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Abstract. Galium aparine L. from Rubiaceae family, is believed to has originated in Eurasia.
Galium aparine it is a weed problem producing direct damages, on wheat production, through the
consumption of nutrients, water, etc., but also indirect by the fact that it lodges the cereal plants, makes it
difficult to harvest by winding on cereal heder, it is a plant host for nematodes, insects and pathogens.
Studies conducted by different researchers have shown that the species Galium contents alkaloids,
saponins, etc. which have negative effects on growth and germination of wheat plants as well as on animal
health (causes poisoning). Research on the sensitivity and resistance of cleavers populations to herbicides
is important for farmers, thus giving them the opportunity to select the appropriate management strategy.
The research aimed to assess the sensitivity of Galium aparine to sulfonylureas. The sensitivity of cleaver
to sulfonylurea herbicides was determined by the percentage of control and wheat production, obtained in
the experimental variants. The experimental field was established in western Romania, in Timis County,
Cornegsti locality (45 © 54 '43 "N, 21 ° 17'21“ E and 119 m altitude). The Romanian wheat variety Glosa
was used in the study. The trial was placed according to the method of randomized blocks with four variants
in 4 replicates. The herbicides used to reduce the population of Galium aparine in wheat crop were:
Alliance 660 WG (diflufenican + metsulfuron-metil), Harmony Extra (tifensulfuron-metil 50% +
tribenuron-metil 25%) and Saracen Max (florasulam 200 g/kg + 600 g/kg tribenuron-metil). At 14 days
after the application of the treatments, the population of Galium aparine winter wheat was reduced by 42.5-
83.75%. The herbicides efficacy in reducing the population of Galium aparine, decreases to four and six
months after application, respectively. The significant positive yield results were directly proportional to
the herbicides efficacy for Galium aparine. The yield losses caused by the Gallium aparine species were
1.33 t/ ha, in the untreated variant.
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INTRODUCTION

Wheat is cultivated on large areas worldwide, but also in Romania (MANEA et al., 2016;
STEF R. et al., 2014). In 2018, Romania ranked fourth in the European Union on wheat
production (10.27 million tons), according to the data of the European Statistical Institute -
Eurostat (http://www.business24.ro). Wheat production is influenced by applied agrotechnics as
well as biotic and abiotic factors. Among the biotic factors, which decrease the yield of wheat
plants, weeds are highlighted (causing yield losses of 15-20% and even 60-80%, in the absence
of control measures) (MANEA et al., 2015; STEF R. et al., 2017). TKALICH Y. and al. 2020, claims
that wheat production can be reduced by 40 to 100%, depending on the density of weeds and the
composition of the species. Among the "problem" weed species present in the wheat
agroecosystem is the Galium aparine. This species has its origins in North America (MALIK et
al., 1988; DEFELICE, 2002, MENNAN and ZANDSTRA 2005) is an annual, broad-leaved weed that
reproduces by seeds. The cleavers is found on arable land, in pastures, but also on the side of the
road. The species Galium aparine is found on different soil types, but prefers those rich in
nutrients (PAPAPANAGIOTOU, A.P. et al., 2019).

Galium aparine is a weed commonly found in wheat crops in Romania. This species is
described by HoLwm et al. (1991) as a major weed in ten countries. Worldwide, it has been
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reported as a weed in 19 crops (Avena sativa, Triticum aestivum, Beta vulgaris, Glycine max,
Hordeum vulgare, Brassica napus var. napus, Oryza sativa, Rye cereals, meadows, etc.).
Although, Galium aparine, it is present in many crops, the greatest damage it is done to cereals
(MENNAN et al. 2011, HoSsSEIN and ISMAIL, 2018, HOSSARD et al., 2014). Rola (1969) (cited by
BEKIE et al., 2012) reported a reduction in production potential by 30-36%. RODER et al. (1990)
found that a plant of Galium aparine/m? causes a decrease in production of 0.24% in barley and
0.14% in wheat. Similar research, conducted in the UK, showed decreases in production of 0.7%
- 2.9% throughout the presence of a plant of Galium aparine/m? (WILSON and WRIGHT, 1987).

In addition to reducing production, Galium aparine contains substances with
allelopathic effects (which suppress the growth of Querqus robur seedlings) and anthraquinones
that are toxic to mammals (BATRA, 1984), being also a host plant for pests. This species, in
addition to the damages previously mentioned, creates difficulties in the process of harvesting
crops, by wrapping up on the combine harvester and increases production costs (DURGAN and
GUNsoLUS, 2013; SHANER and BECKIE, 2014). Therefore, in order to obtain the desired
productions, both qualitatively and quantitatively, it is important to promptly apply different
control methods (CHIRITA R., et al., 2007).

Studies on the chemical control of Galium aparine have begun since the 1960s (ROLA,;
1969), while it has been observed that this species is resistant to herbicides with phenoxyacetic
acid (BACHTHALER and DANCAU, 1970; LOVEGROVE et. al., 1985). Studies conducted by
LOVEGROVE et al. (1985) by pre-emergence of the substances pendimethalin, trifluralin with
linuron and bifenox with linuron did not control the populations of Galium aparine.

Satisfactory control was obtained by post-emergence application of mecoprop mixed
with ioxynil and bromoxynil, cyanazine or bifenox (LOVEGROVE et al., 1985; CATIZONE and
VIGGIANI, 1990; D'souza et al., 1993). Good results in combating cleavers have been obtained
by applying the following substances: dichlorprop alone or mixed with bentazone (HOFFMANN
and PALLUTT, 1989); cyanazine plus MCPA, metazachlor and chinmerac (ADAMCZEWSKI and
STACHECKI, 1994); mesosulfuron (MENNAN et al. 2011), tribenuron (VENCILL, 2002) and
dicamba (GROSSMAN, 2000).

Chlorosulfuron, tribenuron and florasulam, acetolactate synthase (SLA) inhibitors, have
been used mainly in the control of cleavers for the last twenty years. The research conducted by
KALOUMENOS et al., 2009, 2011 and NTOANIDOU et al., 2017, showed that by applying the
substances tribenuron + mecoprop-p; florasulam + 2,4-D; florasulam + aminopyralid; florasulam
+ fluroxypyr; florasulam + dicamba; there were not very good results in the control of cleavers,
because it gained resistance (PAPAPANAGIOTOU, A.P. et al., 2019). In order for crop weeds
not to become “resistant”, researchers recommend the use of combined herbicides, because
repeated application of the herbicide with the same mode of action favors its occurrence (BECKIE
and HARKER, 2017).

MATERIAL AND METHOD

The study on the sensitivity of Galium aparine species to sulfonylurea herbicides was
carried out in Cornesti (figure 1), Timis County, during 2019/2020.

The trial was placed according to the method of randomized blocks with four variants
in 4 replicates. The experimental variants presented a width of 3 m and a length of 10 m. The
Romanian wheat variety Glosa was used in the study.

The post-emergent herbicides were applied in the first half of November (12.11.2019),
when the wheat plants were in BBCH 16-18. The Stihl SR 430 atomizer, 3.9 hp, was used to
apply the treatments.
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Figure 1. Google Maps location of the experimental field
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Treatments were applied in BBCH 16-18
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The herbicides used to reduce the population of Galium aparine in wheat crop were:
Alliance 660 WG, Harmony Extra and Saracen Max (table 1). The herbicide Alliance 660 WG
consists of two active substances (methylsulfuron methyl and diflufenic), both with systemic
action. Metsulfuron methyl, an active substance in the sulfonylurea class, inhibits cell division.
Diflufenican acting by inhibiting the process of carotenoid synthesis. Harmony Extra contains
two systemic substances (thifensulfuron-methyl and tribenuron methyl) from the sulfonylurea
group. Tribenuron methyl inhibits the ALS enzyme causing cell division to cease (CODEX, 2019).
ALS is a key enzyme in the biosynthesis of essential amino acids such as valine, leucine and
isoleucine (DUGGLEBY and PANG, 2000). This enzyme is the target of herbicides belonging to
five distinct chemical families: sulfonylureas, imidazolinones, triazolopyrimidines, pyrimidinyl-
benzoates (thio- and oxy-benzoates) and sulfonyl-aminocarbonyltriazolinones (Yu et al., 2010).
Saracen Max is a complex herbicide containing methyl tribenuron and florasulam, both of
which are systemically active substances (CODEX, 2019). Florasulam inhibits the biosynthesis of
essential amino acids (valine, leucine, isoleucine).

Table 1
Experimental field of wheat agroecosystem
Commercial products Active substance Applied dose
1. Untreated variant - -
2 2. Alliance 660 WG Diflufenican 60% + metsulfuron-methyl 6% 0,01kg/ha
§ 3. Harmony Extra Thifensulfuron-methyl 50% + tribenuron methyl 25% 0,04 kg/ha
4. Saracen Max Florasulam 200 g/kg + 600 g/kg tribenuron methyl 0,025 kg/ha

Figure 2 - Chemical structure of the substances used in the experiment
Sursa: https://pubchem.ncbi.nlm.nih.gov/compound/52999#section=Structures
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The effectiveness of herbicides was assessed 2 weeks after application (26.11.2019), 39
days (19 December 2019), four (1 March 2020) and six months (6 May 2020), respectively.
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At the maturity of the wheat plants, the production obtained in the treated variants was
determined. The data gathered from the study were statistically interpreted by the variance
analysis method.

RESULTS AND DISCUSSIONS

The weeds infestation degree of the experimental variants was 8-28 Galium aparine
plants per hectare/m?. Other weed species were present in the experimental variants, but they
were removed by manual weeding. Weeding was done periodically (when necessary).

Table 2
The effectiveness of sulfonylurea herbicides on the population of Galium aparine to the wheat
agroecosystem
No - . Control of Galium aparine (%)
ort. Herbicide Active substance Dose 14 days 39 days | 4 months | 6 months
1, | Untreated/ . - 0,0 0,0 0,0 0,0
control variant
. Diflufenican 60% +
o, | Alliance860 | oic ifuron-methyl | 0.01kgia | 425~ | 700~ | 5257 | 450"
WG
6%
Thifensulfuron-
Harmony methyl 50% + 0,04 . . .
3. Extra tribenuron-methyl kg/ha 5.0 7.5 5.0 638
25%
Florasulam 200 g/kg 0025
4. Saracen Max + 600 g/kg ' 83,75 86,3 88,80™" 78,80
. kg/ha
tribenuron-methyl
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At 14 days after the application of the treatments, the population of Galium aparine
winter wheat was reduced by 42.5-83.75% (table 2). The herbicide Saracen Max controlled at
highest the cleavers plants, due to the two active substances (tribenuron methyl and florasulam)
and the mode of absorption both foliar and root, it acts by inhibiting the enzyme acetolactate
synthesis (ALS), so in some days after application, weeds cease to compete with food and water
crops. The results obtained are in line with those published by MEeisam M. (2019), who recorded
a control of the Galium population of 84-91.8% at 2 WAA (weeks after application) of the simple
or mixed tribenuron substance (tribenuron + fluroxypyr; tribenuron + metsulfuron, tribenuron +
piroxsulam). Similar efficacies have been reported by OLIVEIRA et al. 2009; MACIEL et al. 2013,
FERHATOGLU and BARRETT 2006; SHIMI et al. 2007. The control of Galium aparine population
was not satisfying (42.5%, at 2WAA, figure 3) in the variants in which the substance
metsulfuron-methyl was applied in combination with diflufenican. Poor results in combating
tourism, also reported Meisam M. (2019) by using the substances metsulfuron (52%) and
fluroxypyr.
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Figure 3 — Graphical representation of the reduction of the Galium aparine population

The results published by researchers in Greece (PAPAPANAGIOTOU A.P. et al., 2019) are
not in line with those obtained in this study, claiming that Galium aparine is resistant to
chlorsulfuron, tribenuron and florasulam (this is the first study published in Europe , on the
resistance of this species to herbicides inhibiting ALS). The same researchers claim that they
controlled cleavers with mixtures of tribenuron + mecoprop-p and florasulam + fluroxypyr,
arguing that resistance was closely associated with wheat monoculture and the continued use of
the same herbicide.

Research by BECKIE and TARDIF (2012) supports the use of auxin herbicides (2,4-D,
dicamba, fluroxypyr, aminopyralid, mecoprop-p) in mixtures with herbicides that inhibit ALS to
attenuate the evolution of resistance to these herbicides.
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The second assessment (39 days after the application of the treatments) showed an
increase in the control percentage of the Galium aparine species (70 - 86.3%). From the
observations made, it was found that Alliance 660 WG herbicide reaches its maximum
effectiveness (70%) (in cleavers control) 39 days after application, after this period the efficacy
decreases to 45% (at six months). Herbicides composed of tribenuron-methyl showed a high
efficacy throughout the period compared to metsulfuron-methyl treatment in combination with
diflufenican. The herbicides efficacy in reducing the population of Galium aparine, decreases to
four and six months after application, respectively. Compared to the control, all herbicides
showed very significant positive differences.

The wheat production obtained in the experimental variants was between 4.75 t/ha, in
the untreated control variant and 7.13 t/ha in the variant treated with Saracen Max (table 3).

Table 3
Efficacy of sulfonylurea herbicides in the control of cleavers expressed by wheat production

(’:\:E Herbicide Yield (g/ha) Relative (Yield %) | Absolute differ. Signific.
1 Untreated/ control variant 4,75 78,09 -1,33 000

2 Alliance 660 WG 6,11 100,38 0,02 -

3 Harmony Extra 6,37 104,60 0,28 -

4 Saracen Max 7,13 117,06 1,04 il

5 Mean of experience 6,09 100 - -

5% = 0,499; 1% = 0,726; 0,1% = 1,089

In the variants in which Alliance 660 WG and Harmony Extra were applied, productions
of over 6.11 t/ha were registered). The application of the combination thifensulfuron-methyl +
tribenuron-methyl did not result in significant yields compared to the average experience. The
slightest increase in wheat production, compared to the mean of experience, was observed in the
variants treated with diflufenican + metsulfuron-methyl, due to the lower level of cleavers
control (table 3). The application of Saracen Max herbicide determined an increase in production
of 1.04 t/ha, showing very significant differences compared to the mean. The yield losses caused
by the Galium aparine species were 1.33 t/ha, in the untreated variant. The results were in line
with studies performed by CURRAN et al. (2015) and MEIsAM M. (2019) who reported that
treatments that included tribenuron led to higher wheat yields due to greater efficacy in
controlling Galium aparine species.

CONCLUSIONS

The herbicide Saracen Max reduced the most the population of Galium aparine and has
provided long-term protection of the wheat crop.

The effectiveness of the three herbicides (Alliance 660 WG, Harmony Extra and
Saracen Max) persist maximum 39 days after application.

The herbicides used in the experiment resulted in production increases compared to the
production obtained in the control variant.

According to the results of this study, the group of sulfonylurea herbicides is suitable
for controlling cleavers in wheat crop.
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