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Soil and foliar Si fertilization
alters elemental stoichiometry
and increases yield of sugarcane
cultivars
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Silicon (Si) fertilization is widely recognized to improve the development of crops, especially in
tropical soils and cultivation under dryland management. Herein, our working hypothesis was that
Si stoichiometry favors the efficient use of carbon (C), nitrogen (N), and phosphorus (P) in sugarcane
plants. Therefore, a field experiment was carried out using a 3 x 3 factorial scheme consisting of three
cultivars (RB92579, RB021754 and RB036066) and three forms of Si application (control without Si;
sodium silicate spray at 40 mmol L™! in soil during planting; sodium silicate spray at 40 mmol L™ on
leaves at 75 days after emergence). All Si fertilizations altered the elemental C and P stoichiometry
and sugarcane yield, but silicon-induced responses varied depending on sugarcane cultivar and
application method. The most prominent impacts were found in the leaf Si-sprayed RB92579 cultivar,
with a significant increase of 7.0% (11 Mg ha™) in stalk yield, 9.0% (12 Mg ha™?) in total recoverable
sugar, and 20% (4 Mg ha™) in sugar yield compared to the Si-without control. In conclusion, our
findings clearly show that silicon soil and foliar fertilization alter C:N:P stoichiometry by enhancing
the efficiency of carbon and phosphorus utilization, leading to improved sugarcane production and
industrial quality.

Silicon (Si) fertilization in sugarcane (Saccharum officinarum L.) has been cited to promote benefits in plant
development, especially in tropical soils, which present low Si availability, and semiarid regions, which suffer
drought episodes™. Silicon has also been cited to mitigate biotic and abiotic stresses that occur in crops, alleviat-
ing the damage to photosynthetic capacity and crop yield**.

The incorporation of Si into cell walls can occur as phytoliths®, a low-demand energy process compared to
structural C compounds, suggesting a partial substitution of C for Si in some plant organic compounds, such
as cellulose and hemicellulose®. In addition, absorbed Si can alter the elemental stoichiometric composition by
increasing the metabolic efficiency of carbon (C) and the production of C skeletons, which favors the efficient
utilization of nutrients, such as nitrogen (N) and phosphorus (P)”%.

Silicon fertilization can also optimize the physiological aspects of sugarcane, an accumulator species, thus pro-
moting plant growth and yield*'°. Within the plant, Si content alters the nutritional balance of several nutrients'!,
and internal or external factors that affect Si uptake can promote direct effects on stoichiometric modifications.
Thus, factors such as Si application via soil or foliar spray, sugarcane cultivars and plant age can influence Si
accumulation in plants'2.
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Previous studies showed disparity regarding the method of silicon application and absorption, particularly
silicon uptake through roots compared to foliar absorption'*'*. Thus, the researchers primarily concentrated on
soil applications or nutrient solutions due to the argument that the role of silicon in roots would exert a more
substantial physical impact on plants. In recent years, a prominent increase in studies focusing on foliar silicon
application was noticed, highlighting that silicon not only has physical impacts but also promotes biochemical
modulations in plants!>!°.

A recent literature review!” evidenced that foliar silicon absorption holds significant relevance when sup-
plementation is provided under optimal environmental conditions, such as moderate temperature and relative
humidity. The authors emphasized that the amount of silicon absorbed by the leaves is lower than that absorbed
by roots; nonetheless, foliar nutrition exhibits a more prominent “biochemical” signaling effect than the physical
impact of root supply.

Recent investigations indicated that Si fertilization in sugarcane alters stoichiometric ratios (C:N, C:P, N:P and
C:Si), with reduced C concentrations associated with increased N and P utilization and improved photosynthetic
rates and biomass production'®". Thus, studies of the stoichiometry of C, N, and P under Si application may
reveal benefits to the management of Si fertilization in sugarcane crops to maximize the photosynthetic capac-
ity of plants through increased homeostasis and efficiency of use of nutrients such as N and P, which are closely
related to productivity®’. However, evidence of how Si uptake in sugarcane is treated with different application
methods (soil or foliar spray) and how different cultivars respond to Si fertilization under field conditions remain
to be explored.

Our working hypotheses were that (i) Si fertilization and use vary according to the method of application in
sugarcane cultivars; (ii) Si fertilization via soil, not foliar application, promotes modification of C:Si, C:N, C:P,
and N:P stoichiometric ratios and improves biomass yield and technological quality of sugarcane. To test this
hypothesis, field trials were carried out to examine whether Si supply via soil and foliar spray modifies C:Si:N:P
stoichiometric ratios and improves the nutrient use efficiency and productivity of three sugarcane cultivars
grown under dryland conditions.

Materials and methods

Location and characterization of the experimental area

The experiment was conducted in the 2019/20 harvest in a commercial sugarcane production area of Usina
COMVAP—Agticar e Alcool Ltda. (04° 52 56" S, 42° 52’ 58” W and altitude of 52 m), located in the municipal-
ity of Unido, Piaui, in the Mid-North region of Brazil. The regional climate is characterized as dry tropical, with
an annual average temperature of 30 °C, featuring a dry winter and experiencing significant water scarcity from
July to December?!. The meteorological data during the trials were collected from a weather station installed
near the experimental area (Fig. 1).

The soil of the experimental area is classified as an Oxisol* or a dystrophic yellow Latosol of sandy loam
texture. Soil samples were collected from 0 to 20 cm depth for chemical analysis of fertility*, and the following
results were found: pH (H,0): 7.00; OM (organic matter): 11.00 g kg™’; P: 57.0 mg dm>; K: 85.0 mg dm™>; Na:
10.0 mg dm; Ca: 2.72 cmol, dm™; Mg: 1.07 cmol, dm™; Al: 0.02 cmol. dm™%; H + Al (potential acidity): 1.47
cmol, dm™; T (cation exchange capacity at pH 7.0): 5.52 cmol, dm; and base saturation: 73%.

The available Si content in soil was determined according to Korndorfer* and Crusciol et al.?*. Briefly, 10 g
of soil was homogenized in 100 mL of acetic acid extraction solution (0.5 molL™") and mixed at 240 rpm for
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Figure 1. Rainfall, maximum and minimum air temperature, and humidity during the experimental period.
DAE days after emergence.
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1.0 h. Subsequently, the material was kept in repose for 15 min and then filtered using quantitative filter paper.
The Si content was measured in the supernatant via spectrophotometer readings at 660 nm, as described by
Korndérfer?*. Before planting, the Si concentration in the soil was found to be 6.0 mg dm™.

Treatments and experimental design
The treatments consisted of three sugarcane cultivars (RB92579, RB021754, RB036066 [all from the Interuni-
versity Network for Development of Sugar-Energy Sector]) and three forms of Si supply (no Si application [-Si];
soil-sprayed Si [SiS]; and foliar-sprayed Si [SiL]) in a factorial design (3 x 3) using a randomized block design
with four repetitions. The experimental plots had an area of 84 m? (six rows of 10 m), with 56 m? of useful area
(nett plot) to collect and evaluate the plants.

The area was prepared by plowing, harrowing, and opening furrows 40 cm deep and 1.4 m apart. The soil cor-
rection, planting and covering fertilizations were performed based on soil analysis and recommendations for the
use of correctives and fertilizers®. Planting was performed manually considering an average of 18 buds per meter.

Sodium silicate (Na,SiO,) was used as the Si source at 40 mmol L', a chemical compound characterized by
high solubility and containing 4.6% total Si and 3.7% highly available soluble Si. Silicon was sprayed once in the
furrow bottom at planting time (SiS), while foliar application (SiL) was done at 75 days after emergence (DAE)
with favorable weather conditions (temperature < 26 °C and relative humidity > 60%) at the time of application.
A solution volume of 200 L ha™ was used, and the pH was adjusted to 12.7 by adding NaOH to increase the
availability of monomeric Si chemical species (H,SiO,). In the control treatments (-Si), water was applied to the
plant. A knapsack sprayer with a pressure regulator was used, ensuring the homogeneity of ground distribution
in all plots.

In all cases, the solution drip from foliar Si spray did not contribute to Si uptake by roots, as the applied
volume was only enough to wet the leaves. Furthermore, no Si residues from foliar treatments contaminated the
leaf Si quantification, as the treatments were applied at 75 DAE, and the assays were conducted at 180 and 340
DAE. This argument is supported by numerous rainfalls occurring between 75 and 180 DAE, which would have
washed off the potential Si residues remaining on the leaf surface (Fig. 1).

Leaf sampling

Leaf samples + 1 were collected at 180, and tissue from the central middle third of the leaf without the midrib
was used for the analyses®. At 340 DAE, plants were harvested, and leaves were separated from the stalk. The
samples were washed successively in tap water, neutral detergent solution (0.1% v:v), hydrochloric acid solution
(0.1% v:v), and deionized water. The material was dried in an oven with forced air circulation at 65+ 5 °C until
reaching a constant mass to determine the dry mass. Subsequently, the material was ground in a Willey-type
knife mill (Model TE-650).

Variables analysed

Si, C, N and P contents

Silicon extraction from plant material was performed at 180 and 340 days after emergence (DAE) through alka-
line digestion using H,0, and NaOH solutions in an oven at 90 °C for 4.0 h. Subsequently, silicon was quantified
through a colorimetric reaction with ammonium molybdate in an acidic environment (comprising oxalic acid
and hydrochloric acid) by spectrophotometric readings at 410 nm?*. Additionally, the carbon (C), nitrogen (N)
and phosphorus (P) contents were also determined in leaves harvested at 180 and 340 DAE. The determination
of C and N was performed by dry combustion (1000 °C) using an elemental analyzer (LECO truspec CHNYS)
calibrated with LECO standard 502-278 (C: 45.00% and N: 2.68%). Phosphorus was determined by the molyb-
denum antimony colorimetric method in a spectrophotometer?.

Stoichiometric ratios, use efficiency and nutrient accumulation
After measuring the Si, C, N, and P contents, the stoichiometric ratios C:Si, C:N, C:P, and N:P in sugarcane were
calculated. For all cases, the data of leaf contents, dry mass at 340 DAE, and Si, C, N, and P accumulation were
used to measure the use efficiencies of C, N, and P (CUE, NUE, and PUE, respectively), which is the quotient
between leaf dry mass squared and nutrient accumulation?.

Biometric, technological and productivity parameters

The height of six plants in the nett plot (cm) was determined at harvest, at 340 DAE, by measuring with a tape
from base to plant apex of the last fully expanded leaf. The sugarcane was manually harvested from the produc-
tion area of each plot, and the cane yield per hectare (tons of cane/ha) was determined, with total fresh weight
per plot being quantified with digital scales and subsequently estimated per hectare. Total recoverable sugar (Mg
ha™') and sugar yield (Mg ha™') were determined according to the methodology proposed by Ref.?’.

Statistical analysis
The obtained data were submitted to analysis of variance by F test (a<5%), and the means were compared by
Tukey’s test (p <5%). The analyses were performed using the statistical software SPEED Stat?®.

Ethics statement
The authors declare that this research was conducted ethically and responsibly, and all procedures were carried
out according to relevant guidelines and regulations.
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Results

Si, C, N and P contents of cultivars at 180 DAE

Silicon application via soil or foliar spray resulted in a higher Si content in all cultivars, except for soil applica-
tion to RB92579 (Fig. 2). In soil or foliar application, the Si content was higher in RB036066 than in the other
sugarcane cultivars. Silicon application did not promote any alterations in the C and N contents of the sugarcane
cultivars, but the P content decreased in all three cultivars under foliar application of Si (Fig. 2B-D).

The cultivars RB92579 and RB036066 showed the greatest increase in Si content when fertilized via foliar spray
and soil, respectively, while there was no difference between the forms of Si supply for RB021754 (Fig. 2A). In
the absence of Si, the cultivar RB036066 had the highest Si content and the lowest P and N contents, regardless
of the Si supply (Fig. 2C,D), with no difference in C content between cultivars (Fig. 2B).

Stoichiometric ratios C:N:P:Si of cultivars
In the absence of Si, the C:N, C:Si and C:P ratios were lower in cultivars RB92579, RB036066 and RB021754,
respectively, without significant differences in the N:P ratio. In both soil and foliar Si applications, there was a
reduction in the C:Si ratio of the three cultivars. Foliar fertilization with Si caused an increase in the C:P and
N:P ratios of the three cultivars, with the highest values observed in RB036066, but the C:N ratio of the cultivars
was not altered in the presence of Si (Fig. 3A-D).

In plants treated with Si via soil, the C:P ratio was lower in cultivars RB92579 and RB021754, and the C:N
ratio was higher in cultivar RB036066 when applied via soil or foliar spray (Fig. 3A,B). In addition, there was a
reduction in C:Si in all three cultivars, and the decrease in C:Si was more pronounced when Si was supplied via
foliar application in RB92579 (Fig. 3C).

C, N and P use efficiency

In the absence of Si, cultivar RB036066 showed the highest P and lowest C use efficiency, while the highest C
use efficiencies were recorded in cultivars RB92579 and RB021754. There were no differences among cultivars
for N use efficiency (Fig. 4A-C). In contrast, in the presence of Si applied via soil, increased C use efficiency was
observed in RB92579 and RB021754. Si-foliar-sprayed plants showed an increase in the use efficiency of C, N
and P in the RB021754 cultivar and an increase in the use efficiency of P in RB92579 and RB021754 compared
to those in the absence of Si. There was a decrease in N and P use efficiency in cultivar RB036066 under both
forms of Si supply, with no change in C use efficiency (Fig. 4A-C).
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Figure 2. Silicon (A), carbon (B), nitrogen (C) and phosphorus (D) content in the leaves at 180 DAE in three
sugarcane cultivars (RB92579, RB021754 and RB036066) under three forms of Si supply (without application
of Si [-Si], Si via soil spray [SiS], and Si via foliar spray [SiL]). ** and * significant at 1 and 5% probability,
respectively; ns nonsignificant by the F test. Lowercase letters show differences in Si forms, and uppercase letters
show differences between cultivars by Tukey’s test. Bars represent the standard error of the mean, n=4. SixC:
interaction.
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Figure 3. C:N ratio (A), N:P ratio (B), C:P ratio (C), and C:Si ratio (D) in the leaves at 180 days after
emergence in three sugarcane cultivars (C) (RB92579, RB021754 and RB036066) under three forms of Si supply
(without application of Si [-Si], Si via soil spray [SiS], and Si via foliar spray [SiL]). ** and * significant at 1 and
5% probability, respectively; ns nonsignificant by the F test. Lowercase letters show differences in Si forms, and
uppercase letters show differences between cultivars by Tukey’s test. Bars represent the standard error of the
mean, n=4. Six C: interaction.

Accumulation of Si, C, N and P in sugarcane cultivars

In the treatment without fertilization, Si accumulation was highest in RB021754, while RB92579 and RB021754
accumulated the most C and P, with no difference in N accumulation. In contrast, plants treated with Si in soil
displayed an increase in the accumulation of Si and N in all three cultivars, as well as an accumulation of C in
RB92579 and RB021754 and an accumulation of P in RB92579. Under foliar Si application, there was an increase
in Si and C accumulation in RB021754 and an increase in Si accumulation and a decrease in P accumulation in
RB92579 compared to untreated plants (Fig. 5A-D).

The cultivar RB021754 showed the highest accumulation of Si in all three forms of supply and the highest
accumulation of N under soil and foliar Si fertilization. Additionally, under soil application, the cultivar RB92579
had an increase in N accumulation. The accumulation of C was higher in RB92579 and RB021754 and lower
in RB036066, regardless of the presence or form of Si supply. Under foliar spray, RB021754 showed the high-
est accumulation of C. The accumulation of P was higher in RB92579 when Si was applied to the furrow but
decreased when Si was applied to the leaves (Fig. 5A-D).

Biometric, technological and productivity parameters

In the absence of Si, the highest values of plant height were registered in cultivar RB036066, followed by RB021754
and RB92579, while the highest stalk yield occurred in cultivars RB021754 and RB036066 (Fig. 6A,B). There was
no difference in sucrose yield between the studied cultivars, but cultivar RB03666 showed a lower total recover-
able sugar value (Fig. 6C,D).

Silicon applied in soil increased the plant height of RB92579 and RB021754 cultivars, as well as the stalk and
sucrose yield of RB021754 and total recoverable sugar in RB92579. Under foliar Si application, height, cane yield
and sugar production increased in cultivars RB92579 and RB021754. In addition, an increase in total recoverable
sugar was observed in cultivar RB92579. It is noteworthy that the cultivar RB036066 showed no significant effect
of Si treatment on any of the yield parameters (Fig. 6A-D).

Discussion

Silicon modulates the nutritional status and accumulation of Si, C, N and P

The sugarcane crop is considered to accumulate Si that displays elevated rates of root Si uptake, a fact well docu-
mented in the literature®”, but there are no convincing studies for foliar uptake. Our findings clearly indicated
that foliar Si application is effective in increasing the Si content in the diagnostic leaf (leaf+ 1), a response that
depends on the form of application and sugarcane cultivar (Fig. 2A). These data validate the first hypothesis
raised, highlighting that soil or foliar Si fertilization is effective in sugarcane grown in the field.

Scientific Reports|  (2023) 13:16040 | https://doi.org/10.1038/s41598-023-43351-z nature portfolio



www.nature.com/scientificreports/

A 50

[c*si* Ccxsi* 0-Si
40 | Aa Aa Aa @sis

ABb Bb Ab mSiL
= Ba Ba Ca

(W8)
<o
T

[\
o
T

—
<
T

C use efficiency (Mg? Mg

o

o~
VY

C"Si™ CxSi™
Aa Aa Aa Aa

Aab
1 2 Bb Aa

(V8]
(=)}
T

N
~
T

H

Bb
Cb

[
o0
T

O
T

N use efficiency (100* Mgz Mg!) o

o

) ™
N
)

C"Si™CxSi™
Aa

a2
N
o]
T

Aa

(¥%)
N
T

ABb Bb

Cch Bb

P usc efficiency (1000*M
o
N
T

RB92579 RB021754 RB036066

Figure 4. C use efficiency (A), N use efficiency (B), and P use efficiency (C) in the leaves at 340 DAE in
three sugarcane cultivars (C) (RB92579, RB021754 and RB036066) under three forms of Si supply (without
application of Si [-Si], Si via soil spray [SiS], and Si via foliar spray [SiL]). ** and * significant at 1 and 5%
probability, respectively; ns nonsignificant by the F test. Lowercase letters show differences in Si forms, and
uppercase letters show differences between cultivars by Tukey’s test. Bars represent the standard error of the
mean, n=4. Six C: interaction.

Silicon fertilization did not alter the N content, but when applied via foliar application, it significantly reduced
the P content in plants. This argument was also previously described in maize and wheat plants fertigated with
K,Si0;* and confirmed in our field study, demonstrating that all three cultivars with or without foliar Si appli-
cation showed P levels lower than the reference limit (1.5 to 3.0 g kg™) adequate for sugarcane’!. Phosphorus
contents considered within the adequate range were observed only in cultivars RB92579 and RB021754 under
soil Si fertilization (Fig. 2C).

The accumulation of Si and other nutrients also differed among cultivars. RB021754 exhibited a progressive
increase in Si accumulation at levels similar to those of C accumulation. These findings suggest that Si supply
increases the demand for carbon compounds for cell wall stabilization, mediating C incorporation into photo-
synthetically active tissues in association with stabilizing compounds®. Consequently, Si indirectly favored crop
productivity, as sugarcane plants demand C for sucrose production and for respiration and cell wall synthesis®?.

All three cultivars accumulated more N when treated with Si, and increased P accumulation was registered
in the soil Si-fertilized RB92579 cultivar, indicating that sugarcane cultivars show different responses to Si
fertilization®. Silicon can promote greater accumulation of C, N, and/or P in different cultivars, which depends
on the combination of cultivar and form of silicon application.

Scientific Reports |

(2023) 13:16040 | https://doi.org/10.1038/s41598-023-43351z nature portfolio



www.nature.com/scientificreports/

A 150
&
< 120
on
=
g %
=
= 60
g
=
8 30
<
N
C 150
= 120
2
= 90
8
g
= 60
=
=
§ 30
20

[Ccsi™ Ccxsi”

Bb

Bab Ba

2000 o g cxsi O-Si
7500 Aa Aa Aa @sis

Ab mSiL
6000 FABb Bb Ba By Ba
4500 r
3000
1500 |

Aab Aa

Ab Ba

Bb Cb

C accumulation (kg ha'!) @

[ c*si* Cxsim

L ABa
Ab Ba .
L Ab|  |Bb |—F Ab [ B2b
1 1 0

30 -
25 ¢ Aa

2 20 |

Aab
15 F

10 ABa Ba
Ac Ba

P accumulation (kg ha'!) o

RB92579 RB021754  RB036066 RB92579 RB021754  RBO036066

Figure 5. Silicon (A), carbon (B), nitrogen (C) and phosphorus (D) accumulation in the leaves at 340 DAE
in three sugarcane cultivars (C) (RB92579, RB021754 and RB036066) under three forms of Si supply (without
application of Si [-Si], Si via soil spray [SiS], and Si via foliar spray [SiL]). ** and * significant at 1 and 5%
probability, respectively; ns nonsignificant by the F test. Lowercase letters show differences in Si forms, and
uppercase letters show differences between cultivars by Tukey’s test. Bars represent the standard error of the
mean. Six C: interaction.

Silicon alters elemental stoichiometry, nutrient use efficiency and productivity in sugarcane
Elemental stoichiometry has been measured as a key mechanism of plant metabolism by considering nutrient
conversion into plant biomass'. Previous reports demonstrated that Si might alter the C:N:P ratio and influence
their accumulation and thus contribute to greater nutritional homeostasis®**. In this study, sugarcane plants
displayed different C:N, C:Si and C:P ratios as affected by Si fertilization. Both soil and foliar Si fertilization
promoted a decreased C:Si ratio associated with higher Si content, while foliar Si fertilization induced increased
C:P and N:P ratios in the three cultivars associated with lower P content.

Previous studies have demonstrated the beneficial role of foliar or soil Si application in stoichiometric modula-
tions in sugarcane, especially at the seedling stage and/or in nutrient solution trials*>-*. Our results now reinforce
the stoichiometric modifications with Si via foliar or soil application in different sugarcane cultivars under field
conditions'®*, A close relationship was observed between stoichiometric ratios and the C and P use efficiencies,
with the highest and lowest C use efficiencies coinciding with the lowest (RB92579 and RB021754) and highest
C:P ratios (RB036066), respectively (Figs. 3B, 4A,C). This regulation reveals that sugarcane cultivars use different
mechanisms to establish nutritional homeostasis and thus convert nutrients into biomass.

Plants with high C:P ratios usually present limitations in carbon utilization since P is crucial for metabolic
processes in plant cells**~*!. In discordance, sugarcane plants showed an increase in the C:P ratio, especially
under foliar Si spray, and no impairment was reported for C use efficiency. The data indicate that the cultivars
RB92579 and RB021754 most likely increased their P use efficiency under soil and foliar Si application due to
gains in C use efficiency.

The beneficial effects of Si supply during sugarcane cultivation in tropical environments are reflected in the
productivity of cultivars!®?. Silicon application, via soil or foliar application, promoted better growth perfor-
mance for RB92579 and RB021754 cultivars, as shown by increased plant height, as well as higher production
of stalks and sugar. The gain in yield parameters was associated with greater use efficiency of C and P in the
presence of Si, as reflected by the regulation of the C:Si and C:P ratios. However, although the RB92579 cultivar
exhibited increases in all productive parameters in response to Si fertilization, cane production was found to
increase only under foliar Si fertilization.

The cultivar RB021754 showed improvement in most of the technological parameters in the two forms of
Si application, except for total recoverable sugars, while RB036066 plants did not show any productivity gains.
Thus, the RB036066 cultivar most likely seemed to be insensitive to Si application because it had a lower N use
efficiency and unaltered P use efficiency in response to an increased C:P ratio, in comparison to the others, which
may compromise C assimilation*»** and, consequently, the gain in sugarcane productivity*.
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Figure 6. Plant height (A), stalk yield (B), sucrose yield (C), and total recoverable sugar (D) at 340 DAE in
three sugarcane cultivars (C) (RB92579, RB021754 and RB036066) under three forms of Si supply (without
application of Si [-Si], Si via soil spray [SiS], and Si via foliar spray [SiL]). ** and * significant at 1 and 5%
probability, respectively; ns nonsignificant by the F test. Lowercase letters show differences in Si forms, and
uppercase letters show differences between cultivars by Tukey’s test. Bars represent the standard error of the
mean. Six C: interaction.

In general, silicon nutrition has been shown to modulate several physiological and biochemical pathways in
various plant species, particularly by activating critical responses to mitigate damage caused by both abiotic and
biotic stresses**~**. Increased silicon-mediated cell wall deposition helps reduce water loss through transpiration
and mediates osmoregulatory responses, along with proline modulation, to adjust root hydraulic conductivity*.
Silicon also optimizes thylakoid membrane protein components, enhancing the photosynthetic efficiency of rice
plants under drought conditions*’. Furthermore, leaf silicon spray may activate enzymatic and nonenzymatic
antioxidant defense systems to counteract oxidative damage in leaf cells, thus maintaining photosynthetic pig-
ments and photosynthetic performance***%. These findings provide clear evidence that silicon induces meta-
bolic responses that enhance a plant’s potential performance.

In the current study, Si fertilization was effective using a soluble source applied to the leaves that favored the
production of stalks and sugar in the RB92579 cultivar. Concordantly, this cultivar was tested under fertiliza-
tion with steel slag but displayed no increase in the industrial variables®’, most likely due to the low availability
of the employed Si source. Therefore, the soluble source (Na,SiO;) via the leaves can be a promising source
to contribute to greater benefits in sugarcane crops. Taken together, our findings partially validate the tested
hypotheses, highlighting that soil and foliar Si fertilization promotes stoichiometric modifications that increase
C and P use efficiencies and yield parameters of two cultivars fertilized with Si but has no effects on the C:N
ratio and N use efficiency.

Conclusion

Our findings show that the application of silicon, whether through soil or foliar fertilization, alters the C:N:P
stoichiometry and improves the utilization of carbon and phosphorus in field-grown sugarcane plants. Employing
a soluble silicon source emerges as a pragmatic and environmentally friendly approach to enhance sugarcane
production while also increasing total recoverable sugar and sugar yield. The success of silicon application strate-
gies varies depending on the particular sugarcane variety and the chosen application method.

Data availability
The authors confirm that the data supporting the findings of this study are available within the article.
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