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Chapter

N-Fertilization Adjustment in
Sugarcane Crop Cultivated in
Intensive Mechanization

Sérgio G. Quassi de Castro
and Henrique C. Junqueira Franco

Abstract

Currently sugarcane is cultivated in Brazil in intensive mechanization during
all cultural practices, since planting, harvesting until fertilizer applications. In this
sense, to increase the sugarcane yield which it was stagnant along the last 5 years,
it is necessary looking for alternatives to management the crop and maximize the
yield gain. One alternative is trough the adjustment the N-fertilization in green
cane crop according to the IPNI guidelines—“4R Nutrient Stewardship System”
(International Plant Nutrition Institute—IPNI) program which seeks to apply
fertilizer in the right location, at the right time, in the right amount and the right
source. Therefore, the main goal of this chapter is shows these alternatives and the
yield gains that it was obtained in researches during 2013-2017.
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1. Introduction

According to statistical surveys conducted in the last decade by the International
Plant Nutrition Institute [1], the largest consumer market for NPK fertilizers was
Asia (57%), followed by the Americas (25%), Europe (13%), Africa (3%), and
Oceania (2%). In 2015, approximately 183.2 million tons of NPK fertilizers were con-
sumed, being the most consumed nitrogen fertilizers with 60% of total (110.4 mil-
lion tons), followed by phosphorus (22% (40.7 million tons)) and potassium (18%
(32.1 million tons)). In the Americas, the largest consumers were the United States
and Brazil, with Brazil showing a significant increasement in fertilizer consumption
during the last decade, representing a consumption of approximately 14 million tons
of NPK fertilizers in 2015. This value was 50% higher than obtained in the previous
decade [1]. This large demand resulted in a financial movement of approximately
R$ 19.5 billion per year, originating from the internal sale of NPK fertilizers [2].

In Brazil, the main crops (soybean, maize, and sugarcane) use approximately
6.2 million tons of NPK fertilizers during 2015. The sugarcane crop represents
22.6% of this amount, with consumption of 1.4 million tons of NPK fertilizers,
which generated investment higher than R$ 2 billion per year. Within this bil-
lionaire market of fertilizers for sugarcane, potassic fertilizers were the most used
(609 thousand tons), followed by nitrogen fertilizers (573 thousand tons) and
phosphates fertilizers with 195 thousand tons used [2].
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Most of the NPK fertilizer market in the Brazilian sugarcane sector is based on
four sources, such as potassium chloride (source of K), urea and ammonium nitrate
(N sources), and simple superphosphate (P source). Although the industry is a
large and efficient waste recycler, such as filter cake that is rich in phosphorus and
potassium-rich vinasse, the high demand for the importation of these raw materials
shows the risk in our food and energy security.

Brazil is the world’s largest producer of sugarcane with approximately 640 mil-
lion tons [3], grown in an area of 9 million hectares, followed by India and China,
respectively, with 352 and 126 million tons [4]. Despite this, the increase in the
sugarcane area, which was 5.8 million hectares during the last 10 years, not took
place increase in stalk productivity, which remains stagnant (72 Mg ha~'—crop
season 2016/2017) compared to the Brazilian historical series, which has already
reached an average of 80 Mg ha™ [3].

The IPNI has established a Best Practices Fertilizer Management (BPFM)
program. This program shows the practical actions necessary to provide a better
economic, social, and environmental performance of crops, in order to adapt the
supply of nutrients to the needs of the crop minimizing the losses of its nutrients
in the soil-plant-atmosphere continuum [5]. In the focus of plant nutrition and
fertilizer use, BPFM encompasses the 4R principle: (1) applying the right nutrient
source, (2) taking the right amount, (3) at the right place, and (4) in the correct
time (right time). In this context, the present text aims to address aspects related to
the nutrition of the sugarcane crop, focusing on nitrogen fertilization, showing the
challenges and bottlenecks for increasing the efficiency of use of these nutrients by
sugarcane.

2. Nitrogen fertilization: definition of the correct source, applied time,
application mode, and right dose

The N is the nutrient that has the highest interaction in the environment due to
the numerous reactions, mediated by microorganisms, that occur in the soil, being
affected by temperature and humidity [6]. In addition, there are several routes of
N losses (leaching, volatilization, and immobilization), promoting only about 26%
of the N applied by fertilizer that is used by the plant [7]. For other crops this value
usually is higher than 50% [8]. The large N stock in the soil, representing more than
95% of the total N, comes from organic matter. However, organic N is not directly
utilized by plants, requiring their mineralization to produce ammonium, which can
be absorbed or transformed into nitrate (nitrification process) that will be absorbed
by plants [6].

In general, it is recommended to apply 30—60 kg ha™" of N in plant cane, applied
in the planting furrow. In ratoon the dose can vary from 80 kg ha !N, for yields
between 60 and 80 tons of stalks per hectare (TSH), up to 140 kg ha !N, in areas
where it is expected to produce above 140 TSH [9]. There is no doubt about the
importance of nitrogen fertilization for productivity gains in sugarcane cultivation,
especially in ratoon areas. In a very good literature review made by Otto et al. [7],
the authors found that in 75% of the total number of papers reviewed, there was
an increase in TSH due to nitrogen fertilization. In 30% of papers, the gain in stalk
yield was higher than 25% in relation to the control.

The most common nitrogen fertilizers used in Brazilian sugarcane fields are
ammonium nitrate (33% N), urea (45% N), and ammonium sulfate (21% N). It is
interesting to note that each option has positive and negative aspects, such as (i)
ammonium nitrate has N in two forms: nitrate (NO;~) and ammonium (NH,"), in
which ammonium has been reported to be a mineral preferential form uptake by
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sugarcane [10]. In addition, there is not losses due the volatilization of ammonia by
this N source (ammonium nitrate) in tropical soils. However, it can lead to nitrate
leaching losses [11]. Also since it is a raw material for explosive devices, it must be
restricted in its commercialization in the coming years around the world; (ii) urea
is the fertilizer with the highest N content in its composition, making it possible

to reduce the relative cost of its acquisition (R$ per kg of N). Nevertheless, with
the advent of mechanized harvesting of sugarcane, which generated straw covers
in sugarcane fields and currently 85% of all sugarcane cultivated area in Brazil is
harvested this mode [12], the application of urea over the straw implies in higher
losses of NH; by volatilization; (iii) ammonium sulfate, although it is the option
with lower concentration of N, presents in its composition approximately 24% of
sulfur (S). This fact makes this fertilizer an excellent option, especially in areas
where there is no application of vinasse, as it is able to supply nitrogen and sulfur at
the same time to the plant. However, it has a high salinity index. When it is applied
locally, in high amounts and in periods of low soil moisture, it can cause problems
in the plant growth.

One of the major limitations to increase the productivity of sugarcane in Brazil
is the availability of adequate amounts of nutrients in soils, especially N [13]. This
is due to the many factors that affect nitrogen utilization efficiency (EUN), such as
soil characteristics (pH, cation exchange capacity (CEC), organic matter, texture,
clay, aeration, and compaction), climatic conditions (temperature and rainfall),
and agronomic practices (cultivation, soil preparation, and crop rotation) [14]. Due
to the difficulty to define the dose of N to be applied in sugarcane due to the lack of
a laboratory methodology that allows quantification of N available for plants into
the soil, the dose of N is often defined according to the expected productivity [15].
This fact causes sub or super estimates of the N doses to be applied to the crop. In
this scenario, new works [7, 16] seek the development of strategies for the manage-
ment of nitrogen fertilization in sugarcane plantations, aiming to increase nitrogen
fertilization efficiency.

In addition, the presence of straw over the soil surface and the harvesting
season (wet or dry season) should be considered for the proper management of
sugarcane. This can be justified by analyzing the average productivity obtained
over four harvests—2015, 2016, 2017, and 2018 (Figure 1), where the same variety
of sugarcane (IACSP95-5000) was harvested at different crop season (beginning,
middle, and end of the harvest corresponding to the months of April, August,
and October, respectively). Comparing the fertilizations (same dose) made in wet
season and dry season, the results show that the fertilizations carried out in the
humid season always promoted the highest yields (Figure 1). In general, the area
harvested at the beginning of the harvest had the highest average yield of stalks
(107 TSH), followed by the middle area (95 TSH) and the final harvest (77 TSH).
Therefore, the best time to apply the N in the sugarcane ratoon should be when
there is moisture in the soil, regardless of the period in which the harvest was
performed. This contrasts with the traditional management of sugarcane, in which
fertilization was done when the plant had a significant canopy (number of green
leaves) and tillering [15].

Other possibilities for increasing the efficiency of nitrogen fertilization in
sugarcane, together with increases in yield of stalks, are related to the application
forms. Regarding the forms of nitrogen fertilizer application, this can be done in
several ways (Figure 2): (1) application incorporated to the soil by cultivation in the
interrow (“triple operation”), (2) superficial application in band, (3) application
under the straw in band, (4) application made in both sides of the ratoon,

(5) surface application in total area, and (6) surface application with liquid fertil-
izer (a) and foliar application (b).
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Figure 1.
Effect of the nitrogen fertilizer application time according to the sugarcane harvest season. Source: Castro [17].
Note: Capital letters differ from each other within each harvest season.

Figure 2.
Alternatives of N-fertilizer application methods in sugarcane ratoon. Source: Castro et al. [18].

The N-fertilizer applications made through the interrow are the most traditional
in Brazil sugarcane fields. This is because the cultivation had been widely used in
the burned cane—in the past. Regardless, in the currently years, with the adoption
of the green cane cultivation (without fire in the harvest), the surface application
has greater operational in sugarcane fields, where the straw layer resulting from the
harvest can disrupt the scarification of the interweaving when opted for cultivation.
Castro et al. [19] showed that no effect was obtained on crop productivity by the
adoption of interlaced cultivation (Table1).

The absence of alterations in TSH in sugarcane yield shows that the cultiva-
tion operation may not be necessary, mainly because sugarcane does not exploit
the interleaving region [20, 21], even in areas where the traffic of machines in
this region did not occur [22]. The application performed by the triple operation
(number 1 in Figure 2), despite being incorporated in the soil, presents lower yields
of TSH (Figure 3) due precisely to the distance at which the fertilizer is positioned
in relation to the stump of the plant, and the area covered the root system, which in
the middle of the interline is very small [20].

On the other hand, some studies show increases in TSH when incorporating the
nitrogen fertilizer at 0.1 m depth [23], on both sides of the sugarcane ratoon: on average
0.2-0.3 m of the cane row (Figure 2 (no. 4)). The deposition of N-fertilizer near the root
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Treatments 2008 2009 2010 2011 Mean
With tillage 125> 1122 85° 81° 101°
Without tillage 131° 1122 8g? 81? 103*

* Means with the same letter in column did not differ according to the “Tukey” test (p>0.05)

Table 1.
Sugarcane yield (TSH) associated to the performance or not of the mechanical cultivation of the interrow of
crop (adapted Castro et al. [18]).
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Figure 3.
Effect of the N-fertilizer application method in sugarcane yield. Source: Castro et al. [23]. Note: Capital letters
differ from each other within each treatment evaluated in each year.

system of the plant can facilitate its absorption, improving the TSH of the crop. This
aspect also explains the difference between the incorporated application and the surface
application; because when applied on the soil surface, the fertilizer needs to transpose
the layer of straw which often occurs with the rains, and because it is not constant, a
temporal difference in N uptake and plant development when compared to the incor-
porated application. In general, the incorporation of N-fertilizer presented an increase
in sugarcane yield of 14% (28 TSH) and 19% (38 TSH) when compared, respectively, to
the superficial application and the interrow, which did not differ between them.

Due to the large extension of sugarcane cultivated areas and the short interval
of time for fertilization (adequate soil moisture conditions), alternatives that allow
higher operational yield (hectares h™') are necessary. In this sense, one of the
options is the application of the nitrogen fertilizer by means of machines such as the
Uniport of the Jacto manufacturer, which deposits the fertilizer below the layer of
straw (Figure 3 (n°3)), due to the fertilizer granules were applied with a pressure
which these granules are able to transpose the straw layer. In a research conducted
by Brazilian Bioethanol Science and Technology Laboratory (CTBE) [24], three
forms of application of nitrogen fertilizer in sugarcane ratoon were compared,
being application under straw and in strip and surface application in strip and
application incorporated to the soil. The results showed that the yield of the crop
was higher when the fertilizer was applied in an incorporated form or under the
straw compared to the surface application (Figure 4). Considering the average
productivity obtained in the two agricultural years (Figure 4), the application
incorporated to the soil and under the straw provided increases in the TSH of 16%
(26 TSH) and 13% (21 TSH), respectively, when compared to surface application.
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Figure 4.
Effect of N-fertilizer application forms in sugarcane yield. Source: Franco et al. [24]. Note: Letters compare the
forms of application in each of the years.

Therefore, in nitrogen fertilization, one must consider the choice of a source
that allows lower losses or minimized if such losses exist, for example, by adjust-
ing the mode of application. It is also convenient to adapt the time of application of
N-fertilizer, in which, if there are operational conditions, nitrogen fertilizer should be
applied when there is moisture in the soil, recommending the application incorporated
in both sides of the cane row or application under the straw. Considering the manage-
ment of the time and method of application of the nitrogen fertilizer in sugarcane,
associated to the fact that in the south central region of Brazil, crop harvest occurs
from March to December, thus an extended period for the accomplishment of cultural

Sugarcane N fertilizer price (USS Mg!)

Price
200 225 250 275 300 325
(USS Mg)

N economical rate (base line 120 kg N hat)
Early Middle End Early Middle End

10
13 -25% -13% -25% -30% -25% -30%
15
18
20 +10% 0% +15% -15% -5% -15%
23

Ps: Price of sugarcane according to Consecana Brasil; Nitrogen fertilizer price according to Anda [2].

Table 2.
N-economic vate to be applied in the sugarcane crop according to the harvesting season associated with the price
of the raw material and the N-fertilizer.



N-Fertilization Adjustment in Sugarcane Crop Cultivated in Intensive Mechanization
DOI: http://dx.doi.org/10.5772/intechopen.83445

treatments; it is possible to adjust the N dose to be applied (variation of 30%) without
loss of productivity (Table 2). In this sense, the investment made in the acquisition

of the nitrogen fertilizer must be removed by increasing productivity, then that high
doses can obtain a gain which is not enough to pay off the investment [17].

3. Conclusion

The adoption of the best technologies (IPNI—Best Practices Fertilizer
Management (BPFM)) to apply the N-fertilizer in sugarcane crop cultivated in inten-
sive mechanization is possible to have an increase in the yield and a reduction in the
application cost. It is possible with the choice of the right N rate, associated with the
right application method and right time to perform this operation. In this context,
the average yield gain is near 30%, as well as the production cost reduced near 15%.

Considering the sugarcane (green cane) cultivated in central south region of
Brazil, where the harvest season occur between March and November, the best
time to apply the N-fertilizer is in wet period. The best application method is
incorporated at 0.1 m depth in both sides of the sugarcane row. With this adoption
is possible have a reduction in the N rate applied in the sugarcane ratoon, as well as,
there is an environmental sustainability in the nitrogen fertilization in sugarcane
crop, due there is not adopt the high N rate in the fields.

The absence of alterations in TCH in sugarcane yield shows that the cultiva-
tion operation may not be necessary, mainly because sugarcane does not exploit
the interleaving region [20, 21], even in areas where the traffic of machines in
this region did not occur [22]. The application performed by the triple operation
(number 1 in Figure 2), despite being incorporated in the soil, presents lower yields
of TCH (Figure 3) due precisely to the distance at which the fertilizer is positioned
in relation to the stump of the plant and the area covered by the root system, which
in the middle of the interline is very small [20].

Author details

Sérgio G. Quassi de Castro™ and Henrique C. Junqueira Franco™’

1 Laboratério Nacional de Ciéncia e Tecnologia do Bioetanol (CTBE), Centro
Nacional de Pesquisa em Energia e Materiais (CNPEM), Polo II de Alta Tecnologia,
Campinas, SP, Brazil

2 UNICAMP, Campinas, SP, Brazil

3 CROPMAN - Inovagao Agricola, Campinas, SP, Brazil

*Address all correspondence to: sergio.castro@ctbe.cnpem.br

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Nitrogen Fixation

References

[1] International Plant Nutrition
Institute (IPNI). Relatério sobre
consume de fertilizantes. 2016. Available
from: http://brasil.ipni.net/article/BRS-
3132#aumentorelativo [Accessed: 10
January 2018]

[2] Associagdo Nacional para Difusdo de
Adubos (ANDA). Anuario Estatistico do
Setor de Fertilizantes. Sao Paulo; 2016

[3] Companhia Nacional De
Abastecimento—CONAB 2017.
Acompanhamento da safra brasileira:
Cana-de-agtiicar. [WWW Document].
V.4—Safra 2017/2018 nol. Prim.
Levant. Abril 2017. http://www.
conab.gov.br/OlalaCMS/uploads/
arquivos/17_04_20_14_04_31_boletim_
cana_portugues_-_lo_lev_-_17-18.pdf
[Accessed: 22 November 2017]

[4] Food and Agriculture Organization
of the United Nations—FAO 2014.
WWW Document. FAOSTAT. URL
http://www.fao.org/faostat [Accessed:
22 November 2017]

[5] Bruulsema T, Lemunyon J, Herz
B. Know your fertilizer rights. Crop and
Soils. 2009;42(2):13-18

[6] Cantarella H, Montezano ZF.
Nitrogénio e Enxofre. In: Prochnow
LI, CasarinV, Stipp SR, editors.

Boas prdticas para o uso eficiente de
fertilizantes — volume 2 — nutrientes.
International Plant Nutrition Institute
(IPNI): Piracicaba, SP; 2010. pp. 5-72

[7]1 Otto R, Castro SAQ, Mariano E,
Castro SGQ, Franco HC]J, Trivelin
PCO. Nitrogen use efficiency for
sugarcane-biofuel production: what
is the next? Bioenergy Research. 2016.
DOI: 10.1007/s12155-016-9763-x

[8] Trivelin PCO, Franco HCJ]. Adubacio
nitrogenada e a sustentabilidade de
agrossistemas. Tépicos em Ciéncia do
Solo. 2011;7:193-219

[9] Vitti GC, Otto R, Ferreira LRP.
Nutri¢ao e adubagio da cana-
de-agticar: manejo nutricional da
cultura da cana-de-agtcar. In: Belardo
GC, Cassia MT, Silva RP, editors.
Processos Agricolas e Mecanizagdo da
Cana-de-Agucar. Sociedade Brasileira
de Engenharia Agricola — SBEA; 2015.
608 p

[10] Nastaro Boschiero B. Adubagao
nitrogenada em soqueiras de cana-
de-acucar: influéncia do uso em longo
prazo de fontes e/ou doses de nitrogénio.
Tese (Doutorado Solos e Nutrigao de
Plantas). Piracicaba: Escola Superior de
Agricultura “Luiz de Queiroz” — ESALQ
- USP; 2017. 232 p

[11] Ghiberto PJ, Libardi PL, Trivelin
PCO. Nutrient leaching in an Ultisol
cultivated with sugarcane. Agricultural
Water Management. 2015;31, 149:141

[12] Belardo GC, Cassia MC, Silva

RP. Processos Agricolas e Mecanizagao
da Cana-de-Acucar. Jaboticabal:
Sociedade Brasileira de Engenharia
Agricola SBEA; 2015. 608 p

[13] Trivelin PCO. Utilizagao do
nitrogénio pela cana-de-agtcar: trés
casos estudados com o uso do tragador
N. Tese (Livre-Docéncia). Piracicaba:
Centro de Energia Nuclear na
Agricultura, Universidade de Sao Paulo;
2000.143 p

[14] Subbarao GV, Ito O, Sahrawat KL,
Bery WL, Nakahara K, Ishikawa T, et al.
Scope and strategies for regulation of
nitrification in agricultural systems.
Challenges and opportunities. Plant

Sciences. 2006;25:303-335

[15] Penatti CP. Adubagdo da cana-de-
actcar: 30 anos de experiéncia. 1a ed.
Piracicaba, SP: Editora Ottoni; 2013. 347 p

[16] Thorburn PJ, Biggs JS, Palmer
J, Meier EA, Verburg K, Skocaj DM.



N-Fertilization Adjustment in Sugarcane Crop Cultivated in Intensive Mechanization

DOI: http://dx.doi.org/10.5772/intechopen.83445

Prioritizing crop management to
increase nitrogen use efficiency in
Australian sugarcane crops. Frontiers in
Plant Science. 2017;(8):1-16

[17] Castro SGQ. Manejo da Adubagio
nitrogenada em cana-de-agtcar e
diagnose por meio de sensores de
dossel. Tese (Doutorado em Engenharia
Agricola). Faculdade de Engenharia
Agricola - FEAGRI/UNICAMP; 2016.
129p

[18] Castro SGQ, Magalhaes PSG,
Franco HCJ], Mutton MA. Harvesting
systems, soil cultivation and nitrogen

rate associated with sugarcane yield.
Bioenergy Research. 2018;11:583-591

[19] Castro SGQ, Franco HCJ, Sanches
GM. Nutrigdo e adubagio da cana-
de-agticar — Macronutrientes. In:
Campos CNS, Prado RM, editors. VI
Simpésio Brasileiro sobre Nutri¢ao de
Plantas Aplicada em Sistemas de Alta
Produtividade, FCAV-UNESP e CPCS-
UFMS, Chapadao do Sul, MS. 2018

[20] Otto R, Trivelin PCO, Franco
HC]J, Faroni CE, Vitti AC. Root system
distribution of sugar cane as related
to nitrogen fertilization, evaluated by
two methods: Monolith and probes.

Revista Brasileira de Ciéncia do Solo.
2009;33:601-611

[21] Otto R, Franco HC]J, Faroni CE,
Vitti AC, Trivelin PCO. Sugarcane
root and shoot phytomass related
to nitrogen fertilization at planting.

Pesquisa Agropecuaria Brasileira.
2009;44:398-405

[22] Rossi Neto J, Souza ZM, Kélln OT,
Carvalho JLN, Ferreira DA, Castioni
GAF, et al. The arrangement and
spacing of sugarcane planting influence
root distribution and crop yield.
Bioenergy Research. 2018. DOI: 10.1007/
s12155-018-9896-1

[23] Castro SGQ, Decaro Junior ST,
Franco HCJ, Magalhdes PSG, Garside AL,

Mutton MA. Best practices of nitrogen
fertilization management for sugarcane
under green cane trash blanket in
Brazil. Sugar Tech. 2016. DOI: 10.1007/
s12355-016-0443-0

[24] Franco HCJ, Castro SGQ, Borges
CD, Kolln OT, Sanches GM. Formas de
aplicagdo de N-fertilizante em soqueira
de cana-de-agtcar. Anais. In: 10°
Congresso Nacional da STAB, Ribeirdo
Preto, SP. 2016



