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Abstract

The uncultivated lands are a continuous source of weed infestation due to the fact that they help the
development of a rich flora of weeds, while ensuring the accumulation in the soil of a large reserve of
seeds and vegetative propagating organs that will encumber crop technologies for several years after
recultivating. The most widely used herbicide for weed control on these lands is glyphosate. In
November 2023, the European Commission renewed the approval of the active substance glyphosate
for a period of ten years, but included a series of conditions and restrictions on use, the maximum
authorised dose per year being 1440 g active substance/hectare. The aim of the study was to oversee
the floristic composition of uncultivated lands and to evaluate the effectiveness of glyphosate herbicide
at the maximum allowable dose (4.0 l/ha). The research was carried out in 2024, in 2 uncultivated
experimental plots, one located in the RDIPP-Bucharest experimental field and other in Cocani
village, Dambovita county. The field trials were conducted in randomized blocks of 100 m? plot area
in 4 replications, with herbicides applied in postemergence when the weeds were in their earliest
stages of growth and development at rates of 2.0, 4.0, and 6.0 l/ha. Effectiveness was evaluated
according to the EWRS scale at 15 and 30 days after application of the treatments. Glyphosate had a
good weed control efficacy with the best results obtained at 4.0 and 6.0 l/ha. At 2.0 l/ha some weed
species were insufficiently controlled. At the maximum allowed rate of 1440 g a.i/ha (4.0 l/ha), the
lowest effectiveness for dicots was recorded for field bindweed, perennial thistle and plantago species
with an average efficacy of 50% and for monocots for perennial ryegrass with an efficacy of 56%.
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1. INTRODUCTION

Uncultivated lands represent a challenging problem but also an opportunity, especially in the context
of modern and sustainable agriculture, rural development and ecological transition. Land abandonment
is a widespread process in many regions of the world as a consequence of social-economic conditions
and changes in land use (Lana-Renault et al., 2020; Fayet et al., 2022; Quintas-Soriano et al., 2022).
Land abandonment is a dynamic process, influenced by a many-sided range of social-economic,
political and environmental components that vary over time and space. The impacts of land
abandonment on biodiversity and the environment can be positive or negative, depending on the
conservation status of the area, agro-climatic conditions and local factors (Hochtl et al., 2005; Osawa
et al., 2016; Keenleyside et al., 2010; Ustaoglu and Collier, 2018; Pawlewicz and Pawlewicz, 2023).

Uncultivated lands pose a number of problems and risks related to: decreased soil fertility, loss of
biodiversity, increased frequency and intensity of wildfires, soil erosion and desertification, loss of
cultural and aesthetic values, reducing of landscape diversity and decrease of water supply (Benayas et
al., 2007; Haddaway et al. 2014; Tarolli et al., 2014). Furthermore, abandoned lands are a source of
arable lands weed infestation, which takes much time and effort to be removed (Barbotkina et al.,
2020; Gradila et al., 2022). On an uncultivated land, weeds quickly take over and trigger a process of
spontaneous ecological succession, with consequences over environment, soil and the agricultural
potential of the land (Vallejo et al., 2006; Tasser et al., 2007; Munroe et al., 2013; Gallemore et al.,
2018, Kolecka, 2018; Pérez-Hernandez and Gavilan, 2021). The abandonment of agricultural land is
resulting in a shrubbery landscape with remarkable environmental, landscape and social-economical
implications (Mantero et al., 2020).
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Society and scientists currently have different views on how to manage abandoned lands. Some of
them regard land abandonment as a way to restore natural ecosystem processes and to enhance and
conserve biodiversity (Marty et al., 2003; Kleijn et al., 2006). On the contrary, other scientists and a
part of the population consider that interventions for the management of abandoned agricultural land
are mandatory to control the negative effects of revegetation processes (Kates et al., 2001; Moran-
Ordofiéz et al., 2011; Lasanta et al., 2015). Good management of deserted agricultural lands has
important consequences because of the large areas they cover and the resources and services it can
provide to society as a whole.

Uncultivated agricultural lands are an endless weed infestation source as they promote the
development of a rich weed flora usually perennial, while assuring in the soil the accumulation of a
large ammount of seeds and vegetative breeding parts which will render crop technologies over many
years after resowing (Marusca, 2015). The management of uncultivated land flora thus becomes
particularly important to avoid the spread of weeds in the agroecosystem and to protect biodiversity
(Datta et al., 2018). From an economic point of view, it is much more practical to restore abandoned
land on which young vegetation has been installed, requiring much less material, technological and
human intervention than land on which woody vegetation has already been installed, which is what we
have intended to demonstrate with this study. One of weed control method to control weeds on lands
left uncultivated is chemical control while glyphosate is the most used herbicide.

In November 2023, the European Commission renewed the approval of the active substance
glyphosate for another 10 years. The renewal of glyphosate is subject to certain conditions and
restrictions, including a prohibition on pre-harvest use as a desiccant and measures to protect non-
target organisms, the maximum authorised dose per year being 1440 g active substance/hectare
(Regulation, EU 2023/2660). The aim of the study was to oversee the floristic composition of
uncultivated lands and to evaluate the effectiveness of glyphosate herbicide at the maximum
allowable.

2. MATERIALS AND METHODS

The research was carried out in 2024, in 2 uncultivated experimental plots, one located in the RDIPP-
Bucharest experimental field and the other in Cocani village, Dambovita county. The field trials were
conducted in randomized blocks of 100 m? plot area in 4 replications, with herbicides applied in
postemergence when the annual weeds were in their earliest stages of growth and development and
perennial ones before tillering at rates of 2.0, 4.0, and 6.0 I/ha.

The commercial formulation Roundup Classic Pro (360 g/L glyphosate, soluble concentrate, SL) was
applied at two experimental sites: Bucharest and Cocani. At the Bucharest site, the treatment was
applied on 12 April 2024 between 10:00 and 12:00. Air temperature ranged from 14 to 15°C, relative
humidity from 65% to 63%, and wind speed was 0.4 m/s with a south-eastern direction. Soil
temperature measured at 15 cm depth was 18°C. Precipitation was negligible prior to application (0.2
mm in both the previous week and the two weeks before application). Rainfall increased after
treatment, reaching 23.5 mm one week and 26.2 mm two weeks after application. The first rainfall
event occurred six days after application (14.4 mm). At the Cocani site, the treatment was applied on
18 April 2024 between 09:30 and 11:45, at an air temperature of 18°C. Wind speed ranged from 0.6 to
0.8 m/s (south-east), and soil temperature at 15 cm depth was 19.6°C. Precipitation prior to application
was substantial, with 43.6 mm recorded in the two weeks before and 24.6 mm in the week preceding
treatment. The first rainfall event occurred three days after application (2.7 mm), followed by 3.9 mm
after one week and 12.9 mm after two weeks. At both sites, no rainfall was recorded within 6 or 24
hours after application.

The herbicide was applied using a manual pressure sprayer operating at 2 bar, equipped with TeeJet
nozzles producing a fine spray, spaced 25 cm apart. The spray volume was 300 L/ha.

Experimental fields at both locations were heavily infested with annual and perennial
monocotyledonous and dicotyledonous weeds, with no woody vegetation present. The sites had been
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unmanaged for 4-5 years, resulting in semi-natural grasslands dominated by species of low forage
value. Soils at both locations were classified as brown-reddish soils with a clay loam texture. Organic
matter content and pH were similar between sites (2.2% OM, pH 6.8 at Bucharest; 2.4% OM, pH 7.2
at Cocani).

Weeds density was assessed as couple of plants on square meter and as percentage of ground cover.
The number of weeds per square meter was determined by weed mapping with a metric frame of 1 m?
side in 4 repetitions on the diagonal of the plot. The percentage of weed cover was revealed visually,
according to species, density and phenological aspects of each weed (sprouting, budding, flowering,
fruiting, ripening, seed dispersal, height, etc.). Weed control (efficacy) was assessed one month after
application of treatments in % compared to the untreated control according to the EWRS scale, at 30
days after application of the treatments.

3. RESULTS AND DISCUSSIONS

When an agricultural land is left uncultivated for the first two years, annual and biennial mono and
dicotyledonous weeds develop strongly, especially invasive and difficult to control, vigurous, capable
of seed-forming weeds (Amaranthus, Ambrosia, Setaria, Echinochloa, Xanthium, etc.). These species
come to ground cover and prevail on abandoned land. At this stage, weeds can be easily controlled by
appropriate measures and the land can be returned to agricultural use without great expense. This is
followed by an intermediate stage of 2-5 years when some perennial deep-rooted weeds or rhizomes
become established: Cirsium arvense (L.) Scop., Sonchus arvensis L., Convolvulus arvensis L., Elimus
repens (L.) Gould, Urtica dioica L., Carduus nutans L., Eryngium campestre L., Artemisia absinthium
L., etc. They are much more difficult to be eradicated as they persist in the soil and spread rapidly,
with a high capacity to multiply and regenerate. Weed control at this stage requires the application of
special, periodic control measures (repeated mowing, mulching, special agro-technical tillage,
repeated chemical treatments, etc.), since perennial species pose particular problems for control, which
lead to much higher expenditure. This is followed by the advanced stage of 5 - 10 years or even more
during which shrubs (dog-rose, sloe), tree seedlings (locust tree, poplar, alder) start to appear. A semi-
permanent vegetation is formed, actually a mixture of grass, shrubs and little trees. The land becomes
practically non-agricultural, requiring seeding of competitive green crops (e.g. rye, phacelia), deep
plowing, deforestation, etc., which takes several years and is very expensive (Lauringson and Talgre,
2003; Valko et al., 2016). Based on these considerations, uncultivated land heavily afforested by
annual and perennial mono and dicotyledonous weed species but without woody vegetation was
selected for this study. These arable fields were uncultivated and practically transformed into semi-
natural grassland, predominated by forage-free species.

In the experimental plot at ICDPP-Bucharest, dicotyledonous weeds prevailed, with approximately
70%, being present among the perennial specie: Achillea millefolium L., (Asteraceae) C. arvensis
(Convolvulaceae), Lepidium draba L. (Brassicaceae), Plantago sp. (Plantaginaceae). Among the
annual dicotyledonous annuals were found: Cerastium dubium (Bastard) Guépin (Caryophyllaceae),
Daucus carota L. (Apiaceae), Capsella bursa-pastoris (L.) Medik., (Brassicaceae) and Ambrosia
artemisiifolia L. (Asteraceae). Among the monocots, two species of the Poaceae family were noted, a
perennial species valuable as forage plant Lolium perenne L. and Echinochloa crus-galli (L.) Beauv, a
cosmopolitan annual species found on all soil types and in all crops (Table 1).

Under these conditions of infestation glyphosate at 6.0 I/ha (the maximum rate tested) had good weed
control efficacy on the RDIPP from the uncultivated land, especially for Lepidium, Cerasitium, Dauca
and Echinochloa species. The rate of 4.0 I/ha ensured overall moderate efficacy, for perennial weeds
(Convolvulus, Plantago and Lolium), the efficacy was about 50%. The lowest efficacy was recorded at
the 2.0 1/ha rate with the percent control for perennials being about 35% (Table 1).
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Table 1. The efficacy of Glyphosate in uncultivated lands at 30 days after treatment, RDIPP

Weed species Efficacy (% control compared to untreated check)
Weeds BBCH Glyphosate 360 G/L Untreated LSD SD
(Majority) 2.0 40 6.0 S{:; es:ilg o P=.05
L/HA L/HA L/HA

Achillea millefolium 49'-512 43.5b 64.0ab 78.7a 8.0c 25.4-34.7 | 13.4t
Convolvulus arvensis 40%-65* 30.8b 52.5a 70.4a 12.2¢ 26.6-31.0 | 11.4t
Lepidium draba 49'-63° 49.5b 68.8ab 80.7a 10.0c 24.0-31.9 | 13.6t
Plantago species 65* 43.5b 51.0b 78.7a 4.5¢ 15.0-22.3 | 9.04t
Cerasitium dubium 65* 40.5¢ 62.3b 81.7a 13.5d 16.4-29.2 | 10.7t
Daucus carota 49! 54,2 81.7a 90.0a 10.0c 6.2-20.9 16.0t
C. bursa pastoris 69° 57.8a 70.4a 72.6a 7.0b 28.2-43.6 | 18.2t
Ambrosia 49'-51? 54.0b 67.2ab 71.2a 6.0c 18.3-20.0 | 8.5t
artemisiifolia

Lolium perenne 477558 35.5b 56.0ab 73.5a 16.5¢ 32.6-39.2 | 35.0t
EcZinochloa crus- 45°-558 51.7b 63.6ab 81.7a 10.0c 23.3-30.4 | 13.7t
galli

! Constant new development of young plants; > Inflorescence or flower buds visible;
*Vegetative reproductive organs begin to develop (thizomes, stolons, tubers, runners, bulbs);
*Full flowering: 50% of flowers open, first petals may be fallen; >30% of flowers open;
%End of flowering: fruit set visible; 'Flag leaf sheath opening;

$First individual flowers visible (still closed); *Flag leaf sheath swollen (late-boot);

According to the percentage of ground cover at 30 days after treatments in the untreated plot is shown
in Figure 1, where Poaceae was the dominant weed family (26.5%), followed by the Brassicaceae
(17%) and Asteraceae family (16%). Of the 2 species of Poaceae, L. perenne is an important cultivated
grass species, which becomes a very competitive weed when grown in crops. Although it is a
perennial species, it will still produce seeds in the first year of growth. Generally germinating at the
same time as crops, it grows rapidly and competes aggressively for space, light, nutrients and water.
Uncontrolled perennial ryegrass will significantly reduce yields. Although glyphosate is considered an
effective herbicide for the control of this species, there are known cases of glyphosate resistance in
perennial ryegrass populations (Ghanizadeh et al., 2013; Gunnarsson et al., 2017). It is a valuable
component of all mixtures for both grassland and pastures and is used in deserted lands conversion
programs. Of the annual dicotyledonous annuals, C. dubium was dominant with a 16.5% infestation
and of the perennial dicotyledonous C. arvensis with a 12.2% infestation at 30 days after treatments in
the control sample. Field bindweed is a problematic perennial weed with a deep root system and a high
regeneration capacity (Timmons, 1950; Weaver and Riley, 1982). It is well-known for its resistance or
tolerance to many herbicides, especially foliar and contact ones. The data in literature reports that this
weed is often resistant or less sensitive to glyphosate-based herbicides due to its waxy leaves and deep
roots, requiring higher rates and repeated applications (Huang et al., 2019). Other species (with a low
density per square meters): Digitaria sanguinalis (L.) Scop., Sorghum halepense (L.) Pers., E. repens,
E. campestre, Polygonum convolvulus L., Xanthium italicum (Moretti) Greuter, Lamium species and
Veronica hederifolia L.
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Figure 1. The distribution of weed species by botanical families at RDIPP after 30 days after
treatments in the untreated plot

In the Cocani experimental plot, perennial dicotyledonous weeds were identified: C. arvenmse,
(Asteraceae), Euphorbia cyparissias L. (Euphorbiaceae), Rubus caesius L. (Rosaceae), Rumex acetosa
L. (Polygonaceae) and Lotus corniculatus L. (Fabaceae). Among the annual dicotyledonous annuals, 2
species were found: Ranunculus arvensis L. (Ranunculaceae) and Sonchus oleraceus L. (Asteraceae).
Among the perennial monocots, Poa pratensis L. (Poaceaceaceae) and Lolium pratense (Hudson)
Darbyshire (Poaceae) were present and among the annual monocots, Setaria species were present.
Although only 3 monocotyledonous species were present, they dominated the abandoned Cocani field
with a degree of weed infestation of over 55% (Table 2). Of the data analysis shown in Table 2, it can
be concluded that at Cocani, at 30 days after the application of the treatments, the herbicide
Glyphosate had a good efficacy in control of weeds on uncultivated lands, the best results being
obtained at the highest doses. For creeping thistle the efficacy was lower being: 34.3% for the rate of
2.0 1/ha, 47.9% for for the rate of 4.0 1/ha and 64.7% for the rate of 6.0 I/ha (Table 2).

Table 2. The efficacy of Glyphosate in uncultivated lands at 30 days after treatment, Cocani

Weed species Efficacy (% control compared to untreated check)
Weeds BBCH Glyphosate 360 G/L Untreated LSD SD
(Majority) 2.0 4.0 6.0 S(’f; ::;lge) P=.05
L/HA L/HA L/HA

Cirsium arvense 512-63° 34.3b 47.9ab 64.7a 10.7¢ 30.0-32.1 | 11.7t
Euphorbia 49'-512 51.5¢ 72.1b 90.0a 4.5d 3.2-16.4 | 12.0t
cyparissias

Ranunculus 403-69° 55.5¢ 78.7b 72.1a 4.5d 3.3-15.6 | 6.61t
arvensis

Rubus caesius 403-63° 32.1b 59.0a 78.7a 9.5¢ 24.5-22.3 | 11.1t
Rumex acetosa 49! 45.6¢ 59.9b 90.0a 4.5d 3.2-17.5 | 6.46t
Sonchus oleraceus 512-63° 45.0¢ 78.7b 90.0a 5.5d 3.4-18.2 | 6.67t
Lotus corniculatus 49'-63° 47.9¢ 68.4b 80.7a 5.5d 7.4-154 | 5.7t
Poa pratensis 4310-558 47.1b 62.2a 76.4a 13.5¢ 15.8-33.8 | 8.7t
Setaria species 43'%69° 38.9b 68.7a 80.7a 26.5¢ 18.1-30.4 | 11.1t
Lolium pratense 45°-55° 40.6b 60.6ab 73.0a 15.5¢ 27.9-33.8 | 12.6t

'%Flag leaf sheath just visibly swollen (mid-boot)
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As far as it concerns the distribution of weed species by botanical group, analysis of the data in Figure
2 shows that weeds of the Poaceae family dominated the abandoned Cocani field, followed by weeds
of the Asteraceae family. Other species (with a low density per square meters): C. nutans, E. crus-
galli, Polygonum aviculare L., Rumex obtusifolius L., A. artemisiifolia, Chenopodium album L. and
Taraxacum officinale Weber.

u Setaria spp. (Poaceae)

4_5%4.5%2‘ m L. pratense (Poaceae)

. 4.5%

m P. pratensis (Poaceae)

B C. arvense (Asteraceae)
R. caesius (Rosaceae)

u S. oleraceus (Asteraceae)

u L. corniculatus (Fabaceae)
E. cyparissias (Euphorbiaceae)
R. arvensis (Ranunculaceae)

% of soil coverage
R. acetosa (Polygonaceae)

Other spp.

Figure 2. The distribution of weed species by botanical families at Cocani after 30 days after
treatments in the untreated plot

In the experimental field, the presence of Setaria species with >26% ground cover in the control at 30
days after the application of the treatments was observed. Setaria species are among the most
important monocotyledonous weeds in Romanian agriculture, especially in maize and sunflower crops.
They cause damage through direct competition, yield reduction, technological difficulties and their
role as hosts for pests. In the experimental plot, we identified 4 species of the foxtail: S. viridis, S.
glauca, S. verticilata and S. faberi. The literature presents data on the different sensitivity of Setaria
species to the action of herbicides. Differential selectivity has been demonstrated for 2-chloro-4-
(ethylamino)-6-(isopropylamino)-s-triazines (atrazine), 2-chloro-4, 6-bis(isopropylamino)-s-triazines
(propazine), and S-ethyl diisobutylthiocarbamate (butylate) in S. faberi, S. glauca and different
varieties of S. viridis, the latter being the most tolerant to atrazine and propazine (Oliver and Schreiber,
1971; Beckie et al., 1999; Song et al., 2023). Five green foxtail S. viridis populations were reported in
Ontario with potential resistance to the AHAS-inhibiting herbicide imazethapyr (Marles et al., 1993;
Laplante et al., 2009). L. corniculatus was also monitored in the experimental field which, although
often cultivated as a valuable forage crop, in some circumstances can become an undesirable weed in
crops, especially when it spreads uncontrolled. Although it has benefits (nitrogen fixation, forage), in
some crops (wheat, maize, sunflowers, etc.), birdsfoot trefoil can have negative effects as it competes
with crop plants for light, water and nutrients and can easily spread in grasslands sown with other
species, becoming dominant, having populations tolerant to glyphosate-based herbicides (Boerboom et
al., 1990; Clua et al., 2012).

Since its market introduction in 1974, glyphosate [N-(phosphonomethyl) glycine] has become the
dominant herbicide worldwide with a broad spectrum of highly effective efficacy. Glyphosate is the
only herbicide that inhibits 5-enolpyruvyl-5-enolpyruvyl-3-phosphate synthase (EPSPS), there are no
competing herbicide analogs or classes (Malik et al., 1989; Duke and Powles, 2008). Being a systemic
herbicide, it is absorbed by the plant and then transported throughout the vascular system. It gets
involved with the plant's ability to produce essential amino acids and may cause stunting and
ultimately death (Hess, 2018; Freitas-Silva et al., 2022; Mendes et al., 2022). Most of the weeds found
in the experimental plots showed initial symptoms of wilting and yellowing within 2 to 4 days after
treatment, and complete destruction usually occurred within 1 to 2 weeks. Aspects of the experimental
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fields are shown in Figure 3. The larger (Cirsium, Convolvulus, Lolium, Rubus, Platago, etc.) and
more well-rooted weeds took up to 4 weeks to be destroyed. The time taken for glyphosate to destroy
weeds can vary depending on several factors including weed type, weather conditions and herbicide
formulation.

We have also observed that young, actively growing weeds tend to absorb the herbicide faster than
older or dormant weeds. Glyphosate is most effective when temperatures are between 15°C and 29°C
and when no rainfall occurs within the first 6 hours of application because rain can wash the herbicide
off before it is absorbed by the plant.

Figure 3. Aspects from experimental plots

4. CONCLUSIONS

Uncultivated lands pose a number of problems and risks related to: decreased soil fertility, loss of
biodiversity, increased frequency and intensity of wildfires, soil erosion and desertification, loss of
cultural and aesthetic values, reducing of landscape diversity and decrease of water supply.

The uncultivated lands are a continuous source of weed infestation due to the fact that they help the
development of a rich flora of weeds, while ensuring the accumulation in the soil of a large reserve of
seeds and vegetative propagating organs that will encumber crop technologies for several years after
recultivating.

The uncultivated lands studied were heavily weed-infested with annual and perennial mono and
dicotyledonous annual and perennial weed species but without woody vegetation.

The most widely used herbicide for weed control on these lands is glyphosate. The renewal of
glyphosate is subject to certain conditions and restrictions, including a prohibition on pre-harvest use
as a desiccant and measures to protect non-target organisms, the maximum authorised dose per year
being 1440 g active substance/hectare.

Glyphosate had a good efficacy in weed control in the 2 experimental plots with the best results being
obtained at 4.0 and 6.0 l/ha.

At 2.0 1/ha most weed species were poorly controlled. At the maximum allowed rate of 1440 g a.i/ha
(4.0 1/ha), the lowest efficacy for dicots was recorded for field bindweed, perennial thistle and
plantago species with an average efficacy of 50% and for monocots for perennial ryegrass with an
efficacy of 56%.

The data obtained in the 2 non-cultivated fields clearly show that this dose is not enough to control all
weeds and repeated applications are necessary.
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