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Abstract
 The accumulation of raw poultry residues in enormous quantities causes the release of odors and the leakage of toxic elements into the surface and groundwater , which negatively affects human health and the environment. So the bioreactor named the fixed-dome model as an anaerobic digester was designed and installed in the poultry field at the agricultural advisory office of  college of agriculture at the University of Basra in Karmat-Ali, Iraq. Anaerobic organic fertilizer produced from anaerobic digestion pathway when raw poultry manure was fermented an aerobically for 56 days in the designed bioreactor, to study the use efficiency  for anaerobic produced  organic fertilizer and raw poultry manure when added  at 150Kg N ha-1 at 0 , 25 , 50 , 75,and 100 % of the recommended dose which was equal to a chemical recommendation for  nitrogen as urea fertilizer while P and K were  applied in a field experiment as traditional fertilizers( superphosphate and potassium sulfate respectively)   to grow barley plants ( Hordeum vulgare L.).  Results showed that doses at 100% of anaerobic organic fertilizer were produced in the bioreactor with a significant increase in plant growth parameters as plant height , dry weight of shoot and amounts and their uptake of N and P elements in plants within 60 days of planting as compared to the rest treatments , so the biogas technology for the production of anaerobic organic fertilizer can help partly or mainly to reduce amounts of traditional doses of fertilizer. 
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1. Introduction 
         The overpopulation of the world، which could be expected to nine billion in 2050 [1]  ,  then accelerated the need for food with sustainable management led to finding renewable energy sources as a biogas technology which could support agriculture exercises when investing natural input resources  as plants residues,  manures ,  and human activities.   that produced from these exercises or recycling, so the main output to ward off risks of greenhouse gases [ 2]. Anaerobic digestion is a methanogenic approach by incorporates multi-specific anaerobic organisms activation in the full absence of oxygen gas pressure conditions [ 3] for producing beneficial materials such as anaerobic organic fertilizer accompanied by multi gases such as CH4,  CO2,H2S and other chemical compounds as sources for energy   clean and  friendly  to the environment. By biochemist process pathway happened in manufactured anaerobic digestion [4] recent researches certain in the anaerobic digestion process could take place through a series of stages from the hydrolysis step to acidogenesis, acetogenesis processes then methanogenesis to improve produced biogas and mature anaerobic organic fertilizer [ 5], in addition to the anaerobic digestion can prevent environmental pollution when recycling plants residues، manures and industrial wastes [ 6] anaerobic decomposed organic manure accompanied with biogas production [ 7]affected significantly when increasing 3.79 g pot-1 of shoot dry weight of treated Spinacia oleracea L. with 100% added of produced anaerobic organic fertilizer compared shoot dry weight 2.57 g pot -1 at control treatment (100% mineral application dose ). Anaerobic organic fertilizer has high-quality characteristics to improve chemical physical and biological soil properties as pH, EC, and NPK are essential elements for plant nutrition[ 8], locally, [ 9]found the best treatment of anaerobic decomposed organic fertilizer with a significant effect on the plant biological parameters as tubers and total yield of the potato crop of   Solanum tuberosum L. so anaerobic organic fertilizer can be instead of mainly or partly traditional recommendation fertilizers added in agriculture experiment. 
2. Material and methods 
 2.1. Design and installation of bioreactor units 
Bioreactor Fixed-dome model was designed and manufactured from fiberglass material at 1000 liters sized in the hole (125 cm diameter and 110 cm depth), making two holes on both sides of the tank (2.5-inch diameter) as Inlet pipe and outlet pipe with whole (1 -inch diameter) in a tank top with tight valve than supplied with raw poultry manure (Table 1) which mixed at 350 kg raw manure: 600 liters water, then accumulated produced slurry manure during 56 days anaerobic digestion, a calculate suitable amounts to conduct field experiment.
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Figure 1 . Local designed fixed- dome model.
Table 1. Some characteristics of poultry manure before anaerobic digestion.
	Unite
	Value      
	Properties

	                -
	6.50            
	pH   (5:1)

	dSm-1                  
	21.22           
	EC   (5:1)

	g kg-1
	21.88           
	Total  N         

	g kg-1
	9.34            
	Total P

	g kg-1
	17.19            
	Total K           

	
	593.78          
	 Organic matter

	
	344.42          
	 Organic carbon  

	 W/W %
	78              
	PW             

	                -
	15.74            
	C/N             

	                -
	36.88           
	C/P             

	               %
	22              
	  Total solid      


Table   2.  Some properties of soil in study.
	Unite
	value
	Properties

	ــــــــ
	7.46
	pH(1:1)

	dSm-1
	6.80
	 ECe 

	
g kg 1

	3.47
	O.M

	
	0.28
	Total N

	
mg kg 1

	38.62
	Available N

	
	18.31
	Available P

	
	96.93
	Available K

	Mmol L-


	16.18
	Ca++

	
	14.23
	Mg++

	
	7.71
	Na+

	
	26.50
	SO4-2

	
	10.43
	Cl-1

	
	6.24
	HCO3-1

	
g kg  -1

	80.41
	Sand

	
	477.35
	Silt

	
	442.24
	Clay

	
	Silty clay
	Soil texture

	CFU         g -1

	510x71
	Bacteria

	
	310x3
	fungi



2.2. Agriculture field experiment design
   A factorial field experiment was conducted at soil chemical, physical properties as in table (2) in same poultry farm, an agriculture experiment field designed as a completely randomized complete block design (RCBD) revised least significant at 0.05. The experiment included two factors in three replicates of the treatments control, anaerobic organic fertilizer produced from anaerobic digester (P) ,  raw manure (R) , 0% +100%Chemical fertilizer commendation (NPK  ) as 25% anaerobic organic fertilizer 25% Chemical fertilizer commendation (NPK  ) as 50% + anaerobic organic fertilizer 50% Chemical fertilizer commendation (NPK  ) as 75% + anaerobic organic fertilizer 25% Chemical fertilizer commendation (NPK ) as 100%. Chemical recommendation (N, P, K) was added at 150 N kg ha -1as urea, 80 P kg ha -1 and 116 K  kg ha-1 that mixed with soil. Both raw and organic manure were added as lines in amounts that appear at( table 3). 
Table 3. Calculated amounts of application fertilizers in study .
	Manure
	R0

	R25

	R50

	R75

	R100

	R25

	R50

	R75

	R100

	C
	Unit


	Produced
	0
	0
	0
	0
	0
	1.45
	2.9
	4.35
	5.80
	0
	Lm-1

	Raw   mw
	0
	0.78
	1.56
	2.34
	3.12
	0
	0
	0
	0
	0
	K g-1

	Urea

	32.60
	24.45
	16.30
	8.15
	0
	24.45
	16.30
	8.15
	0
	0
	g m-2


	Super phosphate P
	39.00
	29.25
	19.5
	9.75
	0
	29.25
	19.50
	9.75
	0
	0
	

	K sulphate
	27.40
	20.55
	13.70
	6.85
	0
	20.55
	13.70
	6.85
	0
	0
	



After 60 days of planting, main parameters were taken as indicators to response plants to added treatment in the study as Plant height, dry weight of shoots,  root, and content of N, P elements and their uptake and recovery perc. of plants during 60 days of planting as according to references in the known text.
3. Results and discussion
3.1. Plant height   
Results showed in the (table 4) that the highest significant effect of produced manure (P) in the bioreactor by anaerobic digestion which was 60.40 cm on raw manure (R) on plants height (Hordeum vulgare L.) was 51.77 cm, while the lowest height was 38 cm at control (C) may be that refer to the positive effect of anaerobic digestion in a bioreactor in improving characteristics of produced organic manure, which agrees with [10 ]   at the (table 4) results referred to the significant effect of level added of treatments when added at levels 25  , 50  , 75  ,and 100% on plants height from 48.67 cm at no added treatment to 50.0, 50.17 , 50.67 , 50.78 cm at levels 25  , 50 , 75 , 100%  respectively, that agrees with [11 ]   who certain to the role of most organic manure to improve soil properties then plant growth. 
Table   4   . Effect of organic manure on plant height in study.
	Average
	100
	75
	50
	25
	0
	     Level
               Kinds


	60.40
	65.00
	63.00
	61.00
	59.00
	54.00
	P

	51.77
	49.33
	51.00
	51.50
	53.00
	54.00
	R

	38.00
	38.00
	38.00
	38.00
	38.00
	38.00
	C

	
	50.78
	50.67
	50.17
	50.00
	48.67
	Average

	Levels RLSD0.05
	Kinds × Levels RLSD0.05
	Levels RLSD 0.05 

	0.467
	6.689
	4.981


	2.1.	Shoot dry weight g (m2)-1
From table (5) results showed that produced organic manure P was significant superiority (303.31 g  m2   on raw manure R (249.99  g  m2  shoot dry weight compared to no added treat. Was (145.92 g  m2 , [11 ]   referred to as the beneficial anaerobic digestion process by anaerobic and bacteria for maturity raw manure in full absent oxygen, at the same table (4) results conducted to the significant effect of levels addition 75% and 100% on the rest application In shoot dry weight 233.96 ، 234.52 g  m2    as compared with no added which was 231.63 g  m2  , There was a significant effect for interaction between kinds and levels of organic manure on shoot dry weight, so the treatment from P100( produced manure at 100% application ) was superior addition 332.59 g (m2)-1 as compared to145.92 g (m2)-1, so that conducted Importance of anaerobic digestion as [12 ].   
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	2.1. Nitrogen content 
Results in the (Table 6) referred to a significant increase in N- Content in plants after 60  days of growth in the produced application (P) compared to (R) were 30.39 ,24.67 g kg-1, respectively. When the control was 18.46 g kg-1, that agrees with [13 ]   who certain roles of anaerobic bacteria in decomposed raw organic material and release essential nutrients like nitrogen in slurry fertilizer so that support importance of increase addition levels either produced or row manure in a study at 24.51 , 24.98 , 25.30 g kg-1 of levels 50  , 75 , 100% respectively.

	Table  6. Effect of kinds and levels of organic manure on N- Content in barley plants.


	



	2.2 Phosphorus content in plants
From the (table 7) results showed that a significant effect for produced manure and Raw poultry on phosphorus content in plants when increased to 2.71 and 2.21 g  kg -1 compared to no added was 1.73 g  kg -1, as agreed with [13 ]   , in addition, to study conducted there were the significant effect of increasing levels application on P content from 2.07 g  kg -1 at no added level to 2.22, 2.28 and 2.39 g  kg -1 at levels 50,  75  ,and 100% respectively, so most of organic manure can encourage phosphate availability in soil then absorbed by the plant [14 ] . Application on P content when it was3.27 g kg -1 at treatment P100 of produced. Also, results referred to significant interaction between kinds and levels of manure in anaerobic digester designed.
 

	Table  7 . Effect kinds and levels of organic manure on P- Content in barley plants.

	


		Average
	100
	75
	50
	25
	0
	Levels                             
                            Kinds

	30.39
	34.25
	32.68
	30.03
	28.76
	26.25
	P

	24.67
	23.20
	23.80
	25.04
	25.07
	26.25
	R

	18.46
	18.46
	18.46
	18.46
	18.46
	18.46
	C

	
	25.30
	24.98
	24.51
	24.10
	23.65
	Average

	Levels RLSD0.05
	Kinds × Levels RLSD0.05
	Kinds  RLSD0.05

	0.851
	2.711
	2.494






	2. 3. Uptake nitrogen in plants 
From the (table 8) results referred to a significant increase in N uptake in barley plants during 60 days of planting when it increased from 3.27g m-2 at control to 9.27 and 6.18 g m-2 produced (P) and raw (R) manure added respectively, that agrees with [15 ]   who referred to role anaerobic digestion as a pathway to improve available N then C/N ratio In decomposed manure to encourage its absorbed by plants. In addition applied levels supported the positive effect of produced manure at levels 50 ,75 , and% 100 were 6.43, 6.01, and 6.24 g m-2 respectively compared to no added level (5.70 g m-2 ).  


	Table 8.  Effect of the type and level of organic fertilizer on the nitrogen absorbed in barley plant (g  m-1).


		Levels
Kind
	0
	25
	50
	75
	100
	Average

	P
	7.20
	8.41
	9.09
	10.25
	11.39
	9.27

	R
	7.20
	6.49
	6.24
	5.77
	5.22
	6.18

	C
	2.69
	2.69
	2.69
	2.69
	2.69
	2.69

	Average
	5.70
	5.86
	6.01
	6.24
	6.43
	

	Levels RLSD0.05
	Kinds × Levels RLSD0.05
	Levels RLSD 0.05 

	0.745
	0.609
	0.301







Phosphorus uptake in plants 
In the (table  9) results referred to the significant increase in P uptake in barley plants   during 60 days of planting when it increased from 0.25 g  m-2 at control  to 0.83 and 0.55 g  m-2 at produced(P) and raw(R)  manure added respectively, which agrees with [16 ]   who referred to role Anaerobic digestion as a pathway to improve available P,  then C/P ratio Anaerobic 
Table 9. Effect kinds and levels of organic manure on P-uptake in barley plants.



	levels
Kind        
	0
	25
	50
	75
	100
	Average

	P
	0.61
	0.71
	0.82
	0.92
	1.09
	0.83

	R
	0.61
	0.58
	0.55
	0.53
	0.49
	0.55

	C
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Average
	0.49
	0.51
	0.54
	0.57
	0.61
	

	Levels RLSD0.05
	Kinds × Levels RLSD0.05
	Levels RLSD 0.05 

	0.046
	0.045
	0.048



In decomposed manure to encourage its absorption by plants. In addition applied levels supported the positive effect of produced manure at levels  50 %,75%, and   %100 were 0.54 ، 0.57    and 0.61  g m-2 respectively compared to no added level (0.49g  m-2 ) 
Nitrogen recovery 
As a (table 10), results showed that a significant effect of produced manure in the anaerobic digestion method and raw manure, was 41.74% , 29.27 %  respectively, As agreed with [17 ].    Moreover, results showed that a significant effect To levels of application to increase recovery ratio to 35.33 , 36.25 and 36.90  at 50  ,75 , %100 respectively as compared to control was  34.35%, as [18 ]   who referred to that N- recovery is positive Indicator to the high efficiency of anaerobic digestion in bioreactor technique. 
Table  10.  Effect kinds and levels of organic manure on N-recovery %  in barley.
	Level                
         Kinds

	0
	25
	50
	75
	100
	Average

	P
	34.35
	38.42
	40.77
	45.58
	49.60
	41.74

	R
	34.35
	30.98
	29.89
	26.92
	24.20
	29.27

	Average
	34.35
	34.70
	35.33
	36.25
	36.90
	

	Levels RLSD0.05
	Kinds × Levels RLSD0.05
	Levels RLSD 0.05 

	3.638
	3.718
	0.862


Conclusions
  Anaerobic digestion significant positive role in improving the quality and amounts of available nutrients like N, and P in soil and increasing plant growth, moreover it can be replaced mainly or partly by chemical recommendation fertilizers like urea and superphosphate added to soil .
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Table  5. Effect of organic manure on shoot dry weight of barley plants. 
P	0	25	50	75	100	274.48	293.14999999999998	302.86	313.48	332.59	R	0	25	50	75	100	274.48	258.73	249.21	242.49	225.06	C	0	25	50	75	100	145.91999999999999	145.91999999999999	145.91999999999999	145.91999999999999	145.91999999999999	Levels
Kinds
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