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Effects of reducing and postponing controlled-release urea application on
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Abstract: Controlled-release urea (CRU-N) fertilizer application is a solution to improve the utilization rate of nitrogen (N),
reduce economic costs and improve crop yields. It is significant to study the effects of release CRU-N reduction and the
combined application of conventional urea on soil N control and the large-scale maize planting system. In this study, the
effects of controlled-release nitrogen fertilizer reduction and postponement on soil nitrogen components, enzyme activities, and
yields were investigated. Seven treatments were set up in this study, including no N fertilizer (CK), 100% conventional urea
(U), 100% controlled-release urea (S), 30% controlled-release urea (SUs;), 50% controlled-release urea (SUsss), 70%
controlled-release urea (SU;;3) and Sodium Salt of Polyaspartic Acid (PASP)-N. The results showed that mixed CRU-N and
urea increased yields and net benefits compared with conventional urea at the same application rate of N, and reduced N loss.
The application of CRU-N at 70% for maize represented the best overall effects. Compared with U treatment, soil ammonium
nitrogen (NH,4-N), soil nitrate-nitrogen (NOs-N), and microbial biomass nitrogen (SMB-N) of CRU-N at 70% (SU7,3) increased
by 35.00%, 15.53%, and 25.04%. However, soil nitrate reductase (S-NR) and urease (S-UA) were the best in SUs;s and
significantly higher than other treatments. The applications of CRU-N would effectively increase soil N; CRU-N in 50%
proportion can promote the maize root growth and improve the efficient utilization of N by soil microorganisms. Like the
yields (9186.61 kg/hm?), expertly in the proportion of 70% CRU-N (SUj3) plays a vital role in a wheat-maize rotation system,
which can potentially be used to improve the yields, nitrogen use efficiency, and net benefit with low N losses. In conclusion,
using CRU-N fertilize effectively improves soil nitrogen, and various ratios of CRU-N can ensure the continuous release the
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nutrients during the growing period. And among the different proportions of CRU-N, it is optimal in SU5.
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1 Introduction

Nitrogen is a limiting element for maize growth as well as a
crucial factor closely related to maize yield). The rotation of
winter wheat and summer maize is one of the most critical
cropping systems in the north of China, providing more than 52.4%
of wheat and 32.1% of maize production on 25.1% of China’s
arable land.

to fertilizer and more sensitive to nitrogen fertilizer, whose

Worku et al.* believed that maize is well tolerant
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With
rising crop yields, using highly efficient fertilizers has become one

application plays a major role in increasing crop yields.

of the key measures to reduce environmental pollution caused by
excessive fertilization'”. Urea accounts for approximately 73.4%
of all N fertilizers applied to maize, and its application can raise
global maize yields by 30%-50%"%.

Many effective N management practices have improved
nitrogen use efficiency (NUE)".

nitrogen fertilizer (CRU-N) has become the major trend in fertilizer
(8]

In China, controlled-release

application because of its excellent slow-release performance
With increasingly mature technology and decreasing costs, the
quality of CRU-N has been dramatically improved in recent
years”'%. The benefits of controlled-release urea (CRU-N) are
designed to release N based on N requirements for maize to cut
down on nitrogen and reduce undesirable environmental pollution
[L.12]. Precisely, CRU-N fits with
N requirements formalize because of its slow N-released behavior.

without decreasing crop yields

Not only slowing down the release of nutrients but also improving
the nitrogen use efficiency, CRU-N makes the nutrient release be in
synch with the nutrient requirements for maize as much as
possible!™™. It was reported that CRU-N could effectively reduce
nitrogen loss, improve nitrogen use efficiency and maintain

nitrogen balance throughout the growing process of maizel'¥.
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Moreover, it can effectively decrease N leaching in soil and reduce
N,O, NH; emissions, thus reducing the required amount of N
application to maintain crop yield!">'®, It was found that CRU-N
uses efficiency, tracking by '°N isotope tracer technique, increased
by 7.7% compared with the conventional urea. However, due to
the high cost of CRU-N and the slow release rate of nutrients in the
early stage, it is easy to result in “The green” issue after suffering
from a nitrogen deficiency.

Fertilizer type and fertilization time that under “4R” (right
source, right rate, right time, and right place) conditions can be
achieved using CRU-N. Still, a reasonable fertilization rate is the
basis of precision nutrient management!'™'®.  The appropriate
proportion of CRU-N determined the optimal fertilizing strategy.
Long-term field experiments with various proportions of CRU-N
have been conducted to identify CRU-N effects!”. Determining a
reasonable CRU-N proportion requires a scientific and flexible
fertilizing recommendation'®).  Previous studies have focused on
the N release patterns of CRU-N that are in synch with crop N
requirements, the reduction of N leaching, and the emission of N,0O,
all of which are helpful to the increases of N uptake, maize biomass,
and economic benefits!'. However, the mechanism of how
CRU-N affects soil nitrogen to increase crop yields has not been
fully elucidated, especially the effects on soil enzyme activities, the
grain number per era and 100-grain weight, and the influence of
these changes on the maize N uptake and yield!"™'”).  Therefore, in
this study, the combination of using CRU-N and reducing fertilizer
was adopted to improve the shortages above. The aim is to
determine the appropriate proportion of application to meet the
nutritional needs of crop growth at an early stage and finally to
reduce economic costs.

The objective of this study was to compare the effects of
blended CRU-N treatments (mixture of hybrid fertilizer technology)
and conventional urea fertilizer treatments on soil nitrogen
(ammonium nitrogen, nitrate-nitrogen, total nitrogen, and microbial
biomass nitrogen), enzyme activities (nitrate reductase and urease),
plant nitrogen (total nitrogen of leaf, stem, and seed) and
characteristics of maize (grain yield, ear grain, grain number, and
hundred-grain weight).

2 Materials and methods

2.1 Experimental site and materials

Field experiments were conducted in a rotation of
winter-wheat and summer-maize in Xinji Experimental Station,
Hebei Agricultural University (43°31'N, 124°48'E), Xinji City,
Hebei Province, China. The annual air temperature and rainfall
averages from 1980 to 2010 were 13.8°C and 5164 mm,
respectively. The field’s soil was classified as clay loam by
Chinese Soil Taxonomy (CST2001). The experiments were
conducted during the maize growing seasons (June to October) in
2018 and 2020. The soil chemical properties at the beginning of
the experiment were as follows: soil organic matter (SOC:
1.86 g/kg), total nitrogen (TN: 0.84 g/kg), available K (AK:
116.5 mg/kg), and available P (AP: 8.92 mg/kg). The soil texture
was the silt loam with 124.9 g/kg sand, 734.8 g/kg silt, and
140.3 g/kg clay based on the method of Miller and Miller®.  The
fertilizers used for this study during three years were polymer and
sulfur-coated urea (PSCU, 35% N, 3-month release),
polymer-coated urea (PCU, 43% N, 3-month release, conventional
urea (46% N), super-phosphate (18% P,0s) and potassium sulfate
(50% K,0). These fertilizer materials were obtained from the
National Engineering Research Center for Slow/Controlled-Release

Fertilizer of Hebei Agricultural University.
2.2 Experimental design and field management

The factorial experiment consisted of two types of fertilizers:
conventional urea fertilizer (U) and the combination of
controlled-release urea fertilizer (CRU-N) and conventional urea in
the proportion of 30% (SUs/7), 50% (SUs/s), 70% (SU73) and 100%
(S). Three N application rates (150 kg/hm?, 300 kg/hm? and
450 kg/hm?) for each type of fertilizers went with seven treatments
(S, U, SUj7, SUss, SU73, and PASP-N), a control treatment (CK)
without N fertilizer. Each experiment was performed in three
replicates. Each treatment plot was 8 m long and 5 m wide and
random permutation. Summer maize was seeded at 5 cm depth
with a 20 cm plant-to-plant spacing and 60 cm row-to-row spacing.
There were 4 rows of maize in each plot. The total plant density
of maize was 675 000 plants/hm?®.  Fertilizer placement depth was
10-15 cm, and it was 10 cm away from seeds planted in a row.
The ratio of maize seed rows to fertilizer application rows was 1:1
in each treatment plot. U treatment was applied as a one-time
application of basal fertilizer. For CRU-N treatment, the contents
of N, P,0s, and K,O in nitrogen fertilizer were 43%, 5%, and 5%,
respectively. Each treatment’s phosphorus and potassium
fertilizers were calculated as P,Os and K,O, and the application
amount was 90 kg/hm>  All treatments received 90 kg/hm? (P,0s)
as super-phosphate and 300 kg/hm? (K,0) as potassium sulfate at
the time of planting. Xianyu No. 688 (XY,gg), a maize cultivar
with high nitrogen efficiency, was planted in June and harvested in
October. Traditional management practices were applied to maize
planting in experimental areas except for N fertilizer.

2.3 Sampling and chemical analyses
2.3.1 Soil sample collection and nitrogen index analysis

According to the maize growth periods, it was roughly divided
into five stages, seeding stage (June 22th), jointing stage (July
15th), flare opening stage (August 1st), flowering stage (September
1st), and mature stage (October 1st). Three vital times for soil
nitrogen research were chosen, the jointing stage, growth stage, and
mature stage. Soil samples were collected for two different
purposes, just 0-10 cm was collected during each stage of growth.
The other soil samples were collected before the experiment. To
determine the distribution of nitrogen and enzyme activities as soil
depth increases. The sample depth ranged from 0 to 60 cm, and
was divided into 6 layers were 0-10 cm, 10-20 cm, 20-30 cm,
30-40 cm, 40-50 cm, and 50-60 cm. A non-equidistant irregular
grid method was used to collect samples, and there were 6-7
replications for each site using a 20 cmx5 cm soil auger. Each
fresh soil was thoroughly mixed (1.5-2.0 kg) and placed into a
plastic bag for laboratory analysis. All samples were air-dried and
polished by passing through a 0.25-mm sieve.

The total soil nitrogen was measured using the micro-Kjeldahl
method™.  The ammonium and nitrate-nitrogen were determined
by KCI digestion and assessed by Flow Injection Analysis (FIA),
Segmented Flow Analysis (SFA), and Continuous Flow Analysis
(CFA)-Automated Chemistry Analyzer.
Nitrate reductase (NR) activity was measured by the method

For soil enzyme activity,

reported by Sinha et al.??! Urease activity was measured by
releasing ammonium after soil incubation with urea as the
substrate(®!,
2.3.2  Plant sample collection and total nitrogen analysis

Three plants from each plot were cut from the ground level and
separated into leaves, stems, and grain.
dried at 105°C for 30 min to deactivate enzymes and then placed at

75°C until weight remained constant.

All tissue samples were

The samples were weighed



118  January, 2022 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 15 No. 1

for dry weight, ground, and sieved through 0.12 mm mesh?*.

The total N contents in leaves and stems of these samples were
determined using Vario Macro Cube (Elementar, Germany). The
harvested grain from seeds was dried until kept constant (60°C for
72 h). The grain samples were ground and then digested with
H,S04-H,0, using the Kjeldahl method.
2.3.3  Grain yield

After the maize was mature, the yield of each plot was
calculated by harvesting, the number of grains per ear, the weight
of 100 grains per ear and the yield were investigated. When
maize became ripe, three rows of plants in the middle of each plot
were collected to determine maize yield. The maize yield was
performed in three replicates, which correspond with each
treatment replicates.
plot and separated into straw and grain to determine the harvest
index.
2.4 Statistical analysis

A variety of statistical analyses were conducted to identify the
effects of growing period and nitrogen fertilization tactics on the
soil total nitrogen, ammonium nitrogen, nitrate-nitrogen, microbial
biomass nitrogen. A one-way analysis of variance (ANOVA)
with the growing period, soil layer, and nitrogen fertilization tactics
as the main factors were employed to test the significance of the
mean difference; the level set for a significant difference was
p<0.05. A wunivariate procedure was used to examine the
normality of the distribution of the observed data before conducting
the ANOVA analysis. When the ANOVA test indicated a
significant effect at p<0.05, the means of each soil variable for each
classification factor were assessed using the Duncan multiple-range
Statistical analyses were performed with R software

Another five plants were collected from each

procedure.
v3.4.2.

3 Results and discussion

3.1 Soil nitrogen patterns

The average total nitrogen decreased gradually with the soil
depth increasing: 0.86, 0.74, 0.63, 0.51, 0.47 and 0.42 g/kg in the
0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm, and 50-60 cm
soil layers, respectively. However, the vertical distribution of soil
nitrate-nitrogen (NO;z -N) and ammonium nitrogen (NH4 -N) did
not show any changes. Soil nitrate-nitrogen (NO; -N) and
ammonium nitrogen (NH4 -N) in the 20-30 cm layer were the
highest (6.89 and 4.69 mg/kg).
microbial biomass nitrogen (SMB-N) in the 10-20 cm layer was the
greatest (58.27 mg/kg).

The coefficient of variation (CV) classification of soil nitrogen

And the concentration of soil

patterns was used to indicate the extent of their variability. A CV
value<15% indicates low variability, 16%<CV<35% indicates
moderate variability, and a CV value>36% indicates high
variability™®”.  As shown in Table 2, the variable coefficients for
total N, NH; -N, NO; -N, and SMB-N were 40.95%-45.25%,
62.33%-70.12%,  61.23%-72.36%, and  52.36%-64.23%,
respectively. All soil nitrogen patterns were classified as high
variability, and the mean total N decreased as the soil depth
increased; its standard deviation also declined over the soil profile.
The variable coefficient values for six layers were 45.12%, 45.25%,
44.90%, 42.12%, 41.58% and 40.95%, showing no significant
differences. As the soil depth increased, changes in the total
nitrogen variable coefficient were influenced by the means and
standard deviations between the layers 0-10 cm and 50-60 cm. It
is significant in soil NH; -N and NO; -N.

Table 1 Descriptive analysis of soil nitrogen patterns

Index Soil depth/cm Mean SD Min Max CV/%

0-10 086 038 024 216 4512
10-20 074 031 018 178 4525
™ 20-30 063 028 015 138  44.90
lgkg’! 30-40 051 025 014 123  42.12
40-50 047 018 012 118 4158
50-60 042 015 009 102 4095
0-10 578 212 322 824 6233
10-20 6.12 236 208 1026 6826
NOy N 20-30 6.89 308 124 1112  70.12
/mg-kg’! 30-40 5.41 423 289 723 6534
40-50 492 212 202 811 6312
50-60 428 123 212 823  63.34
0-10 512 236 356 836 7212
10-20 385 115 125 598 6923
NH,-N 20-30 469 224 245 988  66.36
/mg-kg’! 30-40 425 189 246 824  68.12
40-50 402 212 198 812 7236
50-60 3.68 165 131 677 6123
0-10 4688 1228 30.55 7723 64.23
10-20 5827 1639 3211 7523 5236
SMB-N 20-30 5035 21.56 1935 8258  61.11
/mg kg 30-40 4836 17.89 2069 76.12 5836
40-50 4323 1436 1899 6832  56.85
50-60 40.88 12.85 2136 6236 52.36

3.2 Soil nitrogen patterns under different nitrogen

fertilization

Urea is converted to ammonium carbonate through urease and
further transformed to NH4;-N and NOs;-N, both of which can be
absorbed and utilized by crops.
could be completely hydrolyzed within 4 da but only about 20%
can be absorbed by soil colloid®. Nutrient requirements are
increasing along with maize growing. However, the conventional
urea (U) cannot be retained throughout the whole growing season
to meet crop needs for N. Therefore, it is time-consuming and
laborious to apply N fertilizer during crop growth. Although the
release of CRU-N is slow, the stable release can meet nitrogen
requirements for crops?”. The problem is that yields go through
limited nitrogen supply at the early development stage. U and
CRU-N were mixed at different ratios and studied the differences
of those nitrogen fertilizers, the effects on soil N components,
enzyme activities, maize total N and yields during the growth
process. To determine the appropriate type of fertilizer for
achieving the requirements of maize grow in the current season and
the nutrient accumulation in the next season.

Infertile soil, conventional urea

The ultimate
purpose is to improve nitrogen use efficiency.
3.2.1 Soil total nitrogen

As shown in Figure 1, the effects of controlled-release nitrogen
fertilizer on soil total nitrogen (TN) were different during the main
growth stages.
treatments were significantly lower than that in CK treatment.
And soil TN in U, SUj;, and SUy; treatments differed among
jointing, growing, and mature periods. In the jointing period, soil
TN was the greatest under U treatment, and there was a statistically
significant difference from other treatments.
TN ranged from 0.42 to 1.13 g/kg. In the growing period, soil TN
was the highest under treatment of S, and there was no statistical

The concentrations of TN in other fertilization

The concentration of



January, 2022

JiPT,etal. Effects of controlled-release urea application on soil nitrogen regulation and maize grain yield

Vol. 15No.1 119

significance with SU;; treatments. The concentration of TN
ranged from 0.39 to 1.15 g/kg. The highest value appeared in the
S treatment in the mature stage, and there was statistical
significance among the other treatments. The concentration of
soil TN increased by 71.22% compared to CK treatment.
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Note: CK: No N fertilizer (CK); U: 100% conventional urea; S: 100%
controlled-release urea; SUs;7: 30% controlled-release urea; SUss: 50%
controlled-release urea; SU7;3: 70% controlled-release urea; PASP-N: Sodium
Salt of Polyaspartic Acid-N. Values are presented as the means of three
replicateststandard (std.) Uppercase letters indicate a significant difference
among the different growth stages (p<0.05). Lowercase letters indicate
significant differences among the different fertilization treatments (p<0.05).
The following is the same.
Figure 1 Changes of soil total nitrogen in the different growth

stages

3.2.2  Soil ammonium nitrogen (NH4 -N)

As shown in Figure 2, the effects of controlled-release nitrogen
fertilizer on soil ammonium nitrogen (NH, -N) were varied. The
concentrations of NH4 -N in different fertilization treatments were
remarkably lower than that in CK treatment. And soil NH, -N in
U, SU;;3, and PASP-N treatments were significantly different
among jointing, growing and mature periods. In the jointing
period, soil NH, -N under U the treatment was the greatest, and
there was no statistical significance among U, SU;;, and SUss
treatments. The concentration of NH, -N ranged from 4.23 to
7.98 mg/kg. In the growing period, soil NH, -N in the treatment
of SU;/; was the highest, and there was no statistical significance
with S and PASP-N treatments. But it was 97.16% higher than
CK treatment. The concentration of NH, -N ranged from 3.87 to
7.63 mg/kg. The highest value appeared in S treatment in the
mature stage, and there was statistical significance among other
treatments. The soil NH, -N concentration increased by 165%
compared to CK treatment, and compared with U treatment, it also
increased by 35%.

M Jointing period
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Ac id Bd
I I [ I
CK U

SUw, SUss SUs,
Treatments

[ ] Grnwing period M Mature period

h II |

PASP-N
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Soil ammonium nitrogen
concentration NH,-N/mg-kg"'

Figure 2 Changes of soil NH,4-N in the different growth stages

3.2.3 Soil nitrate-nitrogen (NO;"-N)

As shown in Figure 3, soil nitrate-nitrogen (NO3-N) changed
obviously under different fertilization treatments. The descending
order of the concentration of NOs-N in different treatments was
Jointing period, Growing period, Mature period. In addition,
there was no statistical significance between CK, PASP-N, and the

other treatments. In the jointing period, soil NO;-N under SU;;3

treatment was the greatest, and the value was 20.55 mg/kg. It was
significantly different from other treatments, which was 39.85%
higher than that under CK treatment and 7.83% higher than that
under U treatment. In the growing period, soil NH4 -N in
treatment of U was the highest, and the value was 16.54 mg/kg.
There was no statistical significance among U, SUs;, and SUss
treatments. The highest value appeared in PASP-N treatment in
the mature stage, and there was statistical significance among other
treatments. It was 31.29% higher than CK treatment and 15.53%
higher than U treatment.

Compared with N-fertilizer free treatment (CK), nitrogen
fertilizer application could remarkably increase the concentrations
of TN, NO;-N, and NH,4-N, among which TN and NH4-N were
most strong®?]. In the joint period, there was no statistically
significant difference in various proportions of CRU-N, except CK,
S, and SUs; treatments.
treatments in different growth stages were unstable.

The nitrogen compounds under SUj;/;
Available
nitrogen during the growing period was too low to affect maize
However, the trend was different from that in the
growing time. Although the concentrations of TN and NH,-N
under S treatment were higher, the difference among the
controlled-release nitrogen fertilizer (CRU-N) was not statistically
significant. The ascending order of the ranking of TN and NH,-N
under various proportions of CRU-N was SUj;, SUss, SUq;.

growth.

Those results indicated that the decreases of the conventional urea
(U) and the increases of the proportion of 100% controlled-release
urea (S) would benefit nitrogen accumulation. 30% traditional
urea in SUy; was enough to solve the problem of nitrogen
deficiency in soill'>3",
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Figure 3 Changes of soil nitrate-nitrogen in the different growth
stages

3.2.4 Soil microbial biomass nitrogen (SMB-N)

As shown in Figure 4, during the growth stages, soil microbial
biomass nitrogen (SMB-N) changed obviously under different
fertilization treatments. The descending order of the
concentration of SMB-N in different treatments was the jointing
period, growing period, mature period. Soil SMB-N in U, S,
SUs, and SU;; treatments were significantly different among
jointing, growing and mature periods. In the jointing period,
SMB-N under S treatment was the greatest, and the value was
37.74 mg/kg. It was significantly different from other treatments,
55.55% higher than that under CK treatment and 25.04% higher
than that under U treatment. In the growing period and mature
stage, SMB-N in treatment of SU;3,; was the lowest, 18.00 mg/kg
and 14.81 mg/kg, respectively. There was no statistical
significance among U, SU5s, SUy3, and PASP-N treatments. And
there was statistical significance among other treatments. In the
mature period, although the concentrations of soil TN, NO;-N, and
NH4-N were highest under the S treatment, the CRU-N with
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various proportions were significantly higher than those under the
U treatment. They were also kept at a high level with PASP-N,
which means CRU-N can release enough N to ensure the normal
growth of maize during growing and mature periods. Soil
microbial biomass nitrogen (SMB-N) is one of the indicators of
nitrogen utilization. The concentration of SMB-N under S
treatment was the highest and significantly higher than that under
SUs/; treatment. The treatment of CRU-N improved the efficacy
of nitrogen fertilizer via high-efficient utilization by
microorganisms®!).  However, the concentration of SMB-N under
SUss treatment was significantly lower than that under other
The rapid utilization of U treatment would affect the
At the same
time, there was a significantly negative correlation among SMB-N,
NOs-N, and NH4-N, which means when the concentration of
NOs-N and NH4-N becomes high, part of N may convert into

SMB-N. On the contrary, when available N is deficient, SMB-N
[32-34]

treatments.
sustainable utilization of N by soil microorganisms.

can be converted into active components used by maize
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Figure 4 Changes of soil microbial biomass nitrogen in the
different growth stages

3.3 Soil enzyme activity under different nitrogen fertilization
3.3.1 Soil nitrate reductase (S-NR)

As shown in Figure 5, soil nitrate reductase (S-NR) changed
obviously under different
concentrations of S-NR in different fertilization treatments were
significantly lower than that in CK treatment. And soil S-NR in U,
S, SUs/7, and SUsjs treatments were significantly different among
In the jointing and mature

fertilization treatments. The

jointing, growing and mature periods.
period, soil S-NR under SU5/s treatment was the greatest, the value
was 220.76 ug/g.
treatment was the greatest, the value was 400.92 ug/g.
significantly different from other treatments, which was 87.43%
higher than that under CK treatment and 87.28% higher than that
under SUj3/; treatment.

In the growing period, soil S-NR under SUsjs
It was
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Figure 5 Changes of S-NR in the different growth stages
3.3.2  Soil urease (S-UA)

As shown in Figure 6, soil urease changed obviously under
different fertilization treatments. The concentrations of soil

urease in different fertilization treatments were significantly lower
than CK treatment. And soil urease in U, SU;;, and SU;;
treatments was significantly different among jointing, growing, and
mature periods. In three growth stages, soil urease with the same
trend, and there was the greatest under SUs;s treatment. The
values were 72.96 ug/g, 95.93ug/g, and 90.76 ug/g, respectively.
It was significantly different from other treatments, 59.98% higher
than that under CK treatment and 57.26% higher than that under
SUj); treatment.
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Figure 6 Changes of soil urease in the different growth stages

3.3.3 Relationships between soil enzyme activity and nitrogen
compounds

As shown in Table 2, soil total nitrogen (TN) was positively
related with nitrate-nitrogen (NH4-N), ammonium nitrogen
(NO;-N), microbial biomass nitrogen (SMB-N), nitrate reductase
(S-NR), and urease (S-U). SMB-N was negatively correlated with
NO;-N and NH4-N and positively correlated with S-U. NOs-N
was negatively associated with enzyme activities. Soil enzyme
activities were significantly correlated with each other. Soil
enzyme activity is one of the important indicators of soil fertility
sensitively. Many studies have reported that the CRU-N in
different proportions significantly increased soil enzyme activities,
especially in soil nitrate reductase (S-NR) and urease representing
the transformation of nitrogen™ ", In this study, soil nitrate
reductase (S-NR) and urease under SU5s treatment was the highest,
followed by S, which was significantly higher than other treatments.
The trends of soil enzyme activities were different from soil
nitrogen patterns during the maize growing season.  The
descending order was Growing period, Mature period, Joint period.
Although CRU-N would effectively increase soil N, CRU-N in
50% proportion can boost the maize root growth and improve the
efficiency of N utilization by soil microorganisms!'***!,
According to the distribution of total N in leaves and stems, there
was no significant difference among S, SU;; and PASP-N.
Similar to PASP-N, the CRU-N treatment with high proportions
can release N for the growth of maize, although there was no
significant difference among milky maturity, ripening and later

Table 2 Relationships between soil enzyme activity and

nitrogen compounds

Compound N NH4-N  NO;-N SMB-N S-NR S-U

N 1

NH4-N 0.482 1

NO;s-N 0.201 0.563 1

SMB-N 4.499 -0.132  —-0.562 1

S-NR 0.722 0.323 —0.006 0.896* 1

S-U 0.689 0.369 —0.246 0.801 0.961%* 1

Note: *p<0.05, **p<0.01. TN: Total nitrogen, NH4-N: Nitrate-nitrogen;
NOs-N: Ammonium nitrogen, SMB-N: Microbial biomass nitrogen; S-NR:
Nitrate reductase; S-U: Urease.
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mature stage. However, the yields of U, SUj;, and SUss
treatments decreased, while S, SU;;, and PASP-N treatments
increased. The high price of S and PASP-N treatment would
increase the agricultural cost. And it is not economical to use.
In addition, field production is uncertain to some degree. The
field moisture and temperature will affect all the users, leading to a
failure of a double win ideal effect.
3.4 Effects of different nitrogen fertilization on maize
3.4.1 Leafand straw

As shown in Figure 7, plant total nitrogen (including maize
leaf and straw) changed obviously under different fertilization
treatments. In maize leaves, total N under SU;,; treatment was the
greatest, 58.89 g/kg in the jointing period. There was no
significance with SU;,; and PASP-N treatments but was higher than
other treatments. In the growing period, total N under SU;,; and
PASP-N treatments were the greatest, 25.00 and 26.96 g/kg. The
difference was 60.39% between the highest PASP-N treatment and
the lowest value in S treatment. In the mature period, the highest
value was shown in the U treatment, which was 26.97 g/lkg. And
there was no significance with PASP-N treatment. In maize straw,
total N under CK treatment was the greatest, which was 58.89 g/kg
in the jointing period. There was statistical significance among
other treatments. In the growing period, total N under CK was the
greatest, 30.69 g/kg.
treatment in the mature period, which was 24.78 g/kg.

The highest value was shown in the S

120 @ Jointing period [ Growing period B Mature period

o0
=

40

Plant total nitrogen
concentration/g-kg”’

Treatments

Figure 7 Allocation of plant total nitrogen in different growth
stages

342 Seed

As shown in Figure 8, the total nitrogen of seed changed
significantly under different fertilization treatments. Total N
under U treatment was the greatest, and the value was 14.51 g/kg in
the milky maturity stage. There was no significance between S,
SUz/7, SU73, and PASP-N treatments, but it was higher than CK
and SUs;s.  In the ripening stage, there was statistical significance
among other treatments. In the later mature stage, total N under U,
S, SUs/7, SUss, SUy3, and PASP-N treatments has no significant
difference but were higher than that under CK.

o
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Figure 8 Allocation of seed total nitrogen in a different mature
stage

3.5 Effects of controlled-release nitrogen fertilizer on maize
yield
3.5.1 Yield

As shown in Table 2, maize yield, ear grain, grain number, and
hundred-grain weight were significantly higher than those N
fertilizer treatments. Each treatment was shown from high to low
PASP-N, SU;;3, SUs4, S U, SUss, CK.  The yield of each
treatment with N fertilizer was markedly higher than that of no N
fertilizer. The increase was between 6.94% and 15.08%.
yield under SU,; treatment was the greatest, and the value was
9186.61 kg/hm®. Compared with the U treatment’s, the yield
increased by 5.83%. Maize yield under treatments of S, SUs;,
and SUs;s was higher than U, but there was no statistical
significance among them. Ear grain in SUs;s, SU7;3, and PASP-N
were higher than other treatments, but there was no statistical
significance among them.

Maize

The numbers of grain among the
different N fertilizer treatments were different. Hundred-grain
weight under SU;; treatment was the highest which was
54 494.72 ears/hm>.
increased by 6.04%. Hundred-grain weight under treatments of S,
SUs/7, SUs;s5, and PASP-N has no significant difference.

Basal fertilizer plus topdressing is a traditional fertilization
practice in the agricultural industry.  However, agriculture
currently has encountered the dual pressures of a reduction in the
availability of agricultural workers and increase in food
requirements®”. Therefore, CRU-N was designed to meet crop
nutrient requirements reduce labor demands, and increase crop
yields™”.  Controlled-release urea has been applied to many
crops[41'42]. However, the wide use of CRU-N in agriculture is
limited by its higher price than that of conventional urea.

Compared with the U treatment, the ear grain

Therefore, instead of using urea exclusively, the use of mixed
CRU-N and urea has been advocated in agricultural industry to
gain the benefits of reducing labor costs and increasing crop
yields**.  Compared with urea, CRU-N continuously increased
the yield and net profit by offering N. The maize yield increased
by 5.83%. The results suggested that the combination of an
optimal fertilization rate and CRU-N can further improve net
benefits by increasing profits and decreasing labor costs. The
synchronization of N supply and crop absorption by controlling N
release can maximize NUEM**),

Table 3 Maize yield under different nitrogen fertilizer

Treatments Yieldﬁ2 Ear graig Grain Hundr.ed-grain
/kg-hm /ear-hm number weight/g

CK 8117.27+188.71° 51389.15+1272.94" 433.83+228% 32.42+127¢
U 8680.40+£340.25"  52222.48+1734.73° 472.90£6.30°  35.15£0.55°

S 8768.82£165.81° 53333.60+1443.38% 452.05+6.78" 36.39+0.74°

SUs;  8716.60+401.75°  52500.26+83334° 471.42+447° 36.23+2.54°
SUs;s  8899.73+109.40° 55278.05£1272.94° 443.68+9.88°  35.35+2.49°
SUss  9186.614479.18"  54494.724962.26° 455.70+14.03° 37.57+1.62°
PASP-N  934142+99.55"  56111.39+481.13" 475.59+11.57" 35.03+0.70°

4 Conclusions

The combination of controlled-release urea fertilizer (CRU-N)
could effectively increase soil nitrogen and enzyme activities at
cach growth stage. It was particularly distinct in the combination
of controlled-release urea fertilizer (CRU-N) under 70% (SU5j;3).
As to yield (9186.61 kg/hm?), it was also the greatest under the
proportion of 70% (SU;;3) treatment. Compared with the
conventional urea fertilizer (U) treatment, the yield increased

5.83%. Maize yields were not significantly reduced among the
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treatments of S, SU;; and SUs;s, among which the proportions of
the combination of controlled-release urea fertilizer (CRU-N) have
been changed. The advantages of the combination of
controlled-release urea fertilizer (CRU-N) application are as
follows: 1) reduce the times of fertilization and farming; 2)
increase soil fertility level and provide nutrients for the next growth
stage. In particular, 70% (SU,3) treatment plays an essential role
in the wheat-maize rotation system.
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