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Influences of Phosphorus Fertilization on Agronomic Characteristics, Grain Yield and
Phosphorus Utilization Efficiency in Foxtail Millet

Wang Dan, Zhang Yi, Zhang Ningning, Hou Changye, Yan Jiakun’
College of Advanced Agricultural Sciences, Yulin University/Key Laboratory of Minor Cereal Crop Bio-breeding of
Yulin City, China Shaanxi Yulin 719000

Abstract: Objective: Low-phosphorus stress and low phosphorus fertilizer use efficiency commonly occur in foxtail
millet production on the Loess Plateau of northern Shaanxi. Clarifying the differential responses of foxtail millet
genotypes to phosphorus fertilizer can provide theoretical support for efficient phosphorus fertilizer management
and screening of phosphorus-efficient cultivars in arid regions of Northwest China. Method: A two-year consecutive
field experiment was conducted in Yulin, Shaanxi Province from 2023 to 2024. Four foxtail millet cultivars, Jingu 21
(JG), Yugu Kang 1 (YQG), Qitoubai (QTB) and Xiaoheigu (HG), were used as experimental materials. Two treatments,
phosphorus application at 135 kg/hm? (+P) and no phosphorus application (—P), were set up to systematically investigate
the regulatory effects of phosphorus application on agronomic traits, phosphorus accumulation and distribution,
biomass, soil available phosphorus and grain yield of foxtail millet. Result: Phosphorus application significantly
increased plant height, stem diameter, above-ground and root biomass, plant phosphorus accumulation, rhizosphere
soil available phosphorus content and grain yield of foxtail millet. Under the same phosphorus application condition,
QTB exhibited significantly higher plant height and stem diameter than other cultivars across two years, while JG had
the lowest plant height. Phosphorus application increased stem diameter of all cultivars by 9.79%-36.44%, with YG
showing the maximum increment. In terms of phosphorus accumulation, the whole-plant phosphorus accumulation of
QTB was higher than that of YG under low-phosphorus condition in 2023, whereas YG surpassed QTB after phosphorus
application, with its stem phosphorus accumulation increased by 252.67%. In 2024, phosphorus accumulation in each

organ of YG was significantly higher than that of QTB regardless of phosphorus application. HG was the most sensitive
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cultivar to phosphorus fertilizer; its above-ground biomass and root biomass increased by 136.75% and 165.96%
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respectively after phosphorus application in 2024, and YG maintained a high level of above-ground biomass. Phosphorus
application markedly elevated soil available phosphorus, and JG obtained the largest relative increase (720.24%). All
four cultivars achieved yield increase under phosphorus application. JG had the highest grain yield in 2023, and YG
increased yield by 27.13%. QTB yielded the highest in 2024, and YG showed the greatest yield-increasing amplitude
of 48.00%. JG and QTB presented stable yield performance, while YG and HG possessed prominent yield-increasing
potential to phosphorus fertilizer. Conclusion: Yugu Kang 1 is a phosphorus-efficient cultivar, which is recommended
to cooperate with phosphorus input of 135 kg/hm? in arid areas of northern Shaanxi. Jingu 21 is suitable for stable-yield
cultivation under low-phosphorus environment. Qitoubai has prominent morphological growth advantages. Xiaoheigu

shows strong response to phosphorus fertilizer but low basic yield, and supporting cultivation measures are required to

tap its yield potential.

Keywords: Foxtail millet; Phosphorus fertilizer; Agronomic traits; Yield formation; Phosphorus use efficiency
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