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Abstract: This study evaluated the eradication of eucalyptus sprouts after chemical
weeding using a diagrammatic scale over time. The research was conducted in fields
planted with eucalyptus in forest reform areas, in Itabela, Bahia, Brazil, during the pre-
planting herbicide application. The application was carried out in five fields, which were
considered as sample units of the different treatments. The effectiveness of chemical
weeding for controlling sprout growth was evaluated in fifty plants per treatment,
randomly selected in three periods after application. The plants were evaluated visually
using a diagrammatic scale to assign scores between 1 and 5 to the sprout control
percentage. After the visual evaluations, the frequency distribution of the sprouting
percentage for each score was calculated. Subsequently, the scores were submitted to a
clustering analysis by the Ward method, to evaluate the relationship between different
fields and periods for each treatment in homogeneous clusters. The results showed that
treatments only controlled the sprouts in the short term, without providing effective
eradication. The diagrammatic scoring scale allowed evaluating the vegetative vigor of
the eucalyptus sprouts, generating interpretable information on the different evaluated
treatments, making it a useful tool for managing silvicultural treatments and evaluating
the application efficacy of phytosanitary products.
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be eradicated during certain periods (TibGrcio
2014). In this respect, the chemical control using

In the last five years, the productivity of
eucalyptus has stabilized in Brazil while yield
has been increasing only 0.2% per year (IBA2017).
This deceleration has been attributed to several
factors, from deficient forest management to
highly unstable climate parameters that affect
negatively essential stages of tree development
(IBA2017). Another factor associated with slowing
advances in productivity is the competition for
water, light, and nutrients between eucalyptus
trees and weeds or sprouts in reform areas
(Silva et al. 2014).

Under reform conditions, eucalyptus
sprouts become a major problem that needs to

herbicides is the most used, with emphasis
on the active principle glyphosate (Santos et
al. 2007). Furthermore, undesirable eucalyptus
plants are currently being controlled in the field
with a mixture of herbicides and foliar fertilizers
(Machado et al. 2017).

When chemical weeding is used to control
sprout, it is necessary to monitor the status of
plants over time to evaluate control efficacy
(Medauar et al. 2018). According to the same
authors, the monitoring process usually consists
of assigning scores based on diagrammatic
scales that vary according to the control level
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of sprouting, which is conducted by a field
evaluator on random samplings.

The vegetative vigor of the sprouts evaluated
using diagrammatic scales is a well-established
practice in the forestry field and is usually
carried out in different periods subsequent to
the application of the phytosanitary product
(TibGrcio 2014). According to the same authors,
the data obtained from this practice, allows the
management to evaluate the efficiency of the
chemical treatment, thus guiding the decision
on new interventions when weeds or sprouts
were not controlled.

The vegetative state of sprouts is
monitored at intervals of 30 days after product
application and, when control is ineffective,
additional practices ranging from new herbicide
applications to using mechanical methods are
recommended, avoiding weed competition
interfering with the development of seedlings
planted between the rows. (Medauar et al. 2018).
This sense, it is of paramount importance to
evaluate periodically the behavior of sprouts
after chemical weeding, as they may present
different results on the health (Medauar et al.
2018). Thus, it is essential to use a diagrammatic
scale with control notes amplitude, because
besidesbeingasimpleand practicaltool,itallows
monitoring the effectiveness of chemical control
and assisting the operational management in
fields of eradication of eucalyptus sprouts.

Thisworkaimed atevaluatingthe eradication
of eucalyptus sprouts over time after chemical
weeding, using a diagrammatic scale.

MATERIALS AND METHODS

The study was conducted in eucalyptus
plantations located in Itabela (16°34'19"S and
39°33'33"W Gr.) in the most southern region of
Bahia, Brazil. The regional climate is classified as
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Af humid tropical, with precipitations throughout
the year (Alvares et al. 2013). The average
annual rainfall in the region is 1100 mm, with
temperatures varying between 23°C and 27°C.
The soil of the experimental fields was classified
as Yellow Latosol Dystrophic, according to the
Brazilian Soil Classification System (Santos et
al. 2013).

The studies focused on evaluating the
efficacy of herbicide application in replanting
areas to control eucalyptus sprouts up to 75 cm
tall during the pre-planting stage. The plants
were spaced 5.0 m between rows and 2.40 m
between sprouts (hybrid clones of Eucalyptus
urophylla and Eucalyptus grandis). At the time
of experiment implementation, the height and
width of the crown were measured in the middle
third of 100 sprouts randomly sampled in each
field, to characterize the area. At the time of
application, the average height and width of the
sprouts were 1.57 and 1.27 m, respectively.

The application was carried out in five
fields (TAL 35, TAL 40, TAL 41, TAL 43 and TAL
44) of different sizes (areas, in ha), which were
considered as sample units of the different
treatments (701, T02 and T03). These treatments
consisted of different products and dosages,
namely: a) TO1: Scout® herbicide with 4kg.ha”,
in ammonium salt of glyphosate; b) T02: Scout®
herbicide with 4kg.ha™ + 100 mlLha™ Taiyo foliar
fertilizer; c¢) T03: Scout® herbicide with 4kg.ha™ +
100 ml.ha™ Taiyo foliar fertilizer + 100 L.ha” Finale
herbicide, in glufosinate ammonium salt. All
three treatments were applied in each field; the
experimental parcels were distributed according
to field sizes, allowing a minimum of 65 sprout
rows.

Spraying was carried out in November 10
and 11, 2016 using a self-propelled sprayer John
Deere, model 4630E, with 123 kW nominal power,
6 cylinders, and 6.8 L total displacement. The
spray system consisted of a 2270 L reservoir, a

An Acad Bras Cienc (2020) 92(Suppl. 1) €20190601 2| 11



CAIQUE C. MEDAUAR et al.

265 L rinse tank, and hydraulic stirring. The spray
bar had full hydraulic control, length and height
of 243 m and 0.38 m to 1.93 m, respectively, but
the bar height varied between 1.50 and 1.80 m
during application due to uneven sprouts. The
application was carried out in the sprout rows
at approximately 6.5 km.h™.

The pressure during application was 3.0 bar
with a flow rate of 118 L.min™. The spray nozzles
used had flat air induction of fan type, AIUB85-
03 model, and spaced 50 cm apart.

The climate parameters were monitored
during the application (between 8:00 and
10:00 in the morning) at 30-min intervals. The
temperature, relative humidity, and wind speed
data were provided by a weather station near
the fields. The data indicated 26.3°C average
temperature, 75.5% average humidity, and 6.5
km.h™ average wind speed.

Fifty plants per treatment were randomly
selected to evaluate the effectiveness of
chemical weeding to control the sprouts. The
plants were visually evaluated and a score was
assigned to the control percentage, according
to the diagrammatic scale shown in Table I. To
avoid subjectivity when using the scale, the
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evaluations were performed by a single field
evaluator with extensive experience in its use.

The evaluations were performed 30 days
after the chemical weeding in December 2016,
and 60 and 90 days after treatment in January
and February 2017. After the visual evaluations,
the frequency distribution of the sprout
percentage for each score was calculated to
evaluate the effectiveness of sprout control over
time for the different treatments and respective
fields studied.

Subsequently, the scores were submitted to
the clustering analysis by the Ward hierarchical
method to evaluate the relationship between
different fields and periods for each treatment
in homogeneous clusters. This multivariate
analysis did not take into account the data
distribution since clustering was based on the
similarity between individual measurements
because the hierarchical Ward method calculates
the distance between two clusters, through the
sum of the square between clusters (SSC) based
on all variables (Silva & Lima, 2012). Its working
principle consists of a multidimensional
generalization of the variance analysis model
(equation 1) (Asensio 1989).

Table I. Diagrammatic scale for evaluating the control of eucalyptus sprouts.

Control percentage Scores Level of control
0-10 5 Regrowth
10-70 4 Bad
70 - 80 3 Average
80 -90 2 Satisfactory

90 - 100 1 Effective
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S5, = ixﬁ—%(ix,-)z (1)

Where: (c) is the cluster in question, (n) is
the total number of objects in the cluster and
(x,) is the i-th object in the cluster.

RESULTS AND DISCUSSION

The frequency distribution of sprout percentage
scores for treatments T01, T02 and T03 are shown
in Figures 1, 2 and 3, respectively.

The histograms show similar frequency
distribution for T01 (Figure 1) in fields TAL 35
and TAL 41 in the same periods, especially for
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February. Also, the chemical weeding control
was satisfactory for most eucalyptus sprouts in
December,demonstrating thatthe active principle
of the product frequently used to manage
undesirable plants in forest reform areas has
acceptable efficiency 30 days after application.
According to Andrade Neto et al. (2016) used
a diagrammatic scale to evaluate the use of
glyphosate in Brachiaria sp. in an area cultivated
with eucalyptus, reporting control efficiency 30
days after application. The glyphosate used to
control weeds and undesirable plants provides
a greater mobility to the active substance, thus
facilitating its distribution so that the phytotoxic
action vary from satisfactory to efficient (Minguela
& Cunha 2010).
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The same fields were evaluated in January
and scored 5 for most sprouts, indicating an
average regrowth of 65%, allowing to conclude
that the plants started developing new sprouts
60 days after application that intensified in
February, reaching 100% of the plants, leading
to the conclusion that T01 did not eradicate the
sprouts three months after chemical weeding.
According to Santos et al. (2007) the products
applied in eucalyptus areas post-emergence,
resulted in highly unstable control of the
undesired plants and weeds while, in some
cases, may even lead to generalized regrowth
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especially due to the lack of residual effect of
the active principle glyphosate on the soil.

TO1 showed similar results for fields TAL
40 similar to TAL 35 and TAL 41, except for
December, which scored 3, indicating an average
control for 70% of the sprouts. Moreover,
because treatment application methodology
was the same for all fields, it is assumed
that the lower control efficiency of sprouts
in TAL 40 30 days after application is related
to inadequate field conditions. According to
Ferreira et al. (2009) to obtain efficient results
from the application technology, it is necessary
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to know the deposition properties provided by
the equipment, product, form of application and
especially the characteristics of the cultivated
areas, such as canopy volume and vegetative
state of the plants.

The frequency distribution of most scores
for fields TAL 43 and TAL 44 resembles those of
other fields only in February whereas both fields
scored 1in approximately 72% ofthe observations
in December. Despite the effectiveness of
the control in these fields 30 days after the
application, an intense regrowth is observed
in the subsequent month, evidenced by the
52% of score 1 and more than 40% increase of
score 5. According to Santos et al. (2007) was
conducted an experiment in a eucalyptus area
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and reported that all glyphosate-sprayed plants
had new sprouts 45 days after application.

The scores of TO2 over time were similar to
TO1 (Figure 2) for all fields, in February. In this
period, there was 100% regrowth in TAL 35 and
TAL 41, 98% in TAL 40 and TAL 43, and 80% in
TAL 44. The results observed for T02 indicate
that foliar fertilizer added to the spray mixture
did not contribute to sprout control during the
studied period, showing that adding ineffective
products to assist in the control of undesirable
plants and weeds only increases the application
cost and, sometimes, may even affect adversely
the operation result.

In the previous periods (30 and 60 days
after chemical weeding), T02 showed similar
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behavior in all fields (with the exception of TAL
43), the histograms indicated scores 2 and 5 for
most of the evaluated sprouts, respectively. It is
noteworthy that in the period, the scores ranged
between near ideal and far from recommended,
showing that the adjuvant in the spray mixture
causedonlystresstothe sprouts,and emission of
new sprouts later on. Generally, in experimental
eucalyptus plantations, the applications are
efficient in some periods, but not so efficient
in others (Cunha et al. 2004), and even more so
when a mixture of products with different active
principles is used.

T02 had the best results in TAL 43 since it was
the only one where the majority of the sprouts
scored 1in the first two months of evaluation. An
explanation for the effective control of sprouts
is probably the low vegetative vigor that these
plants presented in the pre-application period,
thus facilitating the total eradication of the
sprouts. Under pre-application stress conditions,
adding foliar fertilizer in the spraying mixture
may increase the amount of the biologically
active product that affects or is absorbed by the
plant (Agostineto 2015). According to Theisen et
al. (2004) was concluded that using adjuvants
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in the spraying mixture contributes to better
absorption of the herbicides, consequently,
aiding the control of undesirable plants and
weeds over longer periods.

The contrast observed over time in T02
corroborates the affirmation of Cunha et al.
(2010), who reported that adding adjuvants
might change spraying performance; however, it
may affect positively or negatively the efficiency
of sprout control.

The histograms (Figure 3) for T03 show that
allstudied fields scored 5 foralmostall sproutsin
January (89.6%) and February (99.6%), indicating
that the mixture of the three products applied in
the sprouts were not significantly different over
time between 60 and 90 days post-application.

It is important to note that in the periods
mentioned previously, adding contact herbicide
to the spraying mixture did not contribute to
controlling eucalyptus sprouts. According to
Araidjo et al. (2008) evaluated the effects of the
same active principles of T03 on bean culture,
and reported very poor control of the weed
Cyperus sp., thus corroborating the results of
this work.

Figure 4. Dendrogram of the clustering
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Figure 5. Dendrogram of the clustering
analysis results of the different fields and
evaluation periods for the scores in T02.
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In December, TO3 scored 2 for most sprouts
in TAL 35 and TAL 43, scored 3 in TAL 40, scored
between 1 and 2 in TAL 44, and between 2 and 3
in TAL 41. In general, sprouts were satisfactorily
controlled 30 days after application, indicating
that adding the contact herbicide in the
mixture decreased the vegetative vigor of the
sprouts slightly. Yamashita et al. (2009) stated
that, currently, associating two or more active
ingredients has become usual to increase the
effectiveness of controlling undesirable plants
in forest areas.

Furthermore, a clustering analysis was
performed for the different fields and periods
for TO1 (Figure 4), T02 (Figure 5) and T03 (Figure
6) to evaluate more efficiently and complement
the temporal study of sprout control.

The clustering analysis of the fifteen fields/
periods used the Euclidean distance equal to
40 (cutoff distance) as similarity measurement
for T01 and T02, whereas Euclidean distance was
equal to 20 for T03. Distances shorter than these
cutoff values would increase disagreement
between clusters, thus hampering the
comparison between clusters. Similarly, higher
distances would compromise the differentiation
between fields/periods.

250

For T01 (Figure &), two of the five clusters
of homogeneous plots grouped the fields from
January (JAN) (cluster 4) and February (FEB)
(cluster 5), evidencing similar score behavior
in each field in the respective periods. These
results can be attributed to the low dispersion
of scores for most or all of the sprouts 60 and
90 days after application, respectively, as seen
in the histograms of Figure 1.

The other clusters for TO1 consider the
fields of December (DEC) and are divided among
TAL 35 and TAL 41 (cluster 1), TAL 40 (cluster 2),
TAL 43 and TAL 44 (cluster 3), thus presenting
dissimilar scores between the fields in that
period. The lack of clustering for these fields
can be attributed to the high score variation,
in which cluster 3 scored 1 evidencing a more
efficient control compared to clusters 1 and 2.

The dendrogram of TO2 (Figure 5) shows that
four clusters of homogeneous plots were formed.
For December, except for TAL 43, all treatments
were grouped in the same cluster (cluster 1)
indicating similarity for T02 in that period. The
clustering of the fields in December is due to
more stable scores, with a predominantly 2
score. Unlikely, the result observed for T0O1in the
same period (Figure 4) showed higher dispersion
of scores and, consequently, in the clusters.
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Figure 6. Dendrogram of the clustering
analysis of the different fields and
evaluation periods for the scores in T03.
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Also for December, TAL 43 was alone in the
clustering analysis (cluster 2) due to the high
frequency of scores 1and the best sprout control
compared to the other fields of treatment
T02. This result, as already discussed, may be
associated with the greater effectiveness of
the adjuvant in physiologically stressed plants
promoting a rapid absorption of the active
principle, but without stability over long periods
(Minguela & Cunha 2010).

The third cluster grouped TAL 35, TAL 44 and
TAL 43 in January while the remaining fields TAL
40 and TAL 41 in the same period were clustered
with the all fields in February (cluster 4). The
high number of sprouts that scored 5 justified
the grouping of TAL 40 and TAL 41 in January
in cluster 4 referring to February (90 days after
application). Thus, adding the adjuvant in the
mixture did not affect significantly the sprouts
in these fields 60 and 90 days after chemical
weeding. Minguela & Cunha (2010) reported that
the indiscriminate use and lack of knowledge
about the adjuvant action might result in
antagonistic effects between products, thus
decreasing control effectiveness and, in some
cases, increasing application costs.

An Acad Bras Cienc (2020) 92(Suppl. 1)
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TO3 (Figure 6) presented high dissimilarity
between fields/periods, with five homogeneous
plot clusters. Furthermore, the high variability of
scores attributed to sprout control in December
resulted in dissimilar fields that formed three
distinct sub-clusters (TAL 35 and 43; TAL 44; and
40 and 41).

Sixty days after the application, except for
TAL 41 and TAL 43, the other fields were grouped
inthe same cluster (cluster 4), which is explained
by the already mentioned ineffective control
in the period, characterized by the expressive
increase of scores 5. In February, all fields were
clustered together (along with TAL 41 and TAL
43 from January), which was expected, given the
score 5 assigned to almost all sprouts in these
fields.

In general, it is possible to affirm that
TO3 provided the worst results for controlling
eucalyptus sprouts since it presented high
variability in the short term, with considerable
regrowth 60 days after application. However,
Santos et al. (2007) concluded that the
physiological effects of using glyphosate
mixed with other products to spray eucalyptus
sprouts could cause biochemical disturbances
resulting in an imbalance between the organic

€20190601 9| 11



CAIQUE C. MEDAUAR et al.

and inorganic compounds, and that would help
control the sprouts.

Monitoring the control of eucalyptus sprouts
over time using a diagrammatic scale is a useful
tool for managing silvicultural treatments
and for evaluating the application quality of
phytosanitary products. Infield conditions,
scores greater than or equal to 3 should suffice
to recommend additional practices to control
and eradicate sprouts in forest reform areas.

CONCLUSIONS

The diagrammatic scale allowed evaluating
the vegetative vigor of eucalyptus sprouts,
generating interpretable information on the
different evaluated treatments.

The treatments only controlled the sprouts
in the short term, without providing their
effective eradication.

The addition of foliar fertilizer and
combination of herbicides with different active
principles showed as of 60 days of application
similarity between fields, as well as expressive
increase of notes equal to 5, compromised the
control of eucalyptus sprouts.
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