Vol. 13(22), pp. 1154-1162, 31 May, 2018
DOI: 10.5897/AJAR2017.12869 @ ACADEMIC

Article Number: 70CF52E57267 JOURNALS
ISSN: 1991-637X . .
Copyright ©2018 African Journal of Agricultural

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

Research

Full Length Research Paper

Effect of splitting nitrogen fertilization on Tifton 85:
Yield, nitrogen use efficiency, and nitrogen nutritional
status of plants and soil

Tangriani Simioni Assmann®’, Etiane Tanise Sonego?, Alceu Luiz Assmann®, Paulo Fernando
Adami' and Claucia Cuzzi®

'Course of Agronomy of the Federal Technological University of Parana (UTFPR), Campus Pato Branco / PR, Brazil.
2Postgraduate Program in Agronomy, Federal Technological University of Parand (UTFPR), Brazil.
3Agricultural Research Institute of Parand, IAPAR, Pato Branco, PR, Brazil.

Received 9 November, 2017; Accepted 21 May, 2018

This two year study aims to verify the necessity of splitting nitrogen (N) fertilization by assessing the
effect of different N fertilization strategies (split and not split), on cultivated Tifton 85 (Cynodon spp.)
accumulation rate and total dry matter (DM) production, as well as quantifying the levels of nitrate (NOs)
in Red Dystrophic Oxisol. Research was carried out at the experimental unit of the Agronomic Institute
of Parana (IAPAR), Pato Branco - PR, in 2011/2012 and repeated in 2012/2013. Experimental treatments
were replicated four times using a split plot randomized block design. Main plots consist of
accumulated days of evaluation. In the split plot, the N-levels (0, 100, 200 and 300 kg ha™) were applied
following different N-fertilization strategies (applied all at once or split into two or four applications).
Tifton 85 total DM production increased as N-levels increased in both years up to 300 kg ha™. The
highest total DM production (16.1 Mg ha‘l) was achieved in the second period with 300 kg ha® of N,
regardless of N-management. Low N-recovery and N-use efficiency were observed in the first
experimental period due to the previous shortage of N-fertilization. This is probably because the soil-
microbe population immobilized the N applied in the first experiment period. In this case, splitting N-
fertilization resulted in greater DM accumulation. After N-fertilization in the second experimental period,
on the other hand, there was no response to splitting N-doses. The lack of response to the N-
fertilization strategies indicates a soil-microbes plant system stabilization, which resulted in smaller N-
immobilization, greater N-recovery and greater N-use efficiency by the Tifton. Furthermore, splitting
small rates of N (less than 200 kg ha™) reduces fodder N-concentration in the initial growth phase,
which could impair performance of plant growth and reduce plant protein content. Fodder dry mass
more than double at the highest nitrogen level, although, there were no effects regarding to the nitrogen
management, inferring that both option may be used.
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INTRODUCTION

Brazilian cattle production based on pastures provides greatly used in Brazilian pastures, mainly for dairy
excellent market competitiveness once it reduces costs production. Nitrogen fertilizer management is determinant
production. Among pastures species, Bermuda grass are for yield and nutritive value of forages. Due the complex



biological processes involved in the N cycle, nitrogen soll
analyses cannot be used directly to assess N nutrition of
plants. Therefore, it is necessary to analyze the crop
nitrogen content as the percentage of the above-ground
biomass N. However, the absolute N also varies during
the growth crop period and season of the year.

N fertilization of grasses frequently increases yield, as
well as the level of crude proteins (Monteiro, 1995).
However, more studies are needed on N-management.
The common recommendation to split N-application into
two or more applications is based on the assumption that
splitting applications can improve N-supply
synchronization with a plant’s ability to utilize nutrients,
reducing potential N-loss. Due to this, there is an idea
that the greater the number of N-splits, the smaller is the
N loss (Coelho, 2007).

Fertilization must be sufficient to provide optimal plant
development and final yield. Critical N-concentration has
been defined as the minimum crop N-concentration
required for reaching maximum crop growth. Once N-
concentration is below this level, plant yield tends to
decrease. Early on spring, after winter frost, death
biomass may impaired plant regrowth, especially due to
N immobilization.

Sartor et al. (2011) reported that the amounts of N
absorbed by Urochloa plantaginea differed statistically
between N-levels (200 and 400 kg ha™). Treatment with
200 kg ha™ of N, split into two applications, resulted in
plant N content below the critical N-dilution curve
proposed by Lemaire (1997), limiting its yield potential.
This result shows the high N-recovery potential of U.
plantaginea and the negative effect of N-splitting, when
N-availability does not meet plant demand.

Even when there is an ample supply of N, the N-
concentration in plants within dense canopies declines as
they grow (Greenwood et al., 1986). This phenomenon
has usually been interpreted as resulting from plant
ageing and is related to plant phenology. The use of the
critical N-dilution curve has been proposed as a plant
bases approach for assessing crop N nutrition.

N-recovery and agronomic efficiency varies among
species; although, forage grasses have a higher capacity
with an overall N-recovery of 68 to 75% (Primavesi et al.,
2001). This is directly related to its better development
and deep root system, which provide better soil cover
and higher N-absorption, providing a secure means of
recycling the nitrate.

Nitrate is the main form of N available in the soil,
resulting from applied N-fertilizer or organic matter
mineralization. When nitrate is not absorbed by plants or
immobilized by soil microbes, it remains free in soil
solution and is subject to leaching into deeper layers,
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reaching surface waters or groundwater (Dynia et al.,
2006).

The objective of the current study was to study the N
dynamics (nitrogen nutritional status, accumulation rate
and total dry matter (DM) production, soil nitrate levels
and from it, calculate the N-recovery and N-use
efficiency) under different N management aiming to
understand the effect of N-split sidedress application on
Tifton 85.

MATERIALS AND METHODS

The study was carried out in the 2011/2012 period (December to
May) and repeated in 2012/2013 (September to February), at the
experimental unit of the Agronomic Institute of Parana (IAPAR), in
Pato Branco, (located 26°07’ S; 52°39" W) on an established 4-
year-old Tifton 85 bermudagrass pasture and the fertilization
practices were guided by soil chemical analyses and also based on
the recommendation of the Brazilian Commission for Chemical and
Soil Fertility (CQFS/RS-SC, 2004). Management history prior to this
current study includes occasional mechanical mowing and chemical
control to suppress weed infestation. Broadcast nitrogen fertilizers
were not applied before this study.

Experimental site soil is classified as Red Dystrophic Oxisol with
clay texture (EMBRAPA, 2006). At the beginning of the
experiment, soil samples (10 sub-samples) were collected from the
0-20 cm depth of soil, which showed the following chemical traits:
pH (CaCl,) = 5.50; organic matter (OM) = 50.93 g dm®; P = 13.25
mg dm?; K = 0.53 cmoly dm?®; Ca = 6.96 cmol dm™®; Mg = 3.79
cmoly dm?; base saturation = 71%; and Cation Exchange Capacity
(CEC) of 15.87 cmol dm™.

The climate of the region is subtropical humid (Cfb) with well-
distributed rainfall throughout the year, according to the Koéppen
classification. Average annual rainfall for the period of 1980 to 2010
was 2,077 mm year® (IAPAR). Figure 1 shows the meteorological
data observed throughout the experimental period.

Experimental treatments were replicated four times using a split
plot randomized block design. N-management was applied all at
once or split into two or four applications in the main plots. N-levels
of 0, 100, 200 and 300 kg ha™ were used in the split plot (15 m?).
Titfon 85 was rubbed and N-fertilization (urea with 45% of N)
applied manually. Weather conditions (rainfall and soil moisture)
were observed in order to allow the system to maximize the benefit
of the N. Soils sampling to evaluate nitrate levels were collected at
0-5, 5-10 and 10-20 cm depths.

Forage DM accumulation (kg ha™ day™) was evaluated by cutting
the pasture in a square area of 0.25 m“. When the pasture reached
a height of 28 cm, plants were manually cut with a cleaver, at a
height of 5 cm from ground level to determine the pasture growth
rate (Table 1.) For all treatments the pasture was cut four times.
Samples were dried in a forced-air oven at 60°C until they reached
constant weight and then converted to kg ha™ of DM. Total forage
production was obtained by adding the forage production of each
period.

In order to assess the N-nutritional status of plants according to
treatments in the second experimental period, the data of forage
DM accumulation (Mg ha®) were related to the plant N-
concentration. The intersection points between these variables
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Figure 1. Meteorological data observed throughout the experimental period.

Source: Agronomic Institute of Parana (IAPAR).

Table 1. Tifton 85 DM evaluation data and accumulative days of evaluation in the experimental periods of

2011/2012 and 2012/2013.

Cut Day Accumulated days
Cut to uniform height 12-08-11 0
Jan/12 12-01-12 34
Feb/12 02-11-12 63
Mar/12 03-15-12 97
May/12 05-07-12 149
Cut to uniform height 09-28-12 0
Oct/12 10-30-12 31
Nov/12 11-30-12 61
Jan/13 01-02-13 93
Feb/13 02-18-13 139

were contrasted with the N-dilution curve proposed by Lemaire
(1997). N-use efficiency and N-recovery rates were evaluated from
pasture DM production and its N-content. N-use efficiency of
fertilization on forage yield (kg DM per kg N applied) was calculated
assuming that the contribution of soil N was similar among
treatments with or without N. Forage N-content multiplied by forage
yield enabled the determination of N absorbed by the pasture. Each
period was evaluated in this manner, and the sum of the periods
resulted in the total N-absorbed.

N-recovery and N-use efficiency of Tifton 85 were calculated using
the following equation:

Nitrogen Recovery (%) = [(NUF - NUNF)/AFA] x 100
N-use efficiency (kg DM per kg N) = [(DMY - DMYNF)/AFA]

Where: NUF (kg N ha™) = N-uptake of forage fertilized in the N
treatments; NUNF (kg N ha™) = N-uptake of forage at 0 kg N ha™;
DMYF (kg ha™) = vyield of forage fertilized with N-treatments;
DMYNF (kg ha™) = yield of forage at 0 kg N ha™; and AFA (kg N

ha™*) = amount of fertilizer applied in the N-treatments.

To determine soil nitrate levels, soil samples were collected in
each sub-plot, every ten days, on average, after the N-application,
from the following soil depths 0-5, 5-10 and 10-20 cm, by using a
shovel and a graduated ruler. Samples were dried in a forced-air
oven at 55°C for 72 h, and the concentration of NOs” was determined
by the Kjeldahl method described by Tedesco et al. (1995). Forage
N-determination was also evaluated by the Kjeldahl method.

Results were subjected to analysis of variance assessed by the
Bartlett test for homogeneity. When results showed significance at
5 and 1% probability; the means of qualitative factors (N-
management and soil sampling depth) were compared using the
Tukey test at 5% probability of error. Polynomial regression was
applied to the quantitative factors (N-rates). Linear and quadratic
models were tested and the selection of a model was based on
significance (less than 5%) and the coefficient of determination. For
the significant interaction, evaluations were conducted on the
increasing N-rates within each situation and, subsequently, on the
behavior of each condition within each N-rate. Where the
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Figure 2. Tifton 85 total DM production (Kg ha™) in relation to N-management (applied all at once or split into
two or four applications) and N- rates (0, 100, 200 and 300 kg ha™) in 2011/2012 and 2012/2013 respectively
(Pato Branco, 2013). For the bars that are not coincident, the means differ by MSD (minimum significant

difference) test at 5% probability.

interaction was not significant; factors were analyzed separately.

RESULTS AND DISCUSSION

Total DM production

In the 2011/2012 period, there was a significant
interaction (P=0.0158) between N-management and N-
rates for total DM production (149 days of evaluation),
whereas in the 2012/2013 period, only the effect of the N-
rates were present (P=0.0000). In the 2011/2012 period,
the highest total DM production was of 14,976 kg ha™,
with 300 kg ha™ of N, when treatments were split into two
and four applications. With the same N-rate, N-
management applied all at once resulted in a total DM
production 17%, or 2,491 kg ha™ lower, when compared
to the average value for N-management with two and four
applications (Figure 2).

In the 2012/2013 period, only a linear effect of N-rates
on total DM 1production was observed, reaching a value of
16.9 Mg ha™ at 300 kg ha™ of N. This production is 104%
higher than the control and for each kg ha™ of N applied,
a dry mass yield increase of 26.0 kg ha™ (Figure 2) was
observed. Quaresma et al. (2011) noticed increases of
22.7 kg ha™* in the production of Tifton total DM for each
kg ha of N applied.

Total DM production reported in this paper was higher
than the values reported by Quaresma et al. (2011),
which DM vyield (period from January to April) ranged
from 6.3 and 11.7 Mg ha™® at the treatments without N
and with 240 kg ha™ (N-split in four times), respectively.
Under similar soil and climate conditions, Cecato et al.
(2001) reported Tifton 85 total DM production of 7.5 and
14.3 kg ha™* in response to treatments without N and with
400 kg ha™, respectively. Thus, Alvim et al. (1999)
evaluating Tifton 85 DM yield (23.1 Mg ha’l) along the

year, reported pasture nitrogen response to higher levels
of N (600 kg ha™).

The application of N in the first experimental period
occurred four years after pasture establishment. During
this interval there was no N-fertilization. This probably
caused a great shortage in soil N, once the increase of
soil microbiota was stimulated by N-fertilization and a
great part of N was temporarily immobilized in the soll
microbiota.

Probably, in the case of N being applied all at once, the
microbial population was not large enough to absorb all
of it and part of N may have been lost. Although, when N-
fertilization was spilit, the first N-application stimulated the
increase of the microbial population which could have
captured the N-fertilization applied in sequence.

The lack of response to the N-fertilization strategies
treatment in the second experimental period can be a
indicative of a soil-microbes plant system stabilization.
The strategy of split N-fertilization into a few applications
aims to reduce losses and improve its use efficiency and
recovery (Cantarella and Marcelino, 2008). However, low
N-recovery by plants can result from a temporary N-
immobilization by soil microbiota, with the N becoming
available after the death of microorganisms. In the
second experimental period, there was probably enough
mineral N in the soil for the microbes and the Tifton.

Queiroz et al. (2012) studying nitrogen levels (200 and
400 kg ha™) and management (split or not and applied
along rainy or dried rainfall season) on Cynodon spp cv.
tifton 85 under irrigation reported that nitrogen fertilization
strategy alters the curve of forage distribution throughout
the year. The concentration of total or partial nitrogen
fertilization in the dry period allows the maintenance of
the pasture without big alterations in pasture support
capacity. In spite of the lower response to N application in
the dry period, the authors estimated that this may not be
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Figure 3. Shoot N-concentration in Tifton 85 in relation to accumulated DM according to N-
levels and three forms of N-management (1, 2, and 4 applications) in the 2012/2013 period
compared with the N-dilution curve proposed by Lemaire (1997).

a problem, once the N non-absorbed in the dry season
will be used in the following rainy period and, since in the
irrigation there is control of the water depth applied, there
are no risks of N leaching even at high doses.

Sartor et al. (2014) working with Alexandergrass
(Urocloa plantaginea) with 200 kg ha™ of N split into two
applications, reported that the plant's N-nutritional status
was below the recommended level according to Lemaire
and Gastal (1997). This data showed the high potential of
N-recovery by even in its early stage of growth, where
100 kg ha™ of N was not able to supply enough N for the

plants.

Nitrogen dilution curves

In the second experimental period (2012/2013), the N-
nutritional status of Tifton was assessed, based on the
relation between forage DM accumulation (Mg ha™) and
plant N-concentration in comparison with the N-dilution
curve proposed by Lemaire (1997).

In the treatment without N-application (Figure 3), the
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Figure 4. Tifton 85 N-recovery in the 2011/2012 and 2012/2013 periods in relation to N-levels. (Pato
Branco, 2013). For the bars that are not coincident in the same period (years), the means differ by
MSD (minimum significant difference) test at 5% probability

element concentration in the plant remained below the
critical curve proposed by Lemaire (1997) in almost all
plant cycle, indicating inadequate supply and N-uptake by
the plants in this treatment. The N-dilution phenomenon
was poorly observed when the largest N-fertilizer doses
were applied (300 kg ha™ N), primarily when this dose
was split into two or four applications.

When the 100 and 200 kg ha™ of N-fertilizer doses
were split in two or four applications, more points below
the curve of sufficiency propose by Lemaire (1997) was
observed untii 6 Mg ha”™ of DM accumulation (61
accumulated days). This is in agreement with the
hypostasis that N-split can lead to N shortcoming in early
development plants stage, because the split action
reduces the initial N availability.

Consequently, the recommendation of splitting small N-
doses (below 200 kg ha'l) reduces the production and
gualitative potentials of C, forages. On the other hand,
the application of 300 kg ha™* had caused greater fodder
N-concentration with a slight advantage when it was
applied all at once. The biggest DM productions were
observed (18 Mg ha™) when the 300 kg ha™ of N were
split in two or four applications. However, no significant
differences caused by different N-management forms on
total production of DM were observed.

After successive N-applications, in special when N-
fertilizer was split in four times, the pasture started to
show satisfactory N-nutritional indices and according to

the plant biomass analysis, there was an N “luxury
consumption” showed by N levels beyond what would be
necessary for its growth, which may characterize the
highest forage quality or accumulation of reserves
(Lemaire et al., 1989).

Nitrogen recovery

In both experimental periods, N-recovery was affected by
N-rate (Figure 4). In the first experimental period, N-
recovery increased as N-rate increased (P=0.0079),
whereas, in the second experimental period, N-recovery
tended to reduce as N-rate increased (P=0.0020). N-
recovery for the treatment with 100 kg ha™ of N, in the
2011/2012 period was negative (-5.2%). At the same N-
level, N-recovery increased to 69.2% in the second
experimental period. The increase in N-recovery between
periods shows the residual effect of the N-rate applied in
the 2011/2012 period. Such residual effect might store N
in the soil increasing N-availability for the subsequent
period (Figure 4).

N-recovery in the first experimental period (2011/2012)
was also affected by N-management (P=0.0326). The
lower N-recovery (-10.0%) was observed when N-rate
was split twice. Meanwhile, N-recovery was, on average,
15.6% higher when N-rate was applied all at once or split
into four applications.
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Figure 5. Tifton 85 N-use efficiency in the 2011/2012 and 2012/2013 periods, in function of N-rate and N-
fertilization strategy: Applied all at once or split into two or four applications (Pato Branco, 2013). For the
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For a given period, total crop N-uptake is the addition of
N derived from synthetic N-fertilizer applied in the same
year, and from a variety of other sources (organic soil N,
N-fertilizer applied in previous years, N-deposition from
the atmosphere, biological N-fixation, applied crop
residue and manure) (Yan et al.,, 2014). In this manner,
Sartor et al. (2011) found an N-recovery rate of 110% by
plants, that is, the plants absorbed more N than what was
applied to the soil.

In addition, low N-recovery rates may not mean high
loss of N, since this N may be in other soil compartments.
In this manner, the lower N-recovery in the first period
(2011/2012) can be a result of high immobilization of
applied N-fertilizers as a result of no N-fertilization in the
four prior years of the experiment.

When soil microorganisms have greater access to N in
pastures due to higher N fertilizations, the additional N is
used to produce microbial biomass. This process can
result in greater N immobilization and higher N content in
litter under high N fertilization (Liu et al., 2011). The
results shows that the addition of N fertilization increased
N content of Tifton biomass after 128 days indicating that
microbes accessed N exogenous to litter. This
demonstrates that plant litter deposition in grasslands can
result in immobilization of N and limit availability for plant
growth (Wedin, 1996).

These results are in accordance with Berg and Staaf
(1981), which described a three-phase conceptual model
for N release from residues, including (i) initial rapid
release of labile nitrogenous compounds, (i) N
concentration and even absolute amount of N increasing
in the decomposing material due to microbial
immobilization of exogenous N, and (iii) N loss due to
mineralization.

The greater values of N-recovery observed in the
second evaluation period was a result of N-recovery from
the N applied in the first experimental period, when the

addition of N-fertilizer probably increased the microbial
community, which may have absorbed the added N. The
added N was not lost but rather temporarily immobilized
and later released by mineralization process.

Nitrogen use efficiency

In the first experimental period (2011/2012), Tifton N-use
efficiency was low and even negative when 100 kg ha™ of
N were split and when 200 kg ha™ of N were split twice
(Figure 5). Splitting small amounts of N-fertilizer probably
affected initial plant growth, since there was not enough
N to allow for initial plant regrowth and the increasing
microbial community. Moreover, under low N-availability,
there is competition between the microbial community
and plants for this N, which tends to be used by the
microbial community since it is more efficient in absorbing
nutrients than plants. Furthermore, NUE of smaller N-
fertilizer rates applied once were positive, demonstrating
the importance of greater N-fertilizer rates in the initial
periods. In the first period (2011/2012), splitting N-
fertilizer rates was a successful strategy only for greater
N-rates (300 kg ha™). In the second period (2012/2013),
in general, NUE increased showing a lower immobilization
process compared to the first experimental period.

Soil mineral nitrogen

Soil nitrate levels were affected by N-levels. Higher
differences were noticed in the first period of evaluation,
when nitrate levels reached 250 mg kg™ (18 days after N-
application) at the 0-5 cm soil layer depth for the N-levels
of 200 and 300 kg ha™. Probably, a low microbial
population at the time of N-application associated with an
immediately low capacity of N-absorption resulted in
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higher nitrate levels in the soil (Figure 6).

When comparing the 2™ period in relation to the 1%
one, it is noticed that soil nitrate levels were lower at the
0-5 cm soil layer (Figure 6). This may indicate an
increased microorganism population caused by previous
N-fertilization. The microorganism population and the
Tifton plants were more efficient in absorbing N from the
soil. The highest value of nitrate was observed when N-
fertilizer was applied all at once in the 0-5 cm soil layer.

In this period, an effect of N-rate over soil nitrate
concentration (P=0.0389) was also noticed. For each Kq
of N applied, soil nitrate levels increased 0.11 mg kg
with the highest level (70 mg kg'l) being found at the 0-5
soil layer in the treatment with 300 kg ha™ of N.

The results were similar to the early findings of Costa et
al. (2008), which reported an increase of 68% in soll
nitrate values with increasing levels of N on Brachiaria.
However, based on N-recovery rate and N-use efficiency
it is possible to affirm that there was no nitrate leaching.
Primavesi et al. (2006) affirm that the application of N
doses up to 500 kg ha™ split in up to five times does not
present risk of nitrate leaching to the groundwater, even
during the rainy period.

Conclusion

Splitting small rates of N (less than 200 kg ha™) reduces
fodder N-concentration in the initial growth phase, which
could impair performance of plant growth and biomass
accumulation. The result of the study suggest that Tifton
dry matter yield increased as N levels were increased up
to 300 kg N ha™, however, there was no significant effect
in relation to the nitrogen management. Thus, it is not
recommended to split N-application in pasture that

historically receives no N or low levels of N fertilization.
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