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Abstract

Viana, R. S., Moreira, B. R. A., Lisboa, L. A. M., Figueiredo, P. A. M., Ramos, S. B., Ramos, S. B., Dias, G. H. 
O., Moreira, L. C., Spotoni, M. T., & Recco, C. R. S. B. (2019). Exogenous spraying of plant’s resistance inducers 
improves yield and sugarcane quality. Bulgarian Journal of Agricultural Science, 25(5), 833–844

Sugarcane crop is important to sugar-energy industry. Thus, the aim of this study was to evaluate yield and technological 
quality of Sugarcane juice obtained from the SP81-3250 variety following exogenous spraying of resistance inducers. The ex-
periment consisted of a randomized block design with four replicates per treatment: salicylic acid (0, 5, 10, 20, and 40 μM) and 
acibenzolar-S-methyl (0, 0.2, 0.4, 0.8 and 1.6 g 100 L-1). The resistance inducers were sprayed using CO2-pressurized sprayer. 
Sugarcane tillage was harvested thirty-days after the spraying of resistance inducers and stalks were milled for juice samples 
extraction, in which were evaluated the following parameters: °Brix, Pol, purity, reducing sugars (RS), total reducing sugars 
(TRS), theoretical sugar recoverable (TSR), fi bres and yields of sugar and stalks. Obtained data was submitted to following 
statistical tests (P < 0.05): Shapiro-Wilk’s normality, Fisher’s variance, regression, and Pearson’s linear correlation. Results 
showed that quadratic trends rejected null hypothesis for almost all parameters. Salicylic acid levels till 10 μM increased °Brix, 
Pol, purity, TRS, TSR contents and sugar and stalks yield. However, 20 and 40 μM showed negative effects on juice techno-
logical quality and agronomic performance. Therefore, the elicitors improved photosynthetic characteristics and sugarcane 
physiological maturation. It was concluded that salicylic acid and acibenzolar-S-methyl levels till 10 μM and 0.8 g 100 L-1, 
respectively, are recommendable to management of SP81-3250 variety.
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Introduction

The sugar-energy industry is essential to world’s sustain-
ability, once it offers many environmental and socioeco-
nomic advantages, including: job opportunities, mitigation 
of global warming negative effects, by the biological fi xa-

tion of CO2, food production, and alternative biofuels to the 
petroleum, natural gas, and mineral coal (Leal et al., 2013; 
Matsuoka et al., 2014).

In Brazil, for instance, sugar (crystal, demerara, VHP, and 
brown) and bioethanol (fi rst and second generation) are, often, 
obtained from sugarcane (Saccharum spp.) industrialization. 
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That way, this agricultural crop is indispensable to Energet-
ic Matrix diversifi cation and Brazilian economic evolution 
(Boaretto & Mazzafera, 2013; Oliveira et al., 2016).

Original from Asia’s southeast, sugarcane is a grass spe-
cie belonging to Poaceae botanical family characterized by 
the ability of adaptation to tropical, subtropical and temper-
ate climates, tolerance to environmental adverse conditions: 
such as water stress, critical photoperiod, and pests attack; 
furthermore, this C4 plant is completely fi t to agricultural 
mechanization (Waclawovsky et al., 2010; Boaretto et al., 
2014; Viana et al., 2017).

Agronomic performance and industrial quality of sugar-
cane are severely affected by many biotic and abiotic fac-
tors, such as genotype, phytopathogens, heat stress, salinity 
and low soil fertility, atmospheric pollution, heavy metals, 
etc. Therefore, the use of induced-resistance technique is a 
solution to palliate negative effects from these agents and 
enhance yield of this crop (Nazar et al., 2011; Yazdanpanah 
et al., 2011; Palma et al., 2013).

Salicylic acid (SA) and acibenzolar-S-methyl (ASM) 
are examples of resistance inducers successful used on ag-
riculture. The fi rst is an endogenous hormone synthesized, 
basically, by two enzymatic pathways: a) phenylpropanoid: 
benzoic acid is turned to 2-hydroxy benzoic acid (SA) by the 
benzoic-2-hydroxylase enzyme; b) on chloroplasts: isoris-
mate-synthase enzyme convert chorismate to isochorismate, 
which is fi nally turned to SA; as the last is an AS (Jin et al., 
2008; Vazirimehr et al., 2014).

These compounds play an important role on plant defence 
system, once they act like signal substances for synthesis of 
PR-proteins (chitinases and β-1,3-glucanases), phytoalex-
ins, antimicrobian secondary metabolites (phenols, ascor-
bic acid, and alkaloids), antioxidant enzymes, among others 
chemical and physical mechanisms against negative effects 
from biotic and abiotic agents. Moreover, these elicitors are 
able to improve photosynthetic activity and ethylene forma-
tion, factors that infl uence yield and sugarcane physiological 
ripening (Hayat et al., 2010; Khan et al., 2010; Janda et al., 
2012; Khan et al., 2013; Liu et al., 2014). Therefore, this 
study aimed to evaluate agronomic performance and SP81-
3250 variety juice quality after exogenous spraying of SA 
and ASM.

Material and Methods

Site
The research was carried out at Santo Antonio Ubasa 

farm, based on São Paulo, Brazil, during the 2008/2009 ag-
ricultural season. According to Köppen-Geiger the regional 
climate is characterized by dry winter and rainy summer.

Experimental design
The experiment consisted of a randomized block design 

with four replicates per treatment: salicylic acid (0, 5, 10, 20 
and 40 μM) and acibenzolar-S-methyl (0, 0.2, 0.4, 0.8 and 
1.6 g 100 L-1).

Soil preparation, sugarcane planting and pest man-
agement

The acidity and soil fertility were adjusted by dolomitic 
limestone (2.0 t/ha-1) and NPK-fertilizer (0.5 t/ha-1) applica-
tion, respectively. Two months after, was carried out planting 
of the SP81-3250 variety, distributing fi fteen sugarcane buds 
at fi ve plantation furrows with 5 m length, spaced at 1.4 m. 
Pests management was carried out by imidacloprid (1.4 L/
ha-1) spraying.

Resistance inducers spraying
SA and ASM were sprayed two-month before sugarcane 

fl owering period, using CO2-pressurized sprayer with six fl at 
spray nozzles (11002); previously, pressure and spray solu-
tion volume were adjusted to 40 lb/pol2 and 300 L/ha-1, re-
spectively (Viana et al., 2017). Temperature and relative air 
humidity averages at spraying moment were to 25.5 ± 2.5°C 
and 70 ± 10%, respectively; there was no subsequent rainfall.

Harvest and technical assessment
The harvest of sugarcane tillage was carried out thirty 

days after the resistance inducers spraying. In laboratory, 
stalks were milled for juice samples, subsequently, it was set 
the following parameters: °Brix, Pol, purity, reducing sugars 
(RS), total reducing sugars (TRS), theoretical sugar recover-
able (TSR), fi bres and yields of sugar and stalks (Oliveira et 
al., 2016).

Statistical analyses
Data set was subjected to following tests (P < 0.05): 

Shapiro-Wilk’s normality, Fisher’s variance, regression, and 
Pearson’s linear correlation; optimal levels for some param-
eters were calculated by differential methods, using Software 
R statistical packages. 

Results and Discussion

Analysis of variance (ANOVA)
Obtained data distributed themselves, which provides se-

curity to ANOVA results interpretation (Table 1).
In summary, results revealed that quadratic trends re-

jected null hypothesis only for purity and fi bres, in relation 
to the SA, and Pol, purity, RS, TSR, and yields of sugar and 
stalks, in ASM case, suggesting that other unknown factors 
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signifi cantly affected, the agronomic performance and tech-
nological quality of SP81-3250 variety’s juice.

Salicylic acid (SA)-induced effects 
SA-induced effects on agronomic performance and 

SP81-3250 variety juice technological quality as Figure 1 
shows.

SA-induced °Brix (% juice)
Regression equation adjusted to technological param-

eter showed that only 28.77% of the fi xation of total soluble 

solids (TSS) on physical-chemical composition of SP81-
3250 variety’s juice was induced, exceptionally, by the SA 
exogenous treatment. It was checked that SA doses from 20 
μM had negative effects on feedstock TSS content, while 
the less concentrated dosages (5 and 10 μM) provided ben-
efi ts to the °Brix, regarding to control.

SA-induced Pol (% juice)
Despite to statistical insignifi cance, the trend adjusted to 

the Pol revealed that 61.27% of the production and sucrose 
retention on SP81-3250 variety juice was caused by bio-

 Table 1. Shapiro-Wilk’s normality test for salicylic acid (SA) and acibenzolar-S-methyl (ASM) effects on agronomic 
performance and SP81-3250 variety juice technological quality
SA °Brix Pol Purity SR TSR Fibers TRS Sugar Stalks
P-value 1,80ns 4.16ns 13.73* 2.32ns 4.56ns 11.68* 9.16ns 1.67ns 0.17ns

ASM °Brix Pol Purity SR TSR Fibers TRS Sugar Stalks
P-value 1.41ns 13.31* 36.01* 9.43* 4.90* 1.87ns 14.28* 7.64* 6.24*

Signifi cance codes: *(P < 0.05) and ns(P ≥ 0.05)

 Fig. 1. Salicylic acid (SA) effects on agronomic performance and SP81-3250 variety juice technological quality; 
signifi cance codes: *(P < 0.05) and ns(P ≥ 0.05)

Source: author
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chemical and physiological modifi cations directly induced 
by the SA systemic activity. The SA´s less concentrated lev-
els (5 and 10 μM) enhanced Pol content, unlikely it occurs 
in 20 and 40 μM, in which sucrose decrease was detected, 
regarding to control. Furthermore, the increase in the SA 
concentration (from 10 for 40 μM) resulted in a reduction 
of nearly on point fi ve percent point on Pol. Therefore, there 
was antagonic relation between juice sucrose content and SA 
concentration.

SA-induced purity (% juice)
The SA exogenous spraying lead to 86.43%-variation on 

purity of SP81-3250 variety’s juice. The treatments (control 
and 5 μM) displayed similar performances, with slight nu-
meric superiority in favour of the SA level. As checked, pre-
viously, in relation to °Brix and Pol, more concentrated SA 
levels (20 and 40 μM) decreased juice’s purity nearly two 
and four percentage points, respectively, contrasted to 10 
μM, appointing unbalance in the sucrose/TSS ratio. Hypo-

 Fig. 1. Continued
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thetically, it would be possible obtain the highest purity, if it 
were sprayed about 4.20 μM SA, considering the equation (0 
= -0.0064x + 0.0267), which is derived from trend adjusted 
to this technological parameter. 

SA- induced RS (% juice)
According to the equation adjusted to this parameter, SA 

infl uence on synthesis, also, reduction of sugars fi xation on 
SP81-3250 variety’s juice was not expressive, concerning 
its physical-chemical composition, since it corresponded to 
39.97%. In the general comparative between treatments, less 
concentrated SA levels (5 and 10 μM) caused reductions at 
glucose and fructose contents, while 20 and 40 μM resulted 
in RS increase, regarding to control. Thus, it was verifi ed 
synergistic relation between SA concentration and RS con-
tent, supporting so hypothesis of this study. 

SA-induced TRS (% juice)
Plants submitted to 5 and 10 μM levels produced juices 

with average TRS higher than plants treated with 20 and 40 
μM. The increase in the AS concentration (from 10 for 40 
μM) provided decrease of nearly one and a half percentage 
point at TRS. Therefore, it was checked out that more con-
centrated SA levels caused juice´s quality reduction, once 
it showed negative effects on TRS content, infl uenced at 
64.01% by the resistance inducer systemic activity.

SA-induced fi bres (% cane)
Regression model adjusted to this parameter showed that 

SA levels till 20 μM decreased, slightly, fi bres percentage, 
unlike to dosages higher than this limit, which they stimu-
lated the biomass lignifi cation, resulting in more fi brous 

stalks. Theoretically, it would be possible reach less fi bres 
content, if it were sprayed about 18.30 μM SA, considering 
the equation (0 = -0.0022x + 0.0402), which is derived from 
trend adjusted to fi bres, attributing 80.32% to biochemical 
and physiological modifi cations induced from SA exogenous 
spraying.

SA- induced sugar yield
The SA levels (5, 10, and 20 μM) increased sugar yield; 

however, there was progressive decrease from of the inter-
mediate dose. Regarding to control, the less concentrated SA 
level (5 μM) provided increase of nearly 2.30 t/ha-1 at sugar 
yield, unlike to 40 μM, which presented technique effi cien-
cy lower than control. Therefore, it was checked that more 
concentrated SA levels restricted the biological potential of 
SP81-3250 variety.

SA-induced stalks yield
In summary, all the used SA levels have had positive 

effects on stalks yield, since 5, 10, 20 and 40 μM resulted 
in increases of nearly 15.40, 6.40, 4.40, and 2.90 t/ha-1 re-
spectively, regarding to control. So, the curve infl exion point 
happened at 5 μM level, appointing that from this concentra-
tion there was decrease at stalks yield. So, considering all 
presented results, it was verifi ed that SA levels above 10 μM 
prejudiced agronomic performance and technological qual-
ity of SP81-3250 variety’s juice.

Acibenzolar-S-methyl (ASM)-induced effects
Figure 2 shows ASM-induced effects on agronomic per-

formance and technological quality of SP81-3250 variety’s 
juice.

Fig. 2. Acibenzolar-S-methyl (ASM) effects on agronomic performance and technological quality of SP81-3250 
variety´s juice; signifi cance codes: *(P < 0.05) and ns(P ≥ 0.05)

Source: author
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 Fig. 2. Continued
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ASM-induced °Brix (% juice)
The regression curve adjusted to this technological param-

eter appointed that only 16.99% of the variation happened at 
TSS fi xation on SP81-3250 variety’s juice were motivated, ex-
clusively, by the SA exogenous treatment. Plants treated with 
0.2 g 100 L-1 produced juices with TSS content slightly higher, 
as compared to those no submitted to ASM exogenous spray-
ing. The highest °Brix average was presented by 0.4 g 100 L-1, 
unlike to more concentrated levels (0.8 and 1.6 g 100 L-1), in 
which antagonic effects were promoted regarding to TSS pro-
duction, resulting in juice’s quality depreciation. Thus, there 
was negative relation between ASM level and °Brix.

ASM-induced Pol (% juice)
The ASM exogenous spraying was responsible for 

86.02% of the variation that occurred on sucrose accumu-
lation on SP81-3250 variety’s juice. The less concentrated 
ASM levels (0.2 and 0.4 g 100 L-1) lead to Pol increase, im-
proving technological quality of the juice. In another hand, 
the more concentrated ASM levels (0.8 and 1.6 g 100 L-1) 
caused reduction in the Pol content, resulting in feedstock 
industrial quality depreciation. In addition, the increase in 
the ASM concentration (from 0.4 for 1.6 g 100 L-1) reduced 
Pol content in more than one percentage point. Therefore, 
an inverse relation was detected between ASM concentration 
and juice sucrose percentage.

ASM-induced purity (% juice)
According to regression model adjusted to this param-

eter, SA exogenous treatment was responsible for 94.60% of 
the variation occurred in juice’s purity. Regarding to control, 
just the less concentrated ASM level (0.2 g 100 L-1) increased 
purity; from this level, progressive decrease were detected in 
the purity content, it was intensifi ed at more concentrated 
ASM levels (0.8 and 1.6 g 100 L-1), in which they reduced 
purity content in about four percentage point. So, every ASM 
levels above 0.2 g 100 L-1 were harmful to feedstock purity.

ASM-induced RS (% juice)
The less concentrated ASM levels (0.2 and 0.4 g 100 

L-1) reduced RS content, regarding to control. In another 
hand, 0.8 and 1.6 g 100 L-1 benefi ted glucose and fructose 
participations on physical-chemical composition of SP81-
3250 variety´s juice. Despite to divergences, ASM levels 
presented similar technique performances. Hypothetically, 
it would be possible reach less RS content, whether it were 
sprayed about to 0.47 g ASM 100 L-1, considering the equa-
tion (0 = 0.1054x – 0.0495), which is derived from adjusted 
regression to total percentage of reducing sugars, attributed 
at 80.83% to the ASM effects. 

ASM-induced TRS (% juice)
The ASM levels (0.2, 0.4, and 1.6 g 100 L-1) resulted in 

similar TRS averages, while 0.8 g 100 L-1 provided an in-
crease of nearly one percentage point considering this tech-
nological parameter. In addition, the increase in the ASM 
concentration (from 0.8 for 1.6 g 100 L-1) reduced TRS in 
more than one percentage point, depreciating technologi-
cal quality of SP81-3250 variety´s juice. That way, it was 
checked negative relation between ASM concentration and 
TRS percentage.

ASM-induced fi bres (% cane)
According to regression model adjusted to this parame-

ter, 30.37% of the fi bres accumulation in the biomass was di-
rectly caused by the ASM exogenous spraying. The less con-
centrated ASM levels (0.2, 0.4, and 1.8 g 100 L-1) reduced 
slightly the feedstock fi bres content, regarding to control. In 
another hand, 1.6 g 100 L-1 induced SP81-3250 variety to 
production of more fi brous stalks. Despite to divergences, 
ASM levels presented similar technique performances.

ASM-induced TSR
The treatments (control, 0.2, and 0.8 g 100 L-1) present-

ed similar performances, with slight numeric superiority 
in favour of the less concentrated ASM level. The curve 
infl exion point occurred at 0.4 g 100 L-1, which is linked 
to the highest TSR average. In another hand, the more 
concentrated ASM level (1.6 g 100 L-1) caused reduction 
of about to 4.0 t/ha-1 at TSR yield, regarding to control. 
Theoretically, it would be possible reach the highest TRS 
yield, whether it were sprayed about to 0.44 g ASM 100 L1, 
considering the equation (0 = -6.8486x + 2.9701) derived 
from adjusted regression to the TSR, explained at 96.02% 
by the ASM effects.

ASM-induced sugar yield
Control and the less concentrated ASM level (0.2 g 100 

L-1) showed similar sugar yield averages, with slight numeric 
superiority in favour of dosage. In relation to the others ASM 
levels (0.4, 0.8, and 1.6 g 100 L-1), these also had positive 
effects on sugar yield, once they promote increases of nearly 
1.8, 2.6, and 0.6 t/ha-1, respectively, regarding to control. 
Therefore, the highest sugar yield average was presented in 
0.8 g 100 L-1 doses; from this level, occurred a decrease of 
about to 2.0 t/ha-1 in the sugar yield. Hypothetically, it would 
be possible reach the highest sugar yield, whether it were 
sprayed about to 0.88 g ASM 100 L-1, considering the equa-
tion (0 = -7.1606x + 6.3113), which is derived from adjusted 
trend to sugar yield, which was driven at 76.86% by the ef-
fects of ASM exogenous spraying. 
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ASM-induced stalks yield
The ASM levels (0.2, 0.4, 0.8, and 1.6 g 100 L-1) provided 

increases close to 0.4, 12.6, 22.8, and 4.4 t/ha-1 to the stalks 
yield, regarding to control. So, the curve infl exion point 
happened at 0.8 g 100 L-1, appointing that from of this level 
there was reduction of nearly 18.4 t/ha-1 in the stalks yield, 
corroborating previous fi ndings, which they revealed that 
ASM levels higher than 0.8 g 100 L-1 caused adverse effects 
on both agronomic performance and SP81-3250 variety´s 
juice technological quality. In conclusion, it would be pos-
sible reach top stalks yield, whether it were sprayed about 
to 0.89 g ASM 100 L-1, considering equation (0 = -60.856x 
+ 54.131) derived from trend adjusted to stalks yield, attrib-
uted at 72.39% to the ASM exogenous treatment.

Linear correlation
Table 2 shows the linear associations established be-

tween resistance inducers, technological parameters of the 
juice, and yield traits.

Linear correlation for salicylic acid (SA)
Just the parameters (Pol and purity) established signifi cant 

correlations with SA levels. In both situation, negative linear 
associations were detected, appointing that plants treated with 

more concentrated SA levels produced poorer juices regarding 
to sucrose and purity. Same way, °Brix, TRS, TSR, and sugar 
and stalks yields also established negative correlations with SA 
level, although, no signifi cant associations were detected, dif-
ferently from the others parameters (RS and fi bres). About to 
correlations involving exclusively technological parameters of 
the juice, it was checked that °Brix was associated, positively, 
with Pol, purity, TRS and TSR, and negatively with RS, sug-
gesting that less concentrate feedstock in glucose and fructose 
reached higher polarization degree, resulting in a purer juice.

Linear correlation for acibenzolar-S-methyl (ASM)
As checked, previously, in relation to the SA, only Pol 

and purity were associated, signifi cantly, with ASM levels. 
In both cases, negative linear associations were detected, im-
plying that plants submitted to ASM more concentrated dos-
es produced less pure and polarized juices. In relation to the 
others parameters, °Brix and TSR established negative cor-
relations with ASM levels, while RS, TRS, fi bres, and yields 
of sugar and stalks were associated, positively; however, in 
all cases, signifi cant associations were not found. Finally, it 
was verifi ed positive correlation between yields of sugar and 
stalks and TSR, suggesting that stalks availability per grown 
area infl uenced, positively, the sucrose production.

Table 2. Linear correlation between salicylic acid (SA) and acibenzolar-S-methyl (ASM) levels, juice technological 
parameters, and yield traits from SP81-3250 variety

X\y °Brix Pol Purity RS TRS Fibers TSR Sugar Stalks
SA °Brix 1.00* 0.97* 0.89* -0.97* 0.96* -0.17ns 0.99* 0.65ns 0.41ns

Pol 1.00* 0.97* -0.99* 0.99* -0.36ns 0.98* 0.74ns 0.43ns

Purity 1.00* -0.94* 0.98* -0.53ns 0.91* 0.79ns 0.43ns

RS 1.00* -0.98* 0.28ns -0.99* -0.76ns -0.51ns

TRS 1.00* -0.42ns 0.97* 0.74ns 0.41ns

Fibers 1.00* -0.24ns -0.48ns -0.07ns

TSR 1.00* 0.69ns 0.43ns

Sugar 1.00* 0.86ns

Stalks 1.00*

ASM Stalks 1.00*

Sugar 1.00* 0.99*

TSR 1.00* 0.28ns 0.23ns

Fibers 1.00* -0.73ns -0.24ns -0.18ns

TRS 1.00* -0.24ns 0.24ns 0.88* 0.93*

RS 1.00* -0.16ns 0.77ns -0.98* -0.29ns -0.21ns

Purity 1.00* -0.85ns 0.10ns -0.68ns 0.92* -0.02ns -0.04ns

Pol 1.00* 0.92* -0.93* -0.13ns -0.69ns 0.93* -0.07ns -0.14ns

°Brix 1.00* 0.90* 0.66ns -0.85ns -0.36ns -0.56ns 0.77ns -0.11ns -0.22ns

SA -0.80ns -0.88* -0.91* 0.82ns -0.87ns 0.34ns -0.78ns -0.59ns -0.24ns

ASM -0.76ns -0.95* -0.96* 0.80ns 0.16ns 0.53ns -0.86ns 0.23ns 0.26ns

Signifi cance codes: *(P < 0.05) and ns(P ≥ 0.05) Source: author



841Exogenous spraying of plant’s resistance inducers improves yield and sugarcane quality

°Brix (% juice)
The resistance inducers had similar effects on °Brix, 

since it increased in both cases, at the less concentrated AS 
and ASM levels, probably due to the higher effi ciency in 
water and nutrients uptake by root system, photoassimilates 
synthesis and translocation, and sucrose storage on stalks, 
including in immature physiologically regions (Viana et 
al., 2017). Evaluating Capsicum spp. yield submitted to SA 
spraying, Elwan and El-Hamahmy (2009) verifi ed a sucrose 
intensive mobilization from leaf in fruits using dosage equal 
to 1 μM. Furthermore, according to those researchers, pep-
per plants underwent to 100 μM doses produced fruits with 
lower quality, due to the SA-induced TSS reduction. Similar 
effect was checked by Javaheri et al. (2012), who adjusted a 
quadratic trend to the TSS content of Solanum lycopersicum 
fruits treated with SA, supporting results found in this study.

Sugarcane varieties are considered suitable to mecha-
nized harvest when reach physiologic maturation degree ad-
equate to juice production with about 15.5-16.6 °Brix (Viana 
et al., 2016). However, authors recommend values near or 
above 18.0 °Brix, due to the better juice’s fermentative qual-
ity and higher ethanol yield (Inoue et al., 2015). Therefore, it 
was checked that levels (10 μM SA and 0.4 g ASM 100 L-1) 
induced the SP81-3250 variety to production of juice with 
nearly 2.20 °Brix above standard limit (16.7 °Brix) cited on 
literature. Based in this inference, it was assumed that the 
spraying of resistance inducers dosages at earl or middle 
season may contributed to sugarcane tillage harvest antici-
pation, generating production cost saving, due to reduction 
of the plant exposition period to environmental adversities, 
such as wind, heat, water defi cit, soil salinity, prolonged 
rainfall, and pests, factors that reduce, severely, yield of sug-
arcane and technological quality of its juice. Furthermore, it 
would be possible improves feedstock division for sugar and 
alcohol industrialization, since these activities are defi ned, 
mainly, from °Brix analysis (Oliveira et al., 2016).

Pol (% juice)
Pol results were attributed to two possible factors: a) 

synergism of less concentrated AS and ASM dosages to 
sucrose-phosphate synthase (PSP) and specifi c activities of 
sucrose synthase (Susy), stimulating sucrose synthesis; b) 
intensifi cation of the CO2 photosynthetic assimilation, since 
this gaseous substrate is essential to sucrose metabolizing. 
According to Rivas-San Vicente and Plasencia (2011) and 
Shrivastava et al. (2015), these processes usually occur on 
plant species treated with AS levels lower than 10 μM. 

Technically, Pol analysis is very important to determina-
tion of sugarcane juice’s quality, once it allows to estimate 
the content of apparent sucrose, organic substrate required 

to sugar and bioethanol industrialization (Oliveira et al., 
2016). In fi eld situation, is recommended select varieties 
able to produce juices with Pol content near to 14.4% (Inoue 
et al., 2015). Therefore, regarding to this standard limit, it 
was verifi ed that levels (10 μM SA and 0.4 g ASM 100 L-1) 
benefi ted sucrose content of the SP81-3250 variety´s juice in 
nearly two percentage point, corroborating with synergistic 
effects from less concentrated SA and ASM levels to feed-
stock quality.

Purity (% juice)
Purity is one of the most important parameter to sugar-

cane juice´s quality, because determine the industrial capac-
ity of fermentable sugars recuperation, as well as bioethanol 
yield (Oliveira et al., 2016; Viana et al., 2016). Although 
this parameter is fundamentally obtained by Pol/°Brix ra-
tio, there are others physic, chemical and mineral elements, 
such as heavy metals, soil colloid, sugarcane bagasse frag-
ments, macro and micronutrients, which inappropriately 
affect juice’s purity. For this reason, sugar-energy industry 
preconize feedstock with purity degree higher than 80.0%, 
otherwise the same is considered undesirable, mainly, when 
they reach values lower than 70.0%, completely restricting, 
material acceptation by milling sector. So, it was checked 
that dosages (10 μM SA and 0.4 g ASM 100 L-1) provided 
increases of nearly seven and eight percentage point to the 
purity of SP81-3250 variety´s juice, respectively, regarding 
to standard required to sugarcane industrialization. In this 
sense, it was assumed that is possible offer many technique 
and economic advantages to sugar-energy industry, mainly, 
in relation to operational capacity of sucrose extraction and 
supply of products to the foods and biofuels markets (Olivei-
ra et al., 2016).    

 
RS (% juice) and TRS (% juice)
It was assumed that RS´s increase and TRS’s decrease 

were motivated probably by stimulus originating from resis-
tance inducers levels more concentrated than 10 μM and 0.4 
g 100 L-1, respectively, to acid invertases specifi c activity, 
enzymes that promote sucrose hydrolysis, generating glu-
cose and fructose, monosaccharides that affect directly the 
SR and TSR relative contents in sugarcane juice physical-
chemical composition (Oliveira et al., 2016).   

The feedstocks highly concentrated at AR are undesir-
able to industrialization, because provide colour fi xation to 
the sugars (crystal and demerara) by glucose and fructose 
degradation and make juice more impure, restricting fer-
mentable sugars availability to alcohol production (Oliveira 
et al., 2016). In this sense, it would be preferable opt for 10 
μM SA and 0.4 g ASM 100 L-1 dosages, which maintained 
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the content of sugars reducing of SP81-3250 variety’s juice 
below to critical limit (RS < 0.8%), cited on literature, cul-
minating in TRS´s increase, source of sugars essential to the 
alcoholic fermentation, performed in by yeasts belonging to 
genus Saccharomyces spp. (Simões et al., 2015; Oliveira et 
al., 2016).

Fibres (% cane)
Results regarding to this parameter were justifi ed by the 

following factors: a) of sugarcane stalks lignifi cation pro-
cess: at critical levels, resistance inducers act like signal 
substance to synthesis and polysaccharides deposition in cell 
wall, making plant tissues fi brous and, strategically, more re-
sistant to environmental adversities; b) sucrose/fi bres ratio: 
there is negative relation between these parameters, justify-
ing results verifi ed in this study, in which AS and ASM dos-
ages lower than 20 μM and 0.8 g 100 L-1, respectively, were 
unfavourable to the fi bres content, due to positive effects 
provided in more proportion to juice polarization, limiting 
so sucrose mobilization to cell wall structuring (Jin et al., 
2008; Oliveira et al., 2016).  

In fi eld condition, fi bres contribute to sugarcane resis-
tance against to physic damage caused by biotic and abiotic 
factors, mainly, pests and phytopathogens that attack roots 
and stalks, culminating in more prolonged tillage commer-
cial cycle. Despite to advantages, fi brous varieties are not 
desirable to industrialization, because they limit sucrose ex-
traction process and result in low ethanol yield. In another 
hand, feedstocks that present high sucrose/fi bres ratio are 
limiting lignocellulose supply to energy cogeneration. For 
this reason, sugar-energy industry requires materials with fi -
bres content near to 11.0-13.0% (Inoue et al., 2015; Simões 
et al., 2015; Oliveira et al., 2016). Therefore, although there 
were increases, it was checked out that every AS and ASM 
levels sprayed in SP81-3250 variety resulted in stalks with 
fi bres percentage compatible to the standard required to sug-
arcane sustainable industrialization.

TSR
This parameter is infl uenced by many factors, including 

physiological maturation degree and fi bres content (Teixeira 
et al., 2015; Oliveira et al., 2016). Usually, more fi brous sug-
arcane varieties show low TSR yield, supporting the results 
of this study, in which plants subjected to AS and ASM levels 
higher than 10 μM and 0.4 g 100 L-1, respectively, presented 
lower TSR averages, due to biomass lignifi cation induced by 
the elicitors at high concentrations.

TSR is indispensable to sugar-energy chain, because 
allows determine sucrose mass able to be turned in sugar 
kinds, and help to defi ne feedstock price paid to producers 

(Oliveira et al., 2016; Viana et al., 2016). In this sense, AS 
and ASM up to 10 μM and 0.4 g 100 L-1, respectively, would 
be more suitable to the sugarcane fi eld management, since 
resulted at highest TSR yields, confi rming the their potential.

Stalks and sugar yields
Several papers report that resistance inducers offer many 

advantages to crops, mainly, regarding to its photosynthetic 
characteristics. The SA exogenous spraying, for example, 
induce synthesis of RuBisCO (ribulose-1.5-bisphsphate car-
boxylase oxygenase), very important enzyme to CO2 fi xation, 
substrate used in the short chain carbohydrates metabolizing, 
such as glucose, fructose and sucrose, which affect severely 
technological quality of sugarcane juice (Vazirimehr et al., 
2014; Simões et al., 2015; Oliveira et al., 2016). Moreover, 
SA and similar compounds confer to species of plants more 
effi ciency in water and nutrients uptake, mainly, regarding to 
nitrogen (N), mineral element used in the synthesis of pro-
teins, nucleic acids and chlorophylls, molecular substances 
essential to the sugarcane stalks growth and development of 
the vegetative structure, in which sucrose is storage (Jin et 
al., 2008; Liu et al., 2014). 

SA and ASM benefi ts are only possible at homeostatic 
concentrations, otherwise, i.e., at high endogenous levels, 
these resistance inducers cause many negative effects to 
species of plants, including: photosynthetic pigments deg-
radation, stomatal conductance reduction, cell membrane 
rupture, not permeability to CO2 diffusion, cytotoxicity, and 
proliferation of free radicals, reactive oxygen species that 
they block Kalvin-Benson biologic cycle, resulting in low 
synthesis of phytohormones, which dramatically affect the 
physiological ripening and sugarcane yield, justifying results 
of this study, in which it was checked out that SA and ASM 
dosages higher than 10 μM and 0.8 g 100 L-1, respectively, 
reduced the SP81-3250 variety agronomic performance, 
qualifying as phytotoxic levels to this crop (Wada & Takedo, 
2010; Wada et al., 2010; Zhang et al., 2010). 

Furthermore, it was assumed that SA and ASM levels 
till 10 μM and 0.8 g 100 L-1 performed similar functions to 
presented ones by chemical ripeners traditionally sprayed in 
sugarcane, triggering favourable physiological and biochemi-
cal reactions to ripening and, consequently, yield of sugar and 
stalks of the SP81-3250 variety. However, it is necessary more 
studies to confi rm this interference, once there is a lack of sci-
entifi c information about elicitors-induced sugarcane chemi-
cal ripening are available (Santner et al., 2009; Wolters & Jür-
gens, 2009). In fact, this work showed that SA levels among 
20 and 500 μM are severely prejudicial to yield crop, since 
reduce ATP synthesis most important energetic resource to liv-
ing things (Rivas-San Vicente & Plasencia, 2011).
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Linear correlation
Negative associations established between the juice’s pa-

rameters (Pol and purity) and resistance inducers were justi-
fi ed by possible antagonic effects from more concentrated 
SA and ASM levels to sucrose-phosphate synthase (SPS) and 
sucrose synthase specifi c activities or synergism to acid in-
vertases, resulting in lower synthesis or sucrose degradation, 
respectively, generating so glucose and fructose, monosac-
charide kinds that they reduce both polarization and juice´s 
purity degree. These linear correlations supported the juice´s 
quality depreciation produced by plants treated with SA and 
ASM levels above 10 μM and 0.4 g 100 L-1, respectively. 
In addition, inverse correlation verifi ed between the juice 
technological parameters (Pol and SR) confi rmed that in fact 
glucose and fructose are originating from sucrose hydrolysis 
process (Oliveira et al., 2016). For this reason, more concen-
trated feedstock at SR usually present low sucrose content, 
justifying so results of this study, where there was Pol reduc-
tion at levels of SA and ASM above 10 μM and 0.4 g 100 
L-1, respectively, due to the of SR elicitors-induced at high 
concentrations.

The fact of °Brix and purity were associated only at ASM 
level showed that plant´s resistance inducers impacted, dif-
ferently, in physiological and biochemical process of SP81-
3250 variety, modifying the dynamic interaction between 
secondary metabolites of this crop. According to Vazirimehr 
et al. (2014), concentration and kind of inducer are two of 
the main factors that affect elicitors’ biological activity. In 
general context, the correlations established between plant 
resistance reducers levels, juice technological parameters, 
and agronomic traits corroborated with regression results 
and literature data, since Khan et al. (2012), who evaluated 
correlations between sugarcane agronomic characteristics, 
and Tahir et al (2014), commercial varieties selection index, 
obtained positive linear correlations between Pol and purity, 
supporting citations from Silva et al. (2008), Ahmed et al. 
(2010), and Audilakshmi (2010), who also verifi ed positive 
correlation between °Brix, Pol, and purity.

Conclusions

The salicylic acid and acibenzolar-S-methyl levels under 
10 μM and 0.8 g100 L-1, respectively, improved both agro-
nomic performance and SP81-3250 variety’s juice quality.

The salicylic acid and acibenzolar-S-methyl levels above 
10 μM and 0.8 g100 L-1, respectively, caused depreciation in 
technological quality of SP81-3250 variety’s juice, qualify-
ing as phytotoxic dosages to this crop.

Plant resistance inducers homeostatic levels showed po-
tential to the sugarcane chemical ripening management.

References

Ahmed, A. O., Obeid, A., & Dafallah, B. (2010). The infl uence 
of characters association on behavior of sugarcane genotypes 
(Saccharum spp.) for cane yield and juice quality. World Jour-
nal of Agricultural Sciences, 6(2), 207-211.

Audilakshmi, S., Mall, A. K., Swarnalatha, M., & Seetharama, 
N. (2010). Inheritance of sugar concentration in stalk (brix), 
sucrose content, stalk and juice yield in sorghum. Biomass and 
Bioenergy, 34(6), 813-820.

Boaretto, L. F., & Mazzafera, P. (2013). The proteomes of feed-
stocks used for the production of second generation ethanol: a 
lacuna in the biofuel era. Annals of Applied Biology, 163(1), 
12-22.

Boaretto, L. F., Carvalho, G., Borgo, L., Creste, S., Landell, M. 
G. A., Mazzafera, P., & Azevedo, R. A. (2014). Water stress 
reveals differential antioxidant responses of tolerant and non-
tolerant sugarcane genotypes. Plant Physiology and Biochem-
istry, 74, 165-175.

Elwan, M. W. M., & El-Hamahmy, M. A. M. (2009). Improved 
productivity and quality associated with salicylic acid applica-
tion in greenhouse pepper. Scientia Horticulturae, 122(4), 521-
526.

Falcioni, T., Ferrio, J. P., Del Cueto, A. I., Giné, J., Achón, M. 
Á., & Medina, V. (2014). Effect of salicylic acid treatment on 
tomato plant physiology and tolerance to potato virus X infec-
tion. European Journal of Plant Pathology, 138(2), 331-345.

Gomathi, R., Manobari, G., & Rakkiyappan, P. (2012). Antioxi-
dant enzymes on cell membrane integrity of sugarcane varieties 
differing in fl ooding tolerance. Sugar Tech, 14(3), 261-265.

Graça, J. P., Rodrigues, F. A., Farias, J. R. B., Oliveira, M. C. 
N., Campo, C. B. H., & Zingaretti, S. M. (2010). Physiologi-
cal parameters in sugarcane cultivars submitted to water defi cit. 
Brazilian Journal of Plant Physiology, 22(3), 189-197.

Hayat, Q., Hayat, S., Irfan, M., & Ahmad, A. (2010). Effect of 
exogenous salicylic acid under changing environment: a re-
view. Environmental and Experimental Botany, 68(1), 14-25.

Inoue, M. H., Cappellesso, E. J. S., Mendes, K. F., Bem, R., 
Conciani, P. A. (2015). Efi ciência do bispyribac-sodium 
como maturador na cultura da canade- açúcar. Revista Ciência 
Agronômica, 46(1), 80-88, https://dx.doi.org/10.1590/S1806-
66902015000100010.

Janda, K., Hideg, É., Szalai, G., Kovács, L., & Janda, T. (2012). 
Salicylic acid may indirectly infl uence the photosynthetic elec-
tron transport. Journal of Plant Physiology, 169(10), 971-978.

Javaheri, M., Dadkhah, A. R., & Tavallaie, F. Z. (2012). Effects 
of salicylic acid on yield and quality characters of tomato fruit 
(Lycopersicum esculentum Mill.). International Journal of Ag-
riculture and Crop Sciences, 4(16), 1184-1187.

Jin, J. B., Jin, Y. H., Lee, J., Miura, K., Yoo, C. Y., Kim, W. Y., 
& Yun, D. J. (2008). The SUMO E3 ligase, AtSIZ1, regulates 
fl owering by controlling a salicylic acid mediated fl oral pro-
motion pathway and through affects on FLC chromatin struc-
ture. The Plant Journal, 53(3), 530-540.

Khan, I. A., Bibi, S., Yasmin, S., Khatri, A., Seema, N., & Abro, 
S. A. (2012). Correlation studies of agronomic traits for higher 



844 Ronaldo da Silva Viana et al.

sugar yield in sugarcane. Pakistan Journal of Botany, 44(3), 
969-971.

Khan, M. I. R., Iqbal, N., Masood, A., Per, T. S., & Khan, N. A. 
(2013). Salicylic acid alleviates adverse effects of heat stress on 
photosynthesis through changes in proline production and eth-
ylene formation. Plant Signaling & Behavior, 8(11), 263-274.

Khan, N. A., Syeed, S., Masood, A., Nazar, R., & Iqbal, N. 
(2010). Application of salicylic acid increases contents of nutri-
ents and antioxidative metabolism in mungbean and alleviates 
adverse effects of salinity stress. International Journal of Plant 
Biology, 1(1), 1-8.

Leal, M. R. L. V., Walter, A. S., Seabra, J. E. A. (2013). Sugar-
cane as an energy source. Biomass Conversion and Biorefi nery, 
3(1), 17-26.

Liu, S., Dong, Y., Xu, L., & Kong, J. (2014). Effects of foliar 
applications of nitric oxide and salicylic acid on salt-induced 
changes in photosynthesis and antioxidative metabolism of cot-
ton seedlings. Plant Growth Regulation, 73(1), 67-78.

Matsuoka, S., Kennedy, A. J., Santos, E. G. D. D., Tomazela, 
A. L., & Rubio, L. C. S. (2014). Energy cane: its concept, de-
velopment, characteristics, and prospects. Advances in Botany, 
2014, 1-13.

Nazar, R., Iqbal, N., Syeed, S., & Khan, N. A. (2011). Salicylic 
acid alleviates decreases in photosynthesis under salt stress by 
enhancing nitrogen and sulfur assimilation and antioxidant me-
tabolism differentially in two mungbean cultivars. Journal of 
Plant Physiology, 168(8), 807-815.

Oliveira, A. R., Braga, M. B., Simões, W. L., & Walker, A. M. 
(2016). Infl uência de lâminas de irrigação nas características 
tecnológicas de cana-de-açúcar. Embrapa Semiárido-Boletim 
de Pesquisa e Desenvolvimento (INFOTECA-E), 4-22.

Palma, F., López-Gómez, M., Tejera, N. A., & Lluch, C. (2013). 
Salicylic acid improves the salinity tolerance of Medicago sa-
tiva in symbiosis with Sinorhizobium meliloti by preventing ni-
trogen fi xation inhibition. Plant Science, 208, 75-82.

Rivas-San Vicente, M., & Plasencia, J. (2011). Salicylic acid be-
yond defence: its role in plant growth and development. Jour-
nal of Experimental Botany, 62(10), 3321-3338.

Santner, A., Calderon-Villalobos, L. I., & Estelle, M. (2009).
Plant hormones are versatile chemical regulators of plant 
growth. Nature Chemical Biology, 5(5), 301-307.

Santos, C. M., & Silva, M. A. (2015). Physiological and biochemi-
cal responses of sugarcane to oxidative stress induced by water 
defi cit and paraquat. Acta Physiologiae Plantarum, 37(8), 1-14.

Silva, M. D. A., Silva, J. A. G. D., Enciso, J., Sharma, V., & Ji-
fon, J. (2008). Yield components as indicators of drought toler-
ance of sugarcane. Scientia Agricola, 65(6), 620-627.

Simões, W. L., Calgaro, M., Coelho, D. S., Souza, M. A., & 
Lima, J. A. (2015). Respostas de variáveis fi siológicas e tec-

nológicas da cana-de-açúcar a diferentes sistemas de irrigação. 
Revista Ciência Agronômica, 46(1), 11-20.

 Srivastava, A. K., Pasala, R., Minhas, P. S., & Suprasanna, P. 
(2016). Plant bioregulators for sustainable agriculture: integrat-
ing redox signaling as a possible unifying mechanism. Advanc-
es in Agronomy, 137, 237-278.

Tahir, M., Khalil, I. H., Mccord, P. H., & Glaz, B. (2014). Char-
acter association and selection indices in sugarcane. American 
Journal of Experimental Agriculture, 4(3), 336-348.

Teixeira, E. B., Bolonhezi, A. C., Fernandes, F. M., Ribeiro, N. 
A., & Queiroz, C. J. (2015). Características tecnológicas do 
caldo de variedades de cana-de-açúcar cultivadas em solo de 
cerrado com diferentes níveis de adubação fosfatada. Cientí-
fi ca, 44(1), 23-34.

Vazirimehr, M., Rigi, K., & Branch, Z. (2014). Effect of salicylic 
acid in agriculture. International Journal of Plant, Animal and 
Environmental Science, 4, 291-296.

Viana, R. S., Lisboa, L. A. M., Figueiredo, P. A. M., & Neto, A. 
D. R. (2017). Parâmetros tecnológicos e produtivos da cana-de-
açúcar quando submetida à aplicação de maturadores químicos 
no início de safra. Revista Brasileira de Herbicidas, 16(1), 67-
75.

Viana, R. S., Figueiredo, P. A. M., Lisboa, L. A. M., Assumpção, 
A. C. N. D., Sá, M. E., & May, A. (2016). Aplicação de fi tor-
reguladores químicos na qualidade tecnológica do sorgo saca-
rino cv. Biomatrix 535. Revista Brasileira de Milho e Sorgo, 
14(3), 326-334.

Waclawovsky, A. J., Sato, P. M., Lembke, C. G., Moore P. H., 
& Souza, G. M. (2010). Sugarcane for bioenergy production: 
an assessment of yield and regulation of sucrose content. Plant 
Biotechnology Journal, 8(3), 263-276.

Wada, K. C., & Takeno, K. (2010). Stress-induced fl owering. 
Plant Signaling & Behavior, 5(8), 944-947.

Wada, K. C., Yamada, M., Shiraya, T., & Takeno, K. (2010). 
Salicylic acid and the fl owering gene FLOWERING LOCUS T 
homolog are involved in poor-nutrition stress-induced fl ower-
ing of Pharbitis nil. Journal of plant physiology, 167(6), 447-
452.

Wolters, H., & Jürgens, G. (2009). Survival of the fl exible: hor-
monal growth control and adaptation in plant development. Na-
ture Reviews Genetics, 10(5), 305-317.

Yazdanpanah, S., Baghizadeh, A., & Abbassi, F. (2011). The 
interaction between drought stress and salicylic and ascor-
bic acids on some biochemical characteristics of Satureja 
hortensis. African Journal of Agricultural Research, 6(4), 
798-807.

Zhang, L., Gao, Y., Zhang, Y., Liu, J., & Yu, J. (2010). Change in 
bioactive compound and antioxidant activities in pomegranate 
leaves. Scientia Horticulture, 123, 543-546. 

Received: September, 25, 2018; Accepted: June, 27, 2019; Published: October, 31, 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


