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ABSTRACT - Glyphosate has significant effects on the growth and development of plants
when in underdoses. This work was developed to verify the effect of the application of
glyphosate in underdoses in lignin synthesis and consequently decomposition of maize stover.
Two experiments were conducted; the first one in a greenhouse for underdoses adjustments
and the second one in the production area. The experimental design of the first trial was
completely randomized with four replications. The treatments consisted in the application of
the underdoses: 0, 25, 50 and 100 g ha-1 of glyphosate. In the production area, the experimental
design was a randomized block with four replications, in underdoses: 0, 12.5, 25 and 50 g ha-1.
The results were submitted to analysis of variance and regression. The underdoses of
25 g a.e. ha-1 in a greenhouse promoted 36% increase in productivity of stover, in addition to
increasing the lignin content in 16%, with no change in the unwanted growth of maize plants.
In the production area, the concentration of   12.5 g a.e. ha-1 of glyphosate reduced the lignin
content and the other underdoses have not changed this feature in maize plants. None of
the underdoses affected the height and biomass produced by the maize plants. The highest
underdose tested promoted acceleration in the decomposition of maize stover.
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RESUMO - O glyphosate apresenta importantes efeitos sobre o crescimento e desenvolvimento das
plantas quando aplicado em subdoses. Assim, este trabalho foi desenvolvido com o objetivo de
verificar o efeito da aplicação de subdoses do glyphosate na síntese de lignina e, consequentemente,
na decomposição da palhada de milho. Foram realizados dois experimentos, sendo o primeiro em
casa de vegetação e o segundo em área de produção. O delineamento experimental para o primeiro
experimento foi o inteiramente casualizado com quatro repetições. Os tratamentos constituíram-se da
aplicação das subdoses: 0, 25, 50 e 100 g e.a. ha-1 de glyphosate. Na área de produção, o delineamento
experimental adotado foi de blocos ao acaso com quatro repetições, e as subdoses utilizadas foram:
0, 12,5, 25 e 50 g e.a. ha-1. Os resultados foram submetidos a análise de variância e ajuste de
regressão. A subdose de 25 g e.a. ha-1 em casa de vegetação promoveu aumento de 36% na biomassa
das plantas, além de elevar o teor da lignina em 16%, sem alteração na altura das plantas de milho.
Na área de produção, a concentração de 12,5 g e.a. ha-1 de glyphosate reduziu o teor de lignina, e as
demais subdoses não alteraram essa característica nas plantas de milho. Nenhuma das subdoses
afetou a altura e biomassa produzida pelas plantas de milho. A maior subdose testada promoveu
aceleração na decomposição da palhada de milho.
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INTRODUCTION

The no-tillage system is an effective
strategy   for   improving   agriculture
sustainability, helping to minimize soil and
nutrients losses by erosion (Caires et al.,
2006). This management system has shown
rapid growth in cultivated areas in Brazil,
currently occupying some 31 million hectares
(Febrapdp, 2013).

In the no-tillage system, there are factors,
particularly with respect to the large amount
of stover generated from second-crop maize,
hampering the next crops sowing, such as
soybeans (Almeida et al., 2008). To solve
this problem, farmers handle the stover
with clearing saws and chippers, or closed
harrowing, fragmenting the stover in very tiny
pieces, but this promotes increased traffic in
farming and hence the risk of compaction,
besides increasing the operating costs
(Aratani et al., 2006).

On the other hand, in warmer regions,
such as the Brazilian cerrado, the rapid
decomposition of the stover is a problem
for the no-tillage system consolidation,
the deployment of crops that produce high
amounts of stover being extremely important
(Andreotti et al., 2008).

This stover decomposition rate determines
its residence time on the soil surface. The
faster its decomposition, the greater the
release rate of nutrients, reducing, however,
the soil protection. On the other hand, the
higher the lignin content and the C/N
ratio present in the stover, the slower its
decomposition (Floss, 2000).

Lignin is a highly complex phenolic
molecule; these structures formed by the
polymerization of paracoumaryl alcohol,
coniferyl alcohol and sinapyl alcohol are
associated to cellulose in the cell wall and
have functions such as providing stiffness,
impermeability and resistance to various
types of biotic and abiotic stress (Eckardt, 2002;
Raes et al., 2003; Cabané et al., 2004).

Glyphosate herbicide has, as a site of
action, the enzyme EPSPs. When it acts, it
blocks the shikimic acid pathway, thus
impairing the production of complex phenolic

compounds such as lignin (Galli & Montezuma
2005; Franz et al., 1997; Weaver & Hermmann,
1997).

Currently, glyphosate is the active
ingredient that is most used in weed
control and desiccation of cover crops for
implementing non-tillage. However, there are
other important effects of this herbicide on
development and growth of plants which
have been studied. Some studies have shown
that the application of underdoses of glyphosate
acts as a growth promoter in crops (Velini
et al., 2008; Cedergreen et al., 2009; Dalley &
Richard Jr., 2010; El-Shahawy & Sharara,
2011a,b; Silva et al., 2012), promotes the
reduction of the rice plant lodging (Gitti et al.,
2011), increases the extracted sugar content
in sugarcane, while reducing the lignin
content in this crop (Meschede et al., 2012).
These effects are known as “hormesis”, a term
introduced by Ehrlich in 1943 to describe the
phenomenon in which substances which
are toxic in high doses are beneficial in
underdoses (Calabrese, 2005).

Therefore, this work was developed with
the objective of verifying the underdoses
application effect of glyphosate in lignin
synthesis in maize plants and correlate it to
the interference of this phenolic complex in
the decomposition of the residual stover.

MATERIALS AND METHODS

Maize seeds (Zea mays Hybrid 2B587Hx –
Herculex®) and herbicide Roundup Original®

(480 g kg-1 a.e. of glyphosate) were used. The
first experiment (2011) was conducted in a
greenhouse, in order to select the herbicide
underdoses for the field experiment. The
experiment in production area was conducted
in 2011/2012.

Experiment in a greenhouse

The experiment in a greenhouse was
conducted in a completely randomized design
with four replications. Each experimental unit
consisted of a plastic pot with a volumetric
capacity of five liters, filled with Plant Max®

substrate, for maize seeding with a density
equivalent to 70,000 seeds per hectare (two
seeds per pot). The treatments consisted of
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application of the glyphosate herbicide in
underdoses: 0, 25, 50 and 100 g a.e. ha-1. In
all treatments with herbicide application, 0.5%
(v:v) of adjuvant Aterbane® was added. The
treatments application was done at 28 days
after sowing (DAS) in the maize plants in
vegetative stage V4 (four fully unfolded leaves),
with a laboratory-installed stationary spray and
equipped with four nozzles of the DG series
11002, spaced 0.50 m, with pressure of 200 kPa
and a spray volume of 200 L ha-1. The
temperature at the time of application was
22 oC, with relative humidity of 65%.

Experiment in a production area

The area used in this experiment has been
managed in the no-tillage system for 11 years,
with rotation of soybeans and maize in
summer and fallow in winter (spontaneous
vegetation), and has clayey soil containing
165, 385 and 450 g kg-1 of sand, silt and clay,
respectively.

The experiment was conducted in a
randomized block design with four replications.
Each experimental unit had dimensions of ten
meters long and four meters in width,
consisting of four sowing rows spaced
0.85 meters, with a density of 70,000 seeds
per hectare. At the maize sowing, fertilization
with 300 kg ha-1 of formulated fertilizer 08-28-
16 (N, P2O5, K2O) was performed and a coverage
fertilization was done with 300 kg ha-1 of urea,
divided into two applications of 150 kg ha-1

each, according to Raij et al. (1997).

In the experimental area, the end lines
were considered as borders to avoid
contamination among the experimental units
at the time of treatment application. The
treatments consisted of the application of the
glyphosate herbicide in underdoses: 0, 12.5,
25 and 50 g a.e. ha-1. In all treatments with
herbicide application, 0.5% (v:v) of adjuvant
Aterbane® was added. The treatments
application was done at 28 days after sowing
(DAS), with the maize plants in vegetative
stage V4 (four fully unfolded leaves), with
pressurized backpack sprayer at CO2, with
constant pressure of 200 kPa, equipped with
an application bar of two meters and with four
spray nozzles Teejet XR 110 02 VS, spaced
0.5 meters and set to apply a spray volume of

200 L ha-1. The air temperature at application
was 28 oC, with relative humidity of 90% and
air velocity of 10 km h-1.

Parameters evaluated

The maize plants height was measured
with a self-retracting tape measure from the
ground to the insertion of the last fully
expanded leaf. This measurement was
performed in two plants per pot at 21 days after
application (DAA) for the experiment in a
greenhouse, and in ten plants at 150 DAA in
the production area.

To determine the accumulation of
biomass per pot, the plants were cut with
scissors, weighed and packed in paper bags
for drying in a forced circulation oven at 60 oC
for seven days. The procedure was repeated
in the production area, but a linear meter of
maize plants was cut, without the ear; later,
the results were converted to biomass per
hectare.

After weighing, the plants were ground in
a circular rotor mill with knives
(Marconi MA340) for determination of lignin
content, quantifying cell walls free of proteins
from the dry matter, according to Morrison’s
methodology (1977). About 100 mg of sample
were placed in 6 mL polypropylene cartridges
(Applied) for solid-phase extraction (SPE), and
sequentially subjected to washings with the
following solutions: water at 100 oC; 3%
aqueous solution of sodium dodecyl sulfate
(SDS) at 122 oC; 85% aqueous solution of
ethanol at 75 oC; and acetone at 56 oC. A
portion of 20 mg of the washed material was
packed in a centrifuge tube, and 500 μL of
acetyl bromide at 25% were added. The
samples were heated at 70 oC for 30 min,
transferred to an ice bath and then neutralized
by adding 0.9 mL of NaOH 2 M. Subsequently,
0.1 mL of hydroxylamine, and 2 mL of
glacial acetic acid were added. The samples
were centrifuged at 1,000 xg for 5 minutes
and the supernatant was submitted to
spectrophotometric reading (UV/VIS GBC,
model Cintra 40) at 280 nm. The lignin
concentration was obtained based on the
lignin standard curve (Sigma), under the same
conditions of the sample, and expressed in mg
of lignin per gram of tissue.
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The residual stover mass was monitored in
all plots to determine the stover decomposition
rate during four months, and four replications
randomly per plot were collected at 0, 30, 60,
90 and 120 days after harvest, with the aid of
a frame with an area of one square meter
(Penati et al., 2005).

The results were submitted to analysis
of variance; being significant, they were
submitted to linear regression adjustment
(Araldi et al., 2011) or quadratic (Toebe et al.,
2012), with the aid of software SigmaPlot
(Systat Software, 2006). Confidence interval
for each means was also determined by the
equation: IC = (t x stdev)/root nr, where
CI = confidence interval; t = tabulated t value,
at 10% probability; stdev = standard deviation;
and root nr = square root of the number of
repetitions.

RESULTS AND DISCUSSION

The average plant height and ear
insertion are important morphological
parameters to assess maize crops due to the
direct correlation with lodging and loss of grains
at harvest (Li et al., 2007). The plants that
were sown in the greenhouse and subjected
to the application of underdoses of 0, 25, 50
and 100 g a.e. ha-1 of glyphosate reached
an average height of 89, 97, 98 and 81 cm,
respectively (Figure 1). Plants subjected to an
underdose of 100 g a.e. ha-1 had height
reduced compared to the other treatments.
The derivative equal to zero of the adjusted
quadratic model demonstrates that the
underdose to maximize the maize plants
height is 42 g a.e. ha-1, resulting in a height of
98 cm. For the adjusted model, the underdoses
above 83 g a.e. ha-1 promoted reduction of plant
height.

These data were important for the
selection of underdoses of glyphosate used in
the experiment in the production area. Plant
height is an important variable to be observed
when evaluating application tests of herbicide
underdoses (Silva et al., 2012), especially with
respect to the plants profile when subjected to
the glyphosate molecule application (Godoy
2007; Velini et al., 2008).

When compared to other studies, the
maize growth in this experiment under the

no-tillage system (production area) was normal
and plants lodging was not seen, which
shows that their average height was within
the normal range (Gomes et al., 2010). The
glyphosate underdoses application did not
affect plant height in the field (Figure 1).

The quadratic polynomial model adjusted
to analyze the accumulation of maize biomass
in a greenhouse and due to the glyphosate
underdoses, was significant at 5.00%. In the
derivative equal to zero (Skoog et al., 2014),
the model demonstrates that the crop
biomass is maximized with the underdose of
38 g a.e. ha-1 (Figure 2).

There was a 26% increase in maize
biomass in a greenhouse with the application
of 25 g a.e. ha-1 of glyphosate, compared to
the control. The other two underdoses
(50 and 100 g a.e. ha-1) decreased 8 and 27%,

NS – non-significant (p > 0.05), * significant (p < 0.05) and
** significant (p < 0.01).

Figure 1 - Height of maize plants. (A) Experiment in a greenhouse
– evaluation at 21 DAA. (B) Experiment in the production
area – evaluation after 150 DAA of the glyphosate.

(A)

(B)
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respectively, compared to the control. Therefore,
the concentration of 100 g a.e. ha-1 was not
used in the experiment in the production area.
The maize biomass accumulation in a
production area based on dry matter, was 7.20;
6.93; 7.31; and 7.71 kg ha-1, respectively, for the
underdoses of 0, 12.5, 25 and 50 g ha-1. This
hybrid biomass accumulation was lower when
compared to the experiment conducted by
Chioderoli et al. (2010), who have found an
average yield of 9,652 kg ha-1 employing
irrigation. Higher accumulation of biomass is
favorable in soil management conservation
systems (Teixeira et al., 2010).

Glyphosate has as mechanism of action
the inhibition of 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS), with consequent
interruption of the shikimic acid pathway
(Franz et al., 1997), which reduces the

availability of the three aromatic amino
acids: phenylalanine, tyrosine and tryptophan
(Devine et al., 1993); therefore, it causes the
formation of cinnamic acid and its derivatives,
thereby inhibiting the production of more
complex phenolic compounds such as lignin
(Weaver & Herrmann, 1997). Conflicting
results were observed for the lignin content
in maize for experiments in the greenhouse
and in the production area. In the experiment
conducted in a greenhouse, the plants showed
an increase in lignin content in underdoses
of 25 and 50 g a.e. ha-1, which promoted,
respectively, levels of 10.2% and 10.3% of
lignin, compared to 8.8% present in the control
without herbicide application (Figure 3). For
the underdose of 100 g a.e. ha-1 of glyphosate,
the lignin content has not changed, being
8.6%, which is very similar to the content
found in the control.

NS – non-significant (p > 0.05), * significant (p < 0.05) and
** significant (p < 0.01).

Figure 2 - Accumulation of biomass of maize plants.
(A) Experiment in a greenhouse – evaluation at 21 DAA.
(B) Experiment in the production area – evaluation after
150 DAA of the glyphosate.

(A)

(B)

NS – non-significant (p > 0.05), * significant (p < 0.05) and
** significant (p < 0.01).

Figure 3 - Lignin content of the maize plants. (A) Experiment
in a greenhouse – evaluation at 21 DAA. (B) Experiment in
the production area – evaluation after 150 DAA of the
glyphosate.

(A)

(B)

F = 2.0301NS
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The observed lignin increase can be
interesting in some cases, as many authors
have found that vegetable waste with higher
lignin contents is more slowly decomposed,
compared to plants of lower levels (Floss, 2000;
Sainju et al., 2007; Oliveira et al., 2009;
Teixeira et al., 2010).

For the lignin content found in the
experiment carried out in the production area,
it was not possible to adjust a significant
quadratic polynomial model; however, it
was observed by the confidence interval
that only the underdose of 12.5 g a.e. ha-1 of
the herbicide interfered in reducing the
lignification rate of maize plants. The
lignin contents observed in this experiment
were 17.2%, 14.1%, 16.4% and 17.5% for the
underdoses of 0, 12.5, 25 and 50 g a.e. ha-1,
respectively (Figure 3).

These values were higher than those
analyzed in the greenhouse. One hypothesis
to explain these different results may be in
the different plants stages at the time of
collection of plant material for the analyses,
a fact also confirmed by Fukushima et al.
(2000). This demonstrates that apparently a
temporary effect on the change of plant lignin
contents occurs, but these changes do not
persist until the final stages of the cycle, which
does not contribute to significant changes in
the composition of maize stover.

Carvalho et al. (2013) have reported that
lignin synthesis can be inhibited with
underdoses of glyphosate. A similar profile was
observed for sugarcane with the application
of underdoses of this same product in the
production area (Meschede et al., 2012).
Lignification, although a particular genetic
trait for each of the plants, has a metabolic
regulation which allows it to be manipulated
by both extrinsic factors as by the regulation
of genes that are interconnected to the
biochemical pathways for synthesis and/or
degradation of such polymer complex (Shi
et al., 2012).

To evaluate the decomposition of maize
stover, linear regression models were adjusted
for each of the applied glyphosate underdoses
(Figure 4). According to the linear regression
intersection coefficient, the initial amount of
the maize crop stover was: 7,314.4; 6,916.7;

NS – non-significant (p > 0.05), * significant (p < 0.05) and
** significant (p < 0.01).

Figure 4 - Decomposition of dry matter of maize plants in the
production area due to time: (A) 0.0; (B) 12.5; (C) 25.0;
(D) 50.0 g a.e. ha-1 glyphos.

(A)

(B)

(C)

(D)
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7,370.8; and 7,501.2 kg ha-1, respectively, for
the underdoses of 0, 12,5, 25 and 50 g a.e. ha-

1 of glyphosate.

The line slope coefficient shows a daily
maize stover decomposition of 29, 30, 28 and
37 kg ha-1 for the underdoses of 0, 12.5, 25 and
50 g a.e. ha-1 of glyphosate, respectively.
After a period of 120 days, for the underdoses
of 0, 12.5, 25 and 50 g a.e. ha-1 of glyphosate,
decomposition was 44%, 51%, 43% and
59%, respectively (Figure 4). There was
acceleration in the stover decomposition
concomitant to the higher underdose studied.
Casa et al. (2003), when assessing the stover
decomposition of that same crop in the
Brazilian city of Passo Fundo, in Rio Grande
do Sul, have reported decomposition of only
10% in the same period of 120 days. According
to Alexander (1961), the observed differences
can easily be explained by climatic changes
during the period of testing, and especially with
regard to low temperatures that directly
interfere in microbial activity in the soil,
which are responsible for the decomposition
of organic matter.

In the experiment under controlled
conditions, the underdoses of 25 and
50 g a.e. ha-1 caused an increase in plant
biomass and lignin content, without
significantly altering the development of maize
plants. In the experiment in the production
area, the concentration of 12.5 g a.e. ha-1 of
glyphosate reduced the lignin content, and the
other underdoses did not affect this trait in
maize plants. None of the underdoses affected
the height and biomass produced by maize
plants in the field, and the greater underdose
tested promoted acceleration in the maize
stover decomposition.
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