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Abstract

The economic yield of sugarcane production is given by
sucrose, and non reducing sugars used to make molasses
and also fiber, which can be used as an energy source for
the plant. The physiological stage of the sugarcane that

provides an economic return is maturing, and this can be
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seen from two different viewpoints: the botanical and physiological. Thus, this study aims to address different aspects of
the physiology of the culture of sugar cane in terms of sucrose accumulation, maturation and flowering.
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Introduction

For the purposes of production of bioenergy, a
crop must have quick growth and biomass production
with great harvest yield, and in terms of produced
energy must exceed the fuels with mineral origins.
Fulfilling the criteria above, sugarcane is nowadays
the most promising energy crop (WACLAWOVSKY
et al, 2010).

Sugarcane is a plant which belong to the
genus Saccharum L.. There is at least six species of the
genus, in which cultivated sugarcane is a multispecies
hybrid, being called Saccharum spp.

The economical yield of sugarcane is given
by the production of sucrose (the most valuable
compound), moreover by non reducing sugars used
to form the molasses and also fiber, which can be
used as an energy source for the plant. The industrial
process of the cane can also be directed aiming at the
production of alcohol, which is used as fuel and by
then, used in all the alcohol-chemical industry.

Sugarcane culture occupies in Brazil an area
of approximately 5 million hectares, with production
of around 340 million tones of stalks in the crop
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2001/2002.The main products generated are sugar —
approximately 300 million bags —and alcohol — about
11 billion liters/year.

Among the main productive regions of the
country it is noteworthy the Mid Center, with 3.5
million ha cultivated, and the state of Sdo Paulo is
responsible for 2.5 million ha, in which the average
yield is 70 t/ha, and the region Northeast, which
grows about 1 to 1.5 million ha, and has an average

yield of 55 t/ha.

Maturation

The physiological phase of the sugarcane
which provides an economic yield is the maturation.
'The sugarcane maturation is defined by physiologists
as a senescent stage, between the fast growth and the
final death of the plant.

It is possible to perform an estimation of
the ideal stage of maturation to obtain the greatest
industrial yield, correlating the pol cana, which is an
indicative of the amount or sucrose of the sugarcane,
to other technological parameters as brix (content

of soluble solids), purity and AR (reducing sugar)

1 Agronomic engineer, student of Master’s degree in Agricultre with emphasis in Plant genetic breeding of the Faculty of Agicultural Sciences — Unesp

. E-mail: edertoppa@fca.unesp.br

2 Agronomic engineer, student of Master’s degree in Agricultre with emphasis in Ecophisiology of Big Crops from the Faculty of Agicultural Sciences

— Unesp. E-mail: cjadoski@fca.unesp.br

3 Agronomic engineer, student of Master’s degree in Agronomy with emphasis in Phytotechny from the Faculty of Agicultural Sciences — Unesp. E-mail:

alessandra.julianetti@syngenta.com

4 Agronomic engineer, student of Master’s degree in Agronomy with emphasis in Phytotechny from the Faculty of Agicultural Sciences — Unesp. E-mail:

tarcisio.hulshor@bayer.com

5 Prof.2 Student of doctor’s degree in Vegetal Physiology from the Faculty of Agicultural Sciences — Unesp. E-mail: eoono@ibb.unesp.br

6 Professor Doctor in Vegetal physiology of the Faculty of Agricultural Sciences - Unesp

Pesquisa Aplicada & Agrotecnologia  v3 n3  Set.- Dez. 2010

Print-ISSN 1983-6325  (On line) €-ISSN 1984-7548

223



(FERNANDES, 2003).

The maturation of the sugarcane can be
considered under two different viewpoints: botanical
and physiological. Botanically, sugarcane is mature
after sending flowers and forming seeds which can
originate new plants. Considering the vegetative
production, which is used commercially, the
maturation may be considered earlier in the cycle,
when the gems are already in condition to originate
new plants. Physiologically, the maturation is
achieved when stalks reach their potential of storage
of sucrose, i.e., the point of maximum accumulation
possible (SILVA, 1989).

The climate conditions of the Southwest
region of Brazil, mainly state of Sdo Paulo, are
favorable to the natural physiological maturation of
the sugarcane beginning in the months of April/May
and climax in the month of August. The sum of the
gradual drop in temperature with the reduction and
interruption of the rainfall delays and/or inhibits
the vegetative growth of the plant, while the process
of photosynthesis continues to occur normally, with
the production of sucrose, which is transported and
stored in the vacuole of the parenchymatous cells
in the internodes of the stalk (GHELLER, 2001).

According to RODRIGUES (1995), the
content of water, nitrogen and potassium in the soil
and temperature are factors of major importance in
the interference of the degree of the maturation of the
sugarcane. Different varieties of cane show different
responses to the susceptibility and resistance to the
potential of water in the soil. Therefore, the water
regime with greater efficiency in promoting the cane
maturation is that which presents greater restriction
to the growth, although it maintains a liquid supply
sufficient to the synthesis, transportations and storage
of sugar.

According to AZEVEDO (1981), the most
important factors which determine the maturation
are: low temperatures, moderated drought and
contents of nitrogen in the soil. During the plant
life, the percentage of humidity decreases gradually,
decreasing from 83 to 71%. The content of sucrose
increases less than 10 to more than 45% of the
weight of the dry matter; the curves of variation of
humidity and of the content of sucrose in function
of the time are a great image one of the other. The

reduction of the temperature has direct effect in the
nutrient absorption, which, if reduced, reduces the
vegetative growth and most part of the produced
sugars are stored. If the soil humidity reduces, there
is a reduction in the water content on the plant
tissues, and the dehydration forces the conversion
of the reducing sugars in sucrose. Concerning
nitrogen, when there is an excess of it, there is a
delay of maturation and reduction of the percentage
of sucrose, increasing the content of reducing sugar.

A very important tool to anticipate the process
of maturation of the cane or provide improves in the
quality of the feedstock to the processed is the use of
chemical products, which are named maturers. The
agricultural efficiency of the maturers depend on the
period of application, on the climate condition, on
the genetic potential of the variety and on the use in
conditions in which the maturation is not favored.

The products traditionally used as maturers
belong to the group of the growth inhibitors
(trinexapac-ethyl and sulfometuron-methyl) or to
the group of the compounds with herbicide action
(glyophosate).

'The same way, the application of maturers in
the sugarcane crop has become practice increasingly
common in the sugar-alcohol sector. The aim is to
anticipate and maintain the natural maturation and
thus available raw material of good quality to the early
industrialization, besides aiding in the management

of varieties (GHELLER, 2001).

Synthesis, translocation and accumulation
of sucrose

According to RODRIGUES (1995),
sugarcane has genetic characteristics which determine
the capacity of this plant to store photosynthesized
carbohydrates (sucrose) in stems, being an important
discriminatory parameter of the productive potential
of the different varieties. The process of maturation
of the cane involves a complex metabolic system,
which begins with the photosynthetic activity in
the chloroplasts of the leaf cells, ending with the
accumulation of photosynthesized carbohydrates in
the stems.

For MAGALHAES (1987), the sequence of

events in the formation of starch or sucrose involves
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metabolic systems located in the chloroplasts and
in the cytoplasm, connected by the “transporters
of phosphate” located on the membranes of the
chloroplasts. For this author, the main points of
control of the synthesis of sucrose are located in the
catalyst reactions by the enzymes sucrose phosphate
synthase (SPS) and fructose 1,6 bisphosphatase
(FBPase).

'The synthesis of sucrose which occurs in the
cytosol and the synthesis of starch which is verified
in the chloroplast are competitive processes that are
established in the sugarcane leaves. The metabolic
pathways of synthesis of sucrose and starch have
several phases in common, involving certain enzymes,
however these enzymes have isoenzymes that have
different properties and are unique for an appropriate
cellular compartment. The excess of triose phosphate
can be used either to the synthesis of sucrose in the
cytosol, or to the synthesis of starch in the chloroplast,
considering that the conditions which promote one
of them, inhibit the other. The key-compounds of
the system, which regulate their partition, involve
the relative concentration of orthophosphate (Pi)
and of triose phosphate in the cytosol and in the
chloroplast, besides the concentration of fructose
2,6-bisphosphate in the cytosol. The communication
between the compartments is made through the
transporter phosphate/triose phosphate, which
catalyses the movement in opposed directions. A
low concentration of orthophosphate in the cytosol
limits the exportation of triose phosphate through
the transporter, being used for the synthesis of starch.
Inversely, an abundance of orthophosphate in the
cytosol inhibits the synthesis of starch in the interior
of the chloroplast and promoted the exportation of
triose phosphate to the interior of the cytosol, where
it is converted in sucrose (LEITE, 2005).

The transference of the sucrose from the
cells of the mesophyll for the vascular system of the
phloem involves passage through the plasmalemma
and the cell wall. This transportation of sucrose acts
in association with the transport of potassium and
depends on the metabolic energy. Sucrose in the
main energetic source transported in the floema
(MAGALHAES, 1987).

Therefore, sucrose heads towards the vascular
system (phloem) and, when exiting them, suffers

TOPPA, E. V. B., et al..

a series of transformations before being stored
in the vacuoles. Based on the explications by
ALEXANDER (1973), the transformations begin in
the spaces outside the parenchymal tissue, in which
sucrose is transformed into glucose and fructose,
due to the action of invertases. These hexoses, once
formed, will penetrate the metabolic compartment of
the cell of the parenchymal tissue, outside the vacuole,
and the penetration is made through a process of
diftusion. Inside the compartment, the reactions are
more complex since these hexoses suffer a fast process
of interconversion and phosphorylation.

According to RODRIGUES (1995), through
the break of the bond phosphate from the sucrose-P
and consequent release of energy, it occurs the active
stage of the accumulation, which involves active
transportation of the sucrose-P to the interior of
the cell. This does not occur with sucrose since its
concentration inside the cell is higher than outside, in
this case passive transportation. When in the interior
of the vacuole, effectively the sucrose is stored.

During the maturation, the sugarcane stores
sucrose from the base to the plant apex. In the
beginning, the bottom third of the stem shows higher
content of sugar than the medium third, and, this,
more content than the apex third. Along with the
progression of the maturation, the content of sucrose
tends to equalize itself in the various parts of the
stems, when the apex presents composition similar
to the base. Only the immature internodes of the
green leaves and the overripe internodes of the base
(with high content of fiber) do not retain appreciable
amount of sugar (FERNANDES, 1982).

Each internode accumulates its own sugar,
being the only values of sucrose more elevated in
direction of the center of the stem, declining in
the direction of the tips. These differences are more
pronounced in the youngest internodes, reflecting
probably a distribution different from invertases, in
which the intercalary meristem (tree rings) contains
more invertases than the central tissues of the
internode (RODRIGUES, 1995).

The mechanism of accumulation of sucrose
in young tissues and adults is the same, however in
the young tissues it occurs the process of hydrolysis
of the sucrose by the vacuolar acid invertase, moving
the resulting hexoses quickly to the cytoplasm, where
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they are used to the cell growth and development.
The almost null activity of the vacuolar acid invertase
indicates that the plant is obtaining an effective
accumulation of sucrose. As the cells distance from
the meristematic region, they lengthen with higher
concentration of sucrose, achieving the process of
maturation (CASAGRANDE, 1991).

Thus, the invertase enzymes direct the
carbohydrates to the plant growth or to the
accumulation of them in the vacuoles, where the
increase of their concentration will provide the
ripening or maturation of the stems, which occurs
when the culture presents the greater qualitative and
quantitative yield of sugar.

Flowering

The flowering of the sugarcane is controlled
by a complex of factors, which involves mainly
the photoperiod, temperature, humidity and solar
radiation (CASTRO, 2001), besides the plant
maturity and the soil fertility (FARIAS et al,
1987). The interaction between these factors may
increase, maintain or prevent the transformation of
the sugarcane apex from vegetative to reproductive
growth (DUNKELMAN and BLANCHARD,
1974).

For most of the sugarcane cultivars, the floral
induction occurs with a photoperiod from twelve
hours to twelve hours and a half (CLEMENTS
and AWADA, 1967 apud ARALDI et al. 2010).
'There is a necessity, however, of other specific climate
conditions, during and after the induction, for the
beginning and development of the inflorescence.

Minimum temperatures below 18 °C
(COLEMAN, 1963; PALIATSEAS, 1963;
PEREIRA et al., 1983, 1986) and maximum above
31°C ELLIS etal.,1967; JULIEN et al., 1974), thus
as water deficiency in the inductive period, lead, in
general, to a delay in the initiation and development
of the panicles, as well as reduce the number of
panicles formed (COLEMAN, 1960; CHU &
SERAPION, 1971; HUMBERT et al., 1969).

PANJE and SRINIVASAN (1960) verified a
delay of fourteen days in the flowering o most of the
clones studied of S. spontaneum when, in the inductive

period, the rainfall was only 74 mm. PEREIRA et al.

(1986), analyzing climate data during the induction,
from 1972 to 1985, in the region of Araras, SP, found,
in relation to the cultivar NA 56-79, that during the
years with flowering the average rainfall was 198 mm
in ten days, against 65 mm in six days in the years in
which the flowering did not occur.

YEU (1980) and ELLIS et al. (1967)
emphasize that the smallest difference between the
extreme temperatures, the highest rainfall and the
largest number of days with rain in the inductive
period favor an intense flowering. Still concerning the
difference between extreme temperatures, PEREIRA
et al. (1986) observed that, in years with flowering,
the average difference between the maximum and
minimum temperature has been of approximately
10 °C against 14 °C in the years in which the plants
have not flowered.

Another important factor related to
temperature is frequency of days and/or night
with non-inductive temperatures. PALIATSEAS
(1963) shows that there is a cumulative effect of the
temperature. For COLEMAN (1963), apparently
50% of the nights with temperature lower than 18°
Cin the inductive period inhibit the floral induction.

It is known that different cultivars behavior
differently in relation to the number of necessary
days, inside the inductive period, for the formation
of the floral stimulus (COLEMAN, 1969). The
necessary quantity of this stimulus may lead to
panicle differentiation in the beginning or in the end
of the inductive period.

"The process of flowering is divided, didactically,
in four phases: transformation of the growth zone in
flower bud; transformation of it in inflorescence;
development of the inflorescence and of the flag leaf
and emission of the inflorescence. Soon, ending the
first phase, the second one begins, developing in the
main axis the ramifications and, soon after that, the
secondary branches (ARALDI et al. 2010).

'The best conditions to the flowering happen
in the equatorial regions of the globe, where there
is photoperiod of 12 hours of light and 12 hours of
dark, with small ranges of temperature. The flowering
is inversely proportional to the latitude of origin of
the cultivar. Thus, cultivars produced in Sio Paulo
(21° South), tend to flower with greater facility when
they are closed to Equador; the inverse occurs with
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varieties produced in the equatorial region, if taken to
a sub-tropical region. This evidences that the action
of the latitude is directly related to the photoperiod
to which the plant is submitted. Thus, sugarcane is
considered sensitive to luminosity to flower, being a
plant that only flowers when submitted to days with
length inferior than a critical photoperiod, being
therefore a plant of short days.

The process of flowering of the sugarcane
is extremely sensitive to the environment, which
affects the floral initiation and the fertility of the
pollen. The ideal photoperiod seems to be from 12
to 12.5 hours, considering that most of the cultivars
respond to this photoperiod in the different regions
of the world (CASTRO, 1984). Next to Equador, the
flowering can be induced in any period of the year.In
highest latitudes, the flowering is seasonal, occuring
mainly in Fall, when the photoperiod is decreasing,
i.e.,when plants are concluing the vegetative period.
Apparently, there is also a necessity of a period of
vigorous vegetetive growth period, before the period
of induction, since to the formation of the panicle
there is use of sugar stored before, with consequent
pith process of the superior part of the stem. This
conditions occur in the Fall, making it impractical
the flowering in the Spring.

In this phase, it appear the meristematic tissue
that will form the flag leaf sheath, which will protect
the inflorescence. The leaf that suffers modification
to transform into flag is leaf 8, modification this
translated to decrease in the leaf blade and great
development of the protective sheath of the
inflorescence (LEMENTS and AWADA, 1967).
'The third phase is characterized by the lengthen of
the flag leaf sheath (it reaches 70 - 80 cm) and the
development of the inflorescence, whose main axis
reaches more than 60 cm. The leaf sheath develops to
provide space to the inflorescence, as well as to avoid
that it breaks, since its tissue is fragile yet. It also
occurs in this phase the development of the spikelets,
until the formation of the complete structure, as well
as the maximum development of the sheath of the
flag leaf. This way, the next step is the emission of the
inflorescence, followed by the opening of the flowers
and pollination. For CLEMENTS and AWADA
(1967), the complete emission lasts 4 to 5 weeks,
while the opening of the flowers, formation of fruits

TOPPA, E. V. B., et al..

and maturation, not more than 2 to 3 weeks.

Nitrogen is a nutrient which is noteworthy in
the flowering of sugarcane.

A vigorous growth of the sugarcane before
the induction is necessary to obtain the maximum
flowering in the culture. However, high doses of
nitrogen, especially in the moment of induction,
reduce the flowering (ALLAM et al., 1978).
BERDING et al. (2004) demonstrated that the
double of the dosage of nitrogen reduced the
emergence of the panicles. In Edgecombe Mount,
South of Africa, the flowering was reduced for 25
days due to the excessive quantity of nitrogen in
the soil (NUSS ¢ BERDING, 1999). Besides high
dosage of nitrogen, the low dosage may affect also
the intensity of the flowering, flower size and seed
production (BRUNKHORST, 2001). However,
nitrogen is necessary in great quantity, but this
quantity of fertilizer per sugarcane genotype, to
facilitate the flowering in breeding programs, is still
unknown (LABORDE, 2007).

BERDING and MOORE (2001) questioned
the knowledge of the interaction between nutrition
and process of flowering in sugarcane. The
maintenance of the constant regime of nutrition
maintains better the reproductive phase, the
development phase and the phase of emergence of
panicles of sugarcane, according to BRUNKHORST
(2001) and BRUNKHORST (2003). The role and
the management of the nitrogen still require more
attention. Regarding to phosphorus, the great amount
required for an appropriated growth of sugarcane is
3-5 g kg™ of plant dry matter during the vegetative
stage. The probability of toxicity with phosphorus
increases with quantities higher than 10 g kg of dry
matter (BELL et al., 1990). Concerning potassium,
HUMBERT (1974) observed that the behavior of
the sugarcane has changed in relation to the variety
used. High doses of potassium increased the index
of flowering of the variety H42-8596, but decreased
for the variety H38-2915, and other varieties did not
show any sensibility.

'The flowering of the sugarcane is controlled
by a complex of factors involving mainly the
photoperiod and temperature, besides humidity and
solar radiation. The process of florescence itself is
very complex, involving phytochrome, hormones,
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florigene, nucleic acids and several factors, according
to CASTRO (1993).

In the flowering period, there is an increase
in the activity of the acid phosphatase. After the
formation of the tassel, this activity decreases, due to
the dryness of the apex. This tendency is also observed
in the leaf tissue. According to WELLENSIEK
(1962), the high energy of the phosphates is required
during the specific reactions on the flowering,
and the acid phosphatase releases this energy of
the phosphates. It also reduced the concentration
of sucrose of the stalk transforming the sucrose
in glucose and fructose, which are reactive sugars
(instable).

It is known that the phytochrome of the type I
(phy A) is stimulator of the flowering and that type II
(phy B,C, D, E, F) is inhibitor. This way, in Arabidopsis,
mutants without phyA have delayed flowering and
mutants without phyB have fastened flowering. One
of the hypothesis is that phyA is an inhibitor of a
substance (hormone) which, by its turn, inhibits the
flowering. It is important to emphasize that, even
though the photoperiodic response can be seen in the
leaf, the response of the flowering occurs in the stem
apex. This spatial distribution requires the presence of
substances inhibitor or stimulator, capable of being
translocated. Experiments of grafting confirm the
presence of these substances. These experiments
leaded some researchers, still in the decade of 1930, to
postulate the existence of florigene. Several attempts
to isolate and characterize this hypothetical hormone
have been performed, without success, aiming to
comprehend the mechanisms of interaction with
phytochromes (CASTRO et al, 2005).

The transition from the vegetative phase

to the reproductive derives from an interaction of
endogenous signs with signs of the environment
(LEVY and DEAN, 1998). The low temperatures
and the photoperiod would be the most important
environmental factors (KANIA et al, 1997), and,
among the endogenous signs, with an emphasis to
the role of the gibberellins.

The GA applied in a plant in the vegetative
stage may activate its transformation to the flower
stage, stimulating the inductive mechanism of plants
of long days (PLD). Several works show that GA
inhibits the flowering in plants of short days (PSD).
ALEXANDER (1973) demonstrated that GA
inhibited the flowering in sugarcane. It is believed
that the endogenous GA is quantitatively reduced
by the flower substances produced in the phase of
the flowering. By monitoring the sugarcane apex
(Saccharum spp. Hibrid), MOORE (1987) found that
the flower apex contains from eight to nine times
more percentage of isso-GA3 than the vegetative

apex and reduced quantity of GA19 and GA36.

Final considerations

The diversity of studies existent about the
different compounds of the vegetal physiology of
the sugarcane culture demonstrate the adaptation
of distinct technological methods to the obtaining
and accumulation of sucrose in levels considered
satisfactory. These methods are closely related to
biotic factors, i.e., specific to each cultivar, and also
abiotic, which relate the cultivation with drastic
conditions of the ecosystem, as climate changes and
soil fertility. The understanding of each physiological
aspect related directly with the crop production is

relevant to explore all the productive potential of each cultivar.
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