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Abstract: With the world’s population growing at an alarming rate, there is an urgent need to
improve food security. This study aimed to assess forage dry matter yield and plant density under
different herbicide treatments at Kubedlana arable lands. The study was carried out using eight
treatments consisting of seven herbicide treatments and a control. Seed mixtures of seven legume
species were broadcasted in 24 plots of 3 m x 5 m size. Herbicide treatments including Bendioxide
(BEN), Glyphosate (GLY), Haloxyfop-R methyl (HAL), Haloxyfop-R methyl and Bendioxide (HBE),
Paraquat (PAR), Bendioxide (BRR), and Paraquat (PRR) were applied individually in three plots.
Dry matter production and plant densities were determined in five randomly distributed 0.25 m?
quadrats per plot. The results revealed that GLY had a significantly (p < 0.05) higher effect on the DM
yield compared with other treatments. Both BRR and HBE significantly (p < 0.05) decreased the DM
yield. GLY and HBE significantly reduced (p < 0.05) the grass density in 2017 and BRR significantly
affected (p < 0.05) the legume density in May 2017 and May 2018, respectively. These results indicate
that the application of GIY and HAL resulted in the reduction of grass density. Furthermore, none of
the applied chemicals negatively influenced the legume density.
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1. Introduction

The human population is increasing at an alarming rate, increasing the necessity
to strengthen food security. It is projected that global food production will increase by
70-100% to meet global food demand in 2050 [1]. Milk and meat from livestock contribute
significantly to global protein and calorie consumption [2]. As a result, increasing livestock
production is essential to meet imminent global food demand and curb the increasing food
insecurity and poverty. Livestock in communal areas in particular are reared extensively
in rangelands which are facing severe degradation, with grasses in these systems being
less productive and deficient in essential nutrients, more so during the dry season [3]. This,
therefore, calls for the utilization of alternative fodder reserves to supplement livestock,
especially for resource-poor communal farmers. Arable lands, also referred to as aban-
doned croplands, have potential for use as cultivated reserve pastures to increase forage
production in communal areas [4]. Crop abandonment has increased over the past two
decades, owing, amongst other drivers, to climate change and largely erratic rainfall which
reduces crop yields, forcing subsistence crop farmers to resort to livestock production [5].
Apart from climate change, land use changes together with human population increase led
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to high land consumption, which reduces grazing land capacity to produce forage [6]. This
on its own has put more pressure on the remaining rangelands, as the demand for more
fodder to feed large animal numbers increases [7].

The planting of improved forages, largely legumes in arable lands, has become cen-
tral in government initiatives aimed at improving livestock production in communal or
smallholder farming systems. In South Africa, the Eastern Cape Communal Arable Lands
Initiative (ECCAL) which was launched in 2006 by the Eastern Cape Department of Agri-
culture in partnership with the Western Australian Government and Murdoch University
is one of the notable interventions. The initiative involved planting different varieties of for-
age legume species including Lespedeza cuneata (Poor men’s lucerne), Trifollium vesiculosum
(Arrow leaf clover), and Lotus corniculatus (Birdsfoot trefoil)] across different agro-ecological
zones of the Eastern Cape Province. Legumes were selected for their high digestibility,
essential nutrients (e.g., high crude protein), and their ability to fix atmospheric N via
rhizobium bacteria. A sustainable production of these legume forages depends largely
on long-term monitoring and management that will ensure the prolonged persistence of
these legume pastures. However, amongst other challenges, weed infestations are the
greatest threat to the productivity and persistence of these cultivated legume pastures [8].
Weeds are undesirable plants that impede crop growth and productivity by competing
for soil nutrients moisture, light, and space [4]. If weeds are left unchecked, they do not
only reduce the yield of preferable plants but also the forage quality [9]. Hence, weed
management, including herbicide application in particular, is critical for the improvement
and sustainable productivity of these arable lands. However, non-selective herbicides
can pose a threat to non-target plants, thereby reducing pasture establishment and pro-
duction [10]. Thus, the knowledge of the efficacy of herbicides for the management of
legume-overseeded abandoned croplands is limited. This, therefore, may lead to the failure
of pasture establishment, negatively affecting the sustainability of livestock production,
especially in communal areas.

Thus, time-series monitoring of the efficacy of herbicides is crucial for the sustainable
production of planted forage species. Furthermore, since the establishment of the ECCAL,
there have been no studies conducted to assess the effect of herbicides on the productivity
and persistence of planted legumes. Therefore, this study was conducted to assess the
efficacy of herbicides in controlling the plant density of the native grasses and introduced
legumes as affected by the application of various herbicides.

2. Materials and Methods
2.1. Study Area

The research was conducted in arable lands of the Kubedlana communal area in Tsolo
town under OR Tambo district municipality in the Eastern Cape Province of South Africa.
Kubedlana is situated at 32°11’53 S and 28°14/1 E and at an altitude of 1020.8 m. The
vegetation type of the study area is Foothill Moist Grassland (Mucina and Rutherford
2006). The mean rainfall of the area ranges between 630 mm and 640 mm per annum
(Figure 1) and the temperatures range from a minimum of 3 °C in winter to a maximum of
28 °C in summer (Figure 2). The soil chemical properties are as follows: P (5.99 mg/kg), K
(0.20 mg/kg), Ca (4.26 mg/kg), Mg (1.16 mg/kg), and Zn (6.28 mg/kg).

2.2. Experimental Procedure

An area of 0.5 ha was demarcated in which 24 plots of 3 x 5 m? were marked randomly
in a completely randomized design. In each plot, seven forage legume species were planted
in mixed stands. The experimental legume species were Lotus corniculatus, Trifolium repens,
Trifolium vesiculosum, Yellow serradella, Pitman serradella, Biserrula, and Lespedeza cuneata.
The choice of legume species was mainly based on adaptability to local soils, productivity,
compatibility with grasses, and ability to fix nitrogen. Before planting, legume seeds were
hand-mixed with the appropriate inoculant. The seeds of legumes were broadcasted at
a rate of 14.3 kg/ha making for a total of 100 kg seeds/ha. Planting was done with an
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Aitchison Mini seeder, which was used for the over-sowing the legumes into grazing land

(grasses) (six-row no-till pasture seeder).
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Figure 1. The average monthly rainfall (mm) from January 2017 to December 2018 in the Kubedlana

communal area.
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Figure 2. The monthly maximum and minimum temperatures (°C) from January 2017 to December

2018 at Kubedlala communal area.

2.3. Herbicide Treatments

Seven different herbicides as shown in Table 1 (i.e., Glyphosate; Ha-loxyfop-R methyl;
Bendioxide low dosage; Paraquat low dosage; Bendioxide at 50% recommended rate;
Paraquat at the recommended rate; Haloxyfop-R methyl and Bendioxide and Control
were applied in three replicate plots). The mode of herbicide application was aerial using
knapsack sprayers. A 2 m border was left between plots to avoid spillover effects of one

treatment to another.
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Table 1. Rate of herbicide treatment applications and their expected effects.

Treatment No. Treatments Description RR Rate as per Label  Rate/ha in 300 L Water/ha Expected Effect

1 Control No Herbicide No RR No water Control treatment

2 Round up LD Glyphosate 6L/ha 3 L/ha (50% recommended rate) Retard growth of grasses and broadleaved plants
3 Gallant Super RR Haloxyfop-R methyl 1L/ha 1 L/ha (recommended rate) Control of grasses

4 Bassagran LD Bendioxide 3L/ha 1.5 L/ha (low dosage) Retard growth of broadleaved plants

5 Gramoxone LD Paraquat 4L/ha 2 L/ha (50% recommended rate) Retard growth of grasses and broadleaved plants
6 Basagran RR Bendioxide 3L/ha 3 L/ha (recommended rate) Control of broadleaved plants

7 Gramoxone RR Paraquat 4L/ha 4 L/ha (recommended rate) Control of grasses and broadleaved plants

: I o e 1L/ L5 doage) ol s o e ot o

LD = Lower dosage, RR = Recommended rate.
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2.4. Data Collection
2.4.1. Plant Density

Plant counting was conducted to determine plant density. This was achieved by
randomly throwing five 0.25 m? quadrats in each 3 m x 5 m plot and counting the number
of plants for each identified plant species. Counting was conducted before herbicide
application in 2016 and after application at the beginning and end of the planting seasons
(i.e., November and May) of 2017 and 2018, respectively.

2.4.2. Dry Matter Yield

Data on herbage production (grasses, legumes, and forbs) was collected in November
2017 and 2018. This was achieved by cutting plants at a stubble height of 5 cm in three ran-
domly placed 1 m? quadrats per plot. Plants were harvested according to plant functional
groups including legumes, forbs, and grasses. The harvested plant material was placed
into paper bags, oven-dried for 72 h at 65 °C and weighed to determine the dry matter
(DM) production.

2.5. Data Analysis

The repeated measures analysis of variance (RMANOVA) was conducted using Sta-
tistical Analysis System (SAS) 2016, version 9.4 where herbage biomass and plant density
were dependent variables and herbicide treatments and years were between-subject and
within-subject factors, respectively. The General Linear Model (GLM) procedure of SAS
(2016) was used to determine the effect of herbicides on plant density and biomass yield.
Fisher’s LSD test was used to determine the significance of differences between means at
the 95% significance level.

3. Results
3.1. Dry Matter Yield in Response to Herbicide Application

Herbicides had a significant effect on DM yield (p < 0.05), with HAL, KHC, BEN,
and PAR having higher DM yield than other treatments during the first year of planting.
However, the DM yield was not significantly different (p > 0.05) for BRR and HBE herbicide
applications. In the second year, the response trends changed significantly (p < 0.05), as
DM yield responded similarly, across all the herbicide treatments. However, there was
an interannual variability in the DM yield, with herbicides increasing DM yield three to
four-fold higher in the second year compared to the first year of herbicide applications
(Table 2).

Table 2. Mean dry matter yield (kg ha=') of plots treated with herbicide treatments over two-
year periods.

Treatments Mean DM (kg/ha)
Year 1 (2017) Year 2 (2018)
GLY 2497 a 10,1912
HAL 4259 b 10,0102
KHC 4123b 9755
BEN 4309 P 11,3912
PAR 4029 P 10,061 2
BRR 3646 ab 9294 a
PRR 3833 P 11,297 2
HBE 3282 ab 98702
LSD 1276 2993

KHC = Kubedlana herbicide control plot; BEN = Bendioxide at 50% of the recommended rate; GLY = Glyphosate
at 50% of the recommended rate; HAL = Haloxyfop-R methyl at 50% recommended rate; HBE = Haloxyfop-R
methyl at recommended rate & bendioxide at 50% recommended rate; PAR = Paraquat at 50% recommended
rate; BRR = Bendioxide at the recommended rate, PRR = Paraquat at recommended rate, Year 1 = 2017 and
Year 2 = 2018. Values in the same column with the same superscript letters do not differ significantly (p > 0.05).
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3.2. Plant Density in Response to Herbicide Application

The density of forbs and legumes showed a significant difference (p < 0.05) while
grasses were not significantly different (p > 0.05) before herbicide application (Table 3).
Results indicate that the total plant density was significantly different between HAL, KHC,
and BEN treatments. The legume density was highest under PAR and HBE while HAL
and BRR showed the lowest legume density (Table 3). During May 2017, GLY and HBE
significantly reduced (p < 0.05) the grass density compared to the control treatment (Table 4).
Only BRR had a significant effect (p < 0.05) on legume density. The total plant density
was significantly affected (p < 0.05) by GLY herbicide during the first year (2017). In
November 2017, none of the treatments had any significant effect on plant densities of all
plant functional groups when compared to the control treatment KHC. In May 2018, only
BRR significantly affected (p < 0.05) the legume density when compared to November 2018,
GLY and PRR significantly (p < 0.05) reduced grass density. Legume density showed a
significant decline (p < 0.05) when treated with GLY herbicide (Table 4).

Table 3. Baseline plant density before the application of herbicide in 2016.

Treatment Grass Forbs Legumes Total
GLY 728 354 19 ab 126 b
HAL 622 37ab 152 1142
KHC 752 3g8ab 24 be 137b
BEN 742 46" 19 @b 139 b
PAR 692 334 27 be 129 ab
BRR 732 39ab 152 128 @b
PRR 682 37ab 18 ab 123 2b
HBE 662 362 20 abe 124 b
LSD 9.8 96 7.6 17.3

Nov 16 = November 2016. Values in the same column with the same superscript letters do not differ significantly
according to (p > 0.05).
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Table 4. Mean plant density (plants m~2) of different plant functional groups across different herbicide treatments over a two-year period.
Treatment MAY 2017 NOV 2017 MAY 2018 NOV 2018

Grass Forbs  Legumes  Total Grass Forbs  Legumes  Total Grass Forbs  Legumes  Total Grass Forbs Legumes  Total
GLY 66 2 352 7 ab 1082 642 272 92 101 ab 642 232 17 ab 1052 622 69 2 102 1402
HAL 80P 282 7 ab 115ab 612 294 7a 972 714 234 18ab 1132 70 abe 754 12ab 157 ab
KHC 87 b 332 10P 129 b 70 ab 302 192 119 @b 782 232 2b 1232 80 ¢ 682 25b 173
BEN 87b 342 g ab 130P 592 312 122 102 @b 712 282 25b 1242 68 abe 732 164b 157 ab
PAR g7 b 342 gab 129 b 652 254 112 101 @b 782 242 17ab 1192 77 abe 722 17ab 161 2b
BRR 83b 332 32 119 @b 82 b 254 152 122b 814 314 122 1242 79 be 83a 19ab 180b
PRR 83b 362 g ab 128" 71ab 302 122 113 @ 742 252 22b 1212 67 ab 652 20 ab 154 ab
HBE 732 312 10k 115 b 68 ab 254 142 108 ab 802 27 17ab 1242 76 be 712 18 ab 165 ab
LSD 13.7 125 6.7 16.7 135 99 6.4 22.8 18.6 8.6 10.2 235 11.7 19.9 13.0 26.8

Nov stands for November. Values in the same column with the same superscript letters do not differ significantly (p > 0.05).
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4. Discussion
4.1. Dry Matter Yield Response to Herbicide Application

The results of this study revealed interannual variation in DM production, with the
highest production noticeable in year 2 relative to year 1 in all herbicide treatments. This
suggests that the biomass was severely affected by the herbicide during the year 2017 and
quickly recovered after the rainy season of the year 2018. In the current research, GLY
herbicide significantly decreased the DM yield in comparison to the control treatment
during the first year of herbicide application, while in year 2, there was no significant
change observed. Glyphosate distracts the plant’s shikimic acid pathway vital for amino
acid synthesis, thereby negatively affecting plant growth. By inhibiting this pathway,
glyphosate prevents amino acid production, necessary for building proteins. According to
the findings of field studies conducted in Virginia to determine the most effective herbicide
between glyphosate and paraquat herbicide on a range of grass species, glyphosate alone
controlled 94 to 98% of grass species 4 weeks after application [11]. Increased DM is
consistent with the findings of [12] who found a substantial increase in forage biomass
yield when herbicide was applied to switchgrass pastureland in the Central and Northern
Great Plains. Similarly, ref. [13] reported that GLY and PAR herbicide application increased
the dry matter yield of broadleaved plants and grasses. Furthermore, ref. [14] claimed that
despite the fact that not all herbicides are capable of inducing a reaction, minimal amounts
of herbicide chemicals may promote plant vegetative growth. However, ref. [15] discovered
a reduction in forage dry matter on Turfgrass.

In this study, greater DM yield increases were recorded in the GLY treatment even
though it was applied at a 50% recommendation rate, highlighting that the herbicide
is efficient and economically viable for weed control. When treated at levels equal to a
5-10% field recommended rate, the herbicide GLY can provide a genuine boost in biomass
growth of roughly 25% [16]. Generally, GLY is a post-emergence herbicide that gains an
advantage for plants with delayed germination and growth. Also, the results indicated
that Bendioxide decreased the DM yield during year 1 of herbicide application. It is worth
noting that Bendioxide was applied at a 50% recommended rate for this treatment. Thus,
the efficacy of this herbicide at this rate confers an economic advantage to farmers, as this
means a decline in herbicide quantities to purchase. Bendioxide disrupts the plant’s growth
hormone regulation causing stunted growth and impairing photosynthesis and energy
generation [17]. This ultimately compromises the plant’s health, leading to mortality and a
subsequent decline in dry matter yield. These results concur with [17] who showed that
Bendioxide reduced Soyabean leaf area and leaf mass two weeks after the application. In
addition, during the early growth stages, soybeans typically presented some injuries after
two weeks of application of Bendioxide, but the crop managed to recover [18].

Likewise, HBE significantly reduced the DM yield during the first year. In agree-
ment, [19] found that HBE controls a broad range of annual grasses. Furthermore, contrary
to other broadleaf herbicides, HBE herbicides also control grassy weeds and have a direct ef-
fect on pasture legumes [20]. Comparing years, the second-year post-herbicide application
produced the highest significant DM yield compared to the first year in all treatments. This
could be attributed to the fact that herbicides reduced plant competition in the first-year
post-herbicide application, allowing herbicide survivors or non-target plants to flourish
and produce more seeds which contributed to the recruitment of new plants. Ref. [21]
reported that weed control in pastures might even assist in enhancing pasture efficiency,
which significantly increases productivity. These results could be ascribed to the fact that
herbicides tended to reduce plant density, thereby reducing the number of plants that could
contribute to overall yield.

4.2. Plant Density in Response to Herbicide Application

With regard to plant density, GLY and HAL herbicide application resulted in a signifi-
cant decrease in grass density in May 2017. Grasses, forbs, and legumes were all affected
by Glyphosate and Paraquat because they rely on the shikimic acid pathway for growth.
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With the pathway disrupted by these herbicides, the plants cannot synthesize the necessary
amino acids, leading to stunted growth, reduced photosynthesis, and ultimate mortality,
leading to decreased plant density [21]. Essentially, glyphosate interferes with plants, e.g.,
photosynthesis hindering their nutrient and water uptake, thereby impairing their growth
and development [22]. Consequently, reduced grass density might alter grazing patterns
as animals may concentrate in areas with denser vegetation, leading to uneven utilization
of pastures [23]. During November 2018, herbicide application caused a decline in grass
density except for PAR and HAL. This finding could be attributed to the fact that the main
function of herbicides is species—specific for many grasses and broadleaved forbs recorded
in this study. Moreover, land recovery following cultivation abandonment is a slow pro-
cess whose early successional stages, e.g., pioneers are vulnerable to herbicides [24]. For
instance, ref. [25] reported that herbicide application early following abandonment reduces
biomass and enhances grass mortality. In agreement with our findings, ref. [26] also found
that GLY application resulted in a lethal effect on the growth and competitiveness of peren-
nial grass species in semi-natural grasslands. Ref. [27] reported a decrease in Western
Wheatgrass after Glyphosate herbicide was introduced to native grasses.

In a study conducted by [28], HAL reduced total grassy weed density by up to 85%
after 30 days of planting and forb density was not significantly affected by the herbicide
treatments. In this study also, the forb density was resistant to the applied herbicide
throughout the experiment, whereas the legume density was adversely affected by the
application of herbicide except HBE during May 2017. The resistance to herbicides is the
greatest proof of forbs” exceptional ability to adapt under adverse circumstances [29,30].
Furthermore, herbicide-resistance genes are caused by arbitrary DNA mutations that
confer an outstanding advantage in survival and reproduction and are thus swiftly chosen
for and enriched in herbicide-treated weed populations [30,31]. A similar trend was
noticeable in May 2018, except for BEN and PAR, and in November 2018, where herbicide
application significantly reduced the legume density. This can be attributed to the fact
that the morphological structure of legumes is more likely the same as that of weeds and
most herbicides are manufactured to be weed-specific. All the herbicides used have the
expected effect to control broadleaf plants and retard growth, respectively. In agreement,
ref. [32] reported that herbicide treatments reduced the density of planted red clover, alfalfa,
and white clover by more than 86% compared with control plots. Moreover, based on the
herbicide and forage species used, spring planting after fall herbicide application can lead
to decreased establishment and production efficiency [33]. Furthermore, ref. [34] reported
that annual forage legumes were significantly injured by the application of herbicide.
In May 2017, GLY, HBE, BEN, and HAL all significantly influenced the total density of
plants. In November 2017, only HAL resulted in a significant decrease and BEN resulted
in a significant increase in total density. In November 2018, all treatments yielded a
significant increase in the total density of plants harvested during that period except the
BEN treatment, respectively. Plant species have distinct responses to herbicide exposure,
varying from no effect to finish growth inhibition, either permanently or temporarily [26,35].
Consequently, herbicide offset is anticipated to have an effect on competition between
species by preventing some plant species from growing more than others [36]. Glyphosate
spray drift had harmless but major implications, such as flower inhibition and damage
to plants, and it was suggested that spray drift might have had long-term repercussions
for ecosystems [37]. Conversely, the consequences of herbicide condensation on species
composition are affected not only by the method of action of the compound, management,
species pool, and specific traits but also by the range of the cropland field [38]. Furthermore,
the small percentage of herbicide at a given distance from an arable field is affected by the
herbicide-specific application method, wind direction and intensity, and distance to the
last nozzle.
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5. Conclusions

The research conducted found that applying herbicides to old lands established with
pasture legumes affected plant density and forage production. The dry matter (DM)
reaction to the various herbicide applications was positive, highlighting that herbicides are
beneficial for the management of legume over-seeded pastures. However, the responses
of plant density were not consistent across the herbicides applied. This highlights the
importance of herbicide selection, and that herbicide selection should be weed-specific.
Specifically, our results indicate that the application of Glyphosate and Haloxyfop-R methyl
reduces grass density. Furthermore, none of the applied chemicals negatively influenced
the legume density. Also, since the inception of the trial, plant densities continued to
increase, this could be caused by the fact that plants may have established self-defense
mechanisms to combat herbicide chemicals in order to survive, and treatment was carried
out during the experiment’s starting phase. Future studies need to be conducted on the
effect of herbicide usage on soil mechanical and chemical properties and the quality of the
forage produced. In addition, studies can focus on understanding the specific mechanisms
through which herbicide treatments affect forage production. The findings could encourage
a shift towards integrated weed management strategies.

Author Contributions: Conceptualization, U.G., G.J., S.T.B. and WM.; methodology, U.G., G.J., S.T.B,,
WM. and M.M,; software, G.J., U.G. and W.M,; validation, U.G., G.J. and S.T.B.; formal analysis,
WM., U.G. and S.T.B,; investigation, U.G., G.J., S.T.B. and W.M.; resources, U.G., G.J. and S.T.B,;
data curation, U.G., G.J., S.T.B. and W.M.; writing—original draft preparation, U.G., G.J. and S.T.B,;
writing—review and editing U.G., G.J., S.T.B.,, WM., M.M. and S.T.; visualization, U.G., G.J., S.T.B.,
W.M. and M.M,; supervision, S.T.B.; project administration, G.J. and U.G.; funding acquisition, G.J.
and U.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Research Foundation (NRF) through their
Research and Technology Fund (RTF) with the following Project reference: RTF150612119301 and
Grant number: 98677.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within the article.

Acknowledgments: The authors fully acknowledge the financial support from the National Research
Foundation, the Department of Rural Development and Agrarian Reform (Dohne Agricultural
Research and Development Institute—Pasture Research Section) and the University of Fort Hare. N.
Mgujulwa Pasture Research Scientific Technician together with some of the pasture section general
staff are thanked for providing technical support during the period of the study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Pretty, J.; Sutherland, W.J.; Ashby, J.; Auburn, J.; Baulcombe, D.; Bell, M.; Bentley, J.; Bickersteth, S.; Brown, K.; Burke, J. The Top
100 Questions of Importance to the Future of Global Agriculture. Int. ]. Agric. Sustain. 2010, 8, 219-236. [CrossRef]

2. Cusworth, G.; Garnett, T.; Lorimer, ]. Legume Dreams: The Contested Futures of Sustainable Plant-Based Food Systems in Europe.
Glob. Environ. Chang. 2021, 69, 102321. [CrossRef] [PubMed]

3. Nyambali, A.; Mndela, M.; Tjelele, T.].; Mapiye, C.; Strydom, P.E.; Raffrenato, E.; Dzama, K.; Muchenje, V.; Mkhize, N.R. Growth
Performance, Carcass Characteristics and Economic Viability of Nguni Cattle Fed Diets Containing Graded Levels of Opuntia
Ficus-Indica. Agriculture 2022, 12, 1023. [CrossRef]

4. Rosegrant, M.W,; Ringler, C.; Zhu, T. Water for Agriculture: Maintaining Food Security under Growing Scarcity. Annu. Rev.
Environ. Resour. 2009, 34, 205-222. [CrossRef]

5. Renwick, A.; Jansson, T.; Verburg, P.H.; Revoredo-Giha, C.; Britz, W.; Gocht, A.; Mccracken, D. Policy Reform and Agricultural
Land Abandonment in the EU. Land Use Policy 2013, 30, 446—457. [CrossRef]

6. Grau, HR;; Aide, TM.; Zimmerman, ].K.; Thomlinson, J.R.; Helmer, E.; Zou, X. The Ecological Consequences of Socioeconomic
and Land-Use Changes in Postagriculture Puerto Rico. BioScience 2003, 53, 1159-1168. [CrossRef]

7. Bakker, M.M.; Hatna, E.; Kuhlman, T.; Miicher, C.A. Changing Environmental Characteristics of European Cropland. Agric. Syst.

2011, 104, 522-532. [CrossRef]


https://doi.org/10.3763/ijas.2010.0534
https://doi.org/10.1016/j.gloenvcha.2021.102321
https://www.ncbi.nlm.nih.gov/pubmed/34471332
https://doi.org/10.3390/agriculture12071023
https://doi.org/10.1146/annurev.environ.030308.090351
https://doi.org/10.1016/j.landusepol.2012.04.005
https://doi.org/10.1641/0006-3568(2003)053[1159:TECOSA]2.0.CO;2
https://doi.org/10.1016/j.agsy.2011.03.008

Int. . Plant Biol. 2024, 15 120

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

Jansen, L.J.; Gregorio, D. Obtaining Land-Use Information from a Remotely Sensed Land Cover Map: Results from a Case Study
in Lebanon. Int. J. Appl. Earth Obs. Geoinf. 2004, 5, 141-157. [CrossRef]

Windle, M.C.; Walker, N.; Kung, L. Effects of an Exogenous Protease on the Fermentation and Nutritive Value of Corn Silage
Harvested at Different Dry Matter Contents and Ensiled for Various Lengths of Time. . Dairy Sci. 2014, 97, 3053-3060. [CrossRef]
Atis, I; Konuskan, O.; Duru, M.; Gozubenli, H.; Yilmaz, S. Effect of Harvesting Time on Yield, Composition and Forage Quality
of Some Forage Sorghum Cultivars. Int. |. Agric. Biol. 2012, 14, 6.

Pittman, K.B.; Cahoon, C.W.; Bamber, K.W.; Rector, L.S.; Flessner, M.L. Herbicide Selection to Terminate Grass, Legume, and
Brassica Cover Crop Species. Weed Technol. 2020, 34, 48-54. [CrossRef]

McCalmont, ].P,; Hastings, A.; McNamara, N.P,; Richter, G.M.; Robson, P.; Donnison, L.S.; Clifton-Brown, J. Environmental costs
and benefits of growing Miscanthus for bioenergy in the UK. GCB Bioenergy 2017, 9, 489-507. [CrossRef] [PubMed]

Wibawa, W.; Mohamad, R.B.; Puteh, A.B.; Omar, D.; Juraimi, A.S.; Abdullah, S.A. Residual Phytotoxicity Effects of Paraquat,
Glyphosate, and Glufosinate-Ammonium Herbicides in Soils from Field-Treated Plots. Int. |. Agric. Biol 2009, 11, 214-216.
Cedergreen, N.; Streibig, J.C. The Toxicity of Herbicides to Non-Target Aquatic Plants and Algae: Assessment of Predictive
Factors and Hazard. Pest Manag. Sci. 2005, 1152-1160. [CrossRef] [PubMed]

Senem, G.; Kizil, U.; Ataoglu, N. Effects of Some Plant Growth Regulators on the Quality of Perennial Ryegrass (Lolium perenne L.)
under Different Cutting Regimes. J. Environ. Biol. 2009, 30, 831-836.

Cedergreen, N. Herbicides Can Stimulate Plant Growth. Weed Res. 2008, 48, 429-438. [CrossRef]

Greenfield, L.G.; Langesse, B.J. Effect of Bendioxide Herbicide on Early Growth and Leaf Development of Three Soybean (Glycine
max (L.) Merr.) Cultivars and Control of Morning Glory. Weed Sci. 2013, 1, 56-62.

Anjum, S.A.; Xue, L.; Wang, L.; Saleem, M.E,; Huang, C.J. Exogenous Benzoic Acid (BZA) Treatment Can Induce Drought
Tolerance in Soybean Plants by Improving Gas-Exchange and Chlorophyll Contents. Aust. J. Crop Sci. 2013, 7, 555-560.
Hassanpour-Bourkheili, S.; Gherekhloo, J.; Kamkar, B.; Ramezanpour, S.S. Comparing Fitness Cost Associated with Haloxyfop-R
Methyl Ester Resistance in Winter Wild Oat Biotypes. Planta Daninha 2020, 38, €020213759. [CrossRef]

Kidston, J.; Ferguson, N.; Scott, M. Weed Control in Pastures and Lucerne. In Industry & Investment NSW; Government of New
South Wales: Sydney, Australia, 2010.

Grulke, N.E.; Heath, R.L. Ozone Effects on Plants in Natural Ecosystems. Plant Biol. 2020, 22, 12-37. [CrossRef]

Hood, E.E.; Teoh, K.; Devaiah, S.P.; Requesens, D.V. Biomass Crops for Biofuels and Bio-Based Products. In Sustainable Food
Production; Springer: New York, NY, USA, 2013; pp. 250-279.

Loeser, M.R.R;; Sisk, T.D.; Crews, T.E. Impact of Grazing Intensity during Drought in an Arizona Grassland. Conserv. Biol. 2007,
21, 87-97. [CrossRef]

Nardi, D.; Marini, L. Role of Abandoned Grasslands in the Conservation of Spider Communities across Heterogeneous Mountain
Landscapes. Agriculture. Ecosyst. Environ. 2021, 319, 107526. [CrossRef]

Chauhan, B.S. Integrated Management of Wild Oat (Avena fatua) and Feather Fingergrass (Chloris virgata) Using Simulated
Grazing and Herbicides. Agronomy 2022, 12, 2586. [CrossRef]

Damgaard, C.; Strandberg, B.; Mathiassen, S.K.; Kudsk, P. The Effect of Glyphosate on the Growth and Competitive Effect of
Perennial Grass Species in Semi-Natural Grasslands. J. Environ. Sci. Health B 2014, 49, 897-908. [CrossRef]

Hulet, A.; Roundy, B.A.; Jessop, B. Crested Wheatgrass Control and Native Plant Establishment in Utah. Rangel. Ecol. Manag.
2010, 63, 450-460. [CrossRef]

Singh, V.P; Singh, S.P.; Kumar, A.; Tripathi, N.; Nainwal, R.C. Efficacy of Haloxyfop, a Post-Emergence Herbicide on Weeds and
Yield of Soybean. Indian ]. Weed Sci. 2010, 42, 83-86.

Powles, S.B.; Yu, Q. Evolution in Action: Plants Resistant to Herbicides. Annu. Rev. Plant Biol. 2010, 61, 317-347. [CrossRef]
Gaines, T.A.; Duke, S.0.; Morran, S.; Rigon, C.A.G.; Tranel, PJ.; Kiupper, A.; Dayan, FE. Mechanisms of Evolved Herbicide
Resistance. J. Biol. Chem. 2020, 295, 10307-10330. [CrossRef]

Lenormand, T.; Harmand, N.; Gallet, R. Cost of Resistance: An Unreasonably Expensive Concept. Rethink. Ecol. 2018, 3, 51-70.
[CrossRef]

Renz, M.]. Establishment of Forage Grasses and Legumes after Fall Herbicide Applications. Forage Grazinglands 2010, 8, 1-8.
[CrossRef]

Liebman, M.; Helmers, M.].; Schulte, L.A.; Chase, C.A. Using Biodiversity to Link Agricultural Productivity with Environmental
Quality: Results from Three Field Experiments in Iowa. Renew. Agric. Food Syst. 2013, 28, 115-128. [CrossRef]

Fraser, J.; Moyer, ].R.; Topinka, A K.; McCartney, D. Tolerance of Annual Forage Legumes to Herbicides in Alberta. Can. J. Plant
Sci. 2003, 83, 649-652. [CrossRef]

Martinez, D.A.; Loening, U.E.; Graham, M.C. Impacts of Glyphosate-Based Herbicides on Disease Resistance and Health of
Crops: A Review. Environ. Sci. Eur. 2018, 30, 2. [CrossRef] [PubMed]

Morales, C.L.; Traveset, A. Interspecific Pollen Transfer: Magnitude, Prevalence and Consequences for Plant Fitness. CRC Crit.
Rev. Plant Sci. 2008, 27, 221-238. [CrossRef]


https://doi.org/10.1016/j.jag.2004.02.001
https://doi.org/10.3168/jds.2013-7586
https://doi.org/10.1017/wet.2019.107
https://doi.org/10.1111/gcbb.12294
https://www.ncbi.nlm.nih.gov/pubmed/28331551
https://doi.org/10.1002/ps.1117
https://www.ncbi.nlm.nih.gov/pubmed/16196086
https://doi.org/10.1111/j.1365-3180.2008.00646.x
https://doi.org/10.1590/s0100-83582020380100042
https://doi.org/10.1111/plb.12971
https://doi.org/10.1111/j.1523-1739.2006.00606.x
https://doi.org/10.1016/j.agee.2021.107526
https://doi.org/10.3390/agronomy12102586
https://doi.org/10.1080/03601234.2014.951571
https://doi.org/10.2111/REM-D-09-00067.1
https://doi.org/10.1146/annurev-arplant-042809-112119
https://doi.org/10.1074/jbc.REV120.013572
https://doi.org/10.3897/rethinkingecology.3.31992
https://doi.org/10.1094/FG-2010-0806-01-RS
https://doi.org/10.1017/S1742170512000300
https://doi.org/10.4141/P02-108
https://doi.org/10.1186/s12302-018-0131-7
https://www.ncbi.nlm.nih.gov/pubmed/29387519
https://doi.org/10.1080/07352680802205631

Int. . Plant Biol. 2024, 15 121

37. Rodney, S. Effects of Glyphosate on Flower Production in Three Entomophilous Herbaceous Plant Species (Rudbeckia hirta L.
Centaurea cyanus L. and Trifolium pratense L.). Master’s Thesis, University of Ottawa, Ottawa, ON, Canada, 2018.

38. Wang, M.; Rautmann, D. A Simple Probabilistic Estimation of Spray Drift Factors Determining Spray Drift and Development of a
Model Environ. Environ. Toxicol. Chem. Int. J. 2008, 27, 2617-2626. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1897/08-109.1

	Introduction 
	Materials and Methods 
	Study Area 
	Experimental Procedure 
	Herbicide Treatments 
	Data Collection 
	Plant Density 
	Dry Matter Yield 

	Data Analysis 

	Results 
	Dry Matter Yield in Response to Herbicide Application 
	Plant Density in Response to Herbicide Application 

	Discussion 
	Dry Matter Yield Response to Herbicide Application 
	Plant Density in Response to Herbicide Application 

	Conclusions 
	References

