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Extended Abstract

Background and Objectives

Enhancing the quality of food grains is a central goal of sustainable agriculture. Wheat, as one of the most
widely cultivated crops globally, plays a critical role in food security. Despite its importance, limited
research has examined the impact of mealworm (Tenebrio molitor) frass on wheat plant growth and yield.
Given Iran’s diverse soil and climatic conditions, its strong potential for cereal production, and the
associated economic considerations, investigating the use of organic fertilizers in wheat cultivation is both
timely and necessary. Similarly, the foliar application of zinc chelates, particularly zinc lignosulfonate,
remains underexplored in cereal crops. This study aims to evaluate the effects of foliar-applied zinc
lignosulfonate and soil-applied mealworm frass on wheat growth, yield components, and the molar ratio of
phytic acid to zinc in the grain of wheat.

Materials and Methods

In this study, to investigate the effect of different levels of mealworm frass and foliar-applied zinc
lignosulfonate on growth characteristics, yield, element concentrations, and the molar ratio of phytic acid
to zinc, a factorial experiment was conducted based on a randomized complete block design with three
replications. The treatments included four levels of mealworm frass (0, 500, 1000, and 1500 kg/ha) and
three foliar zinc treatments applied during the flowering period: control (spraying with irrigation water),
and foliar applications of zinc lignosulfonate at 2.5 and 5 mg/L. The following growth and yield indices
were measured: grain yield, straw yield, plant height, and number of fertile spikes per meter, number of
grains per spike, spike length, and 1000-grain weight. The concentrations of nitrogen, phosphorus,
potassium, zinc, and iron in wheat grain were determined. The molar ratio of phytic acid to zinc in the grain
was also measured.

Results

The highest grain yield (17.5 t/ha) and straw yield (2.75 t/ha) were obtained from the treatment receiving
1500 kg ha™ mealworm frass combined with 5 mg/L zinc lignosulfonate foliar spraying, representing
increases of 43% and 93% compared with the control, respectively. Also, the same treatment also produced
the highest 1000-grain weight (43.33 g) and the greatest number of fertile spikes (335 per meter), while the
lowest number of fertile spikes (218 per meter) was observed in the control (no frass, no zinc), which was
significantly lower than the other treatments. Mealworm frass increased the molar ratio of phytic acid to
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zinc, whereas foliar application of zinc lignosulfonate decreased it. In addition, the highest ratio of phytic
acid to zinc was recorded with 1500 and 1000 kg/ha frass (21.55 and 21.15, respectively), which was not
significantly different from each other, and the lowest ratio (19.97) occurred with zero frass and was
significantly lower than the other treatments. Application of 1500 kg/ha mealworm frass increased zinc
concentration of wheat grain by 43%, 27%, and 24% compared with the control, 500 , and 1000 kg frass
treatments, respectively. The foliar application of 5 mg/L zinc lignosulfonate increased grain zinc
concentration by 34% and 25% compared with the control and 2.5 mg/L treatments, respectively. The 1500
kg frass treatment increased grain phosphorus concentration by 81%, 62%, and 37% compared with the
control, 500 kg/ha and 1000 kg/ha treatments, respectively. There was no significant difference in grain
potassium between the 0 and 500 kg/ha frass treatments. However, 1500 kg/ha frass increased grain
potassium by 48%, 41%, and 14% compared with the control, 500 kg/ha, and 1000 kg/ha treatments,
respectively. Grain nitrogen concentration was also increased by 81%, 62%, and 37% with 1500 kg/ha frass
compared with the control, 500 kg/ha, and 1000 kg/ha frass, respectively. Neither the main nor interaction
effects of the treatments had a significant impact on wheat grain iron concentration.

Conclusion

Based on the results of this study, application of mealworm frass and foliar zinc lignosulfonate substantially
improved wheat performance and grain nutritional quality. In particular, the combined treatment of 1500
kg mealworm frass with 5 mg/L zinc lignosulfonate foliar spray produced the greatest agronomic benefits.
This combination also markedly increased grain concentrations of zinc, phosphorus, potassium, and
nitrogen compared with lower frass rates and the control. Mealworm frass tended to raise the molar ratio
of phytic acid to zinc, while foliar zinc reduced thisratio, suggesting that foliar zinc application can partially
offset the negative effect of organic amendment on zinc bioavailability. The highest frass rates produced
similar phytic acid to zinc ratios, indicating a plateau effect for that response. Overall, applying mealworm
frass at 1500 kg/ha combined with foliar application of 5 mg/L zinc lignosulfonate appears to be an effective
management strategy to increase wheat yield and enhance grain nutrient content. In addition, foliar zinc
helps improvement of zinc availability despite higher phytic acid levels associated with frass. The results
of this study showed that these two fertilizers can be used in wheat plant nutrition programs.

Key words: Integrated plant nutrition management, Nitrogen, Phytic acid, Phosphorus, Potassium, Zinc
lignosulfonate.
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