considered an ecological breakthrough in desertification control. This crustacean, which drills 7-8 mm holes down to 1.8-m in the freshly-laid sediment and sand, facilitates preferential flow of water towards the aquifers. Were it not for this fauna, the ARG systems would have lost their efficacy in a rather short time. Moreover, by bringing up the excavated material sowbugs affect the surface soil composition in a long time.  Therefore, the presence of sowbugs may be considered a valuable indicator of land suitability for the ARG activities. The main function expected of this creature is puncturing the hard crust facilitating rapid percolation of the recharge water. However, as this fauna was a welcome addition to our research site, we hypothesized that it could start a completely new life cycle in the area. A species of this genus has been shown to excavate up to 1.5 tons per ha in its active period of about 3 months in Central Asia. The excavated soil had more organic matter and a better structure, thus was more resistant to erosion than the original soil from which it was extracted. A serendipitous discovery that the lining of the burrows prevented the collapse of fine sand encouraged us to study as many different aspects of the sowbugs' life as we could manage. Analysis of variance of this greenhouse study assumed a split plot experimental arrangement with 3 growth media [100% burrowed material, 50% (by weight) burrowed material and 50% the freshly-laid sediment, and 100% the freshly-laid sediment] as the main plots; barley ( Hordeum vulgare L.) and a native species of wildrye [Elymus pertenius  formed the subplots. Four replications were used for all treatments. Each replication consisted of 4 pots whose mean was used as a single figure in the statistical analysis.  Five viable seeds of each of the grass species were grown in a small pot filled with the designated soil and uniformly irrigated as required. The tallest seedling in each pot was kept and the rest were discarded.  The height of each plant was measured 45 days after thinning. The above ground part of each plant was dried for 24 hours at 70° C, and weighed after cooling. Duncan's multiple range test (MRT) was used to compare the means at p<0.01 probability level. The MRT was also used to compare the height and dry weight of the two plant species. Results present the means of height and dry weight of the two grasses in different treatments at the 1% level of significance. It is observed that both height and dry weight are significantly higher in the burrowed material as compared with the 50% mixture with the freshly-laid sediment and 100% freshly-laid sediment. The highest value always belongs to the plants growing in the 100% burrowed material. The second and third rankings belong to the mixture of the burrowed material and the freshly laid sediment, respectively. The higher concentration of macro- and micronutrients in the burrowed material provide a more fertile growth medium than the soil without them.  As barley and wildrye are prized as livestock feed in the area, we expect to see their higher yields in the years to come. The higher soil organic carbon (SOC) in the burrowed material, as compared with those of the original soil and the freshly-laid sediment, represents a potential for carbon sequestration when viewed as a long - term management system.                                                                                                                                                                                                              
 INTRODUCTION                             
The role of the diverse community of micro- and macro-decomposers in agricultural systems has been thoroughly studied. Most of these endeavors were concerned with the processes involved in nutrient cycling and soil structure processes, as they form the basis for biological activities, mediation of water flow, and maintenance of environmental quality (Linden et al., 1994). The appearance of sowbugs (Hemilepistus shirazi Schuttz) in the sedimentation basins of the artificial recharge of groundwater (ARG) systems in the Gareh Bygone Plain (GBP) in southern Iran is considered an ecological breakthrough in desertification control. This crustacean, which drills 7-8 mm holes down to 1.8-m in the freshly-laid sediment and sand, with facilitates preferential flow of water towards the aquifers.  Were it not for this fauna, the ARG systems would have lost their efficacy in a rather short time period. Moreover, by bringing up the excavated material sowbugs affect the surface soil composition over in a long time period.  Therefore, the presence of sowbugs may be considered a valuable indicator of land suitability for the ARG activities. 
              The importance of fauna as indicators of soil quality must be assessed   in terms of the specific functions they perform (Larson and Pierce, 1994). It's main expected function it's ability to puncture the hard crust that facilitates the rapid percolation of the recharge water. Moreover, as this fauna was a welcome addition to our research site, we hypothesized that it could establish a completely new life cycle in the adjoining area. A species of this genus has been shown in Central Asia to excavate up to 1.5 tons per ha (assuming one million per ha) during it's active period of about 3 months. The excavated soil has a better structure and contains more organic matter, and was  thus more resistant to erosion than the original soil (Saleh-Rasteen, 1978). A serendipitous discovery revealed that the lining of the burrows prevented the collapse of fine sand, which an encouraged us to study as many different aspects of the sowbugs' life as possible. We reasoned that the body fluid, which dries instantly and forms a strong tube that functions as the entrance to the sowbugs' semi spherical, 5-10cm in diameter nests, affects the composition of the parallelepiped-shaped burrowed material., revealed by chemical analysis (fig.3 and fig.4) . The next step involved the study of the possible effects of this crustacean could have on the fertility, and therefore productivity and ecology, of the area. Thus, a series of investigations were planned and implemented. the Effect of the sowbugs on infiltration has been published (Rahbar, Kowsar, 1997). The main occupation of the inhabitants of the inhabitants of the GBP is mixed farming, and provision of fodder and   feed grain is of utmost importance. Consequently, wild rye and barley were chosen as test plants. The objectives of this project were to(i) assess the fertility status of the burrowed material using barley and  wild rye, and (ii)establish a baseline for a new soil building process where biological weathering is assisted by a macro fauna.
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Figure.3: parallelepiped-shaped burrowed material

   A Short Description of the Sowbug
This blackish grey crustacean, which belongs to isopoda order, is the only genus in the oniscoidae suborder that is non-aquatic (Robert, 1980). The male is 20-22 mm long and 7-8 mm wide; the female is 22-25 mm long and 7-8mm wide.  It lacks a carapace and is dorsoventrally flattened. The last 7 thoracic segments are distinct and bear leglike appendages; the abdominal segments are more or less fused, and hence the thoracic segment, with their 7 pairs of legs, makes up the body length (Fig.1.). 
Unlike pillbug, it is not capable of rolling up into a ball. This organism has been classified as follows (Robert, 1980) :

Gategory : Metazoa

Phylum : Arthropoda

Subphylum : Mandibulate 

Class : Crustacea

Order: Isopoda

Suborder : Oniscoidae

Genus : Hemilepistus 
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Figure 1: A dorsal view of a female Hemilepistus shirazi Schuttz.
This viviparous organism lives for about one year. The white brood pouch under the abdomen of the female swells in March. The eggs form larvae in the pouch, and 60-70 sowbugs, similar to their parents, are released from the pouch in May.  They are very active in sprig and autumn. They come out of their burrows in the cool air of early morning and late afternoon.  It appears that they dig deep into the soil in order to insure a humid surrounding. Apparently, humidity is essential for this crustaceans' copulation ( personal communication, Dr. Rudy Herman, Senior Scientist, Ministry of Flanders, Science and Policy Administration, Brussels, Belgium). As sowbug remains are found in scorpion burrows, it appears to be eaten by this arachnid.
MATERIALS AND METHODS

The original soil of the study site is loamy sand [coarse-loamy over skeletal, carbonatic, (hyper) thermic, Typic Haplocalcids]. Selected properties of the soil, the freshly-laid sediment, and the burrowed material are presented in Table 1.  
Analysis of variance of this greenhouse study assumed a split plot experimental arrangement with three growth media plots: (100% burrowed material, 50% (by weight) burrowed material and 50% the freshly-laid sediment, and 100% the freshly-laid sediment) as the main plots; barley ( Hordeum vulgare L.) and a native species of wildrye [Elymus pertenius (C.A. Mei) Assadi (1996)] formed the subplots. Four replications were used for all treatments. Each replication consisted of four pots whose mean was used as a single figure in the statistical analysis.  Five viable seeds of each of the grass species were grown in a small pot filled with the designated soil and uniformly irrigated as required. The tallest seedling in each pot was kept and the rest were discarded.  The height of each plant was measured 45 days after thinning. The above ground part of each plant was dried for 24 hours at 70° C, and weighed after cooling. Duncan's multiple range test (MRT) was used to compare the means at p<0.01 probability level. The MRT was also used to compare the height and dry weight of the two plant species.  The MSTAT-C (1991) program and a personal computer were utilized in performing these analyses. 
  RESULTS AND DISCUSSION
The variance analysis table for barley and wild rye show that treatments have significant difference at the 1% level (P< 0.01). Table 1 and 2 show that the height of barley and wild rye for all treatments are significant at 1% level (P,0.01).The means of height and dry weight of barley and wildrye for all treatments and for individual treatments at the 1% level of significance are presented in tables 1, 2 and 3, respectively.  Tables 1 and 3 present the means height and dry weight of the two grasses in different treatments at the 1% level of significance.  Table 2 presents the mean squares and the level of significance for the 2 species and 3 treatments. Compound analysis shows that dry weight of barley and wild dry have in significant different but the dry weight of barley is grated .the mean comparison of the three treatment reveal that treatment one has the least dry weight while treatment 2 has the most , and all treatment have significant difference at 1 % level. It is observed that both height and dry weight are highly significant in the burrowed material compared with the 50 |% mixture whit freshly- laid sediment and the 100 % freshly- laid sediment. The highest value is consistently attributed to the plants growing in the 100 % burrowed material. The second and third rankings are attributed to the burrowed material mixture and the freshly-laid sediment. A high concentration of macro- and micronutrients in the burrowed material provide a more fertile growth medium as burley and wild rye are prized as livestock feed in the area we would expect to see higher yields in the years to come. The higher soil organic carbon (SOC) in the burrowed material, compared to the original soil and the freshly – laid sediment,   represents a potential for carbon sequestration when                                                                                                                                                                                                                            viewed as a long-term management system.

	
	Degrees of freedom
	Height of barley
	Height of wildrye
	Weight of barley
	Weight of wildrye

	treatment 
	2
	٭٭65.38
	٭٭98.687
	0.216٭٭
	٭٭0.848

	Error
	9
	2.434
	1.877
	0.041
	0.042

	CV
	-----
	6.45 %
	7.85 %
	8.11%
	2.92 %


Table 1: mean of squares and significant percent in Barley and wild rye

separately
                 ** Significance difference at 1% level

Table 2: Mean comparison of height and species standard deviation and their interaction effects on different treatments  
	Means of treatments
	wildrye
	barley
	species   treatment

	16.250 C ± 4.373
	12.188 c ± 0.240
	20.313 c ± 0.747
	1

	25.220 A ± 3.872
	22.063 a ± 1.360
	28.375 a ± 2.563
	2

	20.940 B ± 3.335
	18.063 b ± 1.930
	23.813 b ± 0.427
	3

	
	17.438B ± 4.413
	24.167 A ± 3.725
	Species mean


Table 3: Mean comparison of vegetative dry weight  and species standard deviation and their interaction effects on different treatments
	Mean of treatments
	wildrye
	barley
	species   treatment

	2.177 C ± 0.094
	2.106 b ± 0.027
	2.248 b ± 0.080
	1

	2.711 A ± 0.235
	2.716 a ± 0.113
	2.706 a ±  0.342
	2

	2.378 B ± 0.177
	2.213 b ± 0.023
	2.543 ab ± 0.005
	3

	
	2.345 A ± 0.280
	2.499 A ± 0.270
	Species mean


The Formation of a New Life Cycle?
The long-term formation of a new soil should theoretically initiate a new life cycle. The formation of one centimeter of medium (soil) is a very lengthy process that can take millions of years. This prosodies soil with it's own characteristics, there by influencing the plant type growing on it so bugs are changing the quality of our soil. Transforming the original soil. Therefore, the newly - formed soil presents a transformed medium for the grows of specific plant species. This occurred with plant forage species with a higher water demand e.g. Artemisia Sieberi Besser does not grow at our sandy site yet it has invaded the sedimentation basins that contain finer soil, and thus a greater water holding capacity .The natural invasion of new herbivores is an inevitable result of the arrival of new plant species, as occurred with the sowbugs, which appeared 10 years after the start of water spreading in the Gareh Bygon Plain and the introduction of Atriplex lentiformis (Torr.)Wats.  Carnivores follow herbivores; snakes appeared 12 years   in to the project and controlled the rat population. This was followed by foxes, owls, and eagles. Only time shall prove or disprove this hypothesis. 
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