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ABSTRACT

This study aims to evaluate the growth and yield of the sugarcane plant cultivars, and their correlation to soil
mechanical penetration resistance in a Dystroferric Red Oxisol submitted to reduced tillage and, no-tillage systems.
Eight sugarcane plant cultivars (RB965902, RB985476, RB966928, RB855156, RB975201, RB975242, RB036066 and
RB855536) were in each soil preparation system, and the trial was conducted in a completely randomized design and
eight treatments and four replicatiofitie trial evaluated: number of tillers per megtalks height and diametend
stalks yield and sugar conteAdditionally, were evaluated the soil mechanical penetration resistance (PR) and soil
moisture. The highest rates of daily elongation, yield of stalks and sugar content were observed under no - tillage, due
to the lower soil mechanical penetration resistance and higher soil moisture. The cultivar RB966928 presented higher
values for growth, yield of stalks and sugar content, while RB855536 and the medium to late maturity cultivars RB975201,
RB975242, RB036066, which had either a lower stalk growth rate or presented lower number at the end of the cycle in both
soil tillage.
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INTRODUCTION cultivated in clayey soils (Carvalted al, 2011; Silva
Junioret al, 2013).

The swarcane farmig system involves several  concerning to the sustainability of sugarcane agro-
successive mechanized operations, starting from s@i¢osystems, is doubtful the adoption of the conventional
preparation, planting to harvest and transportation of tk@j| preparation system in sugar cane implantation
raw material. The initial soil management influences itﬁggarding to the impacts of successive operations in areas
structure, on regard to the fundamental physical-watgfeviously cultivated with grains, which generally do not
properties, such as aeration porosieyop water have restrictions on soil fertility and soil physical
availability, soil water retention, nutrient absorption andmpairment (Carvalhet al, 2011).
soil water infiltration (Silva & Castro, 2015), as well asthe  Soil preparation system involving conservationist
factors related to pH alteration and root systemmethods, such as no-tillage and reduced-tillage systems,
environment (Avarest al, 2010; Cunet al, 2014) These to enable soil minimal disturbance, soil surface coverage
conditions imposed by the soil management systenfspm previous crop residues, improve its structure, reducing
influence directly the performae of sugarcamvarieties energy expenditure (Arcoverdeal, 2019a). Nevertheless,
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in sugarcane cultivations, there is still a low adoption dd ATERIAL AND METHODS
these systems, what could improve soil structure and yield,
increasing the income. In studies of the agronomic
performance of the sugarcane plant cultivar SP 81-3250, in
Dystroferric Red clay Oxisol in region of Rio Brilhante, in ~ The trial was conducted from July 2016 (stalks planting)
State of Mato Grosso do Sul, under three conventiori® August 2017 (harvest) at the Experimental Farm of
soil preparation systems, Silva Jurébal.(2013) observed Agricultural Sciences of the Federal University of Grande
that minimum tillage and harrowing soil preparation showegourados (UFGD), in Dourados, MS (22°13'58; 54°
low yield values of the stalks and Pol, when compared &9'57" W and 418 m altitude), in Red Latosol Dystroferric,
the other soil preparation systems. Contrafifwaresst ~ With a clayey texture, composed with 603 g ki clay
al. (2010) observed that the treatment sugarcane removayer up to 0.30 m depth, 147 g'kef silt and, 250 g kgof
under conventional soil preparation system and minimggnd (Arcoverdet al, 2019a).
tillage, were statistically equal in yield, suggesting that to The climate type of this area is classified/Aas,
observe differences under both soil preparations systef@nsoon, with dry winteannual precipitation average of
need a large period to be significant. 1.500 mm, and an annual temperature average of 22
Under the same farming environmental conditionsC (Alvareset al, 2013). During the cane-plant farming
varieties may express differently their genetic potentia‘F,yde: was recorded the data of the accumulated rainfall
thus, an influence in production components, such as cryerage of 1.400 mm yeeand an average temperature of
height and diameter of stalks and tillering (Oliveita 23 C (Figure 1).
al., 2004; Cost&t al, 2011; Moraiset al, 2017), in the
same farming cycle or in successive cycles. In addition,
these components are more correlated to stalks yield and The triall area was being conducted with soybean and
tillering (Silvaet al, 2008; Morai®t al, 2017), especially corn under for 14 years ago in the system of crop succession
under adequate soil water availability conditions, enablingfithout soil mobility Additionally, the area presented the
the varieties to express their highest genetic potentidhiformity in the environment conditions, with a slow-
(Silvaet al, 2014) Abreuet al.(2013) emphasized that thelevelled topographywith no soil variation and soil
knowledge of the cultivar growth performance during thElanagement. The trial area was divided into two sub-areas,
production cycle of the varieties is important to enableomposed by no-tillage and, reduced tillage soil

planning the production to match the periods of maximufeparation systems, where sugarcane cultivars (RB965902,
growth to the ones of greater water ava“abiﬁﬁyning at RBg85476, R8966928, R8855156, RBQ75201, RBg75242,

the increase of the production of the crop. RB036066 and RB855536) were manually planted on July

Thus, Silveet al.(2014) evaluating sugarcane cultivar®?1, 2016, in density of 15 stalks per meter (Arcoveta,
observed differences for stalks yield and sugar yiel@019aArcoverdeet al, 2019b). For each soil preparation
content, due to genetic issues, highlighting that the cul§ystem, the sugarcane cultivars were planted in a
var RB855536 had low yield among the others. Moreovefompletely randomized design, and eight treatments and
when evaluating sugarcane plant cultivars of eafpur replications. Each experimental unit contained 5
maturation,Verissimoet al. (2012) observed that the Sugarcane - plants lines of 5 meters length, spaced in 1.50
RB966928 showed high Brix yield and huge adaptabilityn (37.5 M), adding up 32 experimental units per soil
while the standard cultivar RB855156 showed a modera@eparation system. The fertilizer rate for planting was
stabilization and specific adaptation. uniform for the whole experimental area, with application

When planning the sugar-cane production, severgf 0.3 Mg ha of NPK compost in a formulation 10-25-26
factors must be considered to maximize the yield. Thug\rcoverdeet al, 2019aArcoverdeet al, 2019b).
sugar-cane varieties management is one of the main . .
strategies that allows sorting the local varieties for different  Cil Préparation and crop managements
local edaphic-climatic local conditions. In this contextto The reduced soil preparation consisted on the
guarantee the sugarcane gagic sector sustainabilitis  mobilization with heavy harrowing. Thus, this was an off-
necessary to understand the performance of cultivasst harrowing-plough, completed at one pin, composed of
under conservationist soil management systerd® discs of 0.76 m of diameter in each section, working at
(Arcoverdeet al, 2019a). Thus, this study aimed to evaluatthe depth of 0.15m. The direct planting system consisted
the growth and agricultural productivity of sugarcane plar@n controlled mechanized (straw crashing) of the weeds,
cultivars and their correlation with the soil mechanicaind then planting farrow opening. The straw crasher was
penetration resistance in a Red Oxisol Dystroferrigquipped with curved blade roterorking in high rotation
submitted to reduced tillage and no-tillage systems. — and planting furrow openingt the time of preparation,

Localization and characterization of the
experimental area

Installation of the experiment
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the water content in the soil was 0.24 kd kad the soil At 70, 98, 126, 215 and 395 DARe number of tillers
mechanical strength at the mean mechanical penetratjper meter (NTM) was obtained by counting the tillers in 3
resistance of 2.48 MPa in the 0.00-0.20 m layer (Arcoveraeeters of furrow in the 5 lines of the experimental unit,
etal, 2019b). considering 1 m at the ends of the 5 lines as border

For the soil tillage and furrow opening operations, thaccordingArcoverdeet al.(2019b).
New Holland 4x2, 8030 a tract®9.79 kW(122 hp) engine, At 395 DAR were determined the yield of stalks (TCH)
2200 rpm, 3rd gear reduced, 14.9-58 front tires and rear tifesm the stalks weighs and the relation between the weight
23.1-30 and, mass of 4.51 Mg was used. For furrovesxd the number of stalks, pointing out the results in kg
covering and phytosanitary treatment, was used tlstalks' and, laterthe data was extrapolated to mega-grams
Massey Fagusson 4xZ DA tractor model MF292 engine per hectare (Prellwitz & Coelho, 2011). Then a bundle of
power 68.74 kWW2200 rpm, 3rd gear.50-18 front tires and industrialized stalks was submitted to the laboratory
rear 18.4 -34, and mass of 3.40 Mg; and a sprayer KO Crots:zhnological analysis to obtain sucrose concentration
s 2000, with 9.5-24 tires, 14 m spray boom and, weight gbolarization). The yield of sugar content (TPH) we
1.4 Mg (Arcoverdeet al, 2019aArcoverdeet al, 2019b).  obtained by means of the product between the TCH and

The chemical control of weeds was performed witkhe cane divided by 100 (Abretial, 2013).
preemergence and post-emergence application on
September 16, 2016, and October 2, 2016, respeclively Mechanical soil penetration resistance and soil
tebuthiuron concentrated suspension (500 g &)iwas moisture
applied at a dose of 2.4 L -haThe haloxyfop-methyl At the total sugarcane growth stage, 180 Dwere
formulation was applied at a dose of O13L. Additionally,  evaluated the soil mechanical penetration resistance (PR)
the manual weeding was also performed during thend soil moisture in both soil preparation systems. In each
sugarcane crop cycle. experimental unit, were collected deformed soil samples at
) o three points in the 0.00-0.10 layers; 0.10-0.20; 0.20-0.30 and

Biometry and productivity 0.30-0.40 m, at 0.10 m from the planting furrciine

At 100, 125, 150, 215 and 395 days after planting (DAPyravimetric moisture of the samples was determined
we evaluated the crop height, stalks diameter of ten platscording to Donagemat al. (2011). The PR (soil
from the three central lines of each experimental unitesistance to penetration) performed with PenetroLOG -
considering 1.0 m of the ends of each line as bordpL G 1020 field penetrometdry determining the mean PR
(Arcoverdeet al, 2019aArcoverdeet al, 2019b).The  and maximum PR stratified in the layers of 0.00-0.10; 0.10-
crop height measurements were performed usinge0; 0.20-0.30; 0.30-0.40 m (Arcovestel, 2019a). Thus,

graduated tape measure, of 0.1 mm resolution, measurfi\g sampling points were considered in the positions: cane
the distance from the stalks base to the collar (dewlap) iife and between tractor rolling tires.

leaf +1, accordingbreuet al. (2013).The stalks diameter

was performed using a pachymesercordingArcoverde Satistical analyzes
etal.(2019a) andrcoverdeet al.(2019b), measuring the  \Was performed the regression analysis for stalks height,
base of the stalks, 5 cm from the ground. stalks diameter and NPM, and the curve that best fit each
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Figure 1: Monthly meteorological data on sugarcane cultivation (cane-plant) in the experimental area during the period, from July
2016 (planting) ta\ugust 2017 (harvest).
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data display regarding to determination coefficientshoots Additionally, was verified that, either in reduced
significance of the regression coefficients at 1% dillage or in no-tillage, RB966928 had higher stalks growth
probability test. The data of TCH and TPH was submitteat the end of the crop cycle while the RB855536, showed
to variance analysis (F - test), in a combined experimerttge lowest one. It is noteworthy that the reduction of shoots
(soil preparation). In this analysis, when observed thgrowth at the maturation stage is extremely favorable for
interaction between experiment and cultivars (factoriathe industry since the plant directs its photo-assimilates
8x2), was performed the individual analysis of the cultivari® the accumulation of sucrose, instead of directing them
within the soil preparation systems. The mean values were shoots elongation.

compared to Bident-Newman-Keuls, test 5% probability ~ The results showed that the growth rate of the stalks
The comparisons between soil tillage for soil moisture arithd similar behavior to those observed by Saetas.

soil mechanical penetration resistance was performed (mga009) andhbreuet al.(2013), which characterized three
PR and maximum PR) through t-test for independestages of the crop development: the first of slow growth;
samples (p < 0.05). The statistical analysis was perform#te second with accelerated growth and the third with
with AGROESTAT software package (Barbosa &decreasing growth and maturation rates.

Maldonado Junig2015). Abreuet al.(2013) emphasized that the knowledge of
the growth patterns during the production cycle of the
RESULTSAND DISCUSSION varieties is important when planning the production to

adjust the periods of maximum growth to the ones of greater
Plant growth water availabilityaiming at the increase of the production

The biometric parameters of the cane-plant cyclef the crop.
showed that the stalks height adjusted to the quadratic |n general, all the evaluated cultivars presented higher
linear regression model, for all cultivars, either for no-tillaggaily stalks growth rate when cultivated under no-tillage
orinreduced tillage (Figure 2). Moreowvitre stem diameter than when cultivated in reduced tillage. These results are
in all cultivars, adjusted to square root linear regressiqglated to the lower values of the mechanical penetration
model, except to cultivar RB975201, which presentedrasistance, in the layer 0.20-0.40 m, under no-tillage when
quadratic linear regression model under reduced tillagempared to the reduced tillage, with maximum PR values,
(Figure 3). For the number of tillers per meter (NTM), albue to the lower values of soil moisture observedid@1).
cultivars adjusted to square root linear regression model, Arcoverdeet al.(2019a) observed that more than 90%
for both soil preparation systems (Figure 4). of sugar-plant roots develop in the layers 0.00-0.20 and

The stalks height showed an increase growth from tlge20-0.40 m (Curgt al, 2014), and 75% of the roots are in
first to the last evaluation for all cultivall cultivars  the first 0.45 m of depth in dry or irrigated condition
showed a slow growth up to 150 DARhat has been (Fariaset al, 2008). MoreoverSéet al.(2016) observed
expected, regarding up to the tillering stage of the crofhat values of PR above 3.8 MPa for the cultivation of
what enabled elongation of stems with a high potential atigarcane cultivated in clay soil (600 g'kmay interfere
this growth phase. on root mass reduction.

The highest growth rates of the stalks were observed The diameter of stalks showed a highest growth in the
up to 215 DAP in the both soil preparation systems, whigieriod between 150 and 215 DA®r all cultivars under
coincided to the stalks elongation phase increasing tBeth soil preparation systems (Figure 3). This issue is
sucrose accumulation leveldnother factor that related to the end of the tillering phase and the beginning
contributed to this condition was the increase of rainfadf the stalk growth stage with greater internodes elongation
and temperature (Figure 1), which favored the vegetatiyi¢ order to increase sucrose accumulation points.
development of the crop. In addition, there was observed a maximum stalk

In the same period, the cultivar RB985476, showed itiameter at approximately 300 DA#th a slight decrease
maximum rates of 2.20 cm dagnd 2.13 cm dayunder until harvest (395 DAP), for all cultivars, in both soil
no-tillage and reduced tillage, respectively; while thgreparation systems, what might probably be related to
minimum rates of 1.25 cm d&yin the cultivar RB855156 the shade presence, reducing the lumingsitgrfering in
were observed under reduced tillage, and 1.44 crhiday the increase of stalk diameter as observediawareset
the cultivar RB975201 under no-tillage. al. (2010).

From the maximum rates, was observed a reduction of Analyzing the linear regression models for NPM (Fi-
stalks growth due to the beginning of the maturation phagg@re 4), was observed higher growth between 70 and 98
of the crop and also to the reduction of the precipitatiomaP, 126 and 215 DARor all cultivars in both soil
corroborating toTavareset al. (2010) andAbreu et al.  preparation systems, in comparison to the other evaluated
(2013) when evaluating the growth of cane-plant and cangeriods. This situation dues to the interference of favorable
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environmental conditions from the 70 DAPs, clse what,
with the beginning of the rainy season in October, raised
the water availability, as well as to the high average
temperatures (Figure 1).

In general, in reduced soil preparation system was
observed, maximum tillering between 200 and 250 DAP for
all cultivars, from which was observed a reduction up to
395 DAP. However, in reduced soil preparation system,
the cultivars RB855156 (early) and RB975201 (late) showed
an increase in NTM at the end of the cane plant farming
cycle. The mean value of NTM reduced (32 and 23%) in
cultivar RB855536, submitted no-tillage and under reduced
tillage, respectively, and was also observed reduction of

17% in RB036066, in both soil preparation systems. Costa
et al. (2011), highlights that the reduction in tillering has
been attributed to the intraspecific competition increased
of the growth factors such as water, light, nutrient and
shelter, leading to death of new weak tillers and miss-
positioned.

Moreover, all cultivars showed a greater initial
tillering index under a reduced tillage system when
compared to no-tillage, except to RB985476 and
RB975242, which presented higher tillering under
reduced tillage during the whole cane-plant farming
cycle. These results are in concordance to the ones
observed by Tavares et al. (2010) when evaluating
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Figure 2: Estimators of the plant height (m) of eight sugarcane cultivars during the cane-plant farming cycle, under reduced tillage and

no-tillage. **: significant (p <0.01).
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tillering in cane-plant and shoots under mobilized soil
and no-tillage; hence, these authors observed that the
mobilization favored the increase of macroporosity on
the surface layer and reduced the soil bulk density,
enabling lower PR and high crop stand.

When analyzing the cultivars under maturation cycle
was observed a similar behavior for the early to medium
maturation cultivars in relation to the growth in NPM
under no-tillage and reduced tillage. These showed a
maximum tillering during the vegetative growth phase,

followed by a decrease at the end of this phase and the
beginning of maturation. This result was expected for the
early cultivars and also the high tillering characteristic of
cultivars RBRB965902, RB985476, RB966928 and
RB036066.

The cultivar RB855156 showed an exception in the
group of earl cultivar, with a different growth due to soil
preparation system, showing a decrease in tillering under
reduced tillage and tillering increase until harvest in no-
tillage. A similar behavior was observed for the late maturing
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Figure 3: Estimators of stalks diameter (mm) of eight sugarcane cultivars during the cane-plant farming cycle, under reduced tillage

and no-tillage. **: significant (p < 0.01).
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cultivars RB975201 and RB975242. These results suppoigher tillering of the cultivars in this system from the initial

the hypothesis that the best physical-water conditions gnowth phase, when compared to the reduced tillage.

the soil under no-tillage @ble 1) favor the continuity of Hence, according fbavarest al.(2010), although the

the late cultivar cycle, which did not occur under the reducéstter soil structure under no-tillage due to the ploughing

tillage, showing the effect of the environment in tilleringonly in planting, conduced to low evaporation enabled by

restriction. the maintenance of vegetal remains, this, also resulted in
Possiblythe higher values of soil moisture in the deeplifferences in soil penetration resistance. Morgowes

layers (0.20-0.40 m) under no-tillageafile 1) favored the observed low values of PR under no-tillage, on regard to
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Figure 4: Estimates of the number of tillers per meter (NPM) of the eight sugarcane cultivars during the cane-plant farming cycle
submitted to reduced tillage and no-tillage. **: significant (p < 0.01).
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reduced tillage @ble 1), showing the fefcts of soil tillage The TCH and TPH showed higher values under no-
in the appearance of more compacted layers in deeper $iflhge when compared to reduced tillage, what can be
areas. Oliveirat al. (2015) point out that such differencesrelated to the better physical-water conditions of the soil
for PR are indicative of variation in soil structure and/oin the zone of high concentration of the crop root system.
moisture at the time of sampling between soil preparatidrhere was also pointed out that these variables are highly
systems. influenced by the variefythe farming environment
According to Moraiset al. (2017), the height and conditions and, above all, the availability of water since
diameter variables of the stalks are the main componestsgar content is adversely affected by excess moisture at
that most correlate with the yield of stalks associated withe maturation stage (Sileaal, 2014).
the tillering, what was affirmed by Sih&t al.(2014), Machadoet al. (2009) when studying phenological
especially under adequate soil water availabiibhabling stages of the crop under soil water deficit, verified reduction
the varieties to express their better genetic, highly correlatefithe dry matter of the stalks and soluble solids content
to soil moisture levels, hence, the greater the soil wateaused by the reduction of photosynthesis, reducing
availability, the greater the crop growth. On the other han@hoto assimilates production required for stem growth and
the longer the drought period, the greater the formation sficrose production. InmaBamber& Smith (2005),
nodes and very short are the internodes and close to each

other thus, significantly reAdUCing the parenchyma volurapje 2: Mean of the stalks yield (TCH) and sugar yield content
me for sucrose storage (Camara, 1993). (TPH) evaluated submitted to no-tillage and reduced tillage

TCH TPH

Agricultural productivity

The ANOVA was not significant in the interaction of Mg ha
the factors experiment and cultivars for the variables yief§B965902 171.57 ab 25.64 ab
of stalks (TCH) and sugar yield (TPH), what was observetp985476 174.74a 26.38 ab

Treatment

only for the singular effect of the factors. During the candiB966928 166.75 ab 25.72 ab
plant farming cycle, there was observed a significarﬁsg?g;g;5 ﬂg'ig ZEC i;'égz
difference for the TCH and TPH among cultivars, with Qdeg75042 150:00 abe 21:66 be
higher value for RB965902, RB985476, RB966928y51:00c6 138.61 be 16.83 ¢
RB855156, and lower for RB855536 cultivars respectivelypgssssg 131.58 ¢ 18.28¢
(Table 2). Moreoverno diference was observed from no-illage 164.80 a 24.00 a
RB975201, RB975242, RB036066, which in general, theeduced tillage 146.76 b 21.25b

medium to late r_naturat'on' Co_nt”bUted to lower Stalk'§5he similar letters do not differ by Student-Newman-Keuls, test 5%
growth rate, leading to a lower final stalks number probability TCH: stalks yield:TPH: sugar yield content.

Table 1: Mean values of soil moisture, soil mechanical strength at average penetration (mean PR) and maximum (maximum PR)
determined on the field (PR) per soil layer under soil tillage and sampling position

M echanical penetration resistance (PR)

] Soil moisture Mean Maximum
Preparation ; .
kg kg* Inter tires Row Inter tires Rows
MPa

0.00-0.10 m

Reduced 0.22a 1.18a 0.8la 254 a 1.87a

No-tillage 0.22a 1.29a 0.67 a 2.66 a 1.69a
0.10-0.20 m

Reduced 0.21b 214a 157a 33la 2.74 a

No-tillage 0.22a 210a 1.29a 3.27a 245a
0.20-0.30 m

Reduced 0.20b 240a 2.16a 3.48a 3.15a

No-tillage 0.24a 2.07b 1.75b 290 b 2.73b
0.30-0.40 m

Reduced 0.20b 2.66 a 242a 3.59a 3.23a

No-tillage 0.24a 1.99b 2.06 b 2.68b 2.78 b

Mean values followed by letters compare sampling site with soil preparation, the similar letters do not differ by Student t test, 5%

probability.
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observed greater susceptibility of sugarcane to watéarvalho LA, Silva Junior CA, Nune&GA, Meurer | & Souza

deficiency when the plants are in the grovvth phase OfJunlor WS ,(2011) Prgduthldadg e viabilidade econ6mica da
cana-de-agucar em diferentes sistemas de preparo do solo no

stems, which causes serious losses in phytomasgentro-oeste do Brasil. Revista de Ciénoagarias, 34:200-
production and sucrose yield. Thus, was observed the211.
highest extension of the rate of daily elongation stalksosta CTS, Ferreira VM, Endres L, Ferreira DTRG & Goncalves

y|e|d of Sta'ks and Sugar content for Varieties Cu|tivated ER (2011) Crescimento e produtividade de quatro variedades de
under no-tillage cana-de-aglcar no quarto ciclo de cultivo. Revista Caatinga,

24:56-63.

Cury TN, De Maria IC & Bolonhezi D (2014) Biomassa radicular
CONCLUSIONS da cultura de cana-de-aglcar em sistema convencional e plantio
direto com e sem calcario. Revista Brasileira de Ciéncia do Solo,

We observed the highest rates of daily elongation 38-1929-1938.

stalks, stalks yield and sugar under no-tillage, due to o _
he | i . . hiah Dlonagema GK, Campos DVB, Calderano $BixeiraWG & Viana
the lower soil penetration resistance and higher soi JHM (2011) Manual de métodos de andlise de solos. 22 ed. Rio

moisture. de Janeiro, Embrapa Solos. 230p. (Embrapa Solos. Documen-

The cultivar RB966928 presented higher growth and '°* 132).
yield of stalks and sugar content, while RB855536 and th@1as CHA, Femandes PBzevedo HM & Dantas Neto J (2008)
. . . Indices de crescimento da cana-de-aculcar irrigada e de sequeiro
medium to late maturity cultivars RB975201, RB975242, no Estado da Paraiba. Revista Brasileira de Engenhgrieola

RB036066, which had either a lower stalk growth rate or e Ambiental, 12:356-362.
presented lower number at the end of the crop cycle f@fman-Bamber NGBonnett GD, Smith DM &Thorburn PJ (2005)

both soil preparation systems. Sugarcane physiology: integrating from cell to crop to advance
sugarcane production. Field Crops Research, 92:115-117.
Machado RS, Ribeiro\R Marchiori PER, Machado DFSRlacha-
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