Introduction

The total production capacity of maize has greatly advanced because of genetic improvements and management changes that have often included an increase of fertilizer inputs (Russell, 1991; Duvick, 1992; Tollenaar, 2002, 2006). Unfortunately, maize production in Huanghuaihai
plain is traditionally associated with high N fertilization which has resulted in NO;™ groundwater contamination in some areas (Mi G H, 2010). Meanwhile, maize grown in northern China is often influenced by soil water loss problems, and drought stress substantially reduces
plant yield. Therefore, effective water management for agricultural production in water-scarce regions requires the application of innovative and sustainable approaches. Due to economic factors and environmental concerns, balancing fertilizer input and output has received a lot
of attention. Some studies have suggested that optimum N management can improve the accumulation, transportation, and distribution rate of the dry matter of summer maize, thereby also improving the utilization rate of N (Zhao B, 2010; Teixeira, 2014; Paponov, 2005; Duan Y,
2011), which would undoubtedly increase labor input regardless of the type of N fertilizer management technique employed. Controlled-release fertilizer (CRF) is a possible alternative to common compound fertilizer (CCF) to increase N uptake efficiency and minimize N losses to
the environment (Medina, 2008). Because the nitrogen release rate of slow release fertilizer can match the crop physiological requirements for N, the option of a single N application with controlled release N fertilizers can reduce labor and application costs. At the same time, slow
release fertilizer can effectively increase the utilization rate of nitrogen and production efficiency (Zhang M, 2001; Zhao B, 2012). However, few studies have discussed how to coordinate the relationship between slow/controlled release fertilizer and water management, so as to
Increase the yields of summer maize, improve NUE, and reduce the labor input. There has been a particular gap with regard to the interactive effects of water and slow/controlled release fertilizer application amounts. Therefore, further research and development in applications
of slow release fertilizer were desirable.
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Table 1. Effects of water conditions and controlled release urea on yield and yield components in summer maize.
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moisture content was 75% ==5% of the soil field capacity); N3 was 315 kg-ha* (N 4.68 g per pot),
N2 was 210 kg-hat (N 3.12 g per pot), N1 was 105 kg-ha* (N 1.56 g per pot) and NO was no
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Table 2. Analysis of variance for effects of water conditions and controlled release urea on yield in summer maize.
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Table 3. Effects of water conditions and controlled release urea on nitrogen use efficiency in summer maize in 2013
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Agronomic NUE (ANUE, kg kg) = [grain weight (fertilizer) — grain weight (no fertilizer)]/N
fertilizer applied

Apparent recovery efficiency of applied N (REy, %) = [N uptake at Nx — N uptake at NO]/applied

N at Nx X 100%

Physiological NUE (PNUE, kg kg) = [grain weight (fertilizer) — grain weight (no fertilizer)]/[plant
N (fertilizer) — plant N (no fertilizer)]

Soll nitrogen dependency ratio (SNDR, %) = plant N (no fertilizer)/plant N (fertilizer)

Plant harvest

At the mature stage, five plants were manually harvested per treatment. Rows per ear (RE), kernels
er row (ﬁKRJ and kernels per ear (KE) were counted.
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