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ABSTRACT - Considering the influence of herbicides in the metabolism of the carotenoids in corn, the objective 
of the present study was to evaluate the effect of herbicides and genotype on carotenoids concentration. The green 
corn hybrids BRS 1030 and P30F53 were subjected to a post-emergent herbicides application at 20 and 30 days 
after emergence. Carotenoids were extracted from corn grains and analyzed to quantify α- and β-carotene, lutein, 
zeaxanthin, β-cryptoxanthin, total carotenoids (TC), and total of vitamin A carotenoids precursors (proVA). The 
application of foramsulfuron + iodosulfuron-methyl-sodium (40 + 2.6 g ha-1), nicosulfuron (20 g ha-1), mesotrione 
(120 g ha-1) and tembotrione (80 g ha-1 and 100 g ha-1) promoted higher concentration of carotenoids in fresh green 
corn. Lutein, zeaxanthin, β-cryptoxanthin, β-carotene, α-carotene, proVA carotenoids, and TC concentration increased 
after foramsulfuron + iodosulfuron-methyl-sodium in late application (V5 to V6), nicosulfuron in both applications, 
mesotrione applied post-initial (V3 to V4), tembotrione (100 g ha-1) in both applications and tembotrione (80 g ha-1) 
in late post-application, at least for one hybrid. The content of carotenoids in the green corn kernels differed between 
‘BRS 1030’ and ‘P30F53’. Our results suggest a possibility of significant increase of carotenoids in green corn kernels 
through the handling of corn production with post-emergent herbicides. 
Key words: Zea mays, carotenoid biosynthesis, carotenes, vitamin A, herbicide.

A APLICAÇÃO DE HERBICIDAS PÓS-EMERGENTES INFLUENCIA 
A CONCENTRAÇÃO DE CAROTENOIDES EM MILHO VERDE

RESUMO - Considerando a influência dos herbicidas no metabolismo de carotenoides em milho, o objetivo foi avaliar 
o efeito dos herbicidas e do genótipo na concentração de carotenoides. Os híbridos de milho verde BRS 1030 e P30F53 
foram submetidos à aplicação de herbicidas aos 20 e aos 30 dias após a emergência. Os carotenoides foram extraídos 
dos grãos e analisados para quantificar α-caroteno, β-caroteno, luteína, zeaxanthina, β-cryptoxanthina, carotenoides 
totais (CT) e total de carotenoides precursores de vitamina A (proVA). As aplicações dos herbicidas foramsulfuron + 
iodosulfuron-methyl-sodium (40 + 2.6 g ha-1), nicosulfuron (20 g ha-1), mesotrione (120 g ha-1) e tembotrione (80 g ha-1 

and 100 g ha-1), aplicados em mistura com atrazine (1.000 g ha-1), promoveram aumento da concentração de carotenoi-
des em grãos de milho verde. Luteína, zeaxantina, β-cryptoxantina, β-caroteno, α-caroteno, proVA carotenoides e CT 
em grãos de milho verde aumentaram após foramsulfuron + iodosulfuron-methyl-sodium na aplicação tardia (estágios 
V5 a V6), nicosulfuron em ambas as aplicações, mesotrione aplicado pós-inicial (V3 a V4), tembotrione (100 g ha-1) 
em ambas as aplicações e tembotrione (80 g ha-1) na aplicação tardia, pelo menos em um dos híbridos avaliados. O 
teor de carotenoides nos grãos de milho verde diferiu entre ‘BRS 1030’ e ‘P30F53’, indicando o efeito do genótipo na 
biossíntese destes compostos. Os resultados sugerem a possibilidade de aumento significativo de carotenoides em grãos 
de milho verde por meio do manejo da produção de milho com os herbicidas pós-emergentes. 
Palavras-chave: Zea mays, biossíntese de carotenoides, carotenos, vitamina A, herbicidas.
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The weed control is an important practice 
for obtaining high yields, once productivity and 
economics in the production of major crops is 
limited by the interference of weeds, which tend 
to increase the cost of production, reducing profit 
margins and product quality (Constantin & Oliveira 
Júnior, 2005).

Maize, despite of being considered 
competitive and belong to the group of cultures 
that more shade the soil, suffers intense weed 
competition, with serious damage on growth, 
yield and harvesting operation (López-Ovejero 
et al., 2003). Therefore, the use of herbicides is 
a necessity of economic order, ensuring fast and 
efficient control of weeds.

Herbicides, acting as inhibitors or stimulants 
in important metabolic and physiological pathways 
for plants, can be strategically used to enhance the 
accumulation of specific substances. One of the 
metabolic pathways affected by the herbicides is the 
biosynthesis of carotenoids.

The first step in carotenoid biosynthesis 
pathway (Fig. 1) is the condensation of two 
molecules of geranylgeranyl pyrophosphate 
(GGDP) to produce 15-cis-phytoene, by phytoene 
synthase (PSY), which is subsequently converted 
to its trans isomer (Kim & Dellapenna, 2006; Li 
et al., 2007). The phytoene desaturase (PDS) 
and ζ-carotene desaturase (ZDS) catalyze the 
dehydrogenation reaction, introducing four double 
bonds to form lycopene, whose transformation 
in the trans-isomer is dependent of the carotene 
isomerase enzyme (CRTISO). Although shown 
sequentially, there is no evidence that CRTISO act 
together with ZDS. The desaturation requires an 
electron transport chain, so the lycopene cyclase 
catalyzes the cyclization step, with ring formation 

at both ends of the trans-lycopene chains to form 
carotenes. These can undergo hydroxylation with 
consequent production of xanthophylls (Kim & 
Dellapenna, 2006; Li et al., 2007).

Some chemical groups recommended for weed 
control in corn production, such as triketones, act 
inhibiting the biosynthesis of carotenoids (Karam 
& Oliveira, 2007). The inhibition is indirect, since 
it causes depletion of the cofactor of phytoene 
dehydrogenase, the enzyme that converts phytoene 
to phytofluene, step required to the production of 
lycopene, a precursor of carotenoids in corn (Schultz 
et al., 1993). This can  raise concern for corn breeders, 
whose programs aimed at increasing or maintaining 
carotenoids concentration in the grains through 
biofortification, a complementary tool  to reduce 
nutritional deficiencies in the population that has corn 
as a staple food, mainly vitamin A. However, results 
of recent studies indicate that mesotrione and atrazine 
can enhance the carotenoids lutein and zeaxanthin in 
sweet corn kernels (Kopsell et al., 2009), although the 
mechanism of this action is until unclear and requires 
further studies.

The carotenoids present in the corn grain are 
divided into carotenes (β-carotene and α-carotene) 
and xanthophylls (lutein, β-cryptoxanthin and 
zeaxanthin), with higher concentrations of lutein and 
zeaxanthin compared to other carotenoids (Kurilich 
& Juvik, 1999). These compounds are associated to 
the prevention of cancer, cardiovascular diseases, 
and vitamin A deficiency (FAO, 2002; Ge et al., 
2013; Vallabhaneni & Wurtzel, 2009; Yao et al., 
2013). Considering the importance of carotenoids 
to human health and because it is unclear why the 
herbicides affect the levels of these compounds, this 
study evaluated responses on carotenoid composition 
of different genotypes of green corn to the post-
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emergent herbicide applications.
Material and methods

Two corn hybrids (BRS 1030 and P30F53) 
showing distinguished sensitivity to post-emergent 
herbicides were evaluated in the present study. ‘BRS 
1030’ is considered tolerant while ‘P30F53’ moderately 
sensitive, according to evaluations performed seven 
days after the application of post-emergent herbicides by 
Karam et al. (2008). The planting of the hybrids P30F53 
and BRS 1030 was conducted at the experimental 
farm of Embrapa Maize and Sorghum, Sete Lagoas/
MG, (latitude 19o28’00 “S, longitude 44o15’00” W and 
altitude of 732 m) at the year 2007. The fertilization 
was performed using NPK 8-28-16 + Zn 400 kg ha-1, 
and 90 kg ha-1 of N topdressing 40 days after planting. 

Applications of post-emergent herbicides were 
made at 20 and 30 days after emergence, when corn 
plants were at stage V3 to V4 (application in early 
post-emergence – here also called initial) and V5 to 
V6 (application in late post-emergence), respectively 
(Magalhães et al., 2002). The applications were done 
in the morning with the relative humidity of 61% and 
air temperature of 30ºC during the first application 
and 65% and 28°C for the second one. The hybrids 
were subjected to the following treatments: (1) control 
without herbicide application (hand weeding at the 
time of application of chemical formulations); (2) 
foramsulfuron + iodosulfuron-methyl-sodium (40 
+ 2.6 g ha-1) application at 20 days after emergence 
(initial) and (3) foramsulfuron + iodosulfuron-methyl-
sodium application at 30 after emergence (late); (4) 
nicosulfuron (20 g ha-1) in post-emergence (initial) 
and (5) nicosulfuron in late post-emergence (late); 
(6) mesotrione (120 g ha-1) in early post-emergence 
(initial) and (7) mesotrione in late post-emergence; 
(8) tembotrione (100 g ha-1) in early post-emergence 

(initial) and (9) tembotrione in late post-emergence; 
and (10) tembotrione (80 g ha-1) in late post-emergence.

All herbicides (treatments) were applied in 
combination with atrazine at 1,000 g ha-1, using a CO2 
pressurized backpack sprayer (2.15 kgf cm-2), equipped 
with nozzle-type XR TeeJet 11002 VS, applying the 
equivalent of 150 L ha-1. The field experiment was 
conducted in a randomized block design with four 
replications. The plots consisted of four rows, 10 
meters long, spaced 0.90 m between rows, and a final 
stand of approximately 55,000 plants per hectare.

Ten ears were randomly harvested at the 
reproductive stage R3 (Magalhães et al., 2002), 
from the central area of ​​each plot (two rows of 
four meters), which were placed in paper bags and 
taken to the laboratory. For this purpose, the sample 
was harvested only in two replications of the field 
plots. Kernels were removed from the ears with 
a stainless knife, piled evenly on a clean surface, 
flattened and spread into a circle.  The sample was 
quarterly according to Rodriguez-Amaya & Kimura 
(2004) and two diametrically opposite quarters were 
discarded. Remaining two quarters were remixed. 
This procedure of quartering (Kim & Dellapenna, 
2006) was repeated until the sample size was 
reduced to approximately 250 g. The final sample 
was homogenized in a blender (model Osterizer, 
Oster, USA) and then stored in glass vials, sealed 
with paraffin film and covered with aluminum foil. 
These samples remained stored in a freezer at -20 °C 
until the chemical analyzes performed in duplicate.

Carotenoids were extracted in a sequential 
scheme with organic solvents and quantified according 
to the protocol described by Kurilich & Juvik (1999) 
and lutein, zeaxanthin, β-cryptoxanthin, α-carotene 
and β-carotene quantified by high performance liquid 
chromatography (HPLC) in a liquid chromatograph 
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Shimadzu LC-10 equipped with polymeric YMC 
C 30 (5 um, 4.6 x 250 mm, Waters, Milford, MA, 
USA) coupled to a diode array detector. The 
gradient of elution was performed at 0.8 mL min-1 
under conditions of linear gradient 80:20 to 15:85 
of methanol: methyl tert-butyl ether for 25 minutes, 
followed by constant 80:20 for 5 min, ending with 
6-minute of equilibrium. The laboratory temperature 
was maintained at 22 °C throughout the process. For 
identification of the compounds, standards curves 
were created using standards purified from natural 
sources (carrot and corn) following the protocol 
described by Rodriguez-Amaya & Kimura (2004).

The sum of all carotenoids quantified in 
the sample resulted in values ​​of total carotenoids 
(TC). The total of carotenoids with pro-vitamin A 
activity (Pro VA) was obtained by the sum of total 
β-carotene + ½ of the total α-carotene + ½ of total 
β-cryptoxanthin (µg g-1), considering 100% of pro-
vitamin activity for β-carotene and 50% for the other 
two compounds Rodriguez-Amaya & Kimura (2004).

The experimental design used in the laboratory 
was a randomized blocks factorial 2 x 10 (hybrids 
x herbicides) totaling 20 treatments with two 
replications and two laboratory replicates. Data were 
subjected to analysis of variance (ANOVA) and means 
were compared by Tukey test at 5% probability using 
the Genes program v. 2009.7.0 (Cruz, 2006).

Results and discussion

Green kernels of ‘BRS 1030’ and ‘P30F53’ 
differed in the composition of carotenoids (Tables 
1 and 2).  The hybrid P30F53 presented higher 
concentration of lutein and lower concentration of 
zeaxanthin in the green kernels compared to ‘BRS 
1030’ (Table 1). This was also observed for all the 

herbicide treatments, characterizing the effect of 
genotype in the profile of these compounds (p≤0.05).

Treatment with foramsulfuron + iodosulfuron-
methyl-sodium under late application (V5 to V6), 
nicosulfuron in both applications, mesotrione applied 
in post-initial (V3 to V4), tembotrione (100 g ha-1) at 
both applications and tembotrione (80 g ha-1) in late 
post-application resulted in higher concentration 
of lutein, zeaxanthin, β-cryptoxanthin, β-carotene, 
α-carotene, carotenoids Pro VA and TC in kernels 
of at least one of the hybrids evaluated (Tables 1 
and 2).

The difference in concentration of these 
carotenoids may be related to the intermediate 
sensitivity of this genetic material to the herbicides 
application and to the possibility of more copies 
of genes involved in carotenogenesis. Kopsell et 
al. (2009) reported that the most significant effect 
on the concentration of carotenoids with post 
emergence herbicides application is checked in 
moderately susceptible cultivars, differently from 
sensitive hybrids (where the hypersensitive response 
is irreversible) and tolerant materials (where occurs 
a rapid metabolism of the products in inactive 
compounds) plants.

In this study, the average ​​of carotenoids of 
importance to human nutrition, for both hybrids 
(Tables 1 and 2) were superior to those reported by 
USDA (2013), which lists means of 6.44 µg g-1 of 
lutein + zeaxanthin and 0.47 µg g-1 of β-carotene, for 
yellow sweet corn. The elite lines of the Brazilian 
corn biofortification program coordinated by 
Embrapa (Brazilian Agriculture Research System) 
show a variation of 10.83 µg g-1  to 42.84 µg g-1  for 
TC in whole mature kernels (Cardoso et al., 2009). 
Although the levels found in this study were lower, 
it is important to emphasize that the most important 
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result of this work is not the concentration of 
carotenoids in the analyzed genetic material but the 
possibility of treatment of the corn with herbicides 
cause modification in the kernel composition 
regarding compounds of biological importance for 
human health and nutrition.

Corn is tolerant to triketones herbicide group 
(mesotrione and tembotrione) (Mitchell et al., 2001; 
Pataky et al., 2008) which act in weeds by inhibiting 
the biosynthesis of carotenoids. However, consider-
ing that this tolerance is related to the concentration 
of carotenoids in the leaves, and that there is no in-
formation about the effect on grains, mainly utilizing 
another herbicides group, we hypothesize that this 
application could even reduce the carotenoids con-
centration. Another important result of this work is 
that the application of these two herbicides and also 
for the others tested in this study did not reduce the 
levels of carotenoids in the green corn kernels when 
compared to the control (p ≤ 0.05) (Tables 1 and 2).

The tolerance of the corn to the herbicide be-
longing to the chemical group of the triketones - in-
hibitors of the enzyme 4-hydroxyphenylpyruvate di-
oxygenase (HPPD) - is related to the ability of the 
species to rapidly metabolize the herbicide, mainly 
due to the action of cytochrome P-450 (Mitchell et 
al., 2001; Pataky et al., 2008), producing inactive 
compounds for corn and active to the weeds. This 
happens also because carotenoid biosynthesis occurs 
by two different routes (one is the route of the meval-
onate and the other is the non-mevalonate).  

The accumulation of carotenoids continues un-
til the plant respond to the herbicide (Schwender et 
al., 1996; Lichtenthaler et al., 1997; Pizarro & Stange, 
2009). It seems that this response may be faster than 
occurs a conversion for inactive compounds with no 
time for the accumulation of phytoene, or can be rel-

atively slow allowing a significant accumulation of 
phytoene by herbicide action that blocks the activity 
of the enzyme PDS, thus preventing the conversion 
of phytoene to lycopene (Kopsell et al., 2009). In the 
latter case, after exposure to stress and plant response 
to this stress, it is likely that compensation occurs in 
the conversion of the stock of phytoene formed with 
maximum activity in the PDS which leads to a larger 
pool of carotenoids (Kopsell et al., 2009). This could 
be verified in this experiment since there was an in-
crease in the levels of lutein using the tembotrione 
(100g ha-1) for hybrid P30F53 and did not occur in 
‘BRS 1030’ (Table 1). 

There were also increases on the levels of 
β-cryptoxanthin and β-carotene (foramsulfuron + iodo-
sulfuron-methyl-sodium, late application), α-carotene 
(foramsulfuron + iodosulfuron-methyl-sodium and 
tembotrione 80 g ha-1, on late application), and Pro VA 
(µg g-1) (foramsulfuron + iodosulfuron-methyl-sodium, 
late application), compared to the control, and all of 
them with means statistically higher for the ‘P30F53’ 
compared to the ‘BRS 1030’ (Tables 1 and 2). This 
result is interesting because not only mesotrione and 
tembotrione, which act directly in the biosynthesis of 
carotenoids, increase the levels of carotenoids in green 
corn kernel, but the other herbicides like foramsulfu-
ron + iodosulfuron-methyl-sodium, also affected this 
accumulation. This latter herbicide belongs to the 
group of the ALS inhibitors (aceto lactate synthase), 
an enzyme directly involved in the synthesis of valine, 
leucine and isoleucine amino acids, which are pre-
cursors of 3-Hydroxy-3-methylglutanyl-CoA (HMG 
CoA) in the path of mevalonate (Konstantinopoulos et 
al., 2007). The HMG CoA is correlated with the for-
mation of geranylgeranyl-pyrophosphate (GGPP) the 
precursor of the phytoene in the biosynthesis of ca-
rotenoids. In other words, both pathways are related.
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The accumulation of zeaxanthin for all herbi-
cides applications (Table 1) was higher in ‘BRS 1030’ 
than in ‘P30F53’, explained by the action of enzymes 
involved in partitioning of the carotenoids biosyn-
thesis pathway after the accumulation of lycopene 
(Figure 1). The formation of the other carotenoids is 
directly related to the presence of Blcy (beta lycopene 
cyclase) and Elcy (epsilon lycopene cyclase) genes, 
which are responsible for accumulation of zeaxanthin 
and lutein, respectively (Harjes et al., 2008). Despite 
the possibility of an increase of carotenoids by the ac-
cumulation of lycopene, there are no studies indicating 
the effect of herbicides specifically in Blcy and Elcy 
genes for targeting the pathway to the accumulation 
of a specific fraction of carotenoid of greatest interest.

                                            

Conclusions

The application of post-emergent herbicides 
foramsulfuron + iodosulfuron-methyl-sodium, nico-
sulfuron, mesotrione and tembotrione does not re-
duce the levels of carotenoids of importance for 
human consumption, in green corn. Eventhoug the 
physiological mechanisms involved in this response 
are still unknown, our results suggest a possibility 
of significant increase of carotenoids in green corn 
kernels through the handling of corn production with 
post-emergent herbicides. In addition, the amount of 
these carotenoids, mainly xanthophylls, is different 
among hybrids with or without the application of the 
post-emergent herbicides, characterizing the effect of 
genotype on the profile of these compounds.
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