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Abstract

The utilization of chemical ripeners is an important tool, since they are applied to accelerate the maturation
process, enhance raw material quality, optimize agro industrial and economic results, and help crop planning,
allowing essential crop management in a modern production system. The o bjective of this study was to evaluate
agricultural productivity and biochemical characteristics of the sugarcane when submitted to the application of
chemical ripeners in different crop years. The experimental design utilized randomized blocks arranged in split
split plots. The main plots consisted of the application of the following products with their respective doses: control

(C) (without application), sulfomethuron  -methyl (0.02 kg ha 1) + glyphosate (0.15 L ha-t) (SG), ethephon (0.34 L h1)
+ glyphosate (0.15 L hat) (EG), glyphosate (0.35 L h-1) (G), compounds of organic carboxylic radicals (1.0 L h -1) +
glyphosate (0.15 L h-1) (CG). The subplots were composed of evaluation times: 0, 15, and 30 days after application of
the products. The sub -subplots consisted of two crop years, 2008 and 2009. In the evaluations, the levels of brix
levels, pol, reducing sugars, total reducing sugars, fiber, purity, humidity, recoverable theoretical sugar, tons of
Culms per hectare and tons of sugar per hectare, shikimic and salicylic acids. The application of CG showed better
results for sugarcane technological characteristics on the 30th day after application. 0.35 L ha -t of glyphosate
favored an increase in the concentrations of shikimic and salicylic acids. The applic  ation of a mixture of compounds
of organic carboxylic radicals + glyphosate presented better results for sugarcane technological characteristics at

30 days after application in the studied crop years. The application of 0.35 L ha -1 glyphosate favored an in crease in
the concentrations of shikimic and salicylic acids in the crop years of 2008 and 2009.

- J
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INTRODUCTION

SugarcaneS§accharunspp.) is native to southeastern Asia and has been cultivated in Brazil sinc® temtLéy. Nowadays,
due to plant breeding, several varieties have been developed and adapted to different climatic conditions, soils, and so
(CAPUTO et al., 2007).

Although presently there is a diverse availabilitfPoficeaevarieties, sucrose levels from these materials are not always able
to guarantee the yield expected by sugaergy industry, and, therefore, many times chemical substances are applied to optimize
results (SILVA et al., 2010).

Thus, the utilization of chemical ripeners is an important tool, since they are applied to accelerate the maturation proce
enhance raw material quality, optimiagroindustrialand economic results, and help crop plannialipwing essential crop
management in a modern production system ( VIANA et al., 2008; ROBERTO et al., 2015).

Chemical ripeners are compounds applied to the plant so that the correct dose can stop sugarcane vegetative develmpment (
their inhibiting action on metabolism, causing maturation, that is, translocating and storing sugars in the stalks (LEITE et a
2009a).
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Salicylic acid is the main signaling compound to develop plant resistance to pathogens and abiotic stresses and some pes
well. This acid is produced fromphenylalaningone out of three aromatic amino acids whose synthesis is blocked by glyphosate.
The analysis of available information shows that for a plant to be resistant to biotrophic pathogens (that do not eatheothe d
parasitized cells such as viruses, rust, @ral others), it needs to produce and accumulate salicylic acid besides presenting the
correct resistance genes.

Failure to produce this acid causes susceptibility which may be reverted by the exogenous capplicatibn, showing
the mistaken participation of salicylic acid as resistance inducer. Low doses of glyphosate can inhibit salicylic asid apdthe
increase plant susceptibility to diseases (MESCHEDE et al., 2012).

Therefore, this study aimed to dwate the agricultural productivity and biochemical characteristics of sugarcane when submittec
to the application of chemical ripenexghe beginning of different crop years.

MATERIAL AND METHODS

Experiments were carried out in 2008 and 200%anto Antdnio farm, located in the municipality of Igaracu do Tieté, Sao
Paulo state, at the following geographical coordinates:

The area primary production environment has sglain topgraphy and its soil igutroferricred latosol according to
Embrapa (2013) classification. According to Kdppen classification, the predominant climate in the region is Aw, dap, with
averageyearly temperature of 21.6° C and average relative air hynaélifO %. The average yearly rainfall is 1.344 mm, 2000
kg ha' of limestone and 600 kg Haof NPK 1025-25 were applied to a sugarcane crop at planting in February 2007, following
the technical recommendation in function of soil analysis. A dose df h&" of Imidacloprid, an insecticide, was applied. The
experiment was set up with cane plantMarch 2008 and with ration cane in 2009, when chemical ripeners were applied on
RB855156 varietyatthe beginning of the crop.

Each plot consisted of sev&-m rows with 1.46m spacing. The samples were collected from five central rows, totaling an
area of 70 rh The plots consisted of applications of the following products: éntrol, that is, without application; SG
sulfomethurormethyl (0.02 kg hd) + glyphosate (0.15 L F; EGi ethephon(0.34 L ha') + glyphosate (0.15 L F; G i
glyphosate (0.35 L i3; CGi compounds of organic carboxylic radicals (1.0 [ha glyphosate (0.15 L Ha.

The application of chemical ripeners was done with0a (pressurized spraying equipment withm6T-shaped lance and 6
AXI 11002 nozzles, jet spaced 0.5 m, which allowed the simultaneous application on two rows approximately 50 cm apart. T
utilized pressure was 40 pounds iichnd juice volume was 300Ha". The application started at 8h00hours and finished at
11h00 hours, a period in which little wind was observed. The average temperature varied from 25 to 30°C and with relative
humidity from 60 to 80%. The subplots consisted of three samplingdserd, 15 and 30 days after the applicatidad( of
products used agpeners The subsubplots consisted of different crop years, 2008 and 2009.

At these times, sugarcane stalks were harvest by hand from a linear meter in the useful area of T [tatks were
clipped at the height of the apical buds, that is, at the breaking point and sent to the laboratory for analysis ofitige follo
characteristicsBrix (% juice), pol (% juice), reducing sugars (RS%), total reducing sugars (TRS %){%Depurity (%),
humidity (%) and recoverable theoretical sugar (RTS) (Kg according to the methods of chemical and technological
determination by Consecana (2006). At harvest, the plots were completely harvested and the stalks were clippeadoandeighi
determination of Tons of Culms per Hectare (TCH) and Tons of Sugar per Hectare (TSH).

On the preestablished evaluation dates, 15 plants per plot were randomly collected and submitted to laboratory analyses
determine shikimic and salicylic acid¥he leaves were dried in air circulation oven at’°& for 72 hours. Then, they were
ground in a Wiley cutting mill.

For analysis of shikimic acid (SkA) and Salicylic acid (SA), 400 mg of each sampleeigizedand then added to 10 mL of
water with pH 7.0 in a 50 mL glass bicker. Next, each bicker was placed in the center of a microwave oven (Panasonic Mo
NN-S62 B) for 20 s at 100 W aritle averageemperature of 49.8°C (+2.8°C), according to Matallo et24l09). After cooling,
the sample was filtered in Whatmann Grade 1 paper filter and Mill&X syringe filter (Millipore).

The analyses were carried out in a liquid chromatographer and mass spectrometer (LCMS), Shimadzu, with the followi
features: LG20AD pump; SIL-10AF injector, CTGL0AS up oven, CBM20 A controller, DGU20A5 degasser, and LCMS
2010 EV mass spectrometer. The analytical method utilized Gemini (Phenomenex) C18 column, particle size of 5 nm, 150 x
mm dimensions, movable phase A: watdth 0.5% acetic acid, phase B: methanol and 0.5% of acetic acid, 0.4-Lfloin
oven temperature at 30°C, ionizing type in negative mode, m/z shikimic acid: 173, m/z salicylic acid: 137, equipment tunir
condition done by its own routine utilizing pelyylene glycol as standard.

Totaltime of 20 minutes was determined fbe acidrace. The retention time of shikimic acid was 5 minutes (£ 0.1), and of
Salicylicacid it was 19 minutes (+ 0.1) according to Matallo et al. (2009).

The statistical analysewere done byssistat ( S| LVA and AZEVEDO, 2016). The aver ac
5% of probability, according to (BANZATO arklRONKA, 2006).

RESULTS AND DISCUSSION

As shown in Table 1, there was significant difference and interaction@the factors for technological variableBoix (%
juice), pol (% juice), reducing sugars (RS%), total reducing sugars (TRS %) in sugarcane variety when different chemisal ripe
were utilized in the evaluated crop years. There avsignificantdifference among most factaegardles®of the technological
characteristics as well as for all interactions among them.
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Table 1. Evaluations of technological parameters Brix (% juice), Pol (% juice) Reducing SiiRfa%s) and Total Reducing

Sugars (TRSY%)f sugarcane submitted to application of mixtures of chemical ripeners at different harvest times and crop years.

Variation causes Brix Pol (RS%) (TRS%)
(% juice) (% juice)
Ripeners (R)

Control 13.26d 10.35c 0.83a 11.74c

SG 14.81b 12.31b 0.67b 13.64b

EG 13.73cd 11.65b 0.72b 12.99b

G 14.37bc 12.32b 0.70b 13.67b
___________________ ¢c¢ ... 1640a  1394a 058  1526a
__________________ MsD .. 0% 9% 0o/ 097
__________________ cve ... >8 14 9718 661

F(R) 36.43** 36.96** 30.77** 37.07*

Sampling times (S)

0 daa 14.26b 11.84b 0.72a 13.19b

15 daa 14.32b 12.00b 0.71a 13.35b
_________________ 0daa . 149a 125la  067b _ 1384a
__________________ MSD .. 047 ... 044 003 043
__________________ V% .90 568 . ..866 49

F(T) 8.35** 7.76** 6.08** 7.86**

Year (Y)

2008 14.46a 12.06a 0.70a 13.41a
__________________ 2009 . 1457a  1217a _ 070a __ 135la
__________________ MSD 030 029 002 029
__________________ CV% A8 571 764 508
__________________ F(Y) 0bans " 0Bbns  O4lns_ 0.55ns
__________________ MXT T A3ATM 844 B3 868
__________________ VXY o 9BEM 695 7057 .76
= 2 27 537+ ! BA4™ 5.24%

MxSxY 7.08** 6.77** 5.83** 6.67**
Smal | |l etters compare averages in the column. Letters t

probability within the same factor, **significant at 1% of probability (p<0.01), *significant at 5% of probability (0.016-8p%
nsi nonsignificant (p>=0.05)daai days after applicatiotMSD i minimum significant differencgR) i ripener, (T)i sampling
time, (Y)1 year, Ci control, SGi sulfomethuronmethyl + glyphosate, EG ethephont+ glyphosate, @ glyphosate, CGQ

compaunds of organic carboxylic radicalsglyphosate

Table 2 shows the average values regarding the outconsesigriificantinteraction of sugarcane between the mixtures of
chemical ripeners and different sampling times and different crop yedysX¢®o juice) and pol (% juice).

Table 2. Average values regarding the outcomesaddignificant interaction of sugarcane between the mixtures of chemical
ripeners and different sampling times and different crop yeatwifo(% juice) and pol (% juice).

Si‘im'éng Brix (% juice) Pol (% juice)

Ripeners daa 2008 2009 2008 2009
0 11.948 1357A 8838 10.69A

C 15 13.54A 13.59A 10.64A 10.90A
30 1374A 13.15A 10.91A 10.16A

0 1500A 14.34A 12.81A 1161B

SG 15 14827 14.83A 12.26A 12.26A
30 13.95B 15.81A 13.358 13.59A

0 1510A 14.74A 12.72A 12.10A

EG 15 1537A 11,348 13.06A 9,858
30 12427 1340A 10.67A 11,52A

0 13.91A 1467A 12,00A 12,54A

G 15 12238 1477A 10,558 12.68A
30 14658 16.00A 12.59A 13.58A

0 1524A 13,098 13,04A 12,08A

CcG 15 17.00A 15718 1440A 13.41A
30 17.85A 1850A 1512A 1562A

MSD Lin.:1.18 Lin.:1.15
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Capital |l etters that are the same do not dahi daysafter appivatiory t |
MSD 1 minimum significant differenceC i control, SGi sulfomethurommethyl + glyphosate, EG ethephont glyphosate, G
glyphosate, CG compounds of organic carboxylic radicals + glyphesat

A significant effect among the treatments was foundbfor (% juice) and pol (% juice), mainly with CG at 8@ain years
2008 and 2009. The utilization of chemical ripenisr&n important tool because the products are applied to anticipate the
maturation process, promote enhancement in raw material quality and help crop planning (CAPUTO et al., 2008). Similarly, t
use of chemical ripeners in this study enhanced the ttadical quality of sweet sorghum. Similar results were observed by
Viana et al. (2008) in sugarcane crop, where G and CG indutedreasedn sucrose of all sections of the sugarcane stalk due to
physiological stress.

According to Prasad et al. (200 the ideal harvest stage of sugarcane occurs when juice presemtnging from 15.5 to
16.5°, which is an important level to obtain juice that has high fermentation quality and consequently maximizes ethan
production per hectare. Silva et al. {B) observed ripening anticipation and an increment in pol content when theesnwas
applicationof SG. Those authors also pointed out that the mixtuseilédmethurormethyl and ethytrinexapado glyphosatgin
generalprovided similar results to ripers when applied separately.

Table 3 presents the average values regarding the outcomes of significant interaction for sugarcane between the mixture
chemical ripeners and different sampling times and different crop years for the technologicabdlicacdf Reducing Sugars
(RS%) and Total Reducing Sugars (TRS%).

Table 3. Average values regarding the outcomes of significant interaction for sugarcane between the mixtures of chemic
ripeners and different sampling times and different crop yearhé technological characteristics of Reducing Sugars (RS%) and
Total Reducing Sugars (TRS%).

Sampling times RS% TRS%

Ripeners daa 2008 2009 2008 2009

0 0.95A 0,81B 10,26B 12,0A

C 15 0.82A 0,77A 12,02A 12,25A

30 0.79A 0,85A 12,28A 11,55A

0 0.62B 0,74A 14,11A 12,97A

SG 15 0.68A 0,69A 13,59A 13,60A

30 0.73A 0,58B 12,68B 14,89A

0 0.64A 0,71A 14,03A 13,45A

EG 15 0.62B 0,83A 14,37A 11,21B

30 0.79A 0,73A 12,03A 12,87A

0 0.73A 0,68A 13,37A 13,88A

G 15 0.82A 0,68B 11,93B 14,03A

30 0.69A 0,58B 13,95A 14,88A

0 0.61B 0,72A 14,34A 13,44A

CG 15 0.58A 0,63A 15,74A 14,75A

3 0.50A  045A 16,42A 16,90A
MSD Lin.: 0.08 Lin.: 1.14
Capital |l etters in the same | ine do not daaif days aftereappticatign, t h

MSD 1 minimum significant differenceC i control, SGi sulfomethurommethyl + glyphosate, EG ethephont glyphosate, G
glyphosate, CG compounds of organic carboxylic radicals + glyphosate

In addition, there was an incream Reducing Sugars content for the control treatment, as shown in Table 3. When ripener:
were utilized, there was a decrease in the average values of Reducing Sugars. As times to collect material passegbyothe val
that characteristic gradually deased. The increase in Reducing Sugars favors plant growth and directly affects its purity
showing a smaller efficiency of the industry to recover sucrose. On the other hand, its reduction favors sugarcand higpening.
same was observed in the study\Migna et al (2008) where the values decreased significantly as time passed by, reaching low
values at 7Haa

The greatest values for Total Reducing Sugars (TRS%) again occurred when CG was applied as shown in Table 3. For
characteristic, it waserified that the best sampling time was atda@ The increase in Reducing Sugar content favors plant
growth and directly affects juice purity, resulting in lower efficiency recovery of sucrose by the industry. On the ath#drehan
reduction of these chohydrates enhances the technological quality of the juice, favoring sugarcane ripening (LEITE et al., 2009:
ROBERTO et al., 2015).

According to data presented in Table 4, a significant interaction was observed in the results for fiber (%), purity (%
humidity (%) and TRS (kg™). There was significantdifference among most of the technological characteristics separately as
well as for all their interactions.
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Table 4. Average values regarding the outcomes of significant sugarcane interacti@eibehixtures of chemical ripeners and
different sampling times and different crop years for fiber (%); Purity (%); humidity (%) and TR®) (kg t

Variation causes fiber purity humidity TRS
(%) (%) (%) (kg t9)
Ripeners (R)
Control 10.78c 77.96¢ 75.95a 106.25c
SG 11.41ab 83.07b 73.77b 123.47b
EG 11.07bc 81.57b 74.67b 117.61b
G 11.25ab 82.29b 73.79b 123.78b
___________________ CG ... 17la 8609 7212 138181
__________________ MSD 045 239 122 884
__________________ CVop 370 265 LBl 66l
F(R) 12.68** 32.39** 28.43** 37.07*
Sampling times (T)
0 daa 11.11b 81.58b 74.40a 119.41b
15 daa 11.20b 81.81b 74.17a 120.84b
_________________ 30daa  1142a  832la  736lb  12533a
MSD 0.20 1.35 0.42 3.94
CV% 2.85 251 0.88 4.95
F(T) 7.22*%* 5.49* 11.91* 7.86**
Year (Y)
2008 11.23a 82.08a 74.12a 121.67a
2009 11.26a 82.32a 74.00a 122.34a
Msb 0.19 0.76 0.29 2.66
cvVn 3.94 2.17 0.94 5.08
FY) 0.10ns 0.42ns 0.75ns 0.55ns
VxR 3.52* 5.27* 10.54** 8.68*
vxT 2.21ns 6.59** 9.04** 6.76**
MxT 4.98* 4.92* 10.11% 5.24*
VXMXT 0.88ns 5.75** 6.90** 6.67**
Smal | |l etters compare averages in the column. Letters tl

probability within the same factor, **significant at 1% of probability (p<0.01), *significant at 5% of probability (0.016-8p%
nsi nonsignificant (p>=0.05)daai days after application, MSD minimum significant difference, (R) ripener, (T)i sampling
time, (Y)1 year, Ci control, SGi sulfomethuronmethyl + glyphosate, EG ethephont+ glyphosate, @ glyphosate, CGQ

compaunds of organic carboxylic radicals + glyphosate

The average values related to the outcomes of significant interactions between the mixtures of chemical ripeners &and diffe
sampling times of sugarcane stalks for fiber (%) are shown in Table 5.

Table 5. Average values related to the outcomes of significant interactions between the mixtures of chemical ripeners a
different sampling times of sugarcane stalks for fiber (%).

Sampling times

Ripeners 0 daa 15 daa 30 daa
Fiber (%)

C 10.76aA 10.74cA 10,84cA
EG 11.28aA 11.52abA 11,42bcA
SG 11.18aA 10.90cA 11,12bcA
G 11.19aA 11.07bcA 11,51bA
CG 11.15aB 11.77aA 12,20aA

MSD Col.: 0.59 Lin.: 0.46

Small letters compare averages in the column. Capital letters compare averages in the line. Letters that are the shffes do not
among themselves by Tud#aaiydays afteremplicati@SD 5 Pinimppum signifidant diffeteryceC i
control, SGi sulfomethuronmethyl + glyphosate, EG ethephont+ glyphosate, G glyphosate, CG compounds of organic
carboxylic radicals + glyphosate

For Fiber, the CG treatment presented greater values as samplings were done at different times. The increase in fiber col
due to the application of chemical ripeners had already been observed by Viana et al. (2008); Critec@mid2008). However,
Caputo et al. (2008) and Leite et al. (2009c) did not observe significant alterations in fiber content when ripenenmssitiesit
were applied. Leite et al. (2009b) verified that there was an increase in fiber content in some sugarcane varietiesharisen r
were utilized.

Table 6 shows the average values related to the results of significant interaction between different sampling times
sugarcane stalks and crop years for fiber (%).



