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Reduction of olive pollen germination when exposed
to herbicides in vitro

Reducao da germinacao de poélen de oliveira quando
exposto a herbicidas in vitro

Leticia da Silva Dummer™*; Flavia Lourenco da Silva®’; Douglas Anténio Posso?;
Paulo Mello-Farias?®

Highlights

The pollen of olive trees exhibits sensitivity to glyphosate and 2,4-D.
Glyphosate and 2,4-D completely inhibited pollen germination.
This study underscores herbicide effects on pollen, urging field research.

Abstract

The main objective of this research was to investigate the possibility of pollen germination reduction in
‘Arbequina’ and ‘Koroneiki' olive cultivars bdue to contamination by glyphosate (N-(Phosphonomethyl)
glycine) and 2,4-D (2,4-dichlorophenoxyacetic acid).. Underdoses of glyphosate (0.19 and 1.92 g L)
and 2,4-D (0.16 and 1.61 g L") were added to the culture medium for pollen grain germination. A control
treatment, without herbicide addition, was also included in the trial. The experimental design was
completely randomized, with three replications. Each plate was a replication and each one consisted
of 100 pollen grains were counted after incubation. Pollen grains were considered germinated when
their tube length was at least twice of their diameter. The results inferred that there were reductions in
germination of 44% and 38.2% for Arbequina and Koroneiki, respectively, when they were subjected to
a underdose of 0.19 g L of glyphosate. Total inviability for both cultivars, that is 100% non-germinated
pollen, occurred at the underdose of 1.92 g L' of glyphosate and for both underdoses of 2,4-D (0.16
and 1.61 g L"). The results suggest that there was a high sensitivity of olive pollen to extremely low
doses of glyphosate and 2,4-D in vitro. It represents a concern about olive groves productivity due to
the recurrence of herbicide drift during the olive flowering period.

Key words: Pesticide. Pollination. Olea europaea L.

T Doctoral Students in the Postgraduate Program in Agronomy, Universidade Federal de Pelotas, UFPEL, Pelotas,
RS, Brazil. E-mail: leticia.sdummer@gmail; flavia.lourencodasilva@hotmail.com

2 Dr. in Plant Physiology, Postdoctoral Researcher in the Postgraduate Program in Plant Physiology, Laboratory of
Cognition and plant Electrophysiolo, UFPEL, Pelotas, RS, Brazil. E-mail: douglasposso@hotmail.com

3 Prof. Dr. in the Postgraduate Program in Agronomy, UFPEL, Pelotas, RS, Brazil. E-mail: mellofarias@yahoo.com.br

* Author for correspondence

Received: Oct. 06, 2024 Approved: Mar. 06, 2025

Semina: Ciénc. Agrar. Londrina, v. 46, n. 2, p. 631-638, mar./abr. 2025 631



______ SEMINA

Dummer, L. S. etal.

Resumo

O principal objetivo desta pesquisa foi investigar se a contaminag¢do por glifosato (N-(fosfonometil)
glicina) e 2,4-D (acido 2,4-diclorofenoxiacético) reduz a porcentagem de germinacao de graos de pélen
das cultivares de oliveira ‘Arbequina’ e ‘Koroneiki'. Subdoses de glifosato (0,19e1,92gL") e 2,4-D (0,16 e
1,61 gL") foram adicionadas ao meio de cultura para germinacao de pélen. Um tratamento controle, sem
adicdo de herbicida, também foi incluido no experimento. O delineamento experimental foi inteiramente
casualizado, com trés repeticdes. Cada placa constituiu uma repeticdao, e em cada uma foram contados
100 graos de pdlen apés a incubacao. Considerou-se germinado o gréo de pdélen cujo comprimento do
tubo polinico era o dobro do seu didametro inicial. Os resultados indicaram reducdes na germinacao de
44% e 38.2% para Arbequina e Koroneiki, respectivamente, quando expostas a subdose de 0,19 g L™
de glifosato. A inviabilidade total para ambas as cultivares, com 100% de poélen ndo germinado, ocorreu
na subdose de 1,92 g L' de glifosato e nas duas subdoses de 2,4-D (0,16 e 1,61 g L™"). Os resultados
sugerem uma alta sensibilidade do pdélen de oliveira a doses extremamente baixas de glifosato e 2,4-D
in vitro, 0 que representa uma preocupacdo para a produtividade dos olivais devido a recorréncia da
deriva de herbicidas, durante o periodo de floragdo das oliveiras.

Palavras-chave: Pesticida. Polinizacdo. Olea europaea L.

The pesticides’ drift, which Despite the highlighted importance

corresponds to the displacement of these
chemicals outside the application area
(Bish et al., 2021), results in environmental
contamination and imposes toxicological
risks to humans and animals (Zaller et
al., 2022). Additionally, it impairs the
development, survival, and productivity
of sensitive plant species, including fruit-
bearing plants (Dintelmann et al., 2020).

The contamination by pesticides,
including herbicides, can compromise
pollen viability (Cappellari et al., 2024; Golt
& Wood, 2021) which refers to germination
and development of pollen tube, essential
for male gametophytes' transportation
(Calabrese & Agathokleous, 2021) a crucial
aspect for fertilization and reproduction of
pollination-dependent species, such as olive
trees (Olea europaea).
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of herbicide drift, there is a substantial gap
in scientific research regarding the direct
impacts that this drift exerts on pollen
viability in fruit species. This gap assumes
critical relevance, especially in the context of
olive trees, whose flowering period is during
spring (Aguilera et al., 2015) and coincides
with the routine application of herbicides
in agricultural regions dedicated to grain
cultivation, such as soybean.

Considering the lack of data
regarding the sensitivity of olive pollen to
herbicides, the in vitro evaluation of pollen
response to different herbicides provides a
relevant preliminary analysis. This approach
may serve as a foundation for subsequent
field studies, wherein drift simulations can
be conducted on both plants and pollen to
assess impacts on reproductive processes.
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Based on this information, this study
aimed to investigate the effects of two
commonly used agriculture herbicides,
glyphosate and 2,4-D, on in vitro pollen
viability of two olive cultivars, based on their
germination percentage.

The study utilized pollen from
Arbequina and Koroneiki cultivars, obtained
from a commercial orchard in Pinheiro
Machado, Rio Grande do Sul State, Brazil (UTM
31.5607715S; 53.511726W). Inflorescences
were collected at stage 59 of BBCH scale
(Sanz-Cortés et al, 2002) and kept in
polypropylene boxes at room temperature
during 24h00 for anthesis and pollen release.

Pollen germination was evaluated
on a culture medium, adapted from Silva
et al. (2016), containing 8 g L' agar, 100
g L sucrose, and 200 mg L boric acid.
The experiment incorporated underdoses
of commercial herbicides into the culture
medium and included a control treatment
without herbicide. The underdoses used
were 0.16 and 1.61 g L of 2,4-D and 0.19
and 1.92 g L' of glyphosate, respectively
1,000-fold and 10,000-fold less than the
commercial dose. The experimental design
was completely randomized, with three
replications, and each plot was represented
by one plate where 100 pollen grains were
counted after incubation.
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After preparing the culture medium,
20 mL were transferred to Petri dishes, where
pollen grains were evenly distributed. Then,
the plates were incubated at 26 °C for 24
hours ina BOD chamber. Pollen grain analysis
was performed using a Discovery V20 Zeiss
stereomicroscope with AxioVision software.
In each plate, 100 pollen grains were counted
by rotating the plate clockwise, avoiding
double counting. Germination was defined
as a formation of a pollen tube with a length
at least twice the initial pollen grain diameter
(Silva et al., 2016).

The addition of herbicides to the
culture medium had a significant impact on
the germination percentage. In the control
group, without herbicide, a total germination
of 25% for Arbequina and 35.6% for
Koroneiki was observed (Table 1). The use
of glyphosate, at a underdose of 0.19 g L™,
resulted in a reduction in total germination of
44%% for Arbequina and 38.2% for Koroneiki.
Underdoses of 1.92 g L' of glyphosate
and 0.16 and 1.61 g L™ of 2,4-D completely
inhibited pollen grain germination on both
cultivars (figure 1).
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Table 1

Pollen grain germination percentage of Arbequina and Koroneiki cultivars under glyphosate and 2,4-D
in vitro

Germination (%)

Herbicide Underdoses (g L) : pop
Arbequina Koroneiki
Control treatment 0 25.00a 35.60a
Glvphosate 0.19 14.00 b 22.00b
oL 1.92 0.00 0.00
0.16 0.00 0.00
2,4-D
1.61 0.00 0.00
cv % 24.28

™ Pollen grain

RS pollen tube

Figure 1. Pollen grains of the Koroneiki olive in culture medium without herbicide, showing
the development of pollen tubes (a), and with the herbicide 2,4-D, where no pollen tube
development is observed (b).
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The decrease in pollen grain viability
due to glyphosate has been observed in
other species (Golt & Wood, 2021), including
glyphosate-resistant corn (Thomas et al,
2004). However, the influence of glyphosate
on olive pollen grain viability had not yet been
researched.

Glyphosate inhibits enzyme
5-enolpyruvylshikimate-3-phosphate
synthase (EPSPS), which is essential in
shikimic acid pathway for biosynthesis of
aromatic amino acids (Duke, 2021). This
occurs because glyphosate competes with
the substrate phosphoenolpyruvate (PEP),
forming a ternary complex with the second
substrate of EPSPS, shikimate-3-phosphate
(S3P), and resulting in the inhibition of
chorismate production, a precursor of
aromatic amino acids (Light et al., 2016).

The highest concentration of
glyphosate used in this study (1.92 g L") did
not allow pollen grain germination, whereasin
other species, such as Soligado canadenses,
germination is inhibited from a substantially
higher underdose (10 g L™) (Guo et al,
2009). This result indicates that olive pollen
is sensitive to glyphosate, the most widely
used herbicide in global agriculture, which is
also employed in weed management in olive
groves (Peragén & Amores-Escobar, 2018).

The herbicide 2,4-D is known to mimic
the function of plants' endogenous auxin,
indoleacetic acid (IAA), and it can act as a
growth regulator at reduced concentrations
(Grossmann, 2010). In this context, the
lack of germination observed at sublethal
concentrations of 2,4-D (0.16 and 1.61 gL™)
may be attributed to the sensitivity of olive
pollen and the herbicide intrinsic toxicity.
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Althoughitshares similaritiestoauxins,
2,4-D demonstrates remarkable stability
(Song, 2014), resulting in supra-physiological
concentrations capable of disrupting plant
mechanismes. It causes damage to membrane
integrity and triggers adverse physiological
events (Grossmann, 2010).

The completeinhibitionof germination
by 2,4-D at low sub-doses highlights its high
toxicity to ‘Arbequina’ and ‘Koroneiki' pollen,
whereas glyphosate only showed inhibitory
effects at higher underdoses, suggesting
a lower toxicity profile when compared to
2,4-D. These results indicate the need for
field research to assess the effects of the
herbicide on pollen when sprayed on the
tree canopy or branches, simulating real drift
conditions.

Pollen of ‘Arbequina’ and 'Koroneiki’
olive is highly sensitive to herbicides
glyphosate and 2,4-D under in vitro
conditions. Glyphosate at the underdose
of 0.19 g L reduced germination rate by
44% and 38.2%, respectively. At higher
underdoses of glyphosate used in this study
(1.92 g L") and 2,4-D (0.16 and 1.61 g L™),
germination was completely inhibited.

References

Aguilera, F., Fornaciari, M., Ruiz-Valenzuela, L.,
Galan,C.,Msallem,M.,Dhiab,A.B.,Guardia,
C. D. la, Mar Trigo, M. del, Bonofiglio, T., &
Orlandi, F. (2015). Phenological models
to predict the main flowering phases of
olive (Olea europaeaL.) along a latitudinal
and longitudinal gradient across the
Mediterranean region. International
Journal of Biometeorology, 59(5), 629-
641. doi: 10.1007/s00484-014-0876-7

625



— SEMINA

Ciéncias Agrarias I

Dummer, L. S. etal.

Bish, M., Oseland, E., & Bradley, K. (2021). Off-

target pesticide movement: a review of
our current understanding of drift due
to inversions and secondary movement.
Weed Technology, 35(3), 345-356. doi:
10.1017/wet.2020.138

Calabrese, E. J., & Agathokleous, E. (2021).

Pollen biology and hormesis: pollen
germination and pollen tube elongation.
Science of the Total Environment,
762(143072), 1-42. doi: 10.1016/].
scitotenv.2020.143072

Cappellari, A., Malagnini, V., Fontana, P,

Zanotelli, L., Tonidandel, L., Angeli, G.,
loriatti, C., & Marini, L. (2024). Impact of
landscape composition on honey bee
pollen contamination by pesticides: a
multi-residue analysis. Chemosphere,
349(140829), 1-10. doi: 10.1016/].
chemosphere.2023.140829

Dintelmann, B. R., Warmund, M. R., Bish, M. D.,

& Bradley, K. W. (2020). Investigations of
the sensitivity of ornamental, fruit,and nut
plant species to driftable rates of 2, 4-D
and dicamba. Weed Technology, 34(3),
331-341.doi: 10.1017/wet.2019.118

Duke,S.0.(2021).Glyphosate: uses otherthan

in glyphosate-resistant crops, mode of
action, degradationin plants, and effects
on non-target plants and agricultural
microbes. Reviews of Environmental
Contamination and Toxicology, 255,
1-65. doi: 10.1007/398_2020_53

Golt, A. R., & Wood, L. J. (2021). Glyphosate-

626

based herbicides alter the reproductive
morphology of Rosa acicularis (Prickly
Rose). Frontiers in Plant Science,
12(698202), 1-11. doi: 10.3389/fpls.
2021.698202

Grossmann, K. (2010). Auxin herbicides:

current status of mechanism and mode
of action. Pest Management Science:
Formerly Pesticide Science, 66(2), 113-
120. doi: 10.1002/ps.1860

Guo, S. L., Jiang, H. W,, Fang, F., & Chen,

G. Q. (2009). Influences of herbicides,
uprootinganduseascutflowersonsexual
reproduction of Solidago canadensis.
Weed Research, 49(3), 291-299. doi:
10.1111/j.1365-3180.2009.00693.x

Light, S. H., Krishna, S. N., Minasov, G., &

Anderson, W. F. (2016). An unusual
cation-binding site and distinct domain-

domain interactions distinguish
class Il enolpyruvylshikimate-3-
phosphate synthases. Biochemistry,
55(8), 1239-1245. doi: 10.1021/acs.

biochem.5b00553

Peragén, J., & Amores-Escobar, M. T. (2018).

Olive tree glutathione S-transferase
and its response against the herbicides
oxyfluorfen and glyphosate. Scientia
Horticulturae, 231, 194-200. doi: 10.10
16/j.scienta.2017.12.044

Sanz-Cortés, F., Martinez-Calvo, J., Badenes,

M. L., Bleiholder, H., Hack, H., LIacer, G.,
& Meier, U. (2002). Phenological growth
stages of olive trees (Olea europaea).
Annals of Applied Biology, 140(2), 151-
157. do: 10.1111/j.1744-7348.2002.
tb00167.x

Silva, L. F. D. O. D., Zambon, C. R., Pio, R,

Oliveira, A. F. D, & Gongalves, E. D.
(2016). Establishment of growth medium
and quantification of pollen grains of
olive cultivars in Brazil's subtropical
areas. Bragantia, 75(1), 26-32. doi:
10.1590/1678-4499.213

Semina: Ciénc. Agrar. Londrina, v. 46, n. 2, p. 631-638, mar./abr. 2025



Reduction of olive pollen germination when exposed to herbicides in vitro

______ SEMINA

Song, Y. (2014). Insight into the mode of
action of 2, 4'dichlorophenoxyacetic
acid (2, 4'D) as an herbicide. Journal of
Integrative Plant Biology, 56(2), 106-113.
doi: 10.1111/jipb. 12131

Thomas, W. E., Pline-Srnié¢, W. A., Thomas, J.
F.. Edmisten, K. L., Wells, R., & Wilcut, J.
W. (2004). Glyphosate negatively affects
pollen viability but not pollination and
seed set in glyphosate-resistant corn.
Weed Science, 52(5), 725-734. doi:
10.1614/WS-03-134R

Zaller, J. G., Kruse-Pla3, M., Schlechtriemen,

U., Gruber, E., Peer, M., Nadeem, I,
Formayer, H., Hutter, H. P., & Landler,
L. (2022). Pesticides in ambient air,
influenced by surrounding land use
and weather, pose a potential threat to
biodiversity and humans. Science of the
Total Environment, 838(156012), 1-12.
doi: 10.1016/j.scitotenv.2022.156012

Semina: Ciénc. Agrar. Londrina, v. 46, n. 2, p. 631-638, mar./abr. 2025 627






