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ABSTRACT

Nitrogen (N) fertilizer management is one of the important aspects of economic production of sorghums in sustainable
agriculture. The aim of the study was to evaluate the effects of different N application rates and its split N application methods
on productivity, growth characteristics, N accumulation, N use efficiency (NUE), and feed value of Sorghum x Sudangrass hybrids.
Treatments consisted of five N application rates (0, 150, 200, 250, and 300 kg ha™') and two split N application methods (40%
in basal N, 30% at the growing stage, and 30% after the first harvest vs. 50% in basal N and 50% after the first harvest). Plant
height, leaf width, and stem diameter were increased (p < 0.05) with increasing N fertility rates at each harvest. Chlorophyll
content (expressed as SPAD values) was the highest at a rate of 300 kg N ha™! (first harvest, 46.32; second harvest, 33.09). It
was the lowest at zero N (first harvest, 21.56; second harvest, 18.5). Total N, N uptake, and NUE were increased with higher N
rates. Split N application had little effect on total N, amount of N uptake, or NUE. Total dry matter yields were the highest
(21,715 kg ha™') at a rate of 300 kg N ha~'. It was the lowest (10,054 kg ha™') at zero N. Our results suggest that more than
300 kg N ha™' can improve dry matter yield to be above 116% compared to zero N, thus enhancing the agronomic characters of
sorghums. However, no significant effect had been found for split N application. Further work is needed to determine the optimal

N levels and the effect of split N application rates.
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I. INTRODUCTION

The hybrid [Sorghum  bicolor (L.)
Moench] (SSH) is widely cultivated as forage during the
the world. It

sorghum X sudangrass

summer season all over considered as
promising source for hay, silage and green chop (Ali et al.,
2014). SSH has an advantage of fast growth and multicuts,
however it has a lower feed value than corn (Kim et al.,
2012). SSH is one of the most important summer forage
crops together with forage corn widely used to produce
silage in the South Korea (Seo et al., 2000). SSH is grown
on more than 26,491 hectares with productivity of 397,372
ton in 2014 that approximately 59% of the total land area

of summer forage crops in South Korea (MAFRA, 2015).

SSH has renowned for its high production and weed
suppression properties, as well as for water-deficit, heat and
salinity tolerance (Jung et al., 2015). Also, SSH can be
successfully grown with winter forage crops, such as Italian
ryegrass (Lolium multiflorum Lam.), forage barley (Hordeum
vulgare L.) and rye (Secale cereale) in double cropping
systems (Ji et al., 2010).

Nitrogen (N) fertilization is a very essential nutrient to
increase productivity and feed values of forage material
(Turgut et al., 2005; Worker, 1976). SSH is very sensitive
to N fertilization (Gardner et al., 1994). Forage sorghum
accumulate great amount of nutrients from soil to meet its
high nutrient requirements, making it important to create

optimum soil conditions by frequently monitoring. Splitting
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and timing of application is considered as a key factor in
N fertilizer management to ensure better nutrient distribution
by improving N use efficiency (NUE) and lowering N loss
(Lopez-Bellido et al., 2006; Marsalis, 2006; Khosla et al.,
2000). Therefore, it is important to meet plant needs to
improve NUE by suitable N application time and rates
(Lopez-Bellido et al., 2006). According to Beyaert and Roy
(2005), the best productivity was obtained at N rate of
125kg ha~', the most economical rates ranging from 83 to
107kg ha™'. NUE and apparent N recovery (ANR) were
improved by two equal applications of N, compared to a
single application (Beyaert and Roy, 2005). Studies of BMR
(brown mid rib) SSH response to nitrogen rates and
application method have shown that the greatest productivity
was obtained by N rate of 222 kg ha™' in split applications,
split applications of N was improving productivity and
increasing N uptake efficiency (Kilcer et al., 2002). However,
there are a lot of conflicting results on the effect of split
nitrogen application. Split N application treatment had no
effect on yield in the study of wheat response to nitrogen
fertilization timing (Alcoz et al., 1993). Also, this strategy
increased costs by the second application using ground
application equipment and was depend on weather and soil
conditions (Prokopy and Widhalm, 2011).

In the past, Korean agriculture had focused on enhancement
of soil fertility and high-input agriculture. However, currently
it began to focus on environmentally-friendly and sustainable
agricultural systems (Moon et al, 2010). Therefore, it is
important to optimize the application of N fertilizer levels
to increase productivity, but consider economic efficiency
2001). Nitrogen

compounds are directly absorbed by plants or converted

and avoid soil pollution (Hirel et al,,
into other compounds by oxidation. If N is not used by
roots, it leaches out through the soil into groundwater
(Tamme et al., 2009; Brady and Weil, 2008; Liu et al.,
2014). However, excess amount of N would be serious
threat to the surrounding environment, causing eutrophication,
greenhouse effects and acid rain (Liu et al., 2014). Pollution
from N fertilization is the main ozone depletion and global
warming via N>O emission to the atmosphere (Nadeem et
al., 2012; Solomon, 2007).

Much research has been done on optimal N fertilization

levels and timing and application method in sorghums.

However, there have been no studies to conclusively prove
correlation between N application rates and method of split
application. Therefore, the aim of the study was to
determine the response of SSH to N fertilization levels and
split- application and also to evaluate the influence of these
application methods on productivity, growth characteristics,

N accumulation, NUE and feed value.

o. MATERIALS AND METHODS

1. Experimental site

The field experiment was carried out in 2015 at the
experimental plots of Grassland and Forage Division in
Cheonan (36°49°0” N, 127°10° 0” E), Republic of Korea.
Temperature and precipitation were shown in Fig. 1. During
the 2015),

precipitation was much lower than the 30-year average

experimental  period (May-September total
(343.5 vs. 940.2 mm, respectively), the average temperature
the 30-year 21.7°C,
respectively). Soil at the experimental site was clay-loam,
slightly alkaline (pH 7.2), medium in available P,Os (253.5

mg kg™'), with higher extractable K (0.80 cmol" kg™') and

was similar to average (22.3 vs.

medium in organic matter (22.5 g kg™") (Table 1).

2. Agronomic practices

SSH was the ‘SX-17’ cultivar. Plants were sown in 16

May 2015 at a rate of 40 kg ha ',
double cut on 27 July and 22 September 2015, when forage

and were harvested in

SSH was at the 50% flowering stage. The application rates
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Fig. 1. Mean monthly temperature and precipitation
during the growing season (2015) and 30 years
average in cheonan.
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Table 1. Chemical properties of the soil before experiments during growing seasons

pH T-N* Organic Matter  Available P,Os CEC** Ex. Cation (cmol” kg™ ')***
(1:5 Hx0) (%) (g kg™ (mg kg™ (cmol kg™ ) K Na Ca Mg
7.20 0.16 22.52 253.50 10.25 0.80 6.99 2.48 0.12

*T-N : total nitrogen.
** CEC : cation exchange capacity.
**% Ex. Cation : expressing cation.

of the basic fertilizers were in 150kg ha ' for phosphorus

and 150kg ha™' for potassium.
3. Experimental design

The experiment was set up in a randomized complete
bock design with split-plot design in three independent
replications. On the main plot, N (Urea 46%) fertility rates
of 0, 150, 200, 250 and 300 kg ha™' were applied and on
the subplot, there were two-split nitrogen application
methods (40% in basal nitrogen, 30% in growing stage and
30% after first cut; 50% in basal nitrogen and 50% after
first cut). Each plot was 12 m’ (3mx4m) with 50cm spacing

between rows (6 rows per plot).
4. Data collection

For agronomic trait measurements, ten plants were randomly
selected from each plot before harvest. Plant height, leaf
width and stem diameter were measured according to the
investigation and analysis of research and technology in
agriculture (RDA, 2012). Sugar content was measured using
a digital refractometer (Atago, Tokyo, Japan) and expressed
as °Brix value. The SPAD value was measured with a
chlorophyll meter (SPAD 502, Minolta, Japan) and expressed
as a mean of 20 measurements for each individual leaf of
on each plant. To determine crop productivity, the center
two rows in each plot were harvested by hand-cutting.
Sub-samples were collected randomly from the harvested
crops to calculate dry matter yield by oven- drying at 70°C
for 72 h. Total N content of plants was determined using
the Dumas combustion method (ElementarVario Max CN
Analyser). The amount of N uptake was calculated as dry
matter yield (kg 10a~) x N concentration of plant. NUE was
calculated as [yield at Ny - yield at Ny /[N fertilizer applied

at Ni] x 100 (Beyaert et al., 2005; Guillard et al., 1995).
5. Statistical data analysis

Statistical analyses were performed using SAS System for
windows (release 9.2; SAS Institute, Cary, NC, USA). Data
were analyzed using PROC GLM (general linear models)
procedure and means were separated on the basis of Duncan
multiple range test (SAS Institute, 2007). Significances were
declared at p < 0.05 level.

IM. RESULT AND DISCUSSION
1. Agronomic characteristics of plants

Plant height is an important indicator of the performance
of forage sorghums (Ali et al., 2014). In our experiments,
plant height was significantly affected by N application
rates, while it was unaffected by split N application. Data
presented in Table 2 revealed the effect of N application
levels and N split application method on SSH growth.

Plant height from the first and second harvest time
increased with the addition of N, but was not affected by
split application method. Maximum plant height was 284
cm at a rate of 300 kg N ha™! and was 267, 261, 247 and
177 cm at 250, 200, 150 and Okg N ha™', respectively in
the first harvest (p<0.05). In the second harvest, the highest
plant height was 200cm at a rate of 300kg N ha™' and
was 195, 177, 165 and 125 cm at 250, 200, 150 and 0 kg
N ha™', respectively (p<0.05). Previous studies show that
increasing N fertilizer levels result in taller plants, as N
enhances plant growth (Turgut et al., 2005; Rizan et al.,
2003; Sher et al., 2016; Gebremariam and Assefa, 2015).

The average leaf width of the first and second harvest

increased significantly with increasing N application levels,
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Table 2. Effect of nitrogen rates and split application method on growth charateristics of sorghum x sudangrass

hybrid at Cheonan, Korea, 2015

Plant height Leaf width Stem diameter Sugar content
Item (cm) (cm) (mm) (Brix®)
1st 2nd Ist 2nd st 2nd 1st 2nd
Main effect
N 0 177° 125" 4.58°¢ 2.71¢ 8.93F 5.77¢ 432 6.34
N 150 247°¢ 165°€ 5.138 4.11° 9.59P 9.5348 6.92 8.35
N 200 2615¢ 1778 5.2248 415" 10.49¢ 9.47° 6.01 8.29
N 250 2678 1954 52048 43848 11.428 941" 6.70 8.09
N 300 2844 200% 5.32% 4.68" 12.06% 9.914 5.58 8.70
Subplot effect
40 : 30 : 30 263 181 5.34 431 10.72 9.408 6.29 8.14
50 : 50 266 187 5.12 433 11.05 9.774 6.32 8.58
Main effect (A) skkok skksk sk kk skksk skksk NS NS
Subplot effect (B) NS NS NS NS NS * NS NS
A x B NS NS NS NS NS NS NS NS

Values within a column followed by the same letter are not significantly different at the 5% level, as determined by Duncan’s multiple

range test.
* p<0.05; ** p<0.01;***; p<0.001; NS: Not significant.

while it was not affected by split-application method (Table
2). N application at a rate of 300 kg ha™' showed the high
leaf width of 5.32 cm, whereas the lowest, 4.58 cm, was
obtained at zero N application as 4.58 cm in first harvest (p
< 0.05). In the second harvest time, the highest leaf width
was 4.68cm at a rate of 300kg N ha ' and the lowest,
2.71 cm, was obtained at zero N application, similar to the
first harvest. According to Moghimi and Emam (2015), leaf
width is in high correlation with leaf area index, which is
significantly affected by N rates.

Stem diameter is a good indicator of productivity-related
growth in sorghum (Clough et al., 2003). The average stem
diameter significantly increased with increasing N application
levels both in the The split
application method had no effect in first harvest, but had

first and second harvest.

an effect in the second (Table 2). The significantly highest
stem diameter obtained with a rate of 300kg N ha™’,
where lowest, 8.93 mm, with zero application (P<0.05). The
results of this experiment were consistent with the results
of other studies, i.e., stem diameter increased with increasing
N application (Ayub et al., 2002; Afzal et al., 2013; Turgut
et al., 2016).

Sugar content (Brix®°) is one of the main determining

factors of feed value of forage (Almodares et al., 2006).
The sugar content of plants form the first and second
harvest was not significantly affected by N fertilizer levels
or split-application ratio (Table 2). This result supported to
the previous study (Almodares et al., 2006) showing that
brix values were not significantly affected by N levels.
Sher et al. (2016)

increased with increasing rates of N.

However, reported that brix values

2. SPAD values

Leaf chlorophyll key indicator of photosynthetic apparatus
(Sytykiewicz et al., 2013). Chlorophyll content in leaf was
measured as leaf greenness basis (SPAD). The SPAD values
are varied by N application. SPAD values of the first and
second harvest against the rates of N application are
presented in Fig. 2. SPAD values increased with increasing
N application rates. The SPAD value was the highest
(46.32) at 300kg N ha™' and the lowest (21.56) at zero N
fertilizer level in the first harvest. In the second harvest,
the highest SPAD value was 33.09 at a rate of 300kg N
ha™' and the lowest was 18.5 at zero N. Buah and
Mwinkaara (2009), N fertility levels increased SPAD values,
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Fig. 2. Relationships between leaf SPAD values and
nitrogen application rates in the first and second
harvest during the growing season.

the highest value being 43.3 at a rate of 120kg N ha™

and the lowest at zero N.
3. Evaluation of total N, N uptake and NUE

Total N data for sorghum against N rates and spilt-
method of N fertilizer are shown in Table 3. In the first
harvest, the total N of plants was influenced by N fertilizer
levels and the split application methods. Total N was the

highest at 300 kg N ha ' (1.06%) and the lowest at zero N
(0.73%) (p<0.05). According to split application method,
50:50 (50% in basal nitrogen and 50% after first harvest)
was higher than 40:30:30 (40% in basal nitrogen, 30% in
growing stage and 30% after first cut). In the second
harvest, total N of sorghum was affected by N levels,
while the split application methods had no effect. Total N
The
maximum total N values were obtained at 300 kg N ha™'
(1.00%) and 250 kg N ha™' (0.92%), while the minimum N

level was obtained from the zero N treatment (0.67%) in

was increased with increasing N fertilizer levels.

second harvest (p<0.05). These results are in accordance
with the findings of Ketterings et al. (2007), who reported
that plant N concentration increased with the addition of N
fertilizer.

N uptake values are presented in Table 3, showing that
it was not significantly affected by N levels in the first and
second harvest. In the first harvest, however, N uptake was
not influenced by N split application methods in the second
harvest. In the first harvest, N uptake of plants was 14.07,
13.20, 1047, 7.49 and 4.97 kg 10a™! for rate of 300, 250,
200, 150 and 0 kg N ha™!, respectively (p<0.05) by N

Table 3. The amount of nitrogen uptake, total nitrogen and nitrogen use efficiency of sorghum x sudangrass
hybrid at different nitrogen levels and split application method at Cheonan, Korea, 2015

Total nitrogen

Amount of N uptake 1)

Ttem (%) (kg 10a ) N(‘iE)
1st 2nd Ist 2nd Sum
Main effect
N 0 0.73" 0.67¢ 4.97° 2.13F 7.10" -
N 150 0.84° 0.735¢ 7.49¢ 3.42° 10.91° 25¢
N 200 0.93¢ 0.76° 10.47° 3.92¢ 14.39¢ 36°
N 250 1.038 0.92* 13.20* 5.855 19.05" 474
N 300 1.06* 1.00" 14.07* 7174 21.244 48"
Subplot effect
40 : 30 : 30 0.99* 0.84 11.58* 5.06 16.65* 40
50 : 50 0.938 0.87 10.914 5.12 16.03° 38
Main effect (A) skkok kk skkk skkk skekk kkk
Subplot effect (B) ** NS * NS * NS
AxB NS NS NS NS NS NS

D' NUE: Nitrogen use efficiency.

Values within a column followed by the same letter are not significantly different at the 5% level, as determined by Duncan's multiple

range test.
* p<0.05; ** p<0.01;***; p<0.001; NS: Not significant.
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Table 4. Productivity of sorghum x sudangrass hybrid at different nitrogen levels and split application rate at

Cheonan, Korea, 2015

Fresh ma‘[te}‘1 yield

Dry matter 1yield

Items (kg ha ) (kg ha )
Ist 2nd Total Ist 2nd Total
Main effect
N 0 36,583° 14,917¢ 51,500 6,835% 3,218° 10,054"
N 150 52,375°¢ 22,625° 75,000¢ 8,853P 4,692°¢ 13,545°
N 200 54,833€ 23,9588 78,792¢ 11,255 5,190¢ 16,445
N 250 62,8335 28,167* 91,000® 12,6028 6,059% 18,6613
N 300 69,8334 29,5424 99,375% 14,438* 7,278% 21,715
Subplot effect
40 : 30 : 30 59,250 25,979 86,667 12,004 5,839 17,340
50 : 50 60,688 26,167 85,417 11,570 5,770 17,843
Main effect (A) skksk sk skksk sksksk skskok skksk
Subplot effect (B) NS NS NS NS NS NS
AxB NS NS NS NS NS NS

Values within a column followed by the same letter are not significantly different at the 5% level, as determined by Duncan’s multiple

range test.
* p<0.05; ** p<0.01; ***; p<0.001; NS: Not significant.

fertilizer levels. However, there were no difference in split
application methods of N (p<0.05). For the second harvest,

Uat a

the maximum amount of N uptake was 7.17 kg 10a~
rate of 300kg N ha™' and the lowest was 2.13 at a rate of
zero N (p<0.05). In total N uptake, 300 kg N ha™' was
greater 199% than zero N and 40:30:30 split application
method was better than 50:50 split application method (p<
0.05).

NUE was not affected by split-application methods, but
was influenced by N application levels. The 40:30:30 split
application method did not increase NUE of plants in this
experiment. The maximum NUE was 48% at a rate of 300
kg N ha™' and the lowest was 25% at a rate of 150 kg N
ha ' (Table 3). These results were different from Beyaert
and Roy (2005), who reported that split N application on
sorghum plants increased NUE especially at low N rates,
compared to single N application and NUE decreased with
sorghum. Muchow (1998)
reported that NUE of sorghum declined with increasing N

increased N fertilization in
and NUE was influenced by soil condition, climate and
irrigation. However, Kilcer et al.(2002) found that split-

application improved NUE, while the maximum NUE was

obtained at the highest N application level (200 kg ha™")
and the lowest application level was 100 kg ha .

4. Productivity of SSH

Productivity of plants was not affected by split-application
methods, but it was affected by N application levels. As
shown in Table 4, reduced N application reduced the total
fresh matter yield. Total fresh matter yield was highest at a
rate of 300kg N ha '(99,375kg ha ') followed by 250
(91,000 kg ha™"), 200 (78,792 kg ha™"), 150 (75,000 kg ha™")
and Okg N ha'(51,500kg ha™'). Total dry matter yields
increased with the supplement of N fertilizer, but were not
influenced by split-application methods. Total dry matter
yield was 21,715kg ha™' at a rate of 300kg N ha' and
decreased in the following orders: N 250 (18,661 kg ha™'),
N200 (16,445kg  ha™"), N150(13,545kg ha™') and NO
(10,054 kg ha™"). Total dry matter yield at 300 kg N ha'
was 116% greater than at zero N application. Similarly,
other studies found that productivity of SSH increases
linearly with increasing N levels (Beyaert and Roy, 2005;
Turgut et al., 2005; Ketterings et al., 2007; Sher et al.,

—220-



Jung et al. ; Nitrogen Levels and Split Application in Sorhgums

2016; Moghimi and Eman, 2015). However, this experiment
did not find the most efficient N fertility level point of
inflection to determine optimum fertilizer level, because
productivity was increased with more applied N. However,
N split-application methods did not have any effect. Split-
application had a great effect on N efficiency, because
uptake efficiency was greatly increased by the second
application. Therefore, split application of N could reduce
loss of N to the environment and increase productivity
(Kilcer et al.,, 2002). These results are in accordance with
the findings of Lopez-Bellido et al.(2006) who reported
that the yield and harvest index in wheat were not different
and

from N fertilizer level split-application treatments

except for zero fertilizer level.

IV. CONCLUSION

This experiment was conducted to evaluate the effects of

different N levels and split N application on growth
characteristics and productivity. Among the growth characters,
plant height, leaf width and stem diameter were increased
by N application rates, with the highest values at 300 kg N
ha™' and the lowest at zero N application. Split N application
had no influence on growth characters. Sugar content was
not influenced by N application rate and split-application
methods. In this study, SPAD values, NUE and N uptake
were closely related to N fertilizer levels, but split-
application rates did not clearly influence SPAD values.

In this experiment, maximum productivity was obtained
from a rate of 300kg N ha~'. Therefore, application of N
of more than 300 kg ha ' is recommended to maintain high

level of productivity. However, further work is needed to

determine optimal N levels and the effect of split-
application rates.
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