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TOLERANCE OF SUGARCANE CULTIVARS TO CHEMICAL ERADICATION
1

Tolerância de Cultivares de Cana-de-Açúcar à Erradicação Química
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ABSTRACT - Knowledge of the minimum rate of glyphosate required to eradicate sugarcane
ratoons can reduce the amount of herbicide used. To confirm this hypothesis, this study
aimed to investigate the tolerance of different sugarcane cultivars to chemical eradication,
at different glyphosate rates. The experiment was conducted in a randomized block design in
a split-plot scheme, with four replications. The sugarcane cultivars (IACSP94-2094, IACSP94-
2101, IACSP93-3046, IACSP94-4004, IAC86-2480, and RB72454) were allocated in plots and
the glyphosate rates (0, 1,440, 2,160, 2,880, 3,600, and 4,320 g ha-1), in the sub plots. The
traits evaluated were signs of poisoning symptoms; total chlorophyll content, plant height,
percentage of dead tillers, and dry weight of the plants. At 45 days after application (DAA),
the glyphosate rate of 1,440 g a.e. ha-1 eradicated the cultivars IACSP94-2094 and IACSP94-
2101, as well as RB72454 with application of 2,160 g a.e. ha-1. Application of glyphosate
2,880 g a.e. ha-1 eradicated both IACSP93-3046 and IAC86-2480 and glyphosate 3,600 g a.e. ha-

1 eradicated IACSP94-4004. The most tolerant cultivar was IACSP94-4004, eradicated at the
rate of 3,600 g. a.e. ha-1. This confirms the hypothesis that knowing the cultivar’s tolerance
leads, in practice, to a smaller amount of herbicide applied to the environment, which also
reduces production costs.
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RESUMO - O conhecimento da dose mínima de glyphosate utilizada na erradicação das soqueiras de
cana-de-açúcar traz como benefício a redução na quantidade do herbicida. Para comprovar essa
hipótese, o objetivo desta pesquisa foi estudar a tolerância das soqueiras de cultivares de cana-de-
açúcar à erradicação química, a partir de diferentes doses de glyphosate. O experimento foi instalado
em delineamento de blocos casualizados, arranjado em esquema de parcelas subdivididas com
quatro repetições. Nas parcelas foram alocadas os cultivares de cana-de-açúcar RB72454, IACSP86-
2480, IACSP93-3046, IACSP94-2094, IACSP94-2101 e IACSP94-4004 e, nas subparcelas, as doses
de glyphosate: 0; 1.440; 2.160; 2.880; 3.600 e 4.320 g e.a. ha-1. As características avaliadas foram
sintomas visuais de intoxicação, teor de clorofila total, altura de plantas, porcentagem de perfilhos
mortos e massa seca de plantas. Aos 45 dias após a aplicação (DAA), a partir de 1.440 g e.a. ha-1 do
glyphosate, os cultivares IACSP94-2094 e IACSP94-2101 foram erradicadas, bem como a RB72454
com aplicação de 2.160 g e.a. ha-1. Na utilização do glyphosate a 2.880 g e.a. ha-1 foram erradicadas
a IACSP93-3046 e IAC86-2480. O cultivar de maior tolerância foi IACSP94-4004, erradicado a partir

de 3.600 g e.a. ha-1. Dessa forma, confirma-se a hipótese inicial do trabalho, de que, ao se conhecer
a tolerância do cultivar, a conseqüência prática é a menor quantidade de herbicida aplicada no
ambiente, o que implica também redução de custo ao produtor.
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INTRODUCTION

Yield of sugarcane ratoons tends to
gradually decrease as the number of harvests
increases; thus, crops have to be renovated.
According to CONAB (2012), in the State of São
Paulo alone, the renovation of 576,629 ha is
expected between 2012 and 2013. In the other
regions of Brazil, other 379,743 ha have to be
renovated in the same period.

Degeneration over successive years of
production makes renovation of sugarcane
essential for a wide range of factors which
are often complex. To Pacheco & Cantalice
(2011), this can occur by soil compaction and
consequent difficulty of root development,
while Bassinelo et al. (1984) reported that
this situation may be associated with
phytosanitary issues. Procópio et al. (2011)
correlated it with weed-crop competition, and
Salvi et al. (2007), with the fact that ratoons
are uprooted during mechanical harvesting.

Thus, ratoons are destroyed when
degeneration reduces their yield to levels that
no longer allow for profitability. Management
can be mechanical or chemical; the latter is
used more frequently because it is practical.

According to Silva et al. (2006), glyphosate
is the most widely used herbicide in the
chemical eradication of ratoons. This product
inhibits the enzyme 5-enolpyruvyl-shikimate-
3-phosphate synthase (EPSPS), a precursor
of aromatic amino acids phenylalanine,
tyrosine and tryptophan, essential for protein
synthesis (Kruse et al.; 2000). Because it is
not absorbed by the roots of plants (Rodrigues
& Almeida, 2011), glyphosate can be safely
used in sugarcane fields that will be replaced
by other crops.

Commercially, the application of

1,800 g a.e. ha-1 glyphosate (Rodrigues &

Almeida, 2011) is recommended to eradicate
ratoons, but little is known, in Brazil, about
the tolerance of sugarcane cultivars to
herbicides (Souza, 2009), particularly to
glyphosate. In the literature, studies reported
up to 2,880 g a.e.ha-1 as the rate for the
eradication of cultivars (Bacchi & Rolim 1981),
which is still used by producers.

However, knowledge of the degree of
cultivar tolerance to glyphosate can reduce

production costs and the amount of herbicide
to be applied; thus, it also brings benefits to the
environment. In this context, the hypothesis
underpinning this study is that knowledge of
the minimal effective rate to eradicate a
particular sugarcane cultivar brings benefits
such as reduction of the amount of herbicide
to be applied. To prove this hypothesis, the aim
of this research was to study the tolerance of
sugarcane cultivars to chemical eradication
at different glyphosate rates.

MATERIAL AND METHODS

The experiment was conducted in fifth-
ratoon sugar cane, grown in Oxisol of a
very clayey textural class (544 g kg-1 clay,
348 g kg-1 silt and 108 g kg-1 sand), located at
621 meters above sea level. The local climate
has dry winters and wet summers, and it is
considered to be Cwa, according to the Köppen
classification.

The experiment was conducted in
randomized blocks, arranged in a split-plot
design with four replications. Cultivars
RB72454, IACSP86-2480 IACSP93-3046,
IACSP94-2094, IACSP94-2101 and IACSP94-
4004 were allocated to the plots, and the
herbicide-free control and the glyphosate
rates of 1,440; 2,160; 2,880; 3,600 and
4,320 g a.e. ha-1 were allocated to the subplots.
The plots consisted of five sugarcane rows
measuring 60 x 1.50 m, and the subplots
consisted of five 8 x 1.50 m rows; the variables
were evaluated only in three central rows
within the floor area (36 m2).

The crop was planted in March 2005
and farmed until August 2010, totaling five
mechanical harvests. Height was monitored
periodically after the last harvest, and
glyphosate was applied when the plants
reached 41.3 cm, as proposed in the
experiment design. During the experimental
period, 456 mm of rainfall was recorded, with
an average temperature of 25.9 oC. These
conditions certainly favored plant metabolism.

Glyphosate was applied on December 10th,
2010 with a CO

2
-pressurized backpack sprayer

outfitted with four flat fan spray nozzles
(TT110/02), spaced at 0.50 m. The pressure
of the sprayer was 2.1 kgf cm-2, which provided
spray volume of 240 L ha-1. The application
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began at 8:35 a.m., when air temperature was
29 oC; relative humidity, 61.70%; and wind
speed, 6.70 km h-1, and there were no clouds.
It finished at 2:45 p.m., when air temperature
was 35.7 oC; relative humidity, 38%; wind
speed, 1.60 km h-1; and cloudiness, 65%.

The variables evaluated were poisoning
symptoms, total chlorophyll content, plant
height, percentage of dead tillers and plant dry
weight. Poisoning symptoms were evaluated
at 10, 27 and 45 days after application (DAA)
through visual observation of the shoots, and
scores were assigned according to a
percentage scale, where 0% corresponds to the
absence of injuries and 100%, to plant death.
Total chlorophyll content was measured at
10 DAA, through a Falker ClorofiLOG® CFL
1030 electronic meter, and measurements
were made in the middle third of the leaf +3 of
ten plants randomly selected in the floor area
of   each subplot.

Plant height was checked at 10 and 45 DAA
by measuring the length close to the ground
until the ligule of the last completely expanded
leaf; ten plants were selected in the floor area
of   each subplot. At 45 DAA, the percentage of
dead tillers (% DT) was estimated with the
expression: DT = 100% - [(number of live tillers
at 45 DAA x 100)/number of live tillers before
application]. For this purpose, the number of
live tillers had to be counted in the three
central rows of each plot before application and
also at 45 DAA. Dry weight was also measured
at 45 DAA by harvesting the tillers on a linear
meter in the groove, in the three central rows
of each subplot. Subsequently, they were dried
in a forced air circulation oven at 70 oC until
constant weight. Because the number of tillers
harvested was taken into consideration, dry
weight could be measured in grams per plant.

The variables evaluated were submitted
to the F-test for analysis of variance, and the
treatment means were compared by Student’s
t-test at 1 and 5% probability, after the choice
of orthogonal contrasts.

RESULTS AND DISCUSSION

There was significant plant growth in the
control treatment; a height of 41.3 cm was
observed at first, and after 45 days, 82.1 cm
was measured on average, whereas glyphosate

was observed to act quickly in the treatments,
because the plants had significant poisoning
symptoms at 10 DAA.

Tolerance of sugarcane cultivars to several
herbicides can be associated with the stage of
sugarcane development (Ferreira et al., 2005).
Ferreira et al. (2005) also associated leaf
morphology and chemical composition of the
epicuticular wax present in the leaves with the
degree of sensitivity of sugarcane cultivars to
herbicides.

Table 1 shows that, at 10 DAA, the cultivar
IACSP94-2094 showed the most severe
poisoning symptoms among cultivars. The
assigned scores resulted in an average of
81.75%; a rate of 2,160 g a.e. ha-1 of glyphosate
was sufficient to cause as much poisoning as
4,320 g a.e. ha-1. In contrast, IAC86-2480 had
the lowest average (33.25%), and from a rate
of 2,880 g a.e. ha-1, poisoning symptoms were
similar to those with the highest rate of
glyphosate. The symptom observed in this
assessment was the yellowing of leaves.

In the assessment at 27 DAA, IACSP94-
2094 still remained with the highest average
attributed to poisoning symptoms (98.25%);
as at 10 DAA, glyphosate applied from
2,160 g a.e. ha 1 was also sufficient to promote
a rate of poisoning similar to the highest rate
used (4,320 g a.e. ha-1). However, IAC94-4004
showed the lowest average (76.25%), but
none of the rates had a similar score to the
highest rate of glyphosate (Table 1). In this
assessment, more intense yellowing was
observed on the leaves, and necroses were
present in almost the entire leaf surface,
showing the progress of the poisoning
symptoms.

Therefore, at 45 DAA, the yellow color of
the leaves evolved to necrosis and allowed
grading higher poisoning scores (Table 1).
Thus, as in previous assessments, IACSP94-
2094 showed more severe symptoms and was
graded at 97.25%, and a rate of the herbicide
from 1,440 g a.e. ha-1 was sufficient to provide
poisoning symptoms similar to those of the
highest rate. Symptoms in IACSP94-2101 were
also similar.

In contrast, IACSP94-4004 remained
with the lowest score given to the poisoning
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symptoms (82.50%), and only the rate of
3,600 g a.e. ha-1 produced symptoms similar to
those for the maximum rate (4,320 g a.e. ha-1).
The results showed that the minimal rate of
glyphosate is different for each cultivar: while
IACSP94-20494-2101 and IACSP94 could be
graded above 97% for poisoning symptoms,
IACSP94-4004 achieved 82.5%.

The poisoning symptoms are due to the
high mobility of the glyphosate through the
symplast cell; afterwards, as it penetrates
into the phloem, glyphosate is translocated
throughout the plant. However, the herbicide
accumulates more strongly in roots and
meristematic regions (Rodrigues & Almeida,
2011). The injuries observed in this research
are similar to those observed by Tuffi
Santos et al. (2009), who studied the effects of

simulated drift in eucalyptus plants. In
irrigated rice, Ferreira et al. (2006) found
that plant injury increased as the amount of
glyphosate applied increased, and that the
symptoms were growth interruption and loss
of the typical green color of the leaves.

At 10 DAA, the total chlorophyll content of
the cultivars was also reduced due to the
effects of glyphosate (Table 2). For both
IACSP94-2094 and IAC86-2480, respectively
with the highest (81.75%) and lowest (33.25%)
scores attributed to the poisoning symptoms,
chlorophyll content changed only from the rate
of 2,160 g a.e. ha-1 of glyphosate. The exception
was RB72454, because it was the only cultivar
that showed a reduction of chlorophyll content
from the minimum rate (1,440 g a.e. ha-1),
although it was rated with 57.75% of poisoning.

Table 1 - Analysis of contrasts of poisoning symptoms among the highest rate of glyphosate and the others applied to eradicate
sugarcane cultivars. 2010

1/ Mean considering treatments with glyphosate application. PS = poisoning symptoms.
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As the poisoning symptoms were
intensified at 27 to 45 DAA, it was not possible
to measure new chlorophyll contents because
the leaves were very dry. The gradual onset of
the effects of glyphosate on plants by reducing
the referred content was also observed by
Meschede et al. (2011). According to Siqueira
et al. (1999), this occurs because glyphosate
inhibits the synthesis of ä-aminolevulinate
acid, a precursor of chlorophyll, which
is associated with the efficiency of the

photosynthesis process according to Lopes
et al. (2009). As a result, the least interference
in the process affects plant development.

Also at 10 DAA, although changes on
the chlorophyll content and poisoning
symptoms were recorded, differences in plant
height could not be observed (Table 3). Only at
45 DAA plant growth was observed to have
stopped, because height was similar in both
the lowest (1,440 g a.e. ha-1) and the largest

Table 2 - Analysis of contrasts of total chlorophyll at 10 DAA between the highest rate of glyphosate and the others applied to
eradicate sugarcane cultivars. 2010

1// Mean considering treatments with glyphosate application. RU = relative units.

Table 3 - Analysis of contrasts of plant height between the highest rate of glyphosate and the others applied to eradicate sugarcane
cultivars. 2010

1/ Mean considering treatments glyphosate application.
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(3,600 g a.e. ha-1) rates of glyphosate. These
assessments only showed the growth of the
tillers of the control.

Stagnation in growth was due to the
interruption of the EPSPs enzyme by
glyphosate. According to Tzin & Galili (2010),
this herbicide blocks the production of
aromatic amino acids which are essential for
the synthesis of proteins and precursors of
secondary metabolites, thus affecting plant
growth.

At 45 DAA, the plants showed severe
symptoms of poisoning (Table 1) and stagnant
height (Table 3), which signaled the
senescence of cultivars and the consequent
effectiveness of the herbicide and its
rates. Cultivars IACSP94-2101 and IACSP94-
2094 can be considered the least tolerant
because the minimum rate of the herbicide
(1,440 g a.e ha-1) was sufficient to cause
similar tiller mortality to that of the maximum
rate (Table 4). In both cultivars, the percentage
of tiller mortality was 98.17 and 97.72%,
respectively, as shown in Table 4.

In contrast, IACSP94-4004 was more
tolerant, because its poisoning symptoms had
the lowest score (82.5%) (Table 1) and also the
lowest percentage of dead tillers (80.15%). An
amount of 2.880 g a.e. ha-1 of glyphosate was
required for the mortality of the cultivar to be
similar to that of the highest rate (Table 4).

For the other cultivars (IACSP93-3046,
RB72454 and IAC86-2480), the rate of
2,160 g a.e. ha-1 of the herbicide was enough
for the percentage of tiller mortality to be

similar to that of the highest rate (Table 4). It
should also be noted that the cultivars had high
percentage of dead tillers, but it was lower
compared to IACSP94-2101 and IACSP94-2094
and higher than that of IACSP94-4004.

As for the percentage of dead tillers, it
should be noted that although the controls of
all cultivars had low values  , there was tiller
mortality except for IACSP94-2094, which
remained alive (Table 4). According to Otto
et al. (2009), sugarcane plants originally have
high tiller density, but as the crop develops,
only a limited number of these is capable of
forming stems. Possibly, the competition
process cited by the authors was less intense
in the respective cultivars and more intense
in the others.

In cultivars IACSP94-2094 and IACSP94-
2101, at 45 DAA, in addition to more severe
injuries (Table 1), stagnant height (Table 3)
and great tiller mortality (Table 4), there was
also a reduction in dry weight accumulation
(Table 5). Also as was observed in the other
variables, dry weight accumulation was also
reduced from the lowest rate of the herbicide
(Table 5). The results showed that the cultivars
were less tolerant to glyphosate and were
eradicated with a lower amount of herbicide.
In contrast, IACSP94-4004 had the highest dry
weight accumulation (Table 5). For the
cultivars, 2,880 g a.e. ha-1 of glyphosate was
required for weight accumulation to be similar
to that observed in the treatment with the
highest rate of the herbicide. When the
cultivars IACSP94-2094 and IACSP94-2101
were compared, it was found that the amount

Table 4 - Analysis of contrasts of the percentage of dead tillers between the highest rate of glyphosate and the others applied to
eradicate sugarcane cultivars at 45 days after treatment (DAA). 2011

1/ Mean considering treatments with glyphosate application.
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of herbicide had to be twice as much so that
tiller mortality and dry weight accumulation
were similar to that of the highest rate.

In cultivars IACSP93-3046, RB72454 and
IAC86-2480, dry weight accumulation was
reduced from the rate of 2,160 g a.e. ha-1 of
glyphosate, while for IACSP94-2094 and
IACSP94-2101, the rate of 1,440 g a.e. ha-1 was
sufficient for reduction; for IACSP94-4004,
2.880 g a.e. ha-1 was required (Table 5). The
results for dry weight observed in the cultivars
corroborate with those found by Zobiole et al.
(2010), who studied rates of glyphosate-
resistant soybeans and found a decreasing rate
of dry weight as the rate of herbicide was
increased.

The results have highlighted that there are
different levels of tolerance to glyphosate
among sugarcane cultivars and the least
tolerant cultivars (IACSP94-2094 and IACSP94-
2101) were eradicated with half the rate of the
herbicide used to eradicate the most tolerant
cultivar (IACSP94-4004). Thus, the initial
hypothesis is confirmed, that is, knowledge of
cultivar tolerance results in a smaler amount
of herbicide applied to the environment, which
also means reduced production costs.
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