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Abstract

Glyphosate isopropylamine salt and glufosinate-ammonium are commonly
used herbicides for presowing or host-harvest weed control in Turkish wheat
fields. Although many studies have been conducted on their efficacy against
weeds, limited studies are available in the literature on their impact on soil
pathogens causing disease in wheat, such as Fusarium culmorum, Gaeumanno-
myces graminis var. tritici, and Bipolaris sorokiniana. In this in vitro study,
the efficacy of glyphosate isopropylamine salt and glufosinate-ammonium on the
mycelial growth of these pathogens grown in PDA was investigated. Changes
in the mycelial growth of fungal species grown in herbicide-amended PDA
medium and control medium were observed by measuring the radial growth
of the colonies three times per week. Glufosinate ammonium effectively sup-
pressed the fungal growth of all of the pathogens tested in vitro. Glyphosate
isopropylamine salt induced mycelial growth of B. sorokiniana; however, there
was little or no impact of the herbicide on other pathogens tested. Wheat
growers should be careful using glyphosate isopropylamine salt in fields that
are infected by B. sorokiniana, or they should use glufosinate-ammonium in
fields where these pathogens are common.
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Introduction. Herbicides have been considered an indispensable compo-
nent in modern agricultural systems in recent decades because they can control
weeds that cause yield and quality losses in agricultural crops. There are some
problems related to the agro ecological environment based on herbicides, such as
resistance, carryover, drift, leaching, decreasing biodiversity, and chance micro-
bial communities in the soil. Herbicide-resistant biotypes are the most significant
issue in agricultural fields because they cannot commonly be controlled by her-
bicides, and they steadily replace sensitive biotypes year by year [1] Carryover
of herbicide can be a troublesome case if herbicide rates are applied over their
recommended doses or some factors may delay their degradation process, includ-
ing drought, soil type, and organic matter content of the soil-applied [2] Similar
to carryover, leaching has heavily occurred under some extreme environmental
conditions, such as heavy rainfall [*|. Although it can be an easily controllable
factor among these problems, drift may cause crop injury if adverse environmental
conditions occur [4]. Decreasing biodiversity in agricultural fields is actually the
sum of the side impacts of agricultural treatments, especially herbicides [5] The
impact of herbicides on the soil microbial community may be the least studied
subject. The problems related to herbicide use are increasing daily, especially for
total herbicides.

Total herbicides can effectively control many weed species in orchards and fal-
low, agricultural and nonagricultural fields. Glyphosate isopropylamine salt and
glufosinate are the most common broad-spectrum herbicides in many countries, es-
pecially in fields sown with GMO crops [°]. They can be used in conventional agri-
cultural fields pre-sowing and postharvest to clean the fields [7] or post-emergent
using hooded sprayers due to their low selectivity potency [8]. These herbicides
have also been applied to control weeds in reduced-tillage or no-tillage farming
systems that are heavily reliant on them. The fields where these herbicides were
used were commonly infested by some soil fungal pathogens.

Soil-borne fungal pathogens are among the most important diseases caused
by take-off or severe yield loss in Turkish wheat fields [°]. Herbicide negatively or
positively affects the soil microbial community depending on the species. MEK-
WATANAKARN and SIVASITHAMPARAM ['°] indicated that the saprophytic growth
of Gaeumannomyces graminis var. tritici in soil was slightly decreased by glypho-
sate isopropylamine salt, but this impact was not statistically significant. ZOBI-
OLE et al. [11] reported that an increase in the glyphosate isopropylamine salt
rate increased Fusarium spp. colonization on the root because of the suppressive
impact of glyphosate isopropylamine salt on the plant defense system. In contrast
to glyphosate isopropylamine salt, glufosinate can strongly suppress most fungal
organisms. ALBRECHT and KORTEKAMP ['?] found that glufosinate ammonium
resulted in a reduction in mycelial growth or spore production of some pathogens,
including Botrytis cinerea, Guignardia bidwellii, Penicillium expansum and Pho-
mopsis viticola.
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Glyphosate isopropylamine salt and glufosinate-ammonium are commonly
used herbicides for pre-sowing or host-harvest weed control in Turkish wheat
fields. The aim of this study was to determine the impact of these herbicides on
the mycelial growth of economically important soil pathogens of Turkish wheat
fields, such as Fusarium culmorum, Bipolaris sorokiniana, and Gaeumannomyces
graminis var. tritict in vitro experiment.

Materials and methods. Fungal species (F. culmorum, B. sorokiniana,
and Gaeumannomyces graminis var. tritici) were isolated from wheat plants that
showed disease symptoms. These fungal pathogens were placed on potato dextrose
agar (PDA) and incubated for 7 days at 24 °C £ 1 °C to isolate single spores. Spore
suspensions were prepared using isolates grown on PDA and transferred to water
agar (WA — 2%) for 24 h at 24°C £+ 1°C. Spore disks taken from WA using a
sterile cork borer were placed on PDA following incubation at 24°C 4+ 1°C for
4-7 days. Fungal species were identified based on their macroscopic features, such
as conidial shape, colour, texture, topography, or hyphal structures.

A herbicide-PDA mixture was used as a growth medium to determine the
impact of herbicides on the mycelial growth of fungi. PDA was prepared and
sterilized in an autoclave (121 °C, 20 min) and placed into a sterile cabinet to cool
to 45—50°C. Glyphosate isopropylamine salt and glufosinate-ammonium rates
were added to PDA and mixed thoroughly on a hotplate, followed by pouring into
Petri dishes. Herbicides were adjusted to X/2, X, and 2X (X: recommended rates
of herbicides, which equal 7.2 and 3 mg ai mL ™! for glyphosate isopropylamine salt
and glufosinate-ammonium, respectively). Petri dishes were sealed with parafilm
and incubated at 24°C £ 1°C until they were covered by mycelial growth. Each
treatment was replicated four times.

Changes in the mycelial growth of fungal species grown in herbicide-supple-
mented PDA medium and control medium were observed by measuring the radial
growth of fungal colonies one time in 2-3 days. Colony diameters of the fungal
pathogens were measured using an electronic digital caliper. The time required
to cover the Petri dish with fungal pathogens was calculated and used for com-
parisons. The data from in vitro studies were analyzed by ANOVA. The means
were separated by Duncan’s Multiple Range Test using SPSS statistical program
Ver 23.0.

Results and discussion. Mycelial growth of F. culmorum was not af-
fected by the presence of glyphosate isopropylamine salt. Colony expansion of
the pathogen in herbicide-supplemented medium was nearly the same as that in
the control, and the pathogen fully covered the Petri dishes on the eighth day
(Fig. 1). Glufosinate ammonium significantly suppressed the fungal growth of F.
culmorum compared to the control, but the impact of herbicide rates on growth
was similar to each other and statistically insignificant (Fig. 4a). FERNANDEZ et
al. [*3] indicated that glyphosate might increase the severity of Fusarium cereal
diseases under field conditions because of the increasing fungal colonization of
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Fusarium or suppression of the plant defense system and other fungi associated
with pathogenicity or commensalism. Contrary to their results, no suppressive
or inductive impact of glyphosate on the mycelial growth of F. culmorum was
observed in our experiment due to a lack of competition. Indeed, these differences
between the studies are not surprising because Fernandez et al. ['*] indicated
that the suppressive impact of glyphosate on other fungi and plant defense sys-
tems may increase the severity of Fusarium infections in general. CARRANZA
et al. [14] reported that glyphosate increased in growth and disease severity of
Fusarium sp. strains isolated from maize specifically, such as F. ozysporum and
F. verticillioides in vitro conditions. These two studies’ findings were similar to
our results.
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Fig. 1. Impact of glyphosate isopropylamine salt and glufosinate-ammonium rates on
myecelial growth of F. culmorum

Glufosinate presence in vitro distinctly retarded colony growth regardless of
herbicide dose (Fig. 1). The herbicide reduced the colony growth of F. culmorum
by 73-76%. No available literature was found about the efficacy of glufosinate
ammonium on the growth of F. culmorum. Therefore, this finding will be the first
report associated with the glufosinate-ammonium — F. culmorum relationship.

Gaeumannomyces graminis var. tritici was positively affected by glyphosate
presence in the growing media. Its growth increased as the glyphosate rate in-
creased, but this inductive impact did not significantly change the time required
to cover the Petri dishes by Gaeumannomyces graminis var. tritici (Fig. 2). Mek-
watanakarn and Sivasithamparam [10] indicated that saprophytic growth of Gaeu-
mannomyces graminis var. tritici in soil was slightly decreased by glyphosate iso-
propylamine salt even though the impact was not statistically significant. BALEY
et al. ['°] also reported similar results to Mekwatanakarn and Sivasithamparam
[10] and our findings. In the second herbicide, glufosinate-ammonium presence
resulted in a decline in mycelial growth with an increase in herbicide rates (Fig.
4b). Launching of mycelial growth in glufosinate-ammonium-amended PDA was
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delayed depending on the increasing herbicide rate. The increase in glufosinate
dose resulted in reduced fungal growth at 18-44% (P < 0.05). Although little
research has been conducted on the impact of glyphosate isopropylamine salt,
to date, no data have been presented with respect to the relationship between
glufosinate ammonium and Gaeumannomyces graminis var. tritici.
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Fig. 2. Impact of glyphosate isopropylamine salt and glufosinate-ammonium rates on
mycelial growth of Gaeumannomyces graminis var. tritici

The response of B. sorokiniana to glyphosate isopropylamine salt was more
apparent than that of Gaeumannomyces graminis var. tritici and F. culmorum.
The increase in glyphosate dose resulted in increasing fungal growth and a decrease
in the time required to cover the Petri dishes by the fungi (Fig. 3). In contrast to
glyphosate isopropylamine salt, glufosinate suppressed fungal growth in vitro. The
suppressive impact increased in severity with the increase in glufosinate dose and
reached 60% suppression when applied at a 2X rate (Fig. 4c). Although a few pa-
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Fig. 3. Impact of glyphosate isopropylamine salt and glufosinate-ammonium rates on
myecelial growth of B. sorokiniana
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Fig. 4. Impact of glufosinate-ammonium rates on mycelial growth of the fungal pathogens
(K: Control; M-1: 6 mg ai mL_l; M-2: 3 mg ai mL_l; M-3: 1.5 mg ai mL_l; Top: B.
sorokiniana; Middle: Gaeumannomyces graminis var. tritici; Bottom: F. culmorum)

pers have documented the efficacy of some herbicides on this fungal pathogen, no
study was found in the literature about the impact of glyphosate isopropylamine
salt and glufosinate-ammonium on it ['%].

Briefly, herbicide users have mainly focused on the suppressive or lethal im-
pacts of herbicides on weeds. However, new findings about the side effects of these
agrochemicals on nontarget organisms indicated that herbicides may change the
environment involved. However, our knowledge about these matters is still very
limited. The impact of glufosinate ammonium on the mycelial growth of F. culmo-
rum, Gaeumannomyces graminis var. tritici, and B. sorokiniana showed that this
herbicide retarded the growth of these soil pathogens under in vitro conditions. In
contrast to glufosinate ammonium, glyphosate isopropylamine salt stimulated the
mycelial growth of B. sorokiniana, but no significant change in mycelial growth
was observed in other pathogens. New studies should be conducted under field
conditions to determine how environmental conditions affect the susceptibility of
soil fungal pathogens to these herbicides. Wheat growers should be careful using
glyphosate isopropylamine salt in fields that are infected by B. sorokiniana, or
they should use glufosinate-ammonium in fields that are common.

1786 A. T. Serim, S. Kaymak



Acknowledgements. We want to thank Orhan Biiyiik (Plant Protection
Central Research Institute — Ankara, Tiirkiye) for providing soil-borne fungal
pathogens used in the experiment.

REFERENCES

['] VENcILL W., R. NicHoLS, T. WEBSTER, J. SOTERES, C. MALLORY-SMITH et
al. (2012) Herbicide resistance: Toward an understanding of resistance develop-
ment and the impact of herbicide-resistant crops, Weed Science, 60(SP1), 2-30,
doi:10.1614/WS-D-11-00206.1.

[?|] SERIM A. T., S. MADEN (2014) Effects of soil residues of sulfosulfuron and meso-
sulfuron methyl + iodosulfuron methyl sodium on sunflower varieties, Journal of
Agricultural Sciences, 20, 1-9, DOI: 10.1501/Tarimbil 0000001259.

[3] NOGUEIRA BANDEIRA J., L. PAcHECcO BaTtisTA, P. S. F. DAs CHAGAS, T.
SEVERO SILVA, B. C. CHAVES FERNANDEZ et al. (2022) Leaching of herbicides
in soil under the influence of different rainfall intensities, Water Air Soil Pollution,
233, 188, https://doi.org/10.1007/s11270-022-05661-2.

[Y] Asav U. (2021) Safflower (Carthamus tinctorius L.) response to drift rates of
glyphosate, Romanian Agricultural Research, 39, 415-420.

[’] ANDERT S., F. DE MoL, L. KoNING, B. GOREWITT (2022) Weed response in
winter wheat fields on a gradient of glyphosate use in the recent past, Agriculture,
Ecosystems & Environment, 333(1), 107977, doi.org/10.1016/j.agee.2022.107977.

[6] Cunra M. (2015) Review of GMO safety assessment studies: glyphosate residues
in Roundup Ready crops is an ignored issue, Environ. Sci. Eur., 27, 20,
doi.org/10.1186/s12302-015-0052-7.

[’] Doéan M. N., A. Unay, O. Boz, D. OcUT (2009) Effect of pre-sowing and
pre-emergence glyphosate applications on weeds in stale seedbed cotton, Crop Pro-
tection, 28(6), 503-507, doi.org/10.1016/j.cropro.2009.01.013.

[}] SEriM A. T., U. Asav, S. G. TURKSEVEN, E. DURSUN (2018) Banded herbi-
cide application in a conventional sunflower production system, Turkish Journal of
Agriculture and Forestry, 42(5), 6, doi.org/10.3906/tar-1712-95.

[9] KayMAK S., A. F. YILDIRIM, A. ARAzZ, E. B. Turcay, F. UnaL, O. BUYUK

(2016) Past, present and struggle of root and root throat diseases in cool climate

cereals, ISBN: 978-605-9175-47-0.

MEKWATANAKARN P., S. SIvASITHAMPARAM (1987) Effect of certain herbicides on

saprophytic survival and biological suppression of the take-all fungus, New Phytol-

ogist, 106, 153-159, doi.org/10.1111/j.1469-8137.1987.tb04799.x.

ZoBIOLE L. H. S., R. S. DE OLIVIERA JR., R. J. KREMER, J. CONSTANTIN,

C. M. BONATO et al. (2010) Water use efficiency and photosynthesis of glyphosate-

resistant soybean as affected by glyphosate, Pesticide Biochemistry and Physiology,

97(3), 182-193, doi.org/10.1016/j.pestbp.2010.01.004.

[*2] ALBRECHT M., A. KORTEKAMP (2009) The in vitro effect of the herbicide
Basta®)(glufosinate ammonium) on potential fungal grapevine pathogens, Eur. J.
Hortic. Sci., 74(3), 112-117.

[13] FERNANDEZ M. R., R. P. ZENTNER, P. BASNYAT, D. GEHL, F. SELLES et al.

%]

M

10 C. R. Acad. Bulg. Sci., 76, No 11, 2023 1787



(2009) Glyphosate associations with cereal diseases caused by Fusarium spp. in the
Canadian Prairies, Europ. J. Agron., 31, 133-143.

[*4] CarrANzA C. S., M. E. ALUFFI, N. BENITO, K. MAGNOLI, C. L. BARBERIS et
al. (2019) Effect of in vitro glyphosate on Fusarium spp. growth and disease severity
in maize, J. Sci. Food Agric., 99, 5064-5072, doi.org/10.1002/jsfa.9749.

['5] BALEY G. J., K. G. CamPBELL, J. YENisH, K. K. KIpweLL, T. C. PAULITZ
(2009) Influence of glyphosate, crop volunteer and root pathogens on glyphosate-
resistant wheat under controlled environmental conditions, Pest Management Sci-
ence, 65(3), 288-299, doi.org/10.1002/ps.1687.

[*6] IsakErT T., J. L. LocKwooD (1989) Lethal effect of triazine and other triazine her-
bicides on ungerminated conidia of Cochliobolus sativus in soil, Soil Biol. Biochem.,
21, 809-817, ISSN 0038-0717.
Department of Plant Protection *Department of Plant Health
Faculty of Agriculture General Directorate of
and Natural Sciences Agricultural Research and Policy
Bilecik Seyh Edebali University Ankara/Tiirkiye, 06800, Ttiirkiye
Pelitozii/Bilecik, 11110, Tiirkiye e-mail: suatkaymak@tarimorman.gov.tr

e-mail: a_serim@hotmail.com

1788 A. T. Serim, S. Kaymak



