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Abstract 
Due to long drought periods and over utilizing of range lands in the arid lands 
of Jordan, the land is degraded and lost most of its natural vegetation. To re-
habilitate the natural vegetation cover, there is a need to enhance the fertility 
of soil to be able to support vegetation under limited amounts of rainfall. One 
of the available and viable options that might be able to provide a solution for 
the soil poverty is applying materials with high organic contents such as bio-
solid. Bio-solids are nutrient-rich organic materials from the treatment of do- 
mestic sewage in a wastewater treatment facility. Bio-solids are a beneficial re- 
source, containing essential plant nutrients and organic matter and are re-
cycled as a fertilizer and soil amendment. A pilot study is designed based on 
randomized block design in which five treatments are used to represent the 
loading rates of bio-solids application. These loads were 10, 20, 30, 40 and 50 
tons/ha with four replicates for the control and each application load. Samples 
from Bio-solid, soil and plants are tested for chemicals and microbes. Chemi-
cal tests include: As, Cd, Cr, Co, Cu, Hg, Mo, Ni, Pb, Se, and Zn, while micro-
bial tests include: total fecal Coliform, Salmonella, and Helminthes eggs. Re-
sults of total microbial count in bio-solids, soil and plant samples indicated 
that there were no detectable counts found in all of the experimental plots. 
Results showed increase in most of the heavy metals concentration in soil 
treated with bio-solids from that of soil in control plots; some of these ele-
ments doubled after applying the bio-solid. For the dry plant matter, analysis 
for heavy metals showed that most of the heavy metals studied were below the 
detection limit. Only the Cr, Cu and Zn are changed but not significantly 
compared with the control plot. Results obtained were showed that the highest 
dry biomass value was obtained with bio-solids loading rate 40 tons/ha and 
more. Increasing rate of application after 40 tons/ha did not show significant 
differences in the biomass yield. Also, the total nitrogen in the plants increased 
by 40% for all bio-solid application loads compared with the control lot. 
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1. Introduction 

More than 85% of the total area of Jordan is classified as arid to semi-arid re-
gion. This area is defined based on rainfall rate as areas that suffer from deserti-
fication due to low annual rate of rainfall with an average 100 mm/year [1]. This 
large area of Jordan is considered as range lands and used for animal grazing 
during the spring times which extend between February and May. The wild 
range plants grow when enough amounts of rain fall due to limited soil moisture 
and lack of plant nutrients.  

Due to long drought periods and over utilizing of range lands in the arid lands 
of Jordan, the land is degraded and lost most of its natural vegetation [2]. To re-
habilitate the natural vegetation cover, there is a need to enhance the fertility of 
soil to be able to support vegetation under limited amounts of rainfall. Drought 
has severe impacts on soil quality in the arid lands and subsequently on land 
productivity, both with respect to its causation and its control in terms of soil 
immature, erosion, loss of organic matter, removal of nutrients, acidity, and de-
struction of soil structure. These reasons prompted the need to improve soil fer-
tility and increase organic matters available for plants. This directed the research 
community to look for methods and techniques to improve the degradable dry 
areas using national resources.  

One of the available and viable options that might be able to provide a solu-
tion for the soil poverty is applying materials with high organic contents such as 
bio-solid. Bio-solids are nutrient-rich organic materials from the treatment of 
domestic sewage in a wastewater treatment facility. Bio-solids are a beneficial re- 
source, containing essential plant nutrients and organic matter and are recycled 
as a fertilizer and soil amendment. 

Many studies have examined the effects of the application of bio-solids in the 
form of the dewatered or liquid on soil properties, plant productivity, and health 
hazards in arid and semiarid ecosystems. The applications of bio-solid as soil 
amendment need to be environmentally safe and economically viable [3]. Many 
studies on bio-solid applications can improve the soil physical, chemical, and bi-
ological properties, and consequently speed plant growth and increased plant 
biomass [4] [5] [6] [7]. The loading rate of bio-solid is the key of the degree of 
enhancement. Reference [8] demonstrated that land application of liquid 
bio-solids did not pose a significant health hazard to nearby communities. A 
study by Reference [6] showed that surface application of bio-solids to semiarid 
grassland at application rates up to 90 tons per hectare (tons/ha) has significant 
increase in plant production without hazardous elements to soil and plant tis-
sues at optimum rate of 45 tons/ha. Reference [9] in a plot study showed that 
soils received application of 21 or 30 tons/ha of bio-solid had Carbone (C) and 
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Nitrogen (N) mineralization activities and plant biomass. Reference [10] studied 
the application of bio-solid on soil at a loading rate up to 67 tons/ha, they found 
that the bio-solid application increased organic carbon up to 92% and total ni-
trogen up to 157%. Reference [11] applied bio-solid at a rate up to 75 tons/ha 
and found that the optimum load is between 25 and 50 tons/ha. Reference [12] 
applied bio-solid at a rate up to 50 tons/ha on farming land and found that the 
load of 20 tons/ha is the recommended load for sustainable production. 

In the arid and semi-arid range lands, adding bio-solid has a positive effect, 
leading to the addition of more organic carbon from plant residues and the de-
velopment of root systems in the soil, which may contribute to minimizing ru-
noff and thereby mitigating water erosion and increase soil-water content [13]. 
The positive impact of bio-solid application affect soil and vegetation, it increased 
water infiltration and soil moisture retention [14] [15]; increased vegetation growth 
and cover [16] [17]; improved forage quality and help restore degraded rangel-
ands [16]; promoted specific desired plant species [18] [19] and lowered concen- 
trations of potentially toxic elements in plant [20]. 

Other studies reported limitations on the application of bio-solid to rangel-
ands. Bio-solids can result in nutrients losses such as ammonia volatilization [21]. 
Other research found that soil electrical conductivity increased with bio-solids 
application in grasslands [6] [13]. Also increased soil nematodes content in de-
graded rangelands resulted from surface application of bio-solids [22].  

The bio-solid contains high concentration of heavy metals that might accumu-
late in soil due to long time application of bio-solid and subsequently increased 
its concentration in plant tissues [23] [24] [25]. 

In this study, the application of bio-solid as soil enhancement for degraded arid 
land soil will be examined. The desirable effects of using bio-solid such as en-
hancing the plant nutrients in soil will be measured at various application loads. 
In the other hand, the negative impact of bio-solid on soil and plant will be mo-
nitored and documented. 

2. Material and Methods 
2.1. Study Area 

The experiment was conducted in the Hashemite University (HU) area, north of 
the Amman city, (32˚06'39"N and 36˚11'38"E) with elevation of the study area ap-
proximately 590 m. The topographic survey and Google Earth image of the site is 
shown in Figure 1.  

The selected site represents typical arid land range land and is located within 
the premises of the HU. These arrangements are to prevent any undesirable con-
tact from range land users with the experiment site that might cause health effect 
on people or animals. 

The climate is semi-arid where the annual precipitation varies between 50 and 
150 mm with annual average around 100 mm. The rainy season extends between 
December and May with most of the precipitation occurs in the months of De-
cember, January and February. The vegetation in the study area is mainly scattered  
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Figure 1. Location map of the study area. 

 
shrubs and seasonal grass. 

The soil in the study area was originally derived from limestone parent mate- 
rial. It consists of fossiliferous limestone on its upper part underline by dolomitic 
limestone. The soil properties for the study area are shown in Table 1. 

2.2. Experimental Setup 

The pilot study experimental design was based on randomized block design in 
which the five treatments were used representing the loading rates of bio-solids 
application. These loads were 10, 20, 30, 40 and 50 tons/ha with four replicates 
for the control and each application load. The control plots are indicated as 0 
ton/ha application rate. The total number of plots was 24 squares with 6 meters 
length and 2 meters buffer zone between the plots and around the experiment 
site. Uniform application of bio-solids in upstream first one meter of each plot 
to allow its flow with the rainfall runoff to cover the rest of the plot, after first 
rainfall event, the bio-solid was mixed with the top soil to make sure that it is  
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Table 1. Properties of soil in the study area. 

Property Characteristics 

Soil texture sand Medium loam; Sand: 38%, Clay: 16%, Silt: 46% 

Soil hydraulic conductivity 28.38 cm·hr−1 

Water holding capacity (WHC) 115.5 mm·m−1 

Porosity 46.1% 

Bulk density 1430 kg·m−3 

pH 7.4 (using 1:5 soil: water ratio) 

Electrical conductivity (EC) 11.6 mS·m−1 

CaCO3 34.6% 

 
covered with soil to prevent its wash away with winds. In each plot, six seedlings 
of Salsola species are planted, these species are the predominant wild plant for 
arid regions of Jordan. Figure 2 shows the schematic of the experiment where 
T1 is the control, T2 is 10 tons/ha application, T3 is 20 tons/ha application, T4 is 
30 tons/ha application, T5 is 40 tons/ha application, T6 is 60 tons/ha application, 
and R1 to R4 are the replicates for each application load. 

3. Results and Discussion 
3.1. Bio-Solid, Soil and Plant Sampling 

Samples from Bio-solid, soil and plants are tested for chemicals and microbes. 
Chemical tests include: As, Cd, Cr, Co, Cu, Hg, Mo, Ni, Pb, Se, and Zn. while 
microbial tests include: Total Fecal Coliform, Salmonella, and Helminthes eggs.  

Composite soil samples were taken from each plot at depths of 7.5 and 15 cm 
before treatments and after treatment and rainy season. The samples used for 
chemical and physical analysis are air dried, while soil samples used for microbi-
ological analysis are collected in isolated protective cases to prevent exposure to 
elevated temperature and transferred to the laboratory as soon as possible to 
avoid changes in microbial population and activities and they stored at 2˚C to 
4˚C refrigerator before analysis. The average for the replicates of each applica-
tion load is reported. 

The vegetation samples from each experiment plot were collected after the bio- 
solid application and rainy season to obtain the biomass production. Plant tissues 
were tested for total heavy metals concentration, Nitrogen, and microbial pollu-
tion. The averages for the replicates of each application load are reported. 

3.2. Microbiological Tests 

Results of Total Fecal Coliform (TFC), Salmonella spp., and Helminthes eggs in 
bio-solids, soil and plant samples indicated that there were no detectable count 
was found in all of the experimental plots (Table 2). 

3.3. Heavy Metals 

Heavy metals concentrations were evaluated for the applied bio-solids, the soil  
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Figure 2. Schematic of land application experimental site. 
 
Table 2. Microbial counts in bio-solids, soil and plant samples. 

Sample Treatment 

Microbial count 

TFC 
(MPN/g) 

Salmonella spp. 
(MPN/g) 

Helminthes eggs 
(Viable cell/4g) 

Bio-solids Mixed sample <0.03 <0.003 <0.03 

Soil All applications <0.03 <0.003 <0.03 

Plant All applications <0.03 <0.003 <0.03 

 
after application at two depths, 7.5 and 15 cm and the plant tissues. The heavy 
metals concentrations for a composed bio-solid used in the experiment are shown 
in Table 3.  

For soil samples, results showed increase in most of the heavy metals con-
centration in soil treated with bio-solids from that of soil in control plots, the Hg 
was not detected in bio-solid and soil before and after treatment while Mo did not 
show significant change (Figure 3). Generally these changes in heavy metals con-
centrations in the soil after application were related to the chemical composi-
tion of the added bio-solids that has relatively high concentration of these met-
als. 

The results of dry plant matter analysis for heavy metals showed that most of 
the heavy metals studied were below the detection limit except for (Cr, Cu and 
Zn) were they changed but not significantly compared to the control plot 
(Figure 4). 

3.4. Biomass Yield 

The increased in bio-solids treatment indicated by increased plant biomass. Re-
sults obtained were showed that the highest dry biomass value was obtained with 
bio-solids loading rate 40 tons/ha and more. Increasing rate of application after 
40 tons/ha did not show significant differences in the biomass yield (Figure 5).  

3.5. Total Nitrogen 

Results of total nitrogen in the plants indicated that an increasing in plant nitro-
gen content with all bio-solids application rates compared with control treatment.  
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Table 3. Heavy metals concentrations in bio-solids used (Totals). 

Metal As Cd Cr Co Cu Hg Mo Ni Pb Se Zn 

Concentrations 
(mg/kg dry 

weight) 
46.5 44.7 1010 1.2 1200 ND 85 420 710 95 2100 

 
The total nitrogen percent is increased from 1.11% in the control to about 1.55% 
in all bio-solid applications as shown in Figure 6.  

3.6. Soil Organic Matter 

Results of soil organic matter contents after bio-solids application showed that an 
increase in organic matter content when soil treated with different application 
rates of bio-solids (Figure 7). The effect of bio-solids application on the soil or-
ganic content may be more reasonable after the adequate time for microbial de-
composition of the applied bio-solids. 
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Figure 3. Heavy metals concentrations in soil. 

 

 
Figure 4. Heavy metals (Cr, Cu and Zn) in plant tissue. 

 

 
Figure 5. Biomass yield. 



S. M. AlAyyash et al. 
 

354 

 
Figure 6. Total Nitrogen in plant. 
 

 
Figure 7. Soil organic matter (%). 

3.7. Soil Physical Properties 

The effects of various bio-solids surface application rate on soil physical proper-
ties such as porosity, bulk density and moisture content at two different depths, 
7.5 and 15 cm showed that there were no significant changes in these properties. 

4. Conclusions 

In general, trace elements can form insoluble precipitate with multivalent cation 
such as Ca, the soil in the experiment site is calcareous soil containing 34.6% 
CaCO3. The precipitated trace elements formed may control the availability and 
mobility of trace element in soil solution. This was shown in the results where 
the heavy metals in the bio-solid were relatively high and increased their con-
centration in the soil, but for the plant tissues, they were nondetectable or had 
much smaller concentration than bio-solid and soil. 

In the other hand, the productivity of soil measured by the biomass was sig-
nificantly increased using bio-solid. The areas treated by 40 tons/ha or more 
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yielded biomass more than 2.4 times the control plots. 
The organic matters in soil were increases in the areas treated with bio-solid. 

The top soil (7.5 cm) samples showed increase in organic matter by 20% to 70% 
for the different application rates. The total Nitrogen in all plots treated with 
bio-solid increased by about 40%. The physical properties of soil such as bulk den-
sity and porosity were not altered by the application of bio-solid. 

The application of bio-solid results showed that it enhanced the nutrient con-
tent of soil in the form of organic matters and Nitrogen and increased the bio-
mass production by more than 2.4 times. These results fall in line with the need 
for enhancing the fertility of degraded arid land soils to be able to support vege-
tation under limited amounts of rainfall and rehabilitating the natural vegetation 
cover. Also the application will control soil erosion, loss of organic matter, 
removal of nutrients, acidity, and destruction of soil structure. 
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