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yp In order to investigate the effects of various soil amendments, including municipal waste

compost its biochar and bentonite in the presence of pollutant nickel, on morphological
characteristics, yield, and nutrient absorption of triticale seeds, a factorial experiment was
conducted based on a completely randomized design with 3 replicates in the research
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. Experimental factors included: Nickel at three levels: control (no nickel application), 150 mg
Revised: July. 27, 2025 nickel/kg soil, and 300 mg nickel/kg soil supplied from a nickel chloride source, and soil
Accepted: Sep. 3, 2025 amendments at seven levels: control, municipal waste compost, biochar, bentonite, bentonite
and biochar, bentonite and municipal waste compost, biochar, and municipal waste compost,
each at a level of 2% by weight. The results showed that the effect of different levels of soil
amendments on morphological traits was significant. The highest plant height (80.29 cm) was
related to the use of municipal waste compost. The highest seed yield of triticale (1.86 g/plant)
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S‘f_"d)”'f"d: concentration with an average of 49.8 mg/kg and seed manganese with an average of 38.3
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EXTENDED ABSTRACT

Background and abjectives:

Nickel is one of the heavy metals that, although beneficial to plants in very small amounts, it is toxic to
plants in high concentrations. Municipal waste compost and other organic soil amendments such as biochar
provide some of the nutrients needed by plants, prevent soil erosion, increase beneficial soil microorganisms,
reduce the need for chemical fertilizers and pesticides, improve the physical and biological condition of the
soil, help eliminate municipal waste, and subsequently eliminate environmental pollution. The present study
aimed to investigate the effects of bentonite, municipal waste compost, and resulting biochar on the yield,
morphological characteristics, and nutrient uptake of triticale in the presence of nickel metal.

Materials and methods:

In order to investigate the effects of various soil amendments, including municipal waste compost and
the resulting biochar in the presence of nickel, on morphological characteristics, yield, and nutrient absorption
of triticale seeds, a factorial experiment was conducted based on a completely randomized design with 3
replicates in the research greenhouse of the Faculty of Agriculture and Natural Resources of Darab, Shiraz
University. Experimental factors included: Nickel at three levels: control (no nickel application), 150 mg
nickel/kg soil, and 300 mg nickel/kg soil supplied from a nickel chloride source, and soil amendments at seven
levels: control, municipal waste compost, biochar, bentonite, bentonite and biochar, bentonite and municipal
waste compost, biochar, and municipal waste compost, each at a level of 2% by weight.

Results:

The results showed that the effect of different levels of soil amendments on morphological traits was
significant. The highest leaf dry weight was obtained from the application of municipal waste compost without
nickel addition. Among the soil amendments the use of municipal waste compost resulted in the highest plant
height (80.29 cm) was related to. All traits related to plant yield were affected by the application of soil
amendments. The highest seed yield of triticale (1.86 g/plant) was obtained with the application of municipal
waste compost. All seed nutrients were affected by the interaction of nickel and soil amendments at the 1%
probability level. The highest seed phosphorus content (0.29%) was obtained with the application of 300 mg
of nickel combined with the application of bentonite and biochar. The highest seed zinc concentration with an
average of 49.8 mg/kg and seed manganese with an average of 38.3 mg/kg were obtained in the absence of
nickel and the addition of biochar, and the zinc concentration in the seed decreased with increasing nickel
content. The results of correlation analysis showed that there was a positive and significant correlation between
seed yield and all yield-related traits except harvest index. Among the studied elements, seed yield was only
positively and significantly correlated with seed copper.

Conclusion:

Based on the findings, it can be stated that morphological traits and yield were affected by the application
of soil amendments. The highest seed yield of triticale was obtained under the municipal waste compost
treatment, which increased seed yield compared to the control treatment. Based on the results of the
experiment, all the nutrients in triticale seed were significantly affected by different levels of soil amendments.
Finally, it can be stated that the level of 300 mg of nickel chloride significantly reduced the morphological
traits of triticale, and the use of municipal waste compost in the presence of high levels of nickel improved the
morphological traits.
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