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Mombaca grass yield as a function of nitrogen
fertilization based on the use of the chlorophyll meter

Produtividade do capim mombaca em funcao
da adubacao nitrogenada baseada no uso do
clorofildbmetro
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Highlights

The importance of efficient nitrogen fertilization of Mombaca grass.
The ISN obtained with the chlorophyllometer provides greater agronomic efficiency.
ISN90%, was the band that showed the highest efficiency.

Abstract

The objective of this study was to evaluate the yield and agronomic efficiency of mombaca grass achieved
with the management of nitrogen fertilization, based on the nitrogen sufficiency index (NSI) calculated using
measurements obtained with a chlorophyll meter. The experiment was conducted in the field, in Sdo Luis
de Montes Belos - GO, Brazil, from November 2016 to May 2018, as a randomized-block design with six
treatments and five replicates. Treatments consisted of six N fertilization management strategies (M), namely,
M1 - reference, with 150 kg ha™ N per application; M2 - recommended, with 50 kg ha™ N per application; M3
- 50 kg ha' N when NSI < 98%; M4 - 50 kg ha™ N when NSI < 94%; M5 - 50 kg ha' N when NSI < 90%; and M6
- control treatment, without N application. The NSI was monitored based on the relative chlorophyll content
obtained with the chlorophyll meter. Forage canopy height, tiller density, and yield were evaluated. At the
end of the 2nd cycle, the recommended, reference, NSI198%, NS194%, and NSI90% treatments had received
1,050, 350, 300, 250, and 0 kg N ha'. Control treatment obtained the lowest dry biomass yield, whereas the

T M.e, Universidade Estadual de Goias, UEG, Campus Oeste, Sdo Luis de Montes Belos, GO, Brazil. E-mail: lorraynnelays@
hotmail.com; lucasmrzoo@gmail.com

2 Profs. Drs., UEG, Campus Oeste, Sdo Luis de Montes Belos, GO, Brazil. E-mail: clarice.backes@ueg.br; alessandro.
santos@ueg.br; adriana.ribon@ueg.br

3 Prof. Dr., Universidade Estadual Paulista Julio de Mesquita Filho, UNESP, Campus de Registro, SP, Brazil. E-mail:
leandro.godoy@unesp.br

4 Student of the Doctoral Course of the Postgraduate Program Zootecnia, Escola de Veterinaria e Zootecnia,
Universidade Federal de Goias, EVZ/UFG, Goiénia, GO, Brazil. E-mail: arthur_teodoro@hotmail.com

5 Graduate, UEG, Campus Oeste, S&o Luis de Montes Belos, GO, Brazil. E-mail: cinthyaresende@hotmail.com

* Author for correspondence

Received: May 28, 2021 - Approved: Aug. 25, 2021

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 4085-4102, 2021 4085



I Ciéncias Agrarias
SEMINA —

Leite, L. L.F. etal.

recommended, NSI98%, and NSI94% treatments showed the highest. Thus, N doses between 1,950 and
300 kg ha™, in the second cycle, provided statistically equivalent yields in mombaca grass. Considering the
DM of both evaluation cycles, the highest yield was achieved with the NS198% and NSI94% treatments. The
application of N doses of 250 to 1050 kg ha™ provided similar yields. Therefore, the adoption of a nitrogen
sufficiency index below 98% and 94% as a parameter allows a reduction and rational use of nitrogen fertilizer.
Key words: Antifungal effect. Essential oil. Spices.

Resumo

Objetivou-se com esse trabalho avaliar a produtividade e eficiéncia agronémica do capim Mombaga,
obtidas com o manejo da adubacado nitrogenada, baseada no ISN calculado com as medidas do
clorofildbmetro. O experimento foi conduzido a campo em Sao Luis de Montes Belos, GO, de novembro
de 2016 a maio de 2018. O delineamento utilizado foi em blocos casualizados, com seis tratamentos e
cinco repeti¢cdes. Os tratamentos foram constituidos por seis manejos de adubagédo nitrogenada: M1
- Referéncia com aplicacdo de 150 kg ha™ N por aplicacdao; M2 - Recomendado com 50 kg ha” N por
aplicacao; M3 - 50 kg ha' de N quando o ISN < 98%, M4 - 50 kg ha™' de N quando o ISN < 94%, M5 - 50 kg
ha' de N quando o ISN < 90% e M6 - Tratamento controle, sem aplicagcdo do N. O monitoramento do ISN
foi realizado em fungéo do indice Relativo de Clorofila (IRC) obtido com o clorofilémetro. Avaliou-se altura
do dossel forrageiro, densidade populacional de perfilhos e produtividade. Para matéria seca (MS), ao fim
do 2° ciclo, os tratamentos recomendados, referéncia, ISN 98, 94 e 90% haviam totalizado 1.050, 350, 300,
250 e 0 kg N ha™. O tratamento controle apresentou a menor producao e os tratamentos recomendado,
ISN 98% e 94% as maiores. Portanto doses entre 1.950 e 300 kg N ha™', no segundo ciclo, promoveram
producdes estatisticamente equivalentes no capim Mombaca. Considerando a MS dos dois ciclos de
avaliagao, as maiores produtividades foram nos tratamentos ISN 98% e 94%. A aplicacdo de doses de
250 a 1050 kg N ha' proporcionaram producdes semelhantes. Portanto o uso do ISN 98% e 94% como
parametros possibilita reducao e uso racional do fertilizante nitrogenado.

Palavras-chave: Clorofila. Forrageiras tropicais. Nitrogénio.

Introduction

stands out due to its high yield potential and
nutritional value (Garcia et al., 2011). However,
this forage is considered highly demanding,
with good results achieved mainly when

In pastures, yield can vary according
to the plant species. However, in addition

to genetics, favorable environmental and
management conditions are required, as these
are key points for the viability of any pasture-
based production system (Fagundes et al.,
2011; Hanrahan et al., 2018).

Among the tropical forages used in
dairy and meat production systems, mombaca
grass (Panicum maximum Jacq. cv. Mombaca)
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nitrogen (N) is used (Galindo, Buzetti, Teixeira,
Dupas, & Ludkiewicz, 2017), therebywarranting
assertive fertilization management.

Nitrogen is involved in the
photosynthetic process, where it participates
directly in the chlorophyll molecule, increasing
photosynthetic efficacy and dry matter (DM)
production (C. H. O. Macedo et al., 2012).
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According to Factori et al. (2017), N is the
element of greatest importance for the
growth of forages, and N doses of 300 to 400
kg ha-1 promoted an increase in the height of
mombaca grass plants. Canto, Barth, Pancera,
Gasparino and Boleta (2012), found positive
increases in the DM production and tiller
population of mombaca grass as a result of N
fertilization.

Due to the importance of N for plant
productivity, fertilization costs, and potential
losses of the nutrient in the soil, efficient
management of N fertilization is essential for
the viability of an agriculture-livestock activity
(Ryan, Hennessy, Murphy, Boland, & Shaloo,
2011). Some methodologies have been
investigated with a view to increasing N use
efficiency, one of them being the assessment
of the plant nutritional status with the use
of the chlorophyll meter. This instrument
measures the chlorophyll content indirectly,
based on optical properties of the leaves, and
these measurements are then correlated with
the N content of the leaves of forage plants
(Silva et al., 2011).

One way toregulate the measurements
made with the chlorophyll meter is by
calculating the nitrogen sufficiency index
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(NSI), which is determined as the average of
the measurements taken on plants in an area
to be fertilized with N divided by the average
of the readings in a reference area that has
already been fertilized with an adequate N
dose (Silveira & Ferreira, 2016).

The objective of this study was to
evaluate the yield and agronomic efficiency
of mombaca grass achieved with the
management of N fertilization based on the
NSI calculated using measurements obtained
with a chlorophyll meter.

Material and Methods

The experimentwas conductedinthe
field, in Sdo Luis de Montes Belos - GO, Brazil
(16°32'30" S, 50°25'21" W, 569 m asl), from
November 2016 to May 2018. The region
has an Aw climate, according to the Képpen
classification, with an average temperature
of 23.5 °C and an average annual rainfall of
1,785 mm, which is concentrated between
the months from October to March (Alvares,
Stape, Sentelhas, Goncalves, & Sparovek,
2013). Temperature and precipitation data
during the experiment were recorded
(Figure 1).
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Figure 1. Average and usable temperature data during the period of conducting the experiment

(Sa0 Luis de Montes Belos, GO).

The soil where the experiment was
implemented was classified as a Dystrophic
Red Latosol (Typic Haplorthox), on mild,
undulating relief (Empresa Brasileira de
Pesquisa Agropecuéaria [EMBRAPA], 2018).
For initial chemical characterization, samples
of the 0-0.20-m layer were collected from
the entire experimental area and analyzed
methodology EMBRAPA (1997).

Soil chemical and particle-size analysis
performed in the 0-0.20-m layer before the
implementation of the experiment revealed
the following properties: pH (CaCl2): 5.3; Ca,
Mg, H + Al, K, and CEC: 6.3, 0.9, 3.3, 0.194, and
10.69 cmolc dm3, respectively; P (Mehlich 1),
Na, S, B, Cu, Fe, Mn, and Zn: 7.0, 3.0, 4.0, 0.1,
2.0, 25,61, and 0.9 mg dm-3 respectively; 20.0
g kg organic matter; 69% base saturation;
and 390, 320, and 290 g kg™ sand, silt, and
clay, respectively.
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Conventional soil preparation
procedures were carried out in the
experimental area, consisting of one plowing
and two harrowing operations.On 11/19/2016,
the forage grass Panicum maximum Jacqg. cv.
Mombaca was sown at a density of 4.8 kg ha™,
with a 40% crop value. Based on soil analysis,
liming was not performed. Base fertilization
(formation) consisted of the application
of 110 kg ha' P,O, in the form of triple
superphosphate and 60 kg ha™ K,O in the form
of potassium chloride.

The experiment was laid out in a
randomized-block design with six treatments
and five replicates. Treatments consisted of
six N fertilization management strategies (M),
namely, M1 - reference, with application of
150 kg ha™ N; M2 - recommended, with the
N dose of 50 kg ha' recommended by Vilela,
Soares, Sousa and Macedo (2004); M3 - 50 kg
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ha'N when NSI<98%; M4 - 50 kg ha' N when
NSI<94%; M5 - 50 kg ha™ N when NSI<90%;
and M6 - control, without N application.
Urea was used as the N source. All fertilizer
applications were carried out manually, after
lowering the grass. The plots measured 3 x
3 m, considering a bordering area of 1 m on
each side.

The NSI was monitored based on the
relative chlorophyll content (RCC), which was
obtained using a portable chlorophyll meter
(Clorofilog, Falker) on the index leaves of
the grass. These correspond to the first and
second newly expanded leaves of the tiller,
from 10 plants per plot, totaling 20 leaves
sampled. This monitoring procedure was
carried out on the same day as the other
evaluations.

The NSI was calculated considering
the RCC values obtained with the chlorophyll
meter of each plot (LA), as a function the
reference plot (REF), using the following
equation: NSI (%) = (LA/REF) x 100.

To standardize the plots, the grass was
harvested on 01/17/2017 at a height of 0.40
m. Subsequently, 150 kg N ha' were applied
in the reference treatment and 50 kg N ha-1
in the others, except control, which did not
receive N fertilization. The first evaluation took
place in February 2017. The experimental
period was divided into two production cycles,
considering the rainy season in the region.
Evaluations performed from February to
September 2017 constituted the first cycle,
whereas the second cycle comprised the
period from October 2017 to May 2018.

Forage canopy height, tiller density,
and yield were evaluated in the grass, in a
usable area of 4 m2. The agronomic efficiency
of N fertilization was also calculated.
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Height was determined using a
graduated ruler at five random points in the
usable area. A sheet of paper was cast over
the leaves and height was measured at its
midpoint. The process was repeated for the
other measurements. In total, 16 evaluations
were carried out from February 2017 to May
2018.

Yield was determined in an area
bounded by a 1 x 1-m frame, at 0.40 m above
the ground level. The fresh biomass within this
area was weighed and a 300-g sample was
driedinaforced-air ovenat 65 °C until reaching
a constant weight to obtain the dry biomass of
the grass, which was then extrapolated to one
hectare. Twelve harvests were conducted in
total, in the months of February, March, April,
May, June, November, and December of 2017
and January, February, March, April, and May
of 2018.

To determine the tiller density, all live
tillers were counted manually, within an area
bounded by a 0.25 x 0.25-m frame, in each
of the plots. Three counts were made at
different random points in the 1-m? area. Tiller
measurements were carried out in the same
periods as the yield assessments, after the
grass was lowered.

Collections and evaluations were
undertaken every 28 days, with the purpose
of simulating a rotated-grazing environment.
The criterion for harvesting was grass height
exceeding 0.40 m. In the months of July,
August, September, and October 2017, the
grass did not reach the height for harvest, due
to lack of rainfall (Figure 1).

Nitrogen fertilization was always
carried out after the harvests, in the quantities
of established for each treatment (Table 1).
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Table 1

Amount of N applied as topdressing (kg ha™) in each treatment, in each evaluated harvest, showing the
total N received during the experiment, in the years 2017 and 2018

Treatment
Harvest Control Reference Recommended NSI98% NSI94% NSI90%
1st cycle
Base fertilization (01/17/17) 0 150 50 50 50 50
1st (02/14/17) 0 150 50 0 0 0
2nd (03/17/17) 0 150 50 0 0 0
3rd (04/13/17) 0 150 50 0 0 0
4th (05/11/17) 0 150 50 50 0 0
5th (06/11/17) 0 150 50 0 0 0
Total (1st cycle) 900 300 100 50 50
2nd cycle
6th (11/17/17) 0 150 50 50 50 0
7th (12/13/17) 0 150 50 50 0 0
8th (01/11/18) 0 150 50 50 50 0
9th (02/09/18) 0 150 50 50 50 0
10th (03/08/18) 0 150 50 50 50 0
11th (04/12/18) 0 150 50 50 50 0
12th (05/25/18) 0 150 50 0 0 0
Total (2nd cycle) 0 1,050 350 300 250 0
Total (2 cycles) 0 1,950 650 400 300 50

Agronomic  efficiency (AE) was
calculated per cycle of mombaca grass, by
subtracting the dry biomass (DB) produced
in the treatment without N fertilizer from that
produced in the treatment with N fertilizer
and dividing the result by the N dose applied,
with results expressed kg BM kg N (Fageria,
Slaton, & Baligar, 2003).

Results were subjected to analysis of
variance and mean comparison by Tukey's test
at 5% probability, using Sisvar 5.6 statistical
software (Ferreira, 2014).

4090

Results e Discussion

Nitrogen  fertilization had little
influence on the height of mombaca grass,
with statistical differences being observed
only in four of the 16 evaluated periods. In the
first cycle, the treatments influenced only the
6th growth, with the highest mean obtained
by the reference treatment (Table 2). However,
for Marandu grass (Urochloa brizantha) Silva,
Costa, Faquim, Oliveira and Bernardes (2013),
observed a greater influence of nitrogen
fertilization on grass height, finding the highest
mean height values at a dose of 300 kg ha' N
year, showing an average increase of 120%,
in three years.
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At the 11th growth, in the second
cycle, only the height means obtained in
the reference and NSI98% treatments
were higher than those obtained in control
treatment. At the 12th and 16th growths, none

Table 2
Plant height (cm) of mombaca grass in the two evaluated cycles as a function of nitrogen fertilization,
based on the chlorophyll meter, in the years 2017 and 2018

Treatment 1st 2nd 3rd
(Feb/17) (Mar/17) (Apr/17)
1st cycle
Control 113.0a 90.8a 84.0a
Reference 117.6a 92.4a 92.0a
Recommended 118.4a 91.0a 91.6a
NSI98% 115.4a 85.4a 89.2a
NSI94% 112.8a 91.0a 87.2a
NSI90% 116.0a 92.2a 89.4a
CV (%) 5.35 5.76 5.77
2nd cycle
9th 10th 11th
(Oct/17) (Nov/17) (Dec/17)
Control 37.2a 66.2a 91.8b
Reference 33.8a 63.2a 106.6a
Recommended 33.8a 63.0a 104.0ab
NSI98% 33.2a 60.0a 106.0a
NSI94% 33.6a 61.0a 102.6ab
NSI90% 36.6a 65.8a 94.8ab
CV (%) 8.20 8.11 6.93

of the treatments surpassed control for plant
height. Pasture height of Panicum maximum
(Tanzania, Mombaca, and Massai cultivars)
can be positively correlated with animal weight
gain (Brancio et al., 2003).

4th 5th 6th 7th 8th
(May/17)  (Jun/17)  (Jul/17) (Aug/17) (Sep/17)
68.8a 60.4a 35.8b 32.2a 33.2a
64.0a 54.6a 54.6a 31.8a 33.0a
69.2a 58.8a 35.8b 32.4a 33.0a
67.4a 59.4a 35.2b 31.0a 33.8a
68.6a 58.4a 35.4b 31.2a 31.2a
67.6a 58.0a 37.4b 34.6a 34.6a
6.97 5.97 717 8.83 6.10
12th 13th 14th 15th 16th
(Jan/18) (Feb/18) (Mar/18) (Apr/18) (May/18)
89.2ab 76.6a 73.2a 87.0a 62.0ab
96.4a 75.8a 74.0a 81.8a 55.6b
91.0ab 78.0a 77.0a 85.0a 59.8ab
89.6ab 75.2a 75.2a 84.0a 63.6a
85.4b 76.2a 74.8a 81.2a 63.2a
85.0b 76.8a 76.8a 85.8a 62.2ab
473 7.41 8.96 9.71 6.10

Common letters in the column do not differ by Tukey's test at 5% probability.
NSI - nitrogen sufficiency index; CV - coefficient of variation.

Nitrogen fertilization management
did not influence the initial development of
mombacga grass tillers, since there was no
difference in any of the evaluated periods,
in the first cycle (Table 3). Leite et al. (2019)
also did not observe increase in tillering as a
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function of N doses, after three cutsharvests,
in plants not inoculated with Azospirilum
brasilense, with a mean value of 296 tillers
m-2, a value well below those observed in the
experiment.
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Table 3

Tiller density (tillers m2) of mombaca grass at five harvests in the first cycle as a function of nitrogen
fertilization, based on the chlorophyll meter

Harvest

(IGatmEnt Tst (Feb/17)  2nd(Mar/17)  3rd (Apr/17)  4th(May/17)  5th (Jun/17)
Control 617a 790a 1,046a 1.117a 826a
Reference 596a 754a 2,538a 1,043a 758a
Recommended 675a 731a 925a 982a 752a
NSI98% 722a 793a 954a 1.117a 822a
NSI94% 674a 795a 870a 1,027a 806a
NSI90% 672a 781a 896a 1,066a 768a
CV (%) 9.63 10.76 12.50 7.37 10.02

Common letters in the column do not differ by Tukey's test at 5% probability.
NSI - nitrogen sufficiency index; CV - coefficient of variation.

In the second cycle, it was possible to the highest number of tillers was found in the
observe the influence of the use of fertilization NSI98% treatment, which differed only from
(Table 4). At the 7th harvest, the reference NSI90%. At the 11th harvest, the NSI94%,
treatment provided a higher tiller density, NSI98%, and recommended treatments
with 858 tillers m?2, representing a 22%  showed the best results, and at the 12th
larger population than in control treatment, evaluation, there was an equivalence between
though statistically equal to those calculated the treatments, with a lower number of tillers
in NSI94% and NSI98%. At the 8th harvest, found only in the reference treatment.

Table 4
Tiller density (tillers m2) of mombaca grass at seven harvests in the second cycle as a function of nitrogen
fertilization, based on the chlorophyll meter, in the years 2017 and 2018

Harvest
Treatment 10th 11th
(Mar) (Apr)
Control 749a 704b 982ab 800a 787a 864bc 784a
Reference 902a 858a 995ab 832a 803a 813c 608b
Recommended 816a 768ab 896ab 838a 845a 912abc 723ab
NSI98% 874a 800ab 1,024a 813a 918a 992ab 790a
NSI94% 784a 816ab 966ab 886a 877a 1,056a 845a
NSI90% 848a 714b 838b 794a 803a 758c 832a
CV (%) 9.54 7.69 8.93 10.69 9.76 9.49 10.69

Common letters in the column do not differ by Tukey's test at 5% probability.
NSI - nitrogen sufficiency index; CV - coefficient of variation.
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At the 1st harvest, the largest DB
accumulation was observed in the reference
treatment. Control showed the lowest yield,

Table 5
Accumulated dry biomass (kg ha') of mombaca grass at the first five harvests as a function of nitrogen
fertilization, based on the chlorophyll meter, in the years 2017 and 2018

and the other treatments did not differ from
each other (Table 5).

Treatment

1st (Feb) 2nd (Mar)
Control 3,541¢c 2,335bc
Reference 4,445a 2,590ab

Recommended 3,842b 2,788a
NSI98% 3,993b 2,436bc

NSI94% 3,939b 2,183c

NSI90% 4,110b 2,305¢c

CV (%) 3.65 5.59

Harvest
3rd (Apr) 4th (May) 5th (Jun)
2,414c 139b 323b
2,646bc 1,436a 427ab
2,677abc 1,393a 545a
2,812ab 1,410a 558a
2,412c 1,285a 400b
2,939a 1,324a 561a
5.50 17.10 14.72

Common letters in the column do not differ by Tukey's test at 5% probability.

NSI - nitrogen sufficiency index; CV - coefficient of variation.

At the 2nd harvest, the recommended
treatment showed the highest DB Yyield,
although it did not differ from the reference
treatment. At the 3rd harvest, the calculated
index of 90% provided better results, followed
by the NSI98% and recommended treatments.
At the 4th harvest, only control treatment
showed a lower yield and, at the 5th evaluation,
besides control, the reference treatment
also provided lower values: 323 and 400 kg
ha', respectively. Although large increases
in BD accumulation were not observed due
to nitrogen fertilization, in this first cycle,
Mombaca grass may show an increase in BD

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, suplemento 2, p. 4085-4102, 2021

accumulation due to organic fertilization in the
planting and topdressing mineral fertilization
(50 kg ha™ N after each harvest), in the first
four cropsharvests (Guerrero, Sousa, Oliveira,
Caldeira, & Pela, 2020).

In the second cycle, there was no
difference between treatments only in
January, corresponding to the 8th harvest
(Table 6). At the 6th harvest the first of the
second cycle, the highest yield was obtained
in the recommended treatment; however, it did
not differ from that obtained at the calculated
index of 90%.
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Table 6

Dry biomass (kg ha') of mombaca grass at seven harvests in the second cycle as a function of nitrogen
fertilization, based on the chlorophyll meter, in the years 2017 and 2018

Treatment 8th

(Jan)
Control 1,088c 1,470c 2,076a
Reference 1,26bc 3,081a 2,461a
Recommended 1,536a 2,485b 2,271a
NSI198% 1,268bc 2,309b 2,308a
NSI194% 1,124c 3,085a 2,089a
NSI90% 1,435ab 2,522b 2,076a

CV (%) 7.08 4.42 8.94

Harvest

10th 11th

(Mar) (Apr)
2,174d 1,764bc 2,639d 1,106¢
2,403c 1,706¢c 2,785cd 1,123c
2,654ab 2,201a 3,059b 1,427b
2,474bc 2,094a 3,742a 1,632a
2,689a 2,047a 3,507a 1,486ab
2,137d 2,017ab 2,979bc 1,526ab

413 6.50 4.26 6.52

Common letters in the column do not differ by Tukey's test at 5% probability.

NSI - nitrogen sufficiency index; CV - coefficient of variation.

At the 7th harvest, the recommended
and NSI94% treatments showed the highest
yields (3081 and 3085 kg ha™, respectively),
and these two treatments were also the
most productive at the 9th harvest. At the
10th harvest, the calculated indices of
94% and 98% showed similar results to the
recommended treatment, and these did not
differ from the NSI90% treatment. At the 11th
and 12th harvests, the calculated indices
exhibited greater efficiency, especially 94%
and 98%, resulting in the highest DB yields.

Considering the accumulated yield
(Table 7), in the first cycle, control treatment
providedtheleast DB, followed by NSI94%, and
the other treatments did not differ from each
other. In the second cycle, the recommended,
NSI98%, and NSI94% treatments provided
the highest the highest yield. Between the two
cycles, higher DB yield means were obtained
in the second. Salman et al. (2016), evaluating
the use of NSl of 0.96,0.93,0.90, 0.87,and 0.83
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in the management of nitrogen fertilization of
Marandu and Mombaca grasses, in two cuts,
concluded that the lowest indices were the
most suitable because they provided greater
dry matter with a lower dose of N.

Considering the amount of DB
produced per kilogram of N applied in
fertilization (agronomic efficiency), in the
first cycle, the NSI90% treatment was more
efficient (49.94 kg DB per kg N applied) than
the other treatments with fertilization based
on NSI, which, in turn, provided greater
efficiency in the use of N in fertilization than
the reference and recommended treatments.
As in the first cycle, the NSI90% treatment
was also superior to the others in the second
cycle, producing 47.52 kg DB kg N'. The
use of a chlorophyll meter and the NSI, in
the management of nitrogen fertilization, in
brachiaria grass pasture, also allowed for
greater efficiency in the use of nitrogen (Villar,
Pinto, Fonseca, Queiroz & Alcantara, 2015).
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Table 7

Accumulated dry biomass (DB) of mombaca grass as a function of nitrogen fertilization, based on the
chlorophyll meter, in the two cycles evaluated, in the years 2017 and 2018

Dry biomass

accumulated in the
first cycle (kg)

Treatment

Agronomic
efficiency
(kg DB kg N7)

Dry biomass
accumulated in the
second cycle (kg)

Agronomic
efficiency
(kg DB kg N

Control 8,752cB 12,318dA -
Reference 11,545aB 3.10 14,897bcA 2.46
Recommended 11,246aB 15,454abA 4.82
NSI98% 11,209aB 24.57 15,827aA 8.77
NSI94% 10,219bB 29.34 16,028aA 12.37
NSI90% 11,249aB 49.94 14,694cA 47.52
Mean 10,703 14,888

Common lowercase letters in the column and uppercase letters in the row do not differ by Tukey's test at 5% probability.

NSI - nitrogen sufficiency index.

Forage height is a significant trait for
management, as it influences the intake of
grazing animals. However, it should not be
evaluated in isolation. In the first cycle of
the experiment, no difference was detected
between the treatments for this variable,
but control treatment, which did not receive
N, produced 8, 16, 10, 90, and 41% less DB
than the recommended treatment, at the five
harvests. Although plant height can ensure a
satisfactory leaf mass yield, stem elongation
can negatively influence the nutritive value of
the grass and grazing efficiency (Ribeiro et al.,
2012; V. H. M. Macedo et al., 2017), as a result
of the higher leaf:stem ratio.

In some periods evaluated in this
experiment, mombaca grass did not reach
the preset harvest height due to climatic
conditions. The grass was not able to maintain
its development due to the absence of soil
solution that could allow the development of
the plant. Pereira et al. (2011) also observed
seasonality in mombaca grass during the dry
period of the year.
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The tiller constitutes the pasture-
forming unit. Thus, its production volume,
ground cover capacity, and pasture formation
potential are essential factors for its proper
management and longevity (Faria et al,
2015). In the first year of the experiment, no
treatment effect was observed, with tiller
density reaching an average of 789 m= at
the end of the cycle. In the second cycle, the
importance of N for the tillering of mombaca
grass was observed.

At the 8th harvest, the NSI98%
treatment stood out with a higher number of
tillers. The same was observed for the 11th
and 12th harvests, whose result equaled
that of the recommended treatment, which
suggests that smaller amounts of N can be
applied by adopting this methodology, saving
on N fertilization.

At the 11th harvest, the number of
tillers in the NSI94% treatment was 22 and
39% higher than those obtained in the control
(without fertilization) and NSI90% treatments,
respectively, which had received 50 kg ha™ of
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N thus far. The NS194% treatment had received
the N dose of 250 kg ha™, vs. the 1,650, 550,
and 350 kg ha' N applied in the reference,
recommended, and NSI98% treatments,
respectively.

The last evaluation took place in May,
when lower temperatures and precipitation
occurred and an equivalence was observed
between the treatments. A smaller number of
tillerswas only seeninthe reference treatment,
possibly due to the excess N applied.

Other studies demonstrate the
importance of N in the tillering of forages.
Pereira et al. (2011) worked with mombaca
grass and described that N applications of
320 kg ha”, in relation to no N fertilization,
provided an average increase of 107% in the
total number of tillers in the summer.

However, Martuscello et al. (2015),
evaluating Capim-Massai at different nitrogen
rates, show the highest number of tillers at
160 kg ha™ of N, until the fourth generation,
and from then on, the largest number of tillers
found was by the treatment with absence of
fertilization. And they attribute this behavior to
the fact that fertilized plants tend to increase
the deposition of dry mass, which promotes
greater shading and, consequently, a smaller
number of tillers, since light also acts as a
tillering inducer.Therefore, in addition to the
amount used, soil-climatic conditions are
limiting for the development of forage.

Unlike plant height and tiller density, DB
yield was influenced by the treatments already
at the 1st harvest. The lower yield obtained in
controltreatmentreflects the initial fertilization
of the experiment, since this treatment did not
receive N fertilization, whereas the reference
treatment received 150 kg ha' of N and, the
others, 50 kg ha™.

4096

Pietroski, Oliveira and Caione (2015)
worked with N fertilization in mombaca grass
and observed a higher DB yield using the N
dose of 35 kgha' (1,799 kg DB ha-1) at the 1st
harvest, whereas the treatment that did not
receive fertilizationresulted ina DByield of 830
kg ha™. The increase in forage yield following
the application of N doses is attributed to
the importance of this nutrient for different
morphological traits (Martuscello et al., 2019).

At the 2nd harvest, the recommended
treatment was the only one that provided
a higher DB vyield than control, despite the
fact that it received a lower dose of N than
the reference treatment. This is related to
the regrowth potential of the forage, which
produced a greater amount of DB at the 1st
harvest, but equaled the treatment with the
lowest fertilizer dose at the 2nd harvest.
However, at the other harvests (3rd, 4th, and
5th), "recommended” remained among the
most productive treatments.

From the 1st to the 3rd harvest, the
treatments that received the highest N doses
were reference and recommended: 450 and
150 kg ha’, respectively (Table 1). These
provided the highest DB yields at the first two
harvests, demonstrating the importance of N
for the initial impulse of the forage. Salman et
al. (2016) used NSI of 96, 93, 90, 87, and 83%
to determine N fertilization for marandu and
mombaca grasses and observed that, for the
former, DB production differed significantly
between the reference (133 kg ha' N) and
control treatments at the 2nd harvest, due to
the higher amount of the nutrient applied in
relation to the others.

Unlike what was obtained in this
experiment, Factori et al. (2017) found no
difference in response to the N doses of 0O,
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50, 100, and 200 kg ha' at the first three
harvests, whereas significant differences
were described at the others (4th, 5th, and 6th
harvests). Therefore, the DByield may be due to
the environmental effect and the management
for the establishment of the forage.

The lowest yield mean obtained in the
treatment that did not receive N fertilization, at
the 4th harvest, indicates the depletion of the
N available in the soil for the grass. In control,
DB yield was, on average, ten times lower than
that obtained in the other treatments, which
received at least 50 kg ha™ N, highlighting the
importance of this base N fertilization. Nitrogen
fertilization considerably increases forage DB
yield (Benett, Buzetti, Silva, Bergamaschine, &
Fabricio, 2008; Mazza et al., 2009; Galindo et
al., 2017), which confirms the low production
obtained by the treatment without N.

Besides the lack of N, the application of
excessive doses canalso be detrimental, given
the smaller amount of biomass produced in
the reference treatment, at the 5th evaluation.
At that evaluation, there was also a reductionin
yield due to the extraordinary low temperature
condition in the region (Figure 1).

The data referring to the second cycle
demonstrate the efficiency of the indices
used, since the first cut. During the first cycle,
the recommended treatment, fertilized with
300 kg ha-1 of N, which was split into six equal
applications, expressed the highest vyield.
However, it did not differ from the NSI90%
treatment, which received 50 kg ha' of N a
base fertilization.

At the other harvests, the 94% and
98% indices were even superior in yield
when compared with the reference and
recommended treatments, which received
higher amounts of N. The use of NSI90% or
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NSI95% in the common-bean crop provided
rationalized use of N (Maia, Soratto, Biazotto
and Almeida, 2013; Silveira & Ferreira, 2016;
Silveira & Gonzaga, 2017).

At the last two harvests in the second
cycle, the control and reference treatments
showed lower vyields, due to deficiency and
excess of N, respectively. The recommended
treatment produced less DB than NSI98%,
which may also be an indicator of excess N,
since, in total, it received an additional 250 kg
ha-1 when compared with the calculated index
of 98%.

At the end of the first cycle, the
reference, recommended, and NSI98%
treatments received a total of 900, 300, and
100 kg ha of N, respectively. The NSI94 and
NSI90% treatments received 50 kg ha™' of N
(only at base fertilization, in January 2017),
and control did not receive N fertilization. By
the end of the second cycle, the plots of the
reference, recommended, NSI98%, NSI94%,
and NSI90% treatments had received 1,050,
350, 300, 250, and 0 kg ha™ of N, respectively
(Table 1). Therefore, the use of N fertilization
resulted in a positive increase in the DB yield
of Mombaca grass, with the application of
50 to 900 kg ha™ of N, in the first cycle and
250 to 350 kg ha™ in the second production
cycle. Accordingly, it appears that, to achieve
greater yields, N utilization decreased with the
production cycles.

Rosado, Gontijo, Almeida and Andrade
(2014) also used urea as a source of N and
found a reduction in soil pH and P content as
well as anincrease in potential acidity following
the application of the N dose of 600 kg ha™,
which can impair the development of forage.
However, efficiency in nitrogen fertilization is
sought, since the application of N above the
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responsiveness of grass, in addition to not
providing increases in production, not differing
from the doses considered ideal, can lead to
a decrease in productivity and, consequently,
economic losses to the system (Patzlaff, Zulpo,
& Rossi, 2020; Castagnara et al., 2011)

Therefore, the use of doses that exceed
the forage response potential leads to waste
of fertilizer and, consequently, economic
losses to the system, in addition to potential
environmental losses caused by nitrate
leaching (Rambo, Silva, Argenta, & Bayer,
2004). According to Ryan et al. (2011), animal
nutrition is related to rational management of
N for forage production, which can reduce the
environmental and financial impact.

The highest average DB yield obtained
in the second cycle coincides with the period
of greatest response of the grass, as it is
already established, whereas in the first cycle,
the grassis stillin the process of formation and
development of its morphogenetic traits and
the number of clumps in the pasture not yet
stabilized, many empty spaces and different
clump sizes (Pereira et al., 2011).

Using NSI98% as a parameter made
it possible to reduce and rationally use the N
fertilizer, as it provided the same DB vyield as
the recommended treatment, in both cycles,
using 250 kg ha' less N.

The use of NSI90% to define the need
for N fertilization provided the same DB yield
in mombaca grass as the recommended
treatment, in the first cycle. Nevertheless, in
the second cycle, yield was lower. However,
the N dose applied was only 50 kg ha™,
which was 600 kg less than that used in the
recommended treatment, resulting in greater
agronomic efficiency with the use of NSI90%.
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The use of the chlorophyll meter to
estimate the plant nutritional status in terms of
N was tested by Ali, Thind, Sharma and Singh
(2015) in the rice crop and by Padilla, Pefa-
Fleitas, Gallardo and Thompson (2015) in
tomato. Both attested to the superiority of this
method over the common recommendation, in
advising the management of N fertilization. In
pasture crop, Pariz et al. (2011) found that the
chlorophyll content can be used to estimate
DM production, crude protein density, as
well as the need for N fertilization in Panicum
maximum cv. Tanzania and Mombaca.

Factorietal.(2017) tested theresponse
of mombaca grass to N doses of 100 to 400
kg ha' in an irrigated system and observed
maximum response at the N dose of 300 kg
ha™',withayield of 13tha™. Therefore, since the
present experiment was carried outin a rainfed
system and similar yields were achieved, the
response to equivalent fertilization at the N
doses of 250 and 1,050 kg ha™ is justified, as
the availability of soil solutionis a limiting factor
in this system, which impairs the agronomic
potential of Panicum maximum cv. Mombaca.

Esta secdo deve ser apresentada de
forma clara, com o auxilio de tabelas, gréaficos
e figuras, de forma que ndo suscite duvidas ao
leitor quanto a autenticidade dos resultados e
pontos de vista discutidos.

Conclusions

In mombaca grass, the nitrogen
fertilization management based on the 90%
nitrogen sufficiency index, obtained using
the chlorophyll meter, provided the greatest
agronomic efficiency.

The use of the 98% nitrogen sufficiency
index in the fertilization management provided
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the same dry biomass yield in mombaca grass
as the recommended fertilization strategy,
except with five applications of 50 kg ha™' less
nitrogen.
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