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Abstract: Brazil is the world's leading producer of sugarcane (FAO, 2020). However, certain

Submitted: production regions face periods of severe water deficit and are characterized by low-fertility
20/11/2024 soils. Research highlights the importance of irrigation and fertigation as effective strategies to

improve growth and productivity. Simultaneously, bio-inputs have emerged as a sustainable
Revised: alternative to conventional chemical fertilizers. This study aims to evaluate research trends on
24/12/2024 water deficit, fertigation, and bio-inputs in sugarcane cultivation, and to provide

recommendations for optimal outcomes. A comprehensive search of the Scopus database was
Accepted: conducted using the following keywords: "water stress" OR "water deficit" AND "sugarcane";
20/02/2025 sugarcane AND "fertirrigation*" OR "fertigation*"; sugarcane AND ‘“fertirrigation*" OR

"fertigation*" AND "water" AND "deficit*"; sugarcane AND "bioinputs”. The scientometric
analysis considered the year, journal, and geographic distribution of publications.
Recommendations are based on articles published in the last decade, focusing on irrigation
depth, fertilizer types and dosages, and bio-inputs. A notable rise in publications, particularly
from Brazil and India, has been observed over time. High yields (2100 Mg ha'!) were reported
even under water deficit conditions (50% ETc). The most recommended fertilizer rates were 60-
120 kg ha! of nitrogen and 130-320 kg ha! of K,0. One study on bio-inputs demonstrated a
10.7% increase in productivity compared to mineral fertilizers, with phosphate-solubilizing
micro-fertilizers being the most commonly used bio-fertilizers.

Keywords: water requirements; plant nutrition; Saccharum spp.; sustainability; vinasse.
Abbreviations: Mg megagrams; ha_hectares; ETc_Potential crop evapotranspiration; kg kilograms;
K20_potassium oxide.

N_nitrogen;

Introduction

Global sugarcane production exceeds 1.6 billion of Mg
annually (Silva et al., 2022). The largest producers are
Brazil (757.1 million Mg), India (370.5 million Mg), China
(108.1 million Mg), Pakistan (81.9 million Mg), Thailand
(74.9 million Mg), Mexico (53.9 million Mg), and the
United States (32.7 million Mg). Brazil alone is
responsible for approximately 80% of the world’s sugar
production (FAO, 2020).

Since the 1980s, Brazil has significantly expanded its
sugarcane cultivation area, increasing by 150% from 4
million to 10 million hectares (Cherubin et al, 2021).
Notable growth occurred in Northeastern Brazil between
1970 and 1975, spurred by the “Prodlcool” program
(Silva et al,, 2013). Currently, however, the agricultural
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frontier is expanding into the central region, particularly
the “Cerrado” (Brazilian Savannah), which offers ideal
conditions for sugarcane cultivation, including high light
intensity and favorable air temperatures (Segato et al,,
2006). In Goids, one of Brazil’s largest sugarcane-
producing states in the “Cerrado”, the projected yield is
78.8 Mg ha'! (CONAB, 2023).

Despite this forecast, the region’s production potential
can reach up to 180 Mg ha! (Silva et al., 2019). However,
yields are influenced by several factors, including
management practices and adverse climatic conditions,
particularly water deficits, which are more pronounced in
Goias than in traditional production areas such as Sao
Paulo, Brazil's largest sugarcane-producing state. The
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crop requires 1,500 to 2,500 mm of water throughout its
growth cycle (Doorenbos and Kassam, 1979), yet in Goias,
annual rainfall is often insufficient and irregular, ranging
from 1,442 mm to 1,780 mm (Campos and Chaves, 2020).
This underscores the critical role of irrigation in
maintaining productivity (Silva et al., 2020).

In addition to water, proper plant nutrition is essential for
achieving high yields. Nutrients are primarily absorbed
from the soil, but often the soil cannot supply sufficient
quantities. Consequently, fertilization and/or fertigation
(the application of fertilizers through irrigation water)
are required. Fertigation not only reduces fertilizer usage
by 37.5% but also boosts yields by 28.4% (Coelho et al.,
2018), particularly for key nutrients like nitrogen (N) and
potassium (K) (Quaggio et al, 2022). Moreover, bio-
inputs have emerged as a sustainable alternative to
conventional agricultural inputs, including fertilizers and
pesticides. Research suggests that bio-inputs hold
significant promise as substitutes for chemical products
in sugarcane cultivation (Goulet, 2021).

Given these considerations, there is a need for studies
that identify the main channels of scientific
communication and present clear and conclusive
information on this topic. Scientometric analyses and
statistical techniques can be employed to quantify and
classify research findings (Richardson, 1989), thereby
addressing both the challenges and opportunities in this
area (Parra et al,, 2019). Accordingly, this study aims to
examine research trends related to water deficit,
fertigation, and bio-inputs in sugarcane cultivation.
Additionally, it seeks to provide readers with
recommendations based on the most successful
outcomes reported in the literature.

Results and discussion

Scientometric analysis

The scientometric analysis revealed over 500 published
works, including articles and other publications related to
the topic. However, no results were found for the
combined search terms "sugarcane, water deficit,
fertigation, and bio-inputs." Instead, results were found
for the following keyword combinations: "sugarcane +
water deficit," "sugarcane + fertigation," "sugarcane +
water deficit + fertigation," and "sugarcane + bio-inputs”
(Table 1).

Using the keywords "sugarcane" and "water deficit," we
identified 458 scientific articles published between 1969
and 2023 (Figure 1). A marked increase in publications
occurred after 2008, with an average of seven articles per
year, peaking in 2021 with 46 articles.

In terms of journals publishing articles on sugarcane and
water deficit (Figure 2), Sugar Tech, an Indian journal
with a B2 classification (Qualis-CAPES) and an impact
factor (IF) of 1.87 (Web of Science), published the highest
number of articles (33). The Brazilian journal Irriga (B1
classification, IF: 2.0) ranked next. A total of 158 journals
contributed to this body of work, with 12 of them
publishing at least seven articles, representing 33.65% of
the total. The remaining 146 journals, classified as
"others," collectively published 282 articles (66.35%).

In terms of geographical distribution, the analysis
identified 54 countries involved in publishing on this
topic. Twelve countries had more than seven
publications, while the remaining 42 were grouped into
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the “other” category, accounting for a total of 89 articles
(Figure 3). Brazil was the leading country, contributing
209 articles (33.7% of the total), followed by India (52
articles, 8.4%), China (45 articles, 7.2%), and the United
States (42 articles, 6.8%). These findings align, in part,
with the ranking of the world's largest sugarcane
producers (FAO, 2020).

A search using the keywords “sugarcane AND fertigation*
OR fertirrigation*” resulted in 167 articles published
between 1999 and 2023, with a steady increase after
2016, averaging nine or more articles per year (Figure 4).
The keyword combination "sugarcane and fertigation"
yielded articles from 98 journals, with 36.5% of them
concentrated in 11 journals. Sugar Tech published the
most articles (13), followed by the Brazilian Journal of
Agricultural and Environmental Engineering (Revista
Brasileira de Engenharia Agricola e Ambiental) with 11
articles (Figure 5).

Brazil also led in this category, accounting for 123 articles
(73.6%), followed by India (21 articles, 12.6%), the
United States (12 articles, 7.1%), and China (5 articles,
3%) (Figure 6). Six other countries, contributing only one
article each, were classified as "others."

The combination of keywords "sugarcane, water deficit,
and fertigation" resulted in a lower number of
publications, with only 12 articles over the analyzed
period (Figure 7). All of these articles were from Brazil,
with Engenharia Agricola publishing two of them. No
further analysis by country was conducted due to Brazil’s
dominance in this search.

The search for "sugarcane and bio-inputs" produced a
single article, published in 2011 in the Indian Journal of
Agricultural Economics. Although this result highlights a
lack of research in the area, the term "bio-inputs" was
only formally adopted in Brazil in 2020, with the launch
of the National Bio-Inputs Program by the Ministry of
Agriculture, Livestock, and Supply (Goulet, 2021). Bio-
inputs, such as vinasse, are widely used in sugarcane
fields as biofertilizers (Flores et al., 2022; Oliveira et al.,
2014). Other bio-inputs include P-solubilizers like
Pseudomonas and Bacillus and plant growth stimulants
such as Azospirillum.

Countries with the most publications also tend to be the
largest sugarcane producers, and many journals
publishing on this topic are based in these countries,
particularly Brazil and India, which together produce
over 50% of the world's sugarcane. The rise in
publications since the 2000s may be linked to increased
incentives for sugarcane production, aimed at reducing
reliance on non-renewable fuels and increasing sugar
exports (Yogitha et al., 2020).

Research trends are focusing on increasing crop yields
under increasingly limiting conditions, particularly water
deficit. Irregular and insufficient rainfall often fails to
meet sugarcane's water needs, driving researchers to
explore cost-effective solutions such as irrigation
(Pereiraetal, 2015).

Sugarcane water limiting

The response of different sugarcane varieties to water
deficitand irrigation depths varies. For instance, varieties
such as RB92579 and RB961003 reach optimal yields at
water depths of 60-80% of ETc (crop evapotranspiration)
(Oliveira and Braga, 2019). In trials conducted in
Petrolina-PE, Brazil, the VAT90212 and RB92579



Table 1. Number of articles found on the Scopus platform using the following keywords. “water stress” OR “water deficit”
AND “sugarcane”; sugarcane AND fertirrigation* OR fertigation*; Sugarcane AND fertigation* OR fertigation* AND water

AND deficit*; sugarcane AND “bio inputs”.

Keywords
Type of work Sugarcane + Sugarcane + Sugarcane + Water deficit Sugarcane + Bio-
Water deficit Fertigation + Fertigation inputs
Published works 530 199 14 1
Scientific articles 458 167 12 1
Source: Scopus (2024).
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Fig 1. Number of articles by year of publication on sugarcane and water deficit from 1969 to 2023, totaling 458 scientific
articles. The trend line represents an exponential fit, excluding years with zero publications.
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Fig 2. Number of articles by journal name (columns) and their respective percentages (F%; squares), based on the search

for sugarcane and water deficit.

varieties showed high yields under varying irrigation
depths, while RB012018 exhibited similar yields across
irrigation levels. Such studies underscore the importance
of selecting drought-resistant varieties to optimize water
use and minimize costs.

Research in Northeastern Brazil (Teresina-PI) further
demonstrated the yield potential of different varieties
under limited irrigation. For example, the RB935744
variety achieved maximum yields (255.2 Mg ha'1) with
110% ETc irrigation, while the RB92579 variety
performed well under both 50% and 80% ETc conditions
(Silva etal,, 2019).

In the “Cerrado” region of Goias, studies recommend
supplying at least 40% ETc for sugarcane cultivation,
with full irrigation during the growth phase yielding the
highest returns (Antunes Junior et al,, 2021). Economic
analyses support the feasibility of irrigation in this region,
with a benefit/cost ratio exceeding 1.0. Full irrigation
provides significantly higher returns than deficit or
rescue irrigation over a 30-year investment horizon
(Pereira et al.,, 2015).

Fertigation in sugarcane: nutrients and recommended
doses

When considering fertigation, several studies highlight its
role in optimizing sugarcane nutrition. The application of
vinasse, for instance, can boost sugarcane yields by up to
35 Mg ha'! (Flores et al., 2022). The Integrated Diagnosis
and Recommendation System (DRIS) for soil nutrients
has also identified the benefits of using fertigation to
address nutrient deficiencies and increase productivity.
Sugarcane yields (plant cane) (Carpina-PE) subjected to
different irrigation rates (rainfall + fertigation) (1498,
1614, 1739, and 1854 mm) and nitrogen doses (0, 20, 40,
80, and 120 kg ha'1) were higher when applying 1854 mm
with the dose of 80 kg ha1 (sugar: 28.9 Mg ha! and stalks:
191.97 Mg ha'l). We used urea, simple superphosphate,
and potassium chloride as NPK sources, respectively
(Costaetal., 2019).

With RB 855453 (Rio Verde-GO), nitrogen in the applied
doses (0 and 100 kg ha1) was not significant (p<0.01 and
0.05) (Silva et al, 2015). With sugarcane (Paraiba
Region), on two fertilization treatments (1 - mineral
fertilization with 350 kg ha-1, plus four 30 mm vinasse
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Fig 3. Number of articles by country or territory (columns) and their respective percentages (F%; squares) related to

sugarcane and water deficit research.
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Fig 4. Number of articles by year of publication (1999-2023) related to sugarcane and fertigation. The trend line is an

exponential fit, with zero values removed (red line).

120 80
= 100 60
5 80 40 2
=] 20
Z 28 =] 5] =} =) =) =} =] =} =) =) =} 0
20
SRS - R A SR R S SR
& & 3 &° G ko & RO ° &
Sy &S S Y S S
& ¥ S S F o F
=) <e§} QQ q;@ > $§9 oy && & < §S>
@ < & & & @ 2 ,%%v &
4& c& Q% & ?g' & 6? &5 S
F &YV & & &
N e Q
& &
N <
80
Journals

Fig 5. Number of articles by scientific journal (columns) and their respective percentages (F%; squares). The “others”

category includes journals with two or fewer articles.

depths; and 2 - fertigation with vinasse), mineral
fertilization (NPK) with vinasse provided lower yields
and sugar content (48.09 Mg ha'! and 20.2% Brix) than
vinasse alone (49.98 Mg ha! and 20.4% Brix) (Oliveira et
al,, 2014).

With fertigation, RB 92579 (Juazeiro-BA), at five doses of
nitrogen (0, 40, 80, 160, and 320 kg ha-! with urea), five
doses of potassium (0, 60, 120, 240, and 480 kg ha! of
K20), and three cycles (plant cane and 1st and 2nd
ratoon), the doses of 60 kg ha't of N and 200 kg ha! of K20
showed the highest percentage of Brix at 22.9% (Simdes
et al,, 2023). The RB92579 variety (Teresina-PI), in the
first ratoon, obtained the highest percentage of Brix
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(20.0%) with 60 kg hal N and 180 kg ha! K20, with an
estimated yield of 210 Mg ha'l. The maximum yield of
stalks (217.5 Mg ha') was obtained with the application
of 180 kg ha'* N and 60 kg ha'! K20, with around 19% Brix
(Nascimento et al., 2018), which was higher than what is
industrially desired (18%) (CONSECANA, 2006).

Costa et al. (2023), in fertigation with silicon (Si), studied
two water deficit conditions (presence: 35%, and
absence: 70% water retention) combined with the
absence (0.0 mmol L) and presence of Si fertigation (1.8
mmol L) in three tropical soils (Quartzarenic Neosol,
Eutrophic Red Latosol, and Dystrophic Red Latosol) from
the state of Sdo Paulo. The application of Si via fertigation
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Fig 8. Number of articles by journal name, based on the search for “sugarcane, fertigation, and water deficit”; as well as their

frequencies (F%).

increased the accumulation and use efficiency of C, N, and
P, and reduced the biological damage caused by water
deficit. In the Quartzarenic Neosol soil, there was an
increase in the N content of up to 19.2% in the presence
of water deficit and the absence of Si, with no significant
differences between the treatments during water deficit.
In a Quartzarenic Neosol, there is naturally low available
Si content (Sdo Paulo-SP). Thus, the application of Si via
fertigation mitigates water deficit effects by improving
physiological aspects and modifying the C:N:P stoichio-
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metry, inducing an increase in nutrient use efficiency, as
observed in conventional sugarcane (variety-RB 966928)
and energy cane (variety-VX2) (Oliveira Filho et al,
2021). Therefore, Si fertilization also becomes an option
when growing under severe water deficit, as its supply
partially reduces losses and can increase the dry mass of
leaves, stalks, and shoots by 28, 78, and 48% in sugar
cane, and by 30, 52, and 45% in energy cane, respectively
(Teixeira et al., 2022).



Bio-inputs

Bio-inputs are emerging as a sustainable alternative to
traditional chemical inputs. In South America, countries
like Brazil, Argentina, and Colombia are leading this shift,
driven by national programs that promote
environmentally friendly agricultural practices (Goulet,
2021). The use of bio-inputs, such as phosphate-
solubilizing microorganisms, has the potential to
significantly improve crop performance, particularly in
crops like sugarcane, coffee, and cotton data from 2020
show that Brazilian farmers on average use less than two
products classified as bio-inputs per crop year, with the
rest comprising chemical inputs, which represents an
enormous potential for expansion. Thus, between 2020
and 2025, the global market is expected to exceed 11
billion dollars in biocontrol sales (Goulet, 2021).

The only study found on scientometrics was conducted in
India by Thennarasu and Banumathy (2011) to calculate
the costs and returns associated with sugarcane
cultivation and identify the factors determining the
adoption of bio-inputs. They found that it depends on
subsidies, tax exemptions on bio-inputs, institutional
credit and insurance, and prizes/rewards for farmers
who adopt bio-inputs, whether it influences their
adoption. Overall, the total cost of cultivation per hectare
was 2.35% higher on farms adopting bio-inputs than on
farms notadopting bio-inputs. However, income on farms
adopting bio-inputs was 10.74% higher due to higher
yields.

The average consumption of biofertilizers in India is 0.04
kg hal. On farms that adopt bio-inputs, the share of
fertilizer costs in the total cost was only 5% compared to
farms that only use mineral fertilizers, with 14.71%.
Among bio-inputs, there is a large use of phosphate-
solubilizing micro-fertilizers, organisms that account for
around 45% of total bio-fertilizer production. The
variables determining the adoption of bio-inputs include
experience in handling bio-inputs, the age of the
interviewee, the farm size, and the interviewee's income
(Thennarasu and Banumathy, 2011).

In conclusion, scientific research on water deficit and
fertigation in sugarcane has expanded significantly over
the years. However, there remains a need for further
research on bio-inputs. It is evident that irrigation at
depths lower than 100% ETc can reduce yields, but
strategic irrigation timing, especially during periods of
high biomass and sucrose accumulation, can still achieve
high yields with resistant cultivars. Fertigation strategies,
including the use of vinasse and bio-inputs, show promise
in enhancing both yield and sustainability in sugarcane
cultivation.

Materials and methods

Literature search

Scientometric study involved a comprehensive search for
articles on the Scopus platform, covering the entire
historical series from 1969 to 2023. We employed the
following keywords: sugarcane, water deficit, fertigation,
and bio-inputs. The search was conducted in English,
following the format of the Scopus platform. Example
search queries include: “sugarcane” AND “water stress”
OR “water deficit”; sugarcane AND fertirrigation* OR
fertigation®; sugarcane AND fertigation* OR fertigation*
AND water AND deficit*; and sugarcane AND “bio inputs.”
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We evaluated the following parameters to obtain and
quantify the publications: i) Year of publication; ii) Name
of the journal; iii) Journal’s country of publication; iv)
Journal’s Qualis-CAPES classification, retrieved from the
Sucupira Platform (https://sucupira.capes.gov.br/), for
the 2017-2020 quadrennium in the area of Agricultural
Sciences; and v) Impact factor, obtained from the
Clarivate platform (https://mjl.clarivate.com/home).

Bibliographical review

Additionally, we compiled and described the results
related to water deficit, fertigation, and bio-inputs, which
are considered optimal for ensuring good sugarcane
yields. This bibliographical review and description were
based on experimental research conducted primarily in
Brazil, focusing on the Center-South and Northeast
regions. We prioritized articles published in the most
representative journals with the highest number of
publications over the past 10 years.
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