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 ŗص󏿿ʳƃا                                                                       

ــȈذ řॽƆؗ ʛʰʱʵƈ Ɠž اÀʨƆŸƅ اřॽʯʽʰƅذ   ــــــ ــřŸƈŕŠ Ɠž ř اŰʨʺƅــــ ــــــ ʜت Ɔŷى  أʚƍ ʗȄʛŠُه اʙƅراŬــــ ــʧʽرؗ ـــ ـــ ــ   ʶʴśــ

řȄʨــــــ ــ ـ́ ŷ ةʙʺـــــ ــ ـــــ��ت اʙƅواŕʱƊƙ ʧŠج أŬــ ــ ـ́ـ ž    řƂœŕžدةʨʳƅذا    ŕƍʛʡŕʵƈ ȈʽƆƂśو řॽɺراʜƅا ŕƎʱʽƅŕŸž ʜȄʜŸś مʙƎŗ

řـॽʯʽʰƅو   ا ُś čʙـŸ   ىƅإ ŕـƎƆȄʨʴśو řـॽɺراʜƅت اŕـſƆʵʺƅت إدارة اŕـॽʻƂś ʛȄʨʢś Ɠž ŕ ـً̋ Ǝƈ ŕًـƈŕـƎـــــــ ــــــ ــــř إŬـ ــــــ ـƍ şœŕɦـʚه اƅـʙراŬــــ Ɗ

 ُś řƈاʙʱʶƈ اردʨƈřʯʽʰƅى اƆŷ ȍŕſʴƅوا Ɠœاʚżƅا ʧƈا�� ʦŷد Ɠž ʦƎʶ. 

( ʧƈ ȘƂʴʱƆƅ ا��ŕƈن اʶƆƅ ȑʨʽʴƅــʺŕد اLD₅₀ ʧƈ şʱʻʺƅ)śʹــʺʗʻ اʙƅراŬــʙƂś řȃʛʳś řيʛ اʶƅــʺřॽ اŕʴƅدة 

  ȈʽʱʽـŬا�� Ɠƍ تŕžŕـŲع إȃرōǼ ƌʱƆƈŕŸƈ ʙŸǼ ʧŠواʙƅت اŕſƆʵƈ  ʧʽʱʁـ ॽـŬ()  (NAC  )

(إřžŕŲ إƅى Phenolphthalein( واʧʽƅŕʲſƅʨʻʽſƅ )Nanochar)  اʦʴſƅ اȑʨƊŕʻƅ و (  Biocharاʦʴſƅ اȑʨʽʴƅ )و 

  ʟœŕــʸŦ ʧʽــʶʴʱƅ řſƆʱʵʺƅت اŕžŕــŲƙا ʛʽŝōś ʦॽʽƂʱƅ řॽœŕʺƅا řŷراʜƅا ÀŕʤƊ ربŕʳʱƅا ʗƆʺــŮ ŕʺؗ ةʛʢॽــŬ řʻʽŷ

 اʗƆʺʱŮ اʙƅراʨʴƈ řŬرʧȄ رʧʽʶॽœ:و  ʙʵʱŬŕǼاŕॼƊ Àت اʚƍ ʗʺśʦʡŕʺʢƅه اŕʳʱƅرب و اŕʺʶƅد 

1.  ʨʽţ زنذʨƅلذ اʨʢƅا( řॽŠʨƅʨžرʨʺƅا ʨʺʻƅات اʛŮʕƈ سŕॽʀ ʗʻʺʹś :řॽśŕॼʻƅت ا󿿿ʽƆʴʱƅا  )ورʚʳƅا��وراق وا řȄ

řŸſśʛƈ ʜʽƄاʛʱƅ ضʛŸʱƅا ʙʻŷ ورʚʳƆƅ řॽŠʨƅʨžرʨʺƅات اʛʽżʱƅا řʤţ󿿿ƈ ىƅإ řžŕŲƙŕǼ. 

ا󿿿ʽƆʴʱƅت اřॽœŕॽʺॽؔƅ واʙƂś ʗƆʺŮ :řॽŠʨƅʨʽʰƅيʛ اʛʱʽʻƅوʧʽŠ اƓƆؔƅذ اʨſʶſƅر واÀʨʽŬŕśʨʰƅ اŕʱʺƅحذ اʨȃʛؔƅن   .2

ʛśا  ʙيʙʴś إƅى   řžŕŲƙŕǼ واʛʱʻƅاتذ   ÀʨʽƊʨƈا�� ا󏿿ʨʻʽſƅتذ  )اŕؔƅدÀʨʽƈذ  اȑʨʹŸƅذ   řƆʽƂʲƅا اŕŸʺƅدن   ʜʽƄ

řॽʻƂś    اŕŰʛƅص(  ÀاʙʵʱŬا ʦś ŕʺؗ  řƆœŕʶƅا  ŕॽɾاʛŻʨśŕƈوʛؔƅا–   ʗؔƅم اŕॽʢƈ    Ɠœŕॽʺॽؔƅا  Ȉيŕžوʛʰƅا ʦŬʛƅ

.řſƆʱʵʺƅت ا󿿿ƈŕŸʺƅا ʧŷ řʳśŕʻƅت اŕॼƆƂʱʶʺƆƅ 

ŕد  ـ̋ـ ـــ ʁـ ƅا ʧƈ řƅʙʱŸʺƅا ʜʽƄاʛʱƅأن ا şœŕʱʻƅت اʛƎʣأ  (
௚ ت󿿿ʹž 

௚Ȉƈر
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− ଷ଴
଻଴

   ʦŷʙƅ ʖـــ ــ اŕॼƊƙت  ( ʗƊŕؗ ا��ʶƊـ

ــــــ󿿿ʱت أƆŷى Ɠž ʦॽʀ اʨƅزن واʨʢƅل ŕƂƈرȈƈŕŸʺǼ řƊ اʶƅـــــــــʛʢॽةذ ŕʺʻʽŗ أدت   ʗƆ اʷƅـــ Ìr ــ واʨʺʻƅ ا��وƓƅذ Ŭ ʘʽţـــــــ

( řॽƅŕŸƅا ʜʽƄاʛʱƅا≥ ସ଴
଺଴

ــــʺřॽ  أʛŷاض  إƅى(  ــــŬ  řʴـــ  řƆƈŕŸƈ أن  ŕʺؗ ʧÌ̔ʰś  اŕॼʻƅت   وʨƈت  اʚʳƅور Ȉʲƈ  ȈƆʴś واŲـــ

 .اȑʛʹʵƅ  واʥŬŕʺʱƅ اřȄʨʽʴƅ اʨƂƅة ʧƈ  ʘʽţ ا��řॽȞȄʛƈ اʚʰƅور Ɔŷى ʗƁʨſś  اřǽʙʻƎƅ اʚʰƅور



          

  

 Ȑأد ʘʽţ دةذʨʳƅات اʛـŮʕƈ Ɠž ŕًʻʁـ ʴś řॽœŕॽʺॽؔƅا Ȉʽƅŕʴʱƅت اʛƎʣNAC   ŕॽƊʨƈا�� ʜʽƄاʛś ʠſŦ ىƅإ

  Àʨʽــ ــʨſر واŬŕśʨʰƅـــ ــ ــʙŷŕ اʦʴſƅ اƆŷ ȑʨʽʴƅى ʗʽʰʲś اŬʨſƅـ واƈ ʗȄʛʱʻƅع اƆŷ ȍŕſʴƅى اʛʱʽʻƅوʧʽŠ اƓƆؔƅذ Ŭ ŕʺʻʽŗـــ

ƊʨƆƅا ʛʽżʱƅا Ɠž حʨــــ ـــ ــ ــ ــ ــŲʨŗ ʧʽƅŕـ ʲſƅʨʻʽſƅا ʛʽŝōــś زʛŗ ŕــʺƄ نʨƆƅى اƅإ ʗــƅʨʴś Ɠʱƅا řــǽʙــŷŕــƂƅا ʜʽƄاʛʱƅه اŕــॽʺƅ Ɠ

.ȑردʨƅا 

ـــřॽƈŕ وارʙƁ ¹ŕſśرة  ــ ــــــʧ اřॽʻʰƅ اʶʺƅــــ ـــȑʨ اʗŗŕʲƅ وʶʴśـــ ــ أŕƈ اşœŕʱʻƅ اʙƄōž řॽœŕȄʜʽſƅت زŕȄدة اʨȃʛؔƅن اŸƅʹــــ

  ȋŕــ ــ ـــــŕžŕت إƅى ʜȄʜŸś اʷʻƅـــ ـــــʺŕد Ɠž اʖƊŕʳƅ اƓŠʨƅʨʽʰƅذ أدت اŲƙــ ــʛƂʱار اʶƅــ ــ ــ ا��ŕʺƅŕǼ ȍŕſʱţءذ ʜŸǽ ŕʺƈز اŬـ

  ȈʽƆƂśو ƓȃوʛȞॽʺƅاřƈŕʶƅت اŕॼ ʛؗʺƅا ʦƄاʛś)لʨʻʽſƅا(   Ȉʺŷ ŕʺʻʽŗ ازذʜʱƈى ا��Ɔŷ ȑʨʽʴƅا ʦʴſƅا ʙŷŕŬ °إNAC 

.ƓʺȄʜƊإ ȌॼʲʺƄ 

ــ󿿿ƈŕŸƈ ʗƆʳت  ــ ــŕص  اʦʴſƆƅ اȑʨʽʴƅ واŕًॽʯʽŗ ȑʨƊŕʻƅذ Ŭـ ــʛś Ɠž ŕًʣʨʴƆƈ ŕًاʜʽƄ اŕؔƅدÀʨʽƈ واŰʛƅـــ اŲŕſʵƊـــ

 ʦƄاʛś ȈʽƆƂś Ɠž تŕžŕŲƙه اʚƍ ءةŕſؗ ʝȞŸǽ ŕƈ ʨƍةذ وʛʢॽʶƅŕǼ řƊرŕƂƈ.řƆʽƂʲƅدن اŕŸʺƅا 

  ʗـżƆŗ řـȄʨʽţ řـƆʱؗ ىƆŷأ ʧʽƅŕ̡ـ ſƅʨʻʽſƅا řـƆƈŕـŸƈ ʗـƆ Ìr ـــــــ ــــــ ـʦʡŕ̋ذ Ŭـ ʢƅرب اŕrـ ś Ɠž0.578  g رتËÌʙُـƁ ŕ̋ـ ॽɾ ذ

 Ȉʽƅŕʴś تʙÌƄوأLC-MS .řȄʨʽʴƅت اŕॼƆƂʱʶʺƅ¹ اŕſśار 

  řـــŬروʙʺƅت اŕžŕـــʹʺƅا ÀاʙʵʱـــŬأن ا şœŕʱʻƅا ʙ ʕؗś čʙŸǽُ    رًاŕॽŦ ًاʜʽʺƈ   ʧƈ ȑʨـــʹŸƅد اŕʺـــʶƅدة اʨŠ ʧʽـــʶʴʱƅ

Ɠʯʽو ʚżƅاʘʽţ  řॽœ اřʺॽʁƅ ا ƅhن اŕƈار وا��ʛƂʱــ ــॽع ʚƍ Șʽʰʢśا اŲ şƎʻƅــــʺʧ أřʺʤƊ اʜƅراřŷ    ذا��Ŭــ وŰʨȄُــــى Ŭʨʱŗــ

ȈʰƂʱʶʺƅا Ɠž řǽدŕʸʱƁوا�� řॽʯʽʰƅا ʖƊاʨʳƅة اŕŷاʛƈ عƈ ذřƈاʙʱʶʺƅا 

 ʧƈ ʧ Ìــʶʴǽ دةʙʴƈ řȄʨــʹŷو řॽœŕॽʺॽؗ تŕžŕــŲŐǼ ʧŠواʙƅــ��ت اʹž ȈيʙŸś أن řــŬراʙƅه اʚƍ şœŕʱƊ زʛʰśُ

 řſƆȞʺƅا řॽœŕॽʺॽؔƅة اʙʺـــــŬا�� ʧŷ ŕƈًاʙʱـــــʶƈ 󿿿ًيʙŗ ƌƆŸʳǽ ŕʺƈ ذƌʱʽƅŕŸžو ƌƊŕƈأ ʧƈ ʙȄʜȄو şÉɦʻʺƅد اŕʺـــــʶƅاص اʨŦ

  Ȉـــʲƈ řــ ــʙيʲـ ــř اʴƅـ ــʚا اʴॼƅـــʘ أن دşƈ ا��دوات اॽƆʽƆʴʱƅـ ــƍ ʙـ ـ ʕؗȄو řـــŝʨƆُ̋ ƅواLC-MS    řـــॽśŕــ ــŕت اॼʻƅـ ـ̋ ॽʽƂʱƅع اƈ

.řƈاʙʱʶʺƅا řॽɺراʜƅا ʦʤʻƅا Ɠž ƌƂॽʰʢś قŕžد وآŕʺʶƅا Ȉʺŷ řॽƅ𿿿 řƆƈŕؔʱƈ řȄرؤ ʛžʨي řॽŠʨƅʨʽʰƅوا řॽœŕॽʺॽؔƅوا
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This study was conducted at the University of Mosul, College of Environmental 
Sciences, with a primary focus on enhancing poultry waste management through 
its transformation into high-value organic fertilizers. The overarching objective 
was to improve the agronomic efficiency of poultry-derived fertilizers while 
minimizing their environmental risks. The findings of this research provide a 
significant contribution to the field of agricultural waste valorization, supporting 
food security and advancing environmental sustainability.

The experimental design included an assessment of acute toxicity (LD₅₀) to ensure 
the biosafety of the poultry waste–derived fertilizers after amendment with four 
specific additives: N-acetyl-L-cysteine (NAC), biochar, nanochar, and 
phenolphthalein, in addition to a control treatment. A hydroponic system using 
tomato plants (Solanum lycopersicum) was employed to evaluate the impact of 
these additives on fertilizer quality and performance.

The study comprised two main analytical axes:

Plant analyses: Evaluation of morphological growth indicators (shoot length, 
biomass accumulation, leaf and root vitality) and root morphological responses 
under elevated amendment concentrations.

Chemical and biological analyses: Determination of total nitrogen, available 
phosphorus and potassium, organic carbon, phenolic compounds, ammonium, and 
nitrate, as well as quantification of heavy metals (Cd and Pb). Furthermore, liquid 
chromatography–mass spectrometry (LC-MS) was applied to establish the 
chemical metabolite profile associated with the treatments.

The results demonstrated that moderate application ratios (20/80–30/70 g waste/g 
sand) were optimal for supporting seed germination and early seedling growth, 
producing significantly higher biomass and shoot length compared with the 
control. Conversely, higher concentrations (≥40/60) induced pronounced 
phytotoxicity, including root degradation and plant mortality. Moreover, Indian 
tomato seeds exhibited superior vigor and vegetative resilience compared to 
American seeds.

From a chemical perspective, NAC reduced ammonia and nitrite accumulation 
while maintaining total nitrogen. Biochar enhanced phosphorus and potassium 
retention, while phenolphthalein exerted a distinct effect in alkaline solutions, 
inducing a visible colorimetric shift to pink. Physicochemical analyses further 



 
 

confirmed an increase in stable organic carbon, improved soil porosity, and 
enhanced water-holding capacity, thereby promoting structural stability. 
Biologically, the amendments stimulated microbial activity and reduced toxic 
phenolic accumulation, with biochar acting as an adsorbent and NAC functioning 
as an enzymatic inhibitor.

Environmentally, both biochar and nanochar treatments significantly lowered Cd 
and Pb concentrations compared with the control, indicating their efficiency in 
mitigating heavy metal contamination. In tomato trials, phenolphthalein treatment 
produced the highest biomass yield (0.578 g), and LC-MS analyses confirmed an 
increase in beneficial metabolites.

Collectively, the findings highlight that integrating these chemical and organic 
amendments into poultry waste management substantially improves fertilizer 
quality in terms of nutrient value, biochemical stability, and environmental safety. 
The results suggest that this strategy offers a viable and sustainable alternative to 
conventional chemical fertilizers, which are costly and environmentally 
detrimental. Moreover, coupling advanced analytical techniques such as LC-MS 
with plant, chemical, and biological assessments provide a comprehensive 
framework to elucidate the mechanisms underlying fertilizer performance and its 
application potential in sustainable agricultural systems.


