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Abstract 
Water is one of the most important limiting factor of rainfed continuous maize (Zea mays L.) cropping systems 
in northwest of China. A three continuous year field experiments were conducted to study the influence of 
different nitrogen time of application on grain yield and water use efficiency of maize (Zea mays L.) in the 
Western Loess plateau. The experiment was laid in a randomized complete block design with two treatments and 
three replicates. Treatments were; (one-third application of N at sowing + two-third application at pre-flowering) 
and (one-third application of N at sowing + one-third pre-flowering + one-third at milking) as T1 and T2 
respectively. The results showed that, T1 significantly increased grain yield by 9% in 2014 and 2016; and WUE 
by 11% in 2016 compared to T2. T1 increased AE by 43% compared to T2. Our results indicate that ⅓ application 
of Nitrogen at sowing and ⅔ application of Nitrogen at pre–flowering (T1) for maize is more appropriate for 
sustainable maize production in terms of satisfactory grain-N recoveries and low environmental losses of N 
fertilizer.  
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1. Introduction 
In dryland cropping systems, soil water availability and Nitrogen content are among the major factors limiting 
crop production (Sainju et al., 2009). The continuous depletion of soil organic matter and the extensive soil 
erosion in the Loess plateau has caused rapid decline in soil fertility (Wang et al., 2013). The depleted nature of 
the Loess soils coupled with limited precipitation and high evaporation of the area often results in low crop yield 
(Liu et al., 2009). Nitrogen fertilization plays a significant role in improving soil fertility and increasing crop 
productivity (Malhi & Lemke, 2007). However, under the best management practices, 30-50% of applied N is 
lost through different agencies. Several studies (e.g., Tilman et al., 2002; Canfield et al., 2010) have also shown 
that nitrogen (N) use efficiency (NUE) in Loess plateau is relatively low (≈ 20%) compared with values of NUE 
reported for maize elsewhere (e.g., ≥ 30%, Herrera et al., 2016). The low NUE has negative implication on the 
environmental as well as agronomic and economic implications for growers.  In an attempt to resolve this, 
strategies such as using the optimum N rate and time of application have been developed to mitigate nutrient 
leaching and improve the nutrient use efficiency (NUE). Optimum rate and time of N application can enhance 
yield productivity and nutrient use efficiencies while reducing the environmental pollution (Nielsen, 2013). 
Nitrogen timing of application is one of the methods to improve nitrogen use by the crop while reducing the 
nutrient loss through leaching and volatilization (Muthukumar et al., 2007) and increase the economic benefit 
(Sitthaphanit et al., 2010). Time of N application can increase the recovery of applied N up to 58-70% and hence 
increase yield and grain quality of the crop (Haile et al., 2012).  
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Soil moisture shortages commonly occur as a result of limited rainfall and strong evaporation in the semiarid. 
However, low water use efficiency aggravates water stress (Fang et al., 2012). According to (Puppala et al., 2005) 
water use efficiency (WUE) is one of the ways to analyze the response of crops to different conditions of water 
availability as it relates to the production of dry biomass or commercial production with the amount of water 
applied. It is therefore important to increase food production with lower water use (Perry et al., 2009). Improving 
nitrogen use efficiency, grain yield and WUE is important for sustainable crop production in dryland farming 
systems. Many studies have reported on nitrogen rate, however, reports on N time of application are scanty. We 
hypothesized that maize grain yield; water use efficiency and agronomic efficiency are enhanced by timing of 
nitrogen application. To achieve this, the study investigated the influence of nitrogen timing of application on 
grain yield of maize, water use efficiency and agronomic efficiency in the Western Loess Plateau of China. 

2. Materials and Methods 
2.1 Site Description 

The field experiments were conducted in 2014, 2015 and 2016 cropping season at the Dingxi Experimental 
Station (35°28′N, 104°44′E and elevation 1971 m), Gansu Province, northwest China. The site had sandy loamy 
soil with pH of 8.3, soil organic carbon below 7.63 g/kg and Olsen P below 13.3 mg/kg. The Long-term annual 
rainfall at the experimental site averages 391 mm ranging from 246 mm in 1986 to 564 mm in 2003 with about 
54% received between July and September. Annual accumulated temperature > 10 °C is 2239 °C. The 
experiment was set up in 2012. In-crop season rainfall recorded at the site during the course of the experiment 
was 280 mm in 2014, 274 mm in 2015, and 227 mm in 2016.  

2.2 Experimental Design 

The experiment used a randomized complete block design with two treatments and three replicates. Treatments 
were: (one-third N application at sowing + two-third N at pre-flowering) and (one-third N at sowing + one-third 
pre- flowering + one-third at milking) as T1 and T2, respectively. Nitrogen application at 300 kg ha-1 before 
sowing is the commonest farmer practice in the area. All treatments received phosphorus (P2O5) application at 
150 kg ha-1. Pre-plant N and P2O5 fertilizers were incorporated during ploughing, whereas in-crop season N was 
applied using a hand-held drill device. Plots were mulched using plastic films at sowing to improve soil 
temperature for germination, and also to reduce evaporative losses. The use of plastic film mulching is an 
innovative technology used in maize to facilitate crop establishment and increase productivity in arid 
environments (Gan et al., 2013). The maize (Zea mays L., cv. Funong 821) was sown using a row spacing of 
0.55 m to achieve a density of 52,000 plants ha-1.  

2.3 Measurement and Methods for Calculating Indices 

2.3.1 Leaf Area Index 

Five (5) plants were sampled using the “S” type method from each plot at seedling stage, flowering stage and 
milking stage. The leaf length (ai) and the greatest leaf width (bi) were measured using ruler. Leaf area of crop 
was determined by leaf length × the greatest leaf width × 0.75 (i.e., the compensation coefficient of maize is 
0.75). Leaf area index (LAI) was calculated using the equation described by Lamptey et al. (2017): 

LAI = 0.75·P·∑ ai ×bin
i=1                                 (1) 

Where, P is maize planting density.  

2.3.2 Chlorophyll Content 

Chlorophyll content per unit leaf area was estimated from chlorophyll content measured at VN, R1 and R3 
stages using portable chlorophyll meter (SPAD Model 502, Minolta Camera Co. Osaka, Japan) from 09:00 to 
12:00 on ten randomly fully expanded leaves per plot. 

2.3.3 Photosynthetic Activities 

Diurnal variations of gs, PN, E and Ci, were measured on a cloudless day at 2-hour intervals (i.e., 0800 to 1800) 
using a portable gas exchange fluorescent system (GFS-3000, Heinz Walz GmbH). Stomata limitation (LS) was 
calculated using Equation described by Lamptey et al. (2017):  

LS = 1 – Ci/Ca                                    (2) 

The gas exchange device was used under the following conditions: flow rate of air through the chamber was 750 
mmol s-1, the concentration of CO2 was 393.3 mg kg-1, H2O concentration was 14,598 mg kg-1, area was 8 cm2, 
and temperature was 24.7 °C. Measurements were done at flowering and milking stage on three randomly 
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selected maize plants from the inner rows of the plots by selecting one leaf per plant. Measurements were often 
conducted near the center of the youngest and uppermost fully expanded leaf exposed to full sunlight. 

2.3.4 Grain Yield 

At physiological maturity, maize was harvested manually from an area of 13.2 m2 (4 m × 3.3 m) per plot. Grains 
were separated from the cob, weighed and converted into kg per hectare. The aboveground biomass and grain 
yield were determined on dry weight basis by oven-drying at 105 °C for 45 min and subsequently dried to 
constant weight at 85 °C (Lamptey et al., 2017). 

2.3.5 Water Consumption and Water Use Efficiency 

Volumetric soil water content (%) was measured at sowing and maturity stages using Trime-Pico IPH (Precise 
Soil Moisture Measurement, IMKO Micromodul technik GmbH, Ettlingen, Germany). Subsequently, soil water 
storage was extrapolated from the volumetric soil water content by multiplying it with the layer depth.Water 
consumption (ET) was estimated using Equation (3) described in Lamptey et al. (2017): 

ET = P – ∆W                                    (3) 

Where, P is total precipitation for the growing season, and ∆W is the difference between soil water storage at 
sowing and water storage at harvest, respectively. All parameters were expressed in millimeters (mm). Drainage 
was not considered because previous studies conducted at the experimental site reported no significant drainage 
during the growing season (Huang et al., 2008).  

Grain water-use efficiency (WUEg) was determined based on soil water content measured at 0-110 cm depth 
interval using Equation 4 described in Lamptey et al. (2017):  

WUEg	=	 Y

ET
                                      (4) 

Where, WUEg is grain water use efficiency, Y is grain yield (kg ha-1), and ET is total water consumption over the 
entire growing season (mm).  

2.3.6 Agronomic Efficiency (AE) 

Agronomic efficiency was determined using the difference method as described in Lamptey et al. (2017): 

AE = 
YF	– YF=0

FRate
                                    (5) 

Where, YF and YF=0 are the yield of the fertilized and non-fertilized crops, respectively, and FRate is the amount of 
nutrient applied.  

2.4 Statistical Analyses 

Statistical analyses were undertaken with the Statistical Package for the Social Sciences 22.0 (IBM Corporation, 
2013). In the present studies, treatments were used as a fixed effect whereas year was used as a random effect. 
Differences between the means were determined using the least significance difference test at 5% probability 
level (p < 0.05).  

3. Results 
3.1 Leaf Area Index 

Data for leaf area index (LAI) for all years is shown in Figure 1. Leaf area index increased with maturity and 
then start to decrease after 120 days after sowing (DAS). Leaf area index were greatest in 2014, followed by 
2015 and 2016. Fertilizer time of application had appreciable effect on LAI with T1 having the highest LAI and 
T2 having the least values at almost every stage measured. Treatment T1 averagely increased LAI by 10% 
compared with T2.  
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Figure 1. Leaf area index (LAI) of maize measured in 2014 (A), 2015 (B) and 2016 (C) under different time of N 

application. Error bars denote the standard error of means 

 
3.2 Chlorophyll Content 

Fertilizer timing of application had appreciable effect on chlorophyll content (Figure 2). Values reported under 
chlorophyll content correspond to the mean of three growth stages for each year. The highest chlorophyll content 
was observed for nitrogen applied 1/3 at planting and 2/3 at pre-flowering which resulted to T1 averagely 
increasing chlorophyll content by 7% compared with T2. 

 

 

Figure 2. Chlorophyll content (SPAD) of maize measured in 2014 (A), 2015 (B) and 2016 (C) under different 
nitrogen time of application. Error bars denote the standard error of means. Bars with different letters in the same 

year are significantly different 

 
3.3 Photosynthetic Activities 

Photosynthesis showed similar peak times and daily patterns at flowering and milking (critical stages). Therefore, 
the values reported in this experiment represent the mean of both growth stages for each year. The average 
results of Stomatal conductance (gs), net photosynthetic rate (PN), transpiration rate (E), intercellular CO2 
concentration (Ci) and stomatal limitation (LS) is presented in Table 1 and 2. Time of application and year 
significantly influenced all photosynthetic activities with the exception of transpiration rate, however, their 
interaction showed no significance (Table 1). The gs, PN, and E values presented in Table 2 are means averaged 
across all diurnal sample times and growth stages for a given year. Average values for gs, PN, E, Ci and Ls 
differed significantly between treatments within and between years. On average, 1/3 N at sowing + 2/3 N 
pre-flowering (T1) increased gs (15%), PN (12%), E (13%) compared to T2 (Table 2). The Ci and LS values were 
significantly higher in T2 compared with T1. Generally, treatments with high gs, PN, and E had lower Ci and LS, 
and vice versa. 

 

Table 1. Analysis of variance for nitrogen time of application, year and their interaction on photosynthetic 
activities 

Source gs PN E Ci Ls 

Time (T) ** * ** * * 
Year (Y) * * ns ** * 
T * Y ns ns ns ** ns 

1 2 3 4
0

2

4

AT1 T2

Days after sowing
1 2 3 4

B

Days after sowing

C

60 90 120 153
Days after sowing
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Table 2. Stomatal conductance (gs, mol (H2O) m-2 s-1), net assimilation rate (PN, µmol m-2 s-1), transpiration rate 
(E, mmol (H2O) m-2 s-1), intercellular CO2 concentration (Ci, μmol (CO2) mol-1) and stomatal limitation (LS) in 
maize under different time of application. The data represent an average across all diurnal sample times and 
growth stages of each replicate prior to statistical analysis  

Year Treatment gs PN E Ci Ls 

2014 T1 149.85 9.50 3.59 293.71 0.17 

T2 131.74 8.50 3.18 305.16 0.17 

LSD 11.19 0.37 0.18 12.38 0.04 

2015 T1 134.73 7.76 3.28 301.55 0.19 

 T2 117.92 6.92 2.88 307.02 0.19 
LSD 6.26 0.34 0.31 5.12 0.02 

2016 T1 114.44 4.25 3.26 316.74 0.17 

T2 98.76 3.75 2.89 320.98 0.18 

LSD  0.16 0.18 0.21 7.64 0.02 
 

3.4 Biomass and Grain Yield 

Time of N application, year, and their interactions had significant effects on biomass and grain yield (Table 3). 
Biomass and grain yield in 2016 were significantly lower than that in 2014 and 2015 (Table 4). One-third N at 
sowing and two-third at pre-flowering (T1) significantly increased biomass and grain yield by 18 and 9% in 2014, 
9 and 6% in 2015 and 5 and 6% in 2016, respectively compared with T2. In terms of biomass and grain yield, it 
was found better to apply ⅓ N at planting and the remaining ⅔ at pre-flowering (T1).  

 

Table 3. Analysis of variance for nitrogen time of application, year and their interaction on biomass and grain 
yield 

Source of variation Biomass Yield Grain Yield 

Time (T) *** * 

Year (Y) *** ** 

T * Y *** * 

 

Table 4. Biomass and grain yield (kg ha-1) of maize as affected by nitrogen time of application 

Treatment 
Biomass yield Grain yield 

2014 2015 2016 2014 2015 2016 

T1 20519 18789 8466 7654 7143 4151 

T2 17337 17296 8103 6995 6713 3826 

LSD (0.05) 2098 1761 2202 580 484 314 

 

3.5 Agronomic Efficiency 

Result on agronomic efficiency is presented in Figure 3; T1 significantly increased AE in 2014 by 53%, in 2015 
by 41% and in 2016 by 29 compared to T2. This indicates that much productivity improvement was gained by 
applying nitrogen at T1 in the study area. The highest AE was observed when N was applied in two splits (T1) 
compared to three splits (T2).  
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Figure 3. Agronomic efficiencies recorded in 2014(A), 2015 (B) and 2016 (C). Bars with different letters in the 
same year are significantly different at (P < 0.05) by the least significance difference test 

 

3.6 Water Consumption and Water Use Efficiency 

Water consumption (ET) and water use efficiency (WUEg) is presented in Table 5 and 6. Overall, nitrogen time 
of application, year and its interaction showed significant differences (P < 0.05) in ET and WUEg (Table 5). 
Water consumption in T1 was higher in 2015 and 2016 compared with T2. Application of T1 significantly 
increased WUEg in 2014 compared to T2, however, 2015 and 2016 showed no significant difference (Table 6).  

 

Table 5. Analysis of variance for nitrogen time of application, year and their interaction on water consumption 
(ET) and grain water use efficiency (WUEg) 

Source of variation ET WUEg 

Time (T) * * 

Year (Y) *** *** 

T * Y * * 

Note. *, **, *** indicate significant difference at P < 0.05, P < 0.01, P < 0.001 respectively. n.s. indicate no 
significance. 

 

Table 6. Water consumption (ET, mm) and grain water use efficiency (WUEg, kg ha-1 mm-1) in maize under 
different time 

Source 
ET 

 
WUEg 

2014 2015 2016 2014 2015 2016 

T1 264.14 288.59 263.84  28.89 24.52 15.67 

T2 268.10 280.98 251.03  26.11 23.7 15.20 

LSD (0.05) 9.81 6.54 5.74  1.52 2.00 2.82 

 
4. Discussion 
Differences in leaf area can affect plant spatial distribution and the microenvironment within population (Fageria 
et al., 2006), which plays a significant role in the photosynthetic efficiency of crops. In the current study, leaf 
area index and chlorophyll content were major indicators of the trends in the photosynthetic traits as they 
explained more than 95% of the photosynthetic variability. The improved crop physiological parameters under T1 
indicate the potential of nitrogen application time which may result in marked increase in grain yield. Studies 
have indicated that synchronizing the N supply with crop N demand is crucial for improving crop yields (Chen et 
al., 2011). Timing of nitrogen application based on crop N requirement is important to increase the N use 
efficiency and to improve the effective partitioning and translocation of assimilates from source to sink in field 
crops (Solaimalai et al., 2001). Time of application significantly enhances N absorption, particularly at the time 
of critical N requirement for the crop (Haile et al., 2012). The highest agronomic efficiency under T1 suggested 
improved N uptake by the crop and reduced environmental losses of N. Ahrens et al. (2010) reported that 
improvement in nitrogen use efficiency is a key issue for sustainable and profitable nitrogen use in high-input 
agriculture. Other reports also confirmed that split application of N after the good establishment of the crop 
markedly reduces N losses (Sawyer, 2008). Increased water consumption in T1 fertilization compared to T2 is a 
result of increased aboveground biomass and increase water loss from the crop canopy due to higher 
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evapotranspiration (ET) rates, as shown in earlier studies (e.g., Lamptey et al., 2017; Nielsen & Halvorson, 
1991). It also denotes more efficient conversion of water into biomass and improved partitioning (Calviño et al., 
2003). This, resulting to higher WUEg in T1 suggesting beneficial yield response through optimized water 
balance in co-growth period allowing more water used for transpiration to supporting maize growth.  

5. Conclusion 

Findings suggest that T1 (one-third N application at sowing + two-third N pre-flowering) increased WUEg 
through improved response of maize to leaf area index, chlorophyll content and photosynthetic activity 
compared with T2. One-third N at sowing and two-third at pre-flowering (T1) also enhanced agronomic 
efficiency. Therefore, N time of application to crop need to be adjusted and determined to sustain biomass and 
grain yield in these semiarid regions. 
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