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ABSTRACT. Farmers use non-selective herbicides, such as glyphosate, in directed applications to control
weeds in coffee crops. Despite the precautions used during the application of herbicides, there are usually
reports of poisoning in plantation areas. Moreover, it is fundamental to understand the effects of glyphosate
on photosynthetic processes. The present study aimed to evaluate the characteristics associated with the
photosynthetic activity in coffee cultivars subjected to doses of glyphosate. The experiment was conducted
in a greenhouse using three varieties of coffee (Coffea arabica), including Acaid (MG-6851), Catucai
Amarelo (2 SL) and Topézio (MG-1190), and three subdoses of glyphosate (0.0, 115.2 and 460.8 g ha™) in a
3 x 3 factorial scheme. Herbicide application led to reduced internal carbon, ratio between internal and
environmental carbon, carbon consumption and photosynthetic rate at 15 days after application (DAA) in
the fourth leaf. In the same leaf at 45 DAA, the carbon consumption of the cultivars was even less. Despite
low carbon concentrations, no difference in consumption and photosynthetic rate was observed in the last
leaf. Glyphosate caused metabolic damage with transitory effects on the photosynthetic rate; the Acaid
cultivar was the most tolerant. These transitory effects may result in irreversible and prolonged damage to
crop growth.

Keywords: herbicide, EPSPs, Coffea arabica, photosynthetic rate, drift.
Atividade fotossintética do cafeeiro ap6s aplicagao de subdoses de glyphosate

RESUMO. Para o controle de plantas daninhas em lavouras cafeeiras, os produtores utilizam herbicidas
nao-seletivos, como o glyphosate, empregado em aplicagdes dirigidas. Apesar de todos os cuidados com a
aplicagio, sio constatados casos de intoxicagio em plantas, sendo de fundamental importincia o
conhecimento dos efeitos sobre os processos fotossintéticos. Objetivou-se com este trabalho avaliar as
caracteristicas associadas 2 atividade fotossintética entre cultivares de cafeeiro submetidos a doses de
glyphosate. O experimento foi conduzido em casa de vegetacio utilizando-se trés cultivares de cafeeiro
(Coffea arabica): Acaid (MG-6851), Catucai Amarelo (2 SL) e Topizio (MG-1190) e, trés subdoses do
glyphosate (0,0; 115,2 € 460,8 g ha™'), em esquema fatorial 3 x 3. Em funcio da aplicagio do herbicida
observou-se redugio de carbono interno, razio carbono interno e do ambiente, consumo de carbono e taxa
fotossintética, aos 15 DAA na quarta folha. Na mesma folha aos 45 DAA, constatou-se menor consumo de
carbono pelos cultivares. Na dltima folha apesar de inferiores concentragdes de carbono, nio obteve-se
diferenga no consumo e taxa fotossintética. O glyphosate resulta em danos metabdlicos com efeitos
transitérios sobre a atividade fotossintética, sendo o cultivar Acaid o mais tolerante. Este efeito transitério
pode resultar em danos prolongados e irreversiveis no crescimento da cultura.

Palavras-chave: herbicida, EPSPs, Coffea arabica, taxa fotossintética, deriva.

Introduction from contacting the leaves of coffee plants. This
process is also known as drifting of the product.

Although herbicides used for coffee plantations Glyphosate affects the shikimic acid pathway by

are applied in post-emergence (RONCHI et al.,

2003), glyphosate, which is highly efficient and
inexpensive, is commonly used. Glyphosate is
applied to perennial cultures in such a way to avoid
hitting the leaves. It is necessary to prevent drops
from being carried by the wind and, consequently,

inhibiting the synthesis of 5-enolpyruvoylshikimate-
3-phosphate  synthase. In  this
5-enolpyruvoylshikimate-3-phosphate synthase is
exclusively synthesized from aromatic amino acids,
including phenylalanine, tyrosine and tryptophan, as

pathway,
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well as many other secondary metabolites derived
from these amino acids (GRAVENA et al., 2009).
The visual consequences of glyphosate actions
(FRANCA et al, 2010a).
Therefore, care should be taken with the following

include chlorosis

aspects of glyphosate application: spray pressure, bar
height, operation speed, wind speed, temperature
and relative humidity.

Despite all of the precautions taken by directed
application, cases of contamination have been
reported (RONCHI; SILVA, 2004). Many studies
related to the simulation of drifting with subdoses of
glyphosate applied in cultures have been reported on
the following crops: corn (BROWN et al., 2009;
REDDY et al, 2010), ecucalyptus (MACHADO
et al.,, 2010; TUFFI SANTOS et al., 2007), cotton
(YAMASHITA; GUIMARAES, 2005, 2006), fruits
(GRAVENA et al., 2009; PROCOPIO et al., 2009;
WAGNER JUNIOR et al, 2008), vegetables
(FIGUEREDO et al., 2007; RIGOLI et al., 2008)
and physic nuts (COSTA et al., 2009).

Franca et al. (2010a) assessed the growth of
coffee plants submitted to subdoses of glyphosate,
and they reported that plants recover their growth in
the aerial part and that the visual symptoms of
intoxication decreases after 120 days of application.
However, visual symptoms of damage are not always
correlated with losses in yield. Some herbicides may
not cause visual symptoms in plants but can affect
the growth and development of plants during the
culture cycle (CARVALHO et al., 2009). However,
damage to plants can be assessed by indirect
influence  over  variables  associated  with
photosynthesis (TAIZ; ZEIGER, 2006).

Knowledge on the effects of photosynthetic
activities is important because these effects are
responsible for the accumulation of all organic
matter of plants, and any factor that interferes with
photosynthesis  will affect plant development
(LOPES et al,, 2009). According to Barela and
Christoffoleti (2006), reduced culture yield can be a
consequence of reduced photosynthetic rates of
plants depending on the degree of intoxication
caused by the herbicide. Thus, the present work
aimed to assess the characteristics associated with the
photosynthetic activity of coftee cultivars submitted
to subdoses of glyphosate.

Material and methods

The experiment was conducted in a greenhouse
using three coffee cultivars, including (Coffea arabica)
Acaid (MG-6851), Catucai Amarelo (2 SL) and
Topézio (MG-1190), treated with three subdoses of
glyphosate. The seedlings of the coffee cultivars

Carvalho et al.

were produced by direct sowing in polyethylene
bags. At the stage of five pairs of completely
expanded leaves, the plants were transplanted to
vases containing 10 L of substrate composed of a
sample of sifted soil and aged manure (3:1). The soil
sample was achieved from a typical distrofic Red-
Yellow Latosol with a sand/clay texture. The
chemical analysis of the soil presented the following
results: pH (water) of 4.7; organic matter rate of 2.4
dag kg''; P and K contents of 2.3 and 48 mg dm?,
respectively; and Ca, Mg, Al, H+Al and CTC e
contents of 1.4, 0.4, 0.6, 6.27 and 2.52 cmol dm>,
respectively. Simple superphosphate (100 g per vase)
was used to supply P,Os, and dolomitic limestone
was used to increase the saturation per base to 60%.
After transplanting the seedlings, the vases remained
in a greenhouse under an aspersion irrigation system
until the treatments were applied. Potassium
chloride (31.48 g per vase) and urea (10 g per vase)
were added 30 and 60 days after transplantation
(RIBEIRO et al., 1999).

The experiment was installed in a (3 x 3) factorial
scheme with the first factor corresponding to the
coftee cultivars and the second factor corresponding
to the subdoses of glyphosate. The experiment was
set up in a randomized block design with four
replications. Subdoses of 0, 115.2 and 460.8 g ha™ of
glyphosate were tested, which corresponded to 0, 8.0
and 32.0%, respectively, of the recommended
commercial dose for weed control (1.440 g ha™).
The experimental parcels consisted of a vase
containing a plant. At 120 days after transplantation
in September 2008 when the coffee plants had
approximately 21 pairs of leaves and six plagiotropic
branches, glyphosate was applied in a way that it
would not reach the upper third of the coffee plants
using a pasteurized coastal pulverizer, which was
pressurized with CO, and calibrated for a constant
pressure of 250 kPa. The pulverizer was equipped
with a bar and two fan-like pulverization tips
(TT110.02) spaced 50 cm from each other, which
provided a spray application of 200 L ha™. During
application, the air temperature (25.3°C = 1),
relative air humidity (80% = 3) and wind velocity (2
km h™') were measured. After the application of
glyphosate, the plants remained outside the
greenhouse for 24 hours with the leaves protected
from irrigation or rain water to avoid removal of the
product.

At 15 and 45 days after application (DAA), the
percentage of coffee plant intoxication caused by
glyphosate was evaluated using a scale of 0 to 100
where 0% corresponded to no visible symptoms and
100% corresponded to plant death. At the same
times after application, the leaf area, CO,
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concentration of the substomatal chamber (Ci; pmol
mol™) and photosynthetic rate (4; pmol m?s™) were
measured. The CO, consumed by the plant (4C;
pumol mol™) and the ratio between the internal and
environmental concentration of CO2 (Ci/Ca) were
also calculated from the reference values of CO, in
the evaluation chamber. The physiological
assessments were performed when the last and
fourth leaves completely expanded (counting from
the base of the plant) using an infrared gas analyzer
(IRGA; brand ADC, model LCA PRO; Analytical
Development Co. Ltd., Hoddesdon, UK).

The data were submitted to variance analysis by
the F test (p = 0.05). The interaction was then
unfolded and submitted to Tukey’s test at 5%
probability resulting in comparison among the three
cultivars and three dosages at 15 and 45 DAA.

Results and discussion

An interaction between the cultivars and
subdoses of glyphosate occurred for the assessed
variables depending on the sampled leaf and time of
evaluation. Although non-significant, the results of
each assessment were unfolded and presented in a
standardized manner.

A difference was observed in the following
photosynthetic characteristics when comparing the
cultivars in the fourth leaf 15 days after application
(DAA): internal carbon (Ci); carbon consumption
(4C); ratio between internal carbon and atmosphere
carbon (Ci/Ca); and photosynthetic rate (A). The
Topézio cultivar presented higher averages of Ci and
Ci/Ca, and a similar difference was observed
without the application of glyphosate. When
considering the effect of the subdoses, only the
Acaid cultivar had different Ci values from the
Topazio cultivar with the herbicide application of
1152 g ha™ (Table 1). Moreover, the 4C and A
averages of the Acaid cultivar were higher than the
averages of the other cultivars. Without the
glyphosate application, lower values of 4C and A
were observed only for the Topazio cultivar. After the
application of the highest subdose, the Catucaf
Amarelo cultivar presented lower values representing
approximately 52 and 49% of the AC and A values,
respectively, of the Acaid cultivar (Table 1).

The application of glyphosate led to decreased
values of Ci and Ci/Ca with decreases of 115.2 g ha
! In contrast, the Ci and Ci/Ca values of the Acaii
cultivar did not differ with herbicide application.
The 4C and A values did not present differences
between the zero subdose and intermediate subdose.
However, the highest subdose differed negatively
from the others as well as in the values of each
cultivar (Table 1).

111

Table 1. Internal carbon (Ci), consumption of CO, (4C), ratio
of internal carbon and atmosphere carbon (Ci/Ca) and
photosynthetic rate (A) measured in the fourth leaf (completely
expanded) of three coffee cultivars (Coffea arabica) treated with
different glyphosate subdoses at 15 days after application.

Ci - ymol mol”

Treatments

—————————— Sub-doses - g ha™'-—----——— Mean
Cultivars 0 115.2 460.8
Acaii 275.00bA  268.80 bA  281.60 aA 275.13b
Catucai Amarelo  292.80 bA  279.40 abA  259.00 bB 277.07 b
Topizio 326.60aA  291.40aB  264.60 abC 294.20 a
Mean 298.13 A 279.87 B 268.40 C  CV(%)=4.43

AC - pmol mol”!
Acaid 32.00 aA 29.00 aA 25.00 aB 28.67 a
Catucaf Amarelo 30.20 aA 27.40 aA 13.00 cB 2353b
Topézio 25.00 bA 25.40 aA 20.80 bB 23.73b
Mean 29.07 A 27.27 A 19.60 B CV(%)=9.50
Ci/Ca
Acaid 0.74 bA 0.73 aA 0.76 aA 0.74 b
Catucai Amarelo 0.79 bA 0.75 aAB 0.70 bB 0.75b
Topizio 0.87 aA 0.78 aB 0.71 abC 0.78 a
Mean 0.80 A 0.75 B 0.72B CV(%)=4.62
A-pmol m?s”

Acaid 10.04 aA 9.53 aA 8.10 aB 9.22a
Catucai Amarelo 9.33aA 8.82 abA 4.00 bB 7.38b
Topizio 7.74 bAB 8.24 bA 7.07 aB 7.69b
Mean 9.04 A 8.87A 6.398B CV(%)=7.54
Means followed by the same lowercase letter in the column and uppercase letter in the

row do not differ from each other according to Tukey’s test at 5% probability.

Thus, higher availability/concentration of CO,
was observed in the substomatic spaces for
photosynthetic activity for the highest Ci and Ci/Ca
values. However, this cultivar showed lower values
of 4C and A without glyphosate application and in
the averages of all subdoses. The higher
availability/concentration of CO, in the Topizio
cultivar was also higher in the absence of the
product. Thus, it is an intrinsic characteristic of the
cultivar in the handling conditions of the
experiment. With the application of glyphosate, the
Ci and Ci/Ca values were reduced in the cultivars,
but the Ci and Ci/Ca values of the Acaii cultivar did
not change with the application of different
glyphosate subdoses.

A greater effect of glyphosate subdoses has been
reported in eucalyptus plants 21 days after
application (MACHADO et al., 2010). Lassiter et al.
(2007) observed a sharp decrease in the yield of
peanuts with the yield decreasing by 140 g ha™.
However, the yield of physic nut plants is decreased
by 45.0 g ha” when submitted to simulated drift of
glyphosate (COSTA et al., 2009).

Lower AC and A values occur because of the
restriction of CO, in locations of carboxylation or
possible metabolic limitations of the plant.
Therefore, the low values of A are assumed to be
related to the metabolic and non-stomatic
limitations or restriction of CO,. When submitted to
low temperatures, coffee genotypes also have low A
values due to the limitation of the lower metabolism
of plants (PARTELLI et al., 2009).
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Photosynthetic rates affect culture vyields.
Therefore, a reduced yield can be expected with
glyphosate application because the cultivars obtained
lower A and AC values even under conditions
without carbon restriction for photosynthesis.
However, Galon et al. (2009) observed no direct
correlation between dry matter and photosynthetic
rate in sugarcane because the accumulation time of
dry matter is from the time of plant emergence until
the time of assessment and the photosynthetic
analysis is punctual and depends on environmental
conditions.

In the assessment of the last leaf at 15 DAA, the
Ci and Ci/Ca values were lower in the Acaid and
Catucai Amarelo cultivars with the application of
115.2 g ha'', and a reduction in these values was
observed in the Topazio cultivar with the application
of the highest subdose (460.8 g ha™"), which made
the cultivars even. These variables also had lower
averages in the Acaid cultivar compared with the
other cultivars. In contrast to the assessment of the
fourth leaf, the last leaf did not present differences
in the averages of Ci and Ci/Ca. Only the Topizio
cultivar presented lower values with the highest
subdose (Table 2).

Table 2. Internal carbon (Ci), consumption of CO, (4C), ratio
of internal carbon and atmosphere carbon (Ci/Ca) and
photosynthetic rate (A) measured in the last leaf (completely
expanded) of three coffee cultivars (Coffea arabica) treated with
different glyphosate subdoses at 15 days after application.

Ci - pmol mol”

Treatments

—————————— Sub-doses - g ha!----—-—-—- Mean
Cultivars 0 115.2 460.8
Acaid 274.80 aA  283.40bA 27520 aA 277.80 b
Catucai Amarelo  302.802A  291.00 bA  289.00 aA 294.27 ab
Topézio 297.60 aAB  323.69aA  286.80 aB 302.67 a
Mean 291.73 A 29933 A 283.67A CV(%)=6.64

AC - pmol mol™!
Acaid 24.00 abA 24.42A 23.80 aA 24.07 a
Catucai Amarelo 16.00 bA 25.40aA  20.80aA 20.73 a
Topézio 31.40 aA 11.00bB  27.80 aA 23.40a
Mean 23.80 A 20.27 A 2413 A CV(%)=32.70
Ci/Ca
Acaid 0.74 aA 0.77 bA 0.74 aA 0.75b
Catucai Amarelo 0.82aA 0.78 bA 0.78 aA 0.79 ab
Topézio 0.80 aAB 0.87 aA 0.77 aB 0.81a
Mean 0.78 A 0.81A 0.76 A CV(%)=6.60
A-pmol m?s”

Acaid 7.65 abA 7.74 aA 7.68 aA 7.69 ab
Catucai Amarelo 5.08 bA 7.21aA 6.29 aA 6.19b
Topézio 10.06 aA 9.39 aA 8.89 aA 9.45a
Mean 7.60 A 8.11A 7.62A  CV(%)=24.22

Means followed by the same lowercase letter in the column and uppercase letter in the
row do not differ from each other according to Tukey’s test at 5% probability.

In the absence of herbicide application, the
Catucai Amarelo cultivar had lower values for 4C
and A compared with the
Moreover, a lower average was observed in the

Topizio cultivar.

Catucai Amarelo cultivar compared with the

Topazio cultivar. With the application of glyphosate,

Carvalho et al.

a reduction was observed only in the AC value in the

Topédzio cultivar, and the application of an
intermediary subdose caused no differences in the
AC and A values (Table 2).

The height of the coffee plants was severely
impaired by the application of glyphosate, but only
the highest applied dose of 460.8 g ha™' had an effect
after 120 days of application of the product
(FRANCA etal., 2010a).

At 45 DAA when the fourth leaf was assessed,
the Ci, Ci/Ca and A wvariables did not differ
regardless of the cultivar and subdose applied. On
the other hand, the 4C average was inferior in the
Catucai Amarelo cultivar, including all subdoses
used. However, no decrease in AC values was
observed in the Catucai and Topézio cultivars with
increased application doses of the product.
However, the Acaid cultivar had a reduced 4C value
with the application of glyphosate without diftering
from the Topazio cultivar. Moreover, this reduction
in the Acaid cultivar may have affected the AC

average of the cultivars in the subdoses (Table 3).

Table 3. Internal carbon (Ci), consumption of CO, (4C), ratio
of internal carbon and atmosphere carbon (Ci/Ca) and
photosynthetic rate (A) measured in the fourth leaf (completely
expanded) of three coffee cultivars (Coffea arabica) treated with
different glyphosate subdoses at 45 days after application.

Ci - pmol mol™

Treatments

—————————— Sub-doses - g ha™'--—-—---—- Mean
Cultivars 0 115.2 460.8
Acaid 265.80 aA  285.60 aA  285.80 aA 279.07 a
Catucai Amarelo  265.60 aA 258.00aA  277.20 aA 266.93 a
Topizio 262.60 aA  277.20aA  285.40 aA 275.07 a
Mean 264.67 A 273.60 A 282.80 A CV(%)=11.14
AC - umol mol”!
Acaid 22.00 aA 17.80 aB 18.60 aB 19.47 a
Catucai Amarelo 13.00 bA 12.20 bA 11.20 bA 12.13b
Topazio 19.60 aA 18.80 aA 18.20 aA 18.87a
Mean 1820 A 16.27 B 1600 B CV(%)=10.31
Ci/Ca
Acaid 0.72 aA 0.77 aA 0.78 aA 0.76 a
Catucai Amarelo 0.72 aA 0.70 aA 0.75 aA 0.72a
Topazio 0.71 aA 0.76 aA 0.77 aA 0.75a
Mean 0.72 A 0.74 A 0.77A  CV(%)=11,17
A - pmol m”s!
Acaid 6.43 aA 5.62 aA 5.76 aA 594a
Catucaf Amarelo 529 2A 5.17 aA 5.33aA 526a
Topazio 4.97 aA 5.59 aA 5.74 aA 543 a
Mean 5.56 A 5.46 A 5.61A  CV(%)=24.58

Means followed by the same lowercase letter in the column and uppercase letter in the
row do not differ from each other according to Tukey’s test at 5% probability.

The 4C is related to plant metabolism.
Therefore, lower values of AC result in slower
metabolism. Thus, lower AC values can be the result
of a slower metabolism and may cause an indirect
effect on photosynthesis due to the effect of
herbicide on metabolism and, consequently, on
plant growth. A previous study has assessed the

growth of coffee plants after the application of
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glyphosate subdoses and has reported that plant
height and aerial foliage are decreased at 45 DAA
(FRANCA et al., 2010a).

The N, P, K, Zn e Cu contents were lower after 45
days after application of glyphosate (FRANCA et al.,
2010b). In other hand, this study has shown that the
Mg and S contents did not differ and the Ca contents
increased with the increase of glyphosate subdoses.

In relation to the last leaf at 45 DAA, the averages
of the Ci/Ca ratio and Ci in the cultivars decreased
with the application of the product. These variables
in the Catucai Amarelo cultivar also demonstrated
lower values in the pulverization at the highest
subdose. Despite the reduced availability of carbon,
however, the AC and A values were not reduced by
herbicide application, and no difference was
observed among the cultivars.

The joint analysis of the leaves revealed that the
lowest A value found with the highest subdose at 15
DAA was not observed at 45 DAA. In that period, no
difference was observed between the untreated
leaves and the leaves that received herbicide
application (Table 4). The metabolic eftects caused
by the application of glyphosate subdoses are fast
and transitory. Gravena et al. (2009), simulated
glyphosate drift in rangpur lime (limio cravo)
plants, and they observed that the effects are also
transitory and that the plants do not have severe
metabolic damage.

Table 4. Internal carbon (Ci), consumption of CO, (4C), ratio
of internal carbon and atmosphere carbon (Ci/Ca) and
photosynthetic rate (A) measured in the last leaf (completely
expanded) of three coftee cultivars (Coffea arabica) treated with
different glyphosate subdoses at 45 days after application.

Ci - pmol mol™!

Treatments 777 Sub-doses - g ha'------—-—- Mean
Cultivars 0 115.2 460.8

Acaid 278.60 aA  250.00 aA  246.00 aA 25820 a
Catucai Amarelo  278.40 aA  253.00 aAB  231.20 aB 254.20 a
Topizio 27440 aA  254.80aA  268.00 aA 265.73 a
Mean 27713 A 252.60 B 24840 B  CV(%)=10.38
Cultivars AC - pmol mol”!

Acaid 2220 aA 18.40 aA 18.60 aA 19.73 a
Catucai Amarelo 19.80 aA 16.80 aA 20.40 aA 19.00 a
Topizio 20.00 aA 19.40 aA 18.40 aA 19.27 a
Mean 20.67 A 1820 A 19.13A  CV(%)=14.60
Cultivars Ci/Ca

Acaiid 0.76 aA 0.68 aA 0.67 aA 0.70 a
Catucai Amarelo 0.76 aA 0.69 aAB 0.63 aB 0.70 a
Topizio 0.74 aA 0.69 aA 0.72 aA 0.72a
Mean 0.75A 0.69 B 0.67B  CV(%)=10,26
Cultivars A-pmol m™s”

Acaiid 6.92 aA 6.41 aA 6.11 aA 6.48 a
Catucai Amarelo 6.25 aA 5.13 aA 6.04 aA 581a
Topézio 6.53 aA 6.19 aA 5.07 aA 593 a
Mean 6.57 A 591 A 574A  CV(%)=18.14

Means followed by the same lowercase letter in the column and uppercase letter in the
row do not differ from each other according to Tukey’s test at 5% probability.

Glyphosate has fast absorption followed by fast
translocation through the phloem

(CASELEY;

113

COUPLAND, 1985). Citrus plants recover rapidly
after treatment with glyphosate (GRAVENA et al.,
2009). In the present study, the damage reflected by
the A values did not exist at 45 DAA. However, the
transitory effect on the photosynthetic rate can lead
to prolonged and irreversible damage to the growth
and yield of coffee plants.

The plants submitted to glyphosate application
showed visual symptoms of intoxication. At 15 DAA
with 115.2 g ha™' of glyphosate, 2.92% toxicity was
found, and the visual damage was about 4 times
greater compared with the dose of 460.8 g ha™
(Table 5). When considering the average toxicity of
each cultivar, the Topazio cultivar was the most
sensitive to the herbicide. Moreover, the leaf area
evaluated at the same time showed no effect from
the application of the product. Studies on the
crops the
intoxication few days after glyphosate treatment and
have assessed the effect on leaf area only after 40
days of application: coftee plants (FRANCA et al.,
2010a), physic nut plants (COSTA et al., 2009) and
eucalyptus plants (MACHADO et al, 2010).
Despite the physiological and visual short-term
damage caused by this herbicide, the leaf area was
not damaged (Tables 1 and 5).

following have visually assessed

Table 5. Phytotoxicity (%) and leaf area (cm?) of three coffee
cultivars (Coffea arabica) treated with different glyphosate subdoses
at 15 days after application.

Phytotoxicity - %

Treatments ~ ——— Sub-doses - g ha'—————-
Cultivars 0 115.2 460.8 Mean
Acaid 0.00 aA 2.50 aA 12.50 aB 5.00 a
Catucai Amarelo 0.00 aA 3.75aA 11.25aB 5.00a
Topizio 0.00 aA 2.50 aA 10.00 aB 4.17b
Mean 0.00 A 2.92B 1125C  CV(%)=35.58
Leaf area - cm®
Acaid 1079.57 aA  1079.64 aA  1075.24 aA 1078.15 a
Catucai Amarelo  1101.322aA 1109.34aA  1069.54 aA 1093.40 a
Topizio 1026.19aA 1024.63 aA  1034.75 aA 1028.52 a
Mean 1069.03 A 107120 A 1060.84 A CV(%)=12.36

Means followed by the same lowercase letter in the column and uppercase letter in the
row do not differ from each other according to Tukey’s test at 5% probability.

The visual effect of glyphosate was also observed
after 45 days of application but only with application
of the highest dose (Table 6). In contrast to the leaf
area at 15 DAA, the leaf area at 45 DAA decreased
with the increased dose resulting in a 44% reduction
in leaf areca (Table 6). Glyphosate inhibits 5-
enolpyruvylshikimate-3-phosphate synthase, which
affects the shikimate metabolic pathway, thus
preventing the formation of essential amino acids
and secondary metabolites. In addition, this pathway
is responsible for the formation of phenolic
compounds, which can represent up to 35% of plant
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biomass (BOUDET et al., 1985). Thus, one should
always take care when glyphosate is applied on
coffee crops because contact of this herbicide with
the leaves results in further damage to the plant.

Table 6. Phytotoxicity (%) and leaf area (cm?) of three coffee
cultivars (Coffea arabica) treated with different glyphosate subdoses
at 45 days after application.

Phytotoxicity - %

Treatments  ——— Sub-doses - g ha-==-----—-

Cultivars 0 115.2 460.8 Mean

Acaid 0.00 aA 0.00 aA 11.25aB 3.75a

Catucai Amarelo 0.00 aA 1.252A 12.50 aB 4.58 a

Topizio 0.00 aA 0.00 aA 13.75aB 4.58a

Mean 0.00 A 042 A 1250 B CV(%)=25.45
Leaf area - cm®

Acaid 4666.26 aA  4222.70 aB  2699.93 aC 3862.96 a

Catucai Amarelo 449126 aA  4253.20 aA  2764.93 aB 3836.46 a

Topazio 4580.13 aA  4223.54aA 224422 bB 3682.63 a

Mean 457922 A 4233.15B  2569.69 C CV(%)=6.51

Means followed by the same lowercase letter in the column and uppercase letter in the
row do not differ from each other according to Tukey’s test at 5% probability.

Conclusion

Therefore, we concluded that glyphosate drift in
coffee plants can result in damage to coffee plant
metabolism  with  transitory  effects  on
photosynthetic activity and prolonged effects on leaf
area. The photosynthetic activity of all tested
cultivars was sensitive to glyphosate, and a more
tolerant cultivar was not considered in this study.
Glyphosate drift had greater effects on the fourth
leaf that received the application of the herbicide,
which was reflected by the greater difference
between the treatments in the studied variables. In
general, glyphosate treatment causes visual and
physiological transitory damage, which results in
irreversible and prolonged damage to crop growth.

Acknowledgements

The authors would like to thank FAPEMIG
(Fundacio de Amparo a Pesquisa do Estado de
Minas Gerais) for the financial support and
provision of the resources for this research work as
well as CAPES (Coordenagio de Aperfeigoamento
de Pessoal de Nivel Superior) for the research grant
provided for the first author.

References

BARELA, J. F.; CHRISTOFFOLETI, P. J. Seletividade de
herbicidas aplicados em pré-emergéncia da cultura da
cana-de-agticar (RB867515) tratada com nematicidas.
Planta Daninha, v. 24, n. 2, p. 371-378, 2006.
BOUDET, A. M, GRAZIANA, A; RANJEVA, R.
Recent advances in the regulation of the prearomatic
pathway. In: VAN SUMERE, C. F.; LEA, P. J. (Ed.).
Biochemistry of plant phenolics. Oxford: Claredon
Press, 1985. p. 135-159.

Carvalho et al.

BROWN, L. R; ROBINSON, D. E;; YOUNG, B. G
LOUX, M. M.; JOHNSON, W. G.; NURSE, R. E;
SWANTON, C.J.; SIKKEMA, P. H. Response of corn to
simulated glyphosate drift followed by in-crop herbicides.
Weed Technology, v. 23, n. 1, p. 11-16, 2009.

CARVALHO, S. . P.; NICOLAL M.; FERREIRA, R. R;
FIQUEIRA, A. V. O. CHRISTOFFOLETI, P. J.
Herbicide selectivity by  differential metabolism:
considerations for reducing crop damages. Scientia
Agricola, v. 66, n. 1, p. 136-142, 2009.

CASELEY, J. C.; COUPLAND, D. Environmental and
plant factors affecting glyphosate uptake movement and
acidity. In: GROSSBARD, E.; ATKINSON, D. A. (Ed.).
The herbicide glyphosate. London: Butterworths,
1985. p. 92-123.

COSTA, N. V,; ERASMO, E. A. L;; QUEIROZ, P. A,
DORNELAS, D. F.; DORNELAS, B. F. Efeito da deriva
simulada de glyphosate no crescimento inicial de plantas
de pinhio-manso. Planta Daninha, v. 27, ed. esp.
p. 1105-1110, 2009.

FIGUEREDO, S. S.: LOECK, A. E.; ROSENTHAL, M.
D.; AGOSTINETTO, D.; FONTANA, L. C.; RIGOLI,
R. P. Influéncia de doses reduzidas do glyphosate no
tomateiro (Lycopersicon esculentum). Planta Daninha,
v. 25, n. 3, p. 849-857, 2007.

FRANCA, A. C.; FREITAS, M. A. M; FIALHO, C. M.
T.; SILVA, A. A;; REIS, M. R;; GALON, L.; VICTORIA
FILHO, R. Crescimento de cultivares de café ardbica
submetidos a doses do glyphosate. Planta Daninha,
v. 28, n. 3, p. 599-607, 2010a.

FRANCA, A. C,; FREITAS, M. A. M.; D’ANTONINO,
L.; FIALHO, C. M. T.; SILVA, A. A;; REIS, M. R;;
RONCHI, C. P. Teores de nutrientes em cultivares de
café aribica submetidos A deriva de glypohsate. Planta
Daninha, v. 28, n. 4, p. 877-885, 2010b.

GALON, L; FERREIRA, F. A; SILVA, A A,
CONCENCO, G.; FERREIRA, E. A;; BARBOSA, M. H.
P; SILVA, A. F; ASPIAZU, I; FRANCA, A. C,;
TIRONI, S. P. Influéncia de herbicidas na atividade
fotossintética de genétipos de cana-de-acicar. Planta
Daninha, v. 27, n. 3, p. 591-597, 2009.

GRAVENA, R.; VICTORIA FILHO, R.; ALVES, P. L. C.
A.; MAZZAFERA, P.; GRAVEN, A. R. Low glyphosate
rates do not affect Citrus limonia (L.) Osbeck seedlings.
Pest Management Science, v. 65, n. 4, p. 420-425, 2009.
LASSITER, B. R; BURKE, I. C.; THOMAS, W. E..;
PLINE-SRNI, W. A.; JORDAN, D. L.; WILCUT, J. W.;
WILKERSON, G. G. Yield and physiological response of
peanut to glyphosate drift. Weed Technology, v. 21, n. 4,
p- 954-960, 2007.

LOPES, J. P, MACHADO, E. C,; DEUBER, R;
MACHADO, R. S. Anilise de crescimento e trocas
gasosas na cultura de milho em plantio direto e
convencional. Bragantia, v. 68, n. 4, p. 839-848, 2009.
MACHADO, A. F. L.; FERREIRA, L. R.;; SANTOS, L.
D. T.; FERREIRA, F. A;; VIANA, R. G.; MACHADO,
M. S.; FREITAS, E. C. L. Eficiéncia fotossintética e uso da

dgua em plantas de eucalipto pulverizadas com glyphosate.
Planta Daninha, v. 28, n. 2, p. 319-327, 2010.

Acta Scientiarum. Agronomy

Maringd, v. 35, n. 1, p. 109-115, Jan.-Mar., 2013



Coffee photosynthesis activity after glyphosate application

PARTELLI, F. L; VIEIRA, H. D.; VIANA, A. P,
BATISTA-SANTOS, P.; RODRIGUES, A. P.; LEITAO,
A. E;; RAMALHO, J. C. Low temperature impact on
photosynthetic parameters of coffee genotypes. Pesquisa
Agropecuaria Brasileira, v. 44, n. 11, p. 1404-1415,
20009.

PROCOPIO, S. O.; FONTES, H. R.;; CARGNELUTTI
FILHO, A.; FERREIRA, J. M. S.; FERNANDES, M. F.
Influéncia da aplicagio de glyphosate na queda de frutos e
de folhas de coqueiros. Planta Daninha, v. 27, n. 2,
p. 337-344, 2009.

REDDY, K. N.; DING, W.; ZABLOTOWICZ, R. M.;
THOMSON, S. J., HUANG, Y; KRUTZ, J. L.
Biological responses to glyphosate drift from aerial
application in non-glyphosate resistant corn. Pest
Management Science, v. 66, n. 10, p. 1148-1154, 2010.
RIBEIRO, A. C.; GUIMARAES, P. T. G.; ALVAREZ, V.
V. H. Recomendagdes para uso de corretivos e
fertilizantes em Minas Gerais: 5* aproximagio. Vigosa:
Comissio de Fertilidade do Solo do Estado de Minas
Gerais, 1999.

RIGOLL R. P.; FONTANA, L. C.; FIGUEREDO, S. S..;
NOLDIN, J. A. Resposta de plantas de beterraba (Beta
vulgaris) e de cenoura (Daucus carota) 2 deriva simulada de
glyphosate ¢ clomazone. Planta Daninha, v. 26, n. 2,
p. 451-456, 2008.

RONCHI, C. P.; TERRA, A. A; SILVA, A A,
FERREIRA, L. R. Actimulo de nutrientes pelo cafeeiro

sob interferéncia de plantas daninhas. Planta Daninha,
v. 21, n. 2, p. 219-227, 2003.

115

RONCHI, C. P.; SILVA, A. A. Weed control in young
coffee plantations through post-emergence herbicide

application onto total area. Planta Daninha, v. 22, n. 4,
p. 607-615, 2004.

TAIZ, L., ZEIGER, E. Plant physiology. 4th ed.
Sunderland: Sinauer Associates Inc., 2006.

TUFFI SANTOS, L. D.; MACHADO, A. F. L,; VIANA,
R. G,; FERREIRA, L. R.; FERREIRA, F. A;; SOUZA, G.
V. R. Crescimento do eucalipto sob efeito da deriva de
glyphosate. Planta Daninha, v. 25, n. 1, p. 133-137,
2007.

WAGNER JUNIOR, A; TUFFI SANTOS, L. D,
SANTOS, C. E. M; SILVA, J. O. C.; PIMENTEL, L. D.;
BRUCKNER, C. H.; FERREIRA, F. A. Deriva simulada
de formulagbes comerciais de glyphosate sobre
maracujazeiro amarelo. Planta Daninha, v. 26, n. 3,
p- 677-683, 2008.

YAMASHITA, O. M.; GUIMARAES, S. C. Resposta de
cultivares de algodoeiro a subdoses de glyphosate. Planta
Daninha, v. 23, n. 4, p. 627-633, 2005.

YAMASHITA, O. M.; GUIMARAES, S. C. Deriva
simulada de glyphosate em algodoeiro: Efeito de dose,
cultivar e estidio de desenvolvimento. Planta Daninha,
v. 24, n. 4, p. 821-826, 2006.

Received on December 5, 2011.
Accepted on March 20, 2012.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Agronomy

Maringa, v. 35, n. 1, p. 109-115, Jan.-Mar., 2013



