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Abstract

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 (LDso) 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.



