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Abstract: Grasslands are among the most diverse habitats in the world therefore they play an important role
maintaining the diversity of the species and landscape. Many recent surveys have verified that natural
disturbances play a fundamental role in the life of these ecological factors. Many of these grasslands are
secondary semi-natural grasslands, therefore disturbances are largely of anthropogenic origin. These habitats are
maintained mainly by mowing, grazing or shrub cutting. Many surveys have found that abandoning these
techniques can lead to increasing shrub cover, which is one of the most important threats on grasslands. This
paper compiles the potential causes and effects of shrub encroachment. Furthermore, it instances many invasive
woody species and recaps the methods applied in order to decrease shrub cover on grasslands.
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I.

Introduction

In the practice of nature conservation the main paradigm has been that ecological systems are closed,
self-regulated and are in stable balance, in which the main driving force is to reach a balanced climactic state
[1], [2]. However, in recent decades many surveys have verified that disturbances can increase stability of the
systems [1], natural disturbances are fundamental parts in the life of ecological systems [3], [4], [1]. These
disturbances can also be antropogenic. It is important to know the landscape history of the habitat and
interventions in the past [1], [5]. In order to maintain diverse and valuable habitats and to predict the changes of
their role in ecosystem services it is important to know more about the interplay among biodiversity, changing
landscape use and ecosystem functions [6].
Grassland vegetation types are very rich species and play a significant role in maintaining the diversity
of the species and the landscape [7]. However, they are among the most endangered terrestrial ecosystems [8].
One of the most common threats is the increasing cover of shrub.

II.

Headings

1.

Causes of shrub encroachment
Inappropriate land-use is a key factor in shrub encroachment. Many of these grasslands are secondary,
anthropogenic, semi-natural grasslands, which were maintained by extensive methods, such as grazing or
mowing techniques [9], [8], [10]. Many surveys have described the abandoning of the mentioned techniques as
the main reasons of increasing cover of shrub. Long-term protection from grazing results in increasing cover of
mesquite in North America [11].
On the other hand, overexploitation of habitats can also lead to shrub encroachment. Many grasslands
have been overgrazed by cattle in South Africa [12], [13], in North America [14], [15],[16],[17], South America
[18], Australia [19].
Although grazing is an important factor in maintaining the vegetation balance in Chihuahuan Desert
grasslands, when it gets uncontrolled, it can lead to increasing cover of shrubs [20].
Natural fire is an important factor in regulating shrub cover on grasslands. In many surveys it has been
stated that the cause of shrub encroachment is the lack of regular fire. Often it is the case at Juniperus spp.
[21].In North America many savannah grasslands converted to shrub-grassland dominated ecosystems, given
that shrub islands have grown to the size resistant to annual fires over the past decades [22].
While some types of grassland vegetation have a lower risk of invasion, some are more vulnerable,
such as sandy grasslands [23].Spatial heterogeneity also plays a crucial role in the invasion of woody plant
seedlings. [24]
Shrub encroachment can also be caused by environmental issues, mainly climate change. A survey [25]
an interconnection between shrub cover and microclimatic issues. Many surveys draw a parallel between
changes of environmental issues such as precipitation and temperature and the interactions between shrub and
grass species [26], [27].
Among the reasons why arboreal species invade grasslands right after abandonment are their higher
seed production, vegetation production and longevity, more effective propagule dispersal exponential growth
and higher tolerance for water or drought stress, all of which give them significant competitive advantage [28].
The competitive effects between neighbour species can influence the abundance of herbacous or woody plants
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[29]. Spatial and temporal variation in competition between species can open „competition windows” which
give the opportunity to germinate and invade woody species into grasslands [24].
For decades, researchers have argued that the increase of atmospheric CO2 can lead to shrub
encroachment [30]. The principle of this theory is that on temperate grasslands herbaceous plants usually use the
C4 photosynthesis pathway, while shrubs use C3 with less water-use efficiency and thus are less comparative
[31]. But the increasing CO2 level enhances the gradient between atmospheric and intercellular CO2 level,
thereby improving their efficiency at water-use and paving the way for invading C3 shrubs at the same time
[32],[33].Drier grasslands can be more sensitive to shrub encroachment caused by increasing atmospheric CO2.
However, these processes do not explain many local differences between the changes in grassland vegetations,
which can originate in changing land-use. [34]
2.

Effects of shrub encroachment
The effects of shrub cutting on vegetation has been examined in fewer surveys than other management
methods, such as mowing and pasturing. One possible explanation is that shrub cutting requires much more
human labour, it can be mechanised to a lesser extent than mowing. However, it is clear that the increasing level
of shrub has a negative effect on grasslands in several ways: besides decreasing biodiversity [35], [36], shrub
overshadows shorter herbaceous plants [37],[38] and inhibits their growth mechanically [39]. The greater
amount of litter shrub produces can succour allelopathic material [40],[41] or set back the growth of herbaceous
plants mechanically [42]. Greater cover of shrub leads to decreasing litter decomposition [43], and increasing, or
at least maintaining soil organic matter [43],[44],[45],[46]. It also decreases the nutritive value and animal
production of the grassland [47],[48], [49][50].Shrubs can mean a disadvantage for grass nutrient uptake [51].
The increasing cover of shrub can also lead to greater risk of fire [52].
Changing the distribution of moisture and nutrients can also increase the chances of desertification
[53]. By decreasing the cover of herbaceous plants, shrub cover increase can lead to the extinction of some of
the specialist species, resulting in homogenization [54].
The global phenomenon of grasslands turning into shrublands can be associated with the rapid and
substantial carbon and nitrogen accumulation and turnover in the soil [55]. A survey [56] has found a clear
negative relationship between precipitation and changes in soil carbon and nitrogen content on grasslands,
which had been invaded by woody species 30 to 100 years ago. However, woody encroachment on semiarid
grasslands can cause a stable soil organic carbon level [57].
The increasing cover of Juniperus virginiana on prairie grasslands can have a significant impact on
regional carbon storage by increasing ANPP from 3690 kg/ha-1/year-1 to 7250 to 14440 kg/ha-1/year-1. [58].
Juniperus virginiana is a good example for pioneering shrub species, which can easily invade unmanaged
grasslands and agricultural fields [59]. However, an extensive review [60] states that considering there are many
possible factors causing shrub encroachment, one cannot draw a direct connection between ecosystem decline
and shrub encroachment on a global scale.
Once woody plants invaded the grasslands, they can create a positive feedback by enlightening the
invasion by other arboreal plants, making the whole process irreversible after reaching a certain level of tree
cover [61], [62], [63], [64].One of the main factors in increasing shrub cover are woody individuals’ age and the
fact that younger plants have weaker resprouting availability, independently of managing method [65]. In the
life cycle of shrub species, belowground biomass takes priority over aboveground biomass, and in this way
woody plants can persist in frequently disturbed grasslands [66].
Grasslands are very sensitive to impacts of changing land use, and its biodiversity is affected by most
of the factors the survey had installed (land use, climate, nitrogen deposition, biotic exchange and atmospheric
CO2). [67]
In recent decades, it has become clear that the increase of shrub cover is a global issue [34]. There are
many well documented cases where grasslands turn into shrubland. A survey [68] have examined using aerial
photos of the invasion of Acacia nilotica in riparian grassland through 20 years. Another one [69] examined the
reasons of increasing calden cover on Argentinian semiarid savannas. Bragg [70] did research on connections
between increasing shrub cover on Kansas bluestem prairies, soil characteristics and topography. Costello et al.
[71] found that 30 years of Acacia sophorae invasion can decrease plant diversity of coastal grasslands in
Australia by 76%. Lindsay et Bratton [72] have predicted that in 3-6 decades, grassy balds can turn completely
into woody vegetation in Smoky Mountains, USA.
D’Odorico et al. [30] has outlined four stages of the shrub encroachment process: stable grasslands (I),
increasingly encroached shrubs (II and III) and cappice dunelands (State IV). They pointed out that it is
important to manage the driver feedback directly, for instance through erosion. Reversibility is more likely when
grasses have a competitive advantage on shrubs in the habitat.
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3.

Examples of dangerous woody species
Invading arboreal species can be adventive, but in some cases they are natural inhabitants and live on
grasslands at lesser amounts when grass species are dominant [14].
In their study, Rodwell [73] identifies Crataegus monogyna and Prunus spinosa as the main potential
invaders on calcareous grasslands. Many surveys have investigated the increasing cover of Juniperus
communis[74], [75], [76] on grasslands. However, Belsky [77] argues that Juniperus occidentalis has negative
effects on biodiversity and streamflow on North American grasslands. In American prairies, Baccharis pilularis
is a potential invading shrub species [78],[79],[80].the invading tree and shrub species, such as Pinus pinaster,
Pinus radiata and Hakea sericea can decrease the biodiversity of South-African Fynbos biome significantly. [81]
Many North American surveys deal with the increasing cover of the genus Prosopis on dry semidesert
grasslands [15],[11], [82],[83],[84],[85],[86],[87]. In North America, the encroachment of creosote bush (Larrea
tridentata) is also well-documented [16],[88].
Protopopova et al. has pointed out the following species as the most dangerous invading arboreal plants
on palearctic grasslands in Ukraine: Robinia pseudoacacia, Ailanthus altissima, Elaeagnus angustifolia,
Hippophae rhamnoides, Amorpha fruticosa and Acer negundo. [89] Rejmánek and Rosén had similar results
when they found that the increasing cover of Juniperus communis can cause a significant drop in grasslands’
biodiversity. [74]
Hobbs et al. have made an experiment with Baccharis pilularis by sampling a series of stands ranging
from 1 year two 9 years of age. According to their results, the herbaceous plant diversity has dropped by
approximately 80% after 2 or 3 years, and remained at this level for the rest of the study. [79]
Many studies have also pointed out that the increasing cover of shrub can have a negative effect on the
biodiversity of other group of species. Grant et al had found that when the cover of Populus sp and Salix sp. had
exceeded 25% on a North-American mixed-grass prairie, the habitat became unsuitable for 9 bird species out of
15, including 3 endemic ones. [90]
The restorative shrub cutting on calcareous meadows has promoted the rejuvenation of Rhamnus
cathartica and this restored the habitat and increased the population of butterfly Satyrium spini. [91] The habitat
of the two thirds of European butterflies is temperate grasslands [92]. Mortimer et al also suggest the usage of
insect indicator species together with plant species to measure the success the management because of their
short life cycles and rapid reactions. [93]
However, very few studies have quantitative data of shrub colonization caused by land-use changes.
This would be more important on protected areas, where the main value of grasslands has converted from
economical to nature conservational [94].
The small grassland patches, species with short life cycle and with shorter lived seeds and species with
narrow habitat tolerance are the most vulnerable to increasing the cover of shrubs, even in the extensively
managed grasslands. This declining tendency is particularly dangerous for rare and protected species, and it can
lead to their local extinction. [95],[96]
Shrub cutting can endanger some animal species but on the other hand, the increase of shrub cover is
dangerous to grasslands [97]. Habitats with more shrub or tree cover can act as as ecotones between grasslands
and forests. One must examine their influence on the habitat, because it can be useful to maintain smaller
patches of arboreal flora [98]. Thus the aim of grassland restoration management is often to maintain a balance
between open grasslands and scrubs [99],[100]. Burgess argues that desert grasslands in North America can be
treated exclusively as „grasslands” because of the various forms of plant growth. [101]
This entails the need for shrub cutting as these grasslands have significant nature conservational and
economical values. Marriott et al. [102] summed up the topic in an extensive review.
Thus, the goals of grassland management can be broken down into three categories: (1) preserving high
biological diversity; (2) preserving open landscape; (3) preserving aesthetical value of the habitat [103].
4. Managing the shrub
4.1. Europe
Bonanomi et al. has surveyed the short-term effects of shrub cutting on Mediterranean grasslands.
Although management has decreased biomass significantly through the three years of the survey, biodiversity
has increased. According to the authors, regular shrub cutting can be a good remedy for the cumulation of
nitrogen. [41]
Maccherini et al. has compared the vegetation on calcareous grasslands 1 year prior and 3 years after
shrub cutting (mainly Prunus spinosa). They have found that shrub cutting alone is not enough to restore and
maintain vegetation because after 3 years the vegetation of ex-arable lands was similar to that of the control
shrublands. On restored grasslands there was greater similarity to reference grasslands, but among the newly
introduced species there were many ruderal and arable ones. [104]
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Dzwonko et al. have examined the regeneration of xerotherm grasslands through 12 years after clearing
an 35-year pine wood. Because of the increasing shrub cover and its increasing effect on ruderal and disturbance
tolerant species, they insist on the yearly cutting of grasslands after forest clearing. [105]
The same team [106] verified the hypothesis that on grasslands covered with arboreal plants, the
vegetation formed after clearing are greatly influenced by the species composition that the grassland had had
before the shrub cover increased. They examined the vegetation of a limestone grassland through 5 five years
after the clearing of 35-year pine wood. Using CCA analysis, they found significant differences between the
vegetation of former wood gaps and of restored grasslands in the place of former closed woods.
Barbaro et al have carried out research studies on calcareous prealpine grasslands. They executed shrub
cutting through six years, and in this way, they could increase the diversity of vegetation significantly; and many
protected and rare herbaceous species re-appeared. They emphasise that besides species diversity, the function
of species in the vegetation and the possibilities of propagule spreading should also be examined in similar
studies because grasslands’ longterm perpetuance depends greatly on it. [107]
Anthelme et al. focused on fragmented arboreal stands (Alnus viridis) when managing prealpine
grasslands. However, they have found that woody cover of 25% can actually contribute to plant diversity, but
45% is the critical level when management becomes necessary. [108]
Baba called for systematic shrub cutting when he compared the vegetation on managed and unmanaged
areas in calcareous grasslands. Shrub cutting supported with mowing increased the diversity of grasslands
significantly, although the author adds that significant differences have remained between restored grasslands
and semi-natural ones that had been managed regularly for decades. [109]
Maccherini et al had made a 3.year.before-3-year after survey on the effects of shrub cutting on
calcareous grasslands in Southern Italy. They had examined the role of detection scale in the analysis, using the
method of principal response curve (PRC). They have found that the ability to differentiate between control and
managed grasslands changes if they increase the size of quadrats (they used 0,5×0,5 m, 1×1 m and 2×2 m
samples), but not monotonously. [110]
Baba also investigated the restoration of xerothermic grasslands after clearing shrubs. He puts an
emphasis on the nature conservational importance of these habitats and points out that in the end of the two-year
survey, the number of saplings on unmanaged, otherwise species-rich, seminatural grasslands started to increase,
which indicates the trend of succession to xerothermic shrubland. Soil thickness is also an important factor and
the restoration of grasslands in more advanced stages of succession on thick soil, restoration was impossible.
[111]
Pärtela et al. had surveyed the importance of propagule availability on a small scale on shrub cut and
grazed grasslands through shrub cutting and then transplanting sods between species-rich and overgrown
habitats. They have pointed out that former species-rich which are now overgrown calcareous grasslands, do not
need the artificial introduction of diaspores if the local species pool has not changed yet. [112]
Hansson et al. has conducted a 15-year experiment surveying different management methods. One of
these was removing woody plants mechanically in every 2 or 3 years. He has found that this management in
itself doesn’t enhance plant diversity and the opened bare grounds gave the opportunity to nitrophilic species
(Rubus spp, Geranium sylvaticum etc) to invade. By the end of the survey, a few tall species have dominated
these plots, such as Filipendula ulmaria, Geum rivale, Molinia coerula. Smaller-growing plants, like Briza media
or Nardus stricta has disappeared. [103]
Sundberg has surveyed the restoration of species-rich grasslands after the cutting of shrub (mainly
Juniperus communis) in Sweden. His results show that grassland habitat can nearly fully recover in 6 years
when cattle is also present, dispersing the diaspore of herbs. [76]
Zobel et al. had examined the restoration of vegetation on a calcareous grassland after clearcutting,
mowing and root-trenching. They had set apart two types of competition among newly colonizing herbaceous
plants: between similar growth-forms (’fine-scale’) and different growth forms (’coarse-scale’). As light
demanding species have taken the place of shade-tolerant ones, ’fine-scale’ competition became more evident
and increased species diversity. On the other hand, without mowing the cover of woody plants, they began to
increase again in the third year. [113]
Rosén has also pointed out the importance of regular shrub cutting in a comparative survey on
grasslands covered by Juniperus communis in Oland, Sweden. He also emphasises that shrub cutting regime
combined by grazing is much more effective than cutting alone. [75]
Tárrega et al. came to the same conclusions when examining the effect of shrub cutting on Quercus
pyrenaica-dominated dehesas (arboreal-herbacous mosaic pastures) in Spain. The sample areas cut and then
excluded from grazing contained significantly less herbaceous species than the ones which had been grazed by
cattle after the management. [52]
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The opening of Quercus coccifera shrub cover on mediterranean grasslands can lead to higher animal
production because of the resulting higher herbaceous biomass, forage production and higher biterate of goats.
They suggest a balanced management method which uses both shrub invaded and open cut grasslands. [48]
Calvo et al. combined the management methods of cutting, ploughing and burning in the shrublands of
Northwest Spain, to examine the restoration of the vegetation. They have found that in general, the dominant
shrub species of Erica australis needed 4 years to recreate its cover. Before that, in the first three years
herbacous species were dominant. [114], [115]
Canadell et al. investigated the nutrient reserves of mediterranean shrubs. They had found that multiple
clippings forced Arbutus unedo and Erica arborea to mobilize a large fraction of starch in their lignotubers. The
concentration dropped with 96% after 2 years of clipping, which means multiple managements can be useful in
turning the shrubs into grasslands. [116]
Klimkowska et al. have tested a method of managing willow shrubs by cutting on fen meadows. He
points out that mowing decreases the height of new sprouts but increases the number of their leaves, and the use
of Roundup decreases the number of sprouts effectively. The conclude that the best method is to combinate
using Roundup with yearly mowing, or intensive (2-3 per year) mowing followed by yearly management on
protected sites. [117]
Bartolomé et al. has examined the expansion of cover of Erica scoparia on heath grassland Biosphere
Reserve, where shrub cutting has taken place of burning management. Their results show that at the edges of the
grasslands and on bare grounds Erica had a good invading capability, and the authors suggest that combining
higher grazing pressure with a higher shrub cutting frequency (every four years creating an ’infertile’ canopy)
can sustainably prevent shrub encroachment. [118]
4.2. Australia
Paynter et al. also suggests combining methods, such as fire, herbicide and mechanic cutting rather
than shrub cutting alone. His results showed that Mimosa pigra, an invasive species in the Australian wetlands,
can manage more efficiently when applying these methods when one separates the Mimosa monocultures into
smaller patches, making them more vulnerable. [119]
4.3. North America
Lett et al. examined the effect of shrub invasion on the nutrient uptake of mesic grasslands by
removing islands of Cornus drummondii from an Andropogon gerardii-dominated grassland in the central
United States. They have found that in the following year, the increased light and nitrogen availability caused
high carbon uptake in the dominant grass species. It took two years for the habitat to get regain typical grassland
characteristics, such as leaf cover and ANPP. They suggest that when shrub cover increases, the reduced light
availability plays a larger role in decreasing graminoid cover than nutrient availability. [120]
In a shrub removal experiment on prairie, Köchy et Wilson have found that in patches where shrub
abundance was relatively low, grass species and shrub species suppressed each other in a balanced way, but
when shrub cover was higher (37 times of the grass cover), it suppressed grasses much more then grasses did.
[121]
Throop et al. surveyed the effects of shrub removal on litter decomposition on a semi desert grassland
in Arizona. They used sample areas shrub cut 3 weeks, 45 and 70 years prior the survey and had found that the
legacy effect of arboreal species (Prosopis velutina in this case) can last more than 20 years in the soil after they
had been removed. [122]
Rango et al. (2005) located and re-examined shrub-removing experiments in New Mexico from the
1930s. In this way they could survey the long-term reactions of the grassland, and regarding that shrubland
completely invaded the area after 65 years, shrub cutting without other measures and managements does not
create an equilibrium state in grasslands. [123]
Grant et al. has compared the long-term effects of fire, chemicals, root plowing and mechanized shrub
cutting, namely, roller chopping on shrublands in Southern Texas and Mexico. Their results showed that the
regeneration of woody plant cover was the fastest after the mechanical clearing methods (five years), which
means that regular shrub cutting is necessary when protecting diverse grassland habitats. [124]
Bates et al. surveyed the effects of cutting juniper shrubs on understory production. They suggest that
cutting can increase understory biomass, diversity and cover of herbaceous plants. Biomass and nitrogen uptake
were 9 times greater in the cut sample areas than in untreated ones. They also state that it is likely that the
vegetation after shrub cutting will be similar to the vegetation that lived in the habitats before the increase of
shrub cover. [125]
Calvo et al. stated in their study that on heathlands, the natural perennial species need roughly 2 years
to increase their cover to the level it had before the cutting. [126]
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Bates et al. (2011) suggest a combined method of shrub cutting and burning on the Juniperus
occidentalis-invaded grasslands. In their experiment, preparatory shrub cutting helped eliminating the late
succesional Juniperus cover greatly and by the third year herbaceus plants have restored their cover. However,
the authors warn that during this type of management the presence of invasive weeds may cause problems.
[127]
4.4. Africa
Mortimore et al. states that when converting shrub-grasslands into farmed grasslands in northeast
Nigeria, in some circumstances it can lead to a gain in plant production. [128]
Moleele et al. had examined methods for restore the grasslands from shrub encroachment around water
points and kraals (mud-built enclosures for cattle). They suggest either enforced reduction of grazing intensity
or selective management of opportunist grazing. [13]
Abdulahi et al has reviewed the methods of managing of invasion of Prosopis juliflora on grasslands.
This is a controversial species in Ethiopia, where it has been advocated as a ’wonder plant’ in stopping
desertification and as firewood, forage, fencing and windbreak; however, as an aggressive spreading species, it
causes great decrease in biodiversity. [129]
5.

Managing methods in practice
The methods of shrub cutting depend on the size of trees and shrubs. Smaller arboreal species can be
cut or pulled by hand (although it is a time-consuming task). For cutting larger plants, one can use a chainsaw
and grease the trunks with herbicide to avoid regrowth [98].
Klimkowska et al. has pointed out in their survey that pulling shoots by hand is not as effective as
mowing when rolling back the cover of shrub [130]. Pulling shrubs by hand through 56 years had no significant
effect on the Chihuahuan desert vegetation. [131]Houérou has compiled the possible methods of managing
shrubs and trees on African grasslands. [132]
According to Collins et al. remote sensing is a less expensive way to measure the effectiveness of shrub
management. They insist that developed relation produced viable (RMSE= 8.5%, MAE= 6.4%) maps are the
most viable in this sense. [133]
Alexander et al. has investigated the invasion of French and Scotch broom (Genista monspessulana and
Cytisus scoparius) on Californian coastal grasslands. They have found that repeated hand pulling combined with
burning can be most effective when removing the shrub. [134]
Adema et al. suggests that roller chopping is an inexpensive way of shrub controlling on dry rangelands
in Argentina. They have found that treated grasslands were more efficient in consuming water. [135]
Love et Anderson have compared four management methods on degraded meadows in Pennsylvania
(cut, mechanical removal, stump and foliar application of glyphosate) and have that cut and mechanical treating
produces grassland community of highest quality, however one must combine this with planting native seeds
and controlling with deer. [136]
During forage shortage, mainly in dry summers, cut shrub can serve as supplementary feed mainly for
sheep and goats [137], [138], [139]. Douglas et al has surveyed the possibilities of using cut willow as sheep
forage in New Zealand. They found that Chamecytisus palmensis and Salix matsudana × alba are particularly
sufficient. [140]
Grass species Agropyron desertorum is an effective competitor for Artemisia tridentata, a common
shrub species, in the competition for phosphorus. [141] According to O’Connor dense grass canopy can cause a
drawback in Acacia karoo seedlings germination. [142]

III.

Acknowledgements

This work was supported by Natura 2000 Project „Sustainable Conservation on Natura 2000 sites”
(Swiss-Hungarian Cooperation Programme, implementation SH/4/8) and
Doctoral
School
of
Environmental Sciences, Szent István Univerity, Gödöllő, Hungary.

www.ijlemr.com

6 | Page

International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 04 - Issue 01 || January 2019 || PP. 01-12
References
[1].
[2].
[3].
[4].
[5].
[6].
[7].
[8].
[9].
[10].

[11].

[12].
[13].
[14].
[15].
[16].
[17].

[18].
[19].
[20].

[21].
[22].

[23].
[24].
[25].

T. Standovár, R. Primack, A természetvédelmi biológia alapjai(Budapest: Nemzeti Tankönyvkiadó,
2001).
F. E. Clements, Plant succession: an analysis of thedevelopment of vegetation(Washington, D.C.:
Carnegie Institute, 1916).
P. S. White, Pattern, process, and natural disturbance in vegetation, The Botanical Review, 45(3), 1979,
229-299.
R. H. Whittaker, S. A. Levin, The role of mosaic phenomena in natural communities,Theoretical
Population Biology, 12, 1977, 117-139.
L. Viszló, A természetkímélő gyepgazdálkodás(Csákvár: Pro Vértes Természetvédelmi közalapítvány,
2011).
A. Kovács-Hostyánszki, P. Batáty, A. Báldi, A. Harmos, International of local and landscape in the
conversation in Hungarian arable weed diversity,Applied Vegetation Science, 14,2011, 40-48.
J. Dengler, M. Janišová, P. Török, and A.C. Wellstein, Biodiversity of Palaearctic grasslands: a
synthesis,Agriculture, Ecosystems and Environment, 182,2014, 1-14.
P. Török, K. Wesche, D. Ambarlı, J. Kamp, and J. Dengler, Step(pe) up! Raising the pro-le of the
Palaearctic natural grasslands,Biodiversity and Conservation 25,2016, 2187–2195.
M. Fischer, andS. Wipf, (2002). Effect of low-intensity grazing on the species-rich vegetation of
traditionally mown subalpine meadows,Biological Conservation, 104, 1–11.
O. Valkó, P. Török, G. Matus, andB. Tóthmérész, Is regular mowing the most appropriate and costeffective management maintaining diversity and biomass of target forbs in mountain hay
meadows?,Flora, 207,2012, 303–309.
J. R. Brown, andS. Archer, Woody plant invasion of grasslands – establishment of honey mesquite
(Prosopis glandulosa var. glandulosa) on sites differing in herbaceous biomass and grazing
history,Oecologia, 80,1989, 19–26.
J. A. Van Vegten, Thornbush invasion in a savanna ecosystem in eastern Botswana,Vegetatio, 56,1983,
3–7.
N. M. Moleele, S. Ringrose, W. Matheson, andC. Vanderpost, More woody plants? The status of bush
encroachment in Botswana’s grazing areas,Journal of Environmental Management, 64,2002, 3–11.
O. W. Van Auken, Shrub invasions of North American semiarid grasslands, Annual Review of Ecology
and Systematics, 31,2000, 197–215.
C. J. Bahre, andM. L. Shelton, Historic vegetation change, mesquite increases, and climate in
southeastern Arizona,Journal of Biogeography, 20,1993, 489–514.
L. C. Buffington, andC. H. Herbel, Vegetational Changes on a Semidesert Grassland Range from 1858
to 1963,Ecological Monographs 35(2), 1996, 139-164.
S. Archer, Woody plant encroachment into southwestern grasslands and savannas: rates, patterns and
proximate causes in M. Vavra, W. Laycock, and R. Pieper (Ed.), Ecological implications of livestock
herbivory in the West (Denver: Society for Range Management, 1994) 13-68.
E. Bucher, Herbivory in arid and semi-arid regions of Argentina,Revista Chilena de Historia Natural,
60,1987, 265-273.
G. N. Harrington, Effects of soil moisture on shrub seedling survival in a semi-arid grassland,Ecology,
72,1991, 1138–1149.
R. Mata-Gonzalez, B. Figueroa-Sandoval, F. Clemente, andM. Manzano, Vegetation changes after
livestock grazing exclusion and shrub control in the southern Chihuahuan Desert,Western North
American Naturalist, 67,2007, 63–70.
J. W. Burkhardt, E. W. Tisdale, Causes of juniper invasion in southwestern Idaho,Ecology, 57,1976,
472-484.
J. M. Briggs, A. K. Knapp, J. M. Blair, J. L. Heisler, G. A. Hoch, M. S. Lett, andJ. K. McCarron,
(2005). An ecosystem in transition: causes and consequences of the conversion of mesic grassland to
shrubland,BioScience, 55(3), 243–254.
Botta-Dukát, Invasion of alien species to Hungarian (semi-) natural habitats,Acta Botanica Hungarica
50 (Suppl.), 2008,219–227.
P. N. Jurena, S. Archer, Woody plant establishment and spatial heterogeneity in grasslands, Ecology,
84, 2003, 907–919.
P. D’Odorico, J. D. Fuentes, W. T. Pockman, S. L. Collins, Y. He, J. A. Medeiros, S. F. J. De Wekker,
M. E. Litvak, Positive feedback between microclimate and shrub encroachment in the northern
Chihuahuan desert, 2010, Ecosphere, 1, 17.

www.ijlemr.com

7 | Page

International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 04 - Issue 01 || January 2019 || PP. 01-12
[26].
[27].
[28].

[29].
[30].
[31].
[32].
[33].
[34].
[35].

[36].

[37].
[38].
[39].
[40].
[41].
[42].
[43].

[44].

[45].
[46].

[47].

[48].

[49].

[50].

W. T. Knoop, B. H. Walker, Interactions of woody and herbaceous vegetation in southern African
savanna, 1985, Journal of Ecology, 73, 235–253.
X. Le Roux, T. Bariac, A. Mariotti, Spatial partitioning of the soil water resource between grass and
shrub components in a West African humid savanna, 1995, Oecologia, 104, 147–155.
S. D. Fuhlendorf, Why does brush dominate our grasslands? in D. Rollins (Ed.),Brush sculptors:
innovations for tailoring brushy rangelands to enhance wildlife habitat and recreational value, (San
Angelo, Texas, USA: TAMV Agricultural Research and Extension Centre, 1997)
D. A. Peltzer, M. Kochy, Competitive effects of grasses and woody plants in mixed-grass prairie,
Journal of Ecology, 89, 1997, 519–527.
P. D'odorico, G. S. Okin, B. T. Bestelmeyer, A synthetic review of feedbacks and drivers of shrub
encroachment in arid grasslands, Ecohydrology, 5, 2012, 520–530.
H. W. Polley, H. B. Johnson, H. S. Mayeux, Carbon dioxide and water fluxes of C-3 annuals and C-3
and C-4 perennials at subambient Co-2 concentrations,Functional Ecology, 6, 1992, 693–703.
H. A. Mooney, E. E. Cleland, The evolutionary impact of invasive species,Proceedings of the National
Academy of Sciences of the United States of America, 98, 2001, 5446–5451.
S. B. Idso, Shrubland expansion in the American Southwest,Climatic Change, 22, 1992, 85–86.
S. R. Archer, D. S. Schimel, E. H. Holland, Mechanisms of shrubland expansion: Land use, climate or
CO2? Climatic Change, 29, 1995, 91–99.
E. Giarrizzo, S. Burrascano, L. Zavattero, C. Blasi, New methodological insights for the assessment of
temporal changes in semi-natural dry grasslands plant species composition based on field data from the
northern Apennines,Hacquetia 14, 2015, 19–32.
M. Tälle, B. Deák, P. Poschlod, O. Valkó, L. Westerberg, P. Milberg, Grazing vs. Mowing: A metaanalysis of biodiversity benefits for grassland management,Agriculture, Ecosystems and Environment,
222, 2016, 200–212.
J. Bergelson, Life after death: site pre-emption by the remains of Poa annua,Ecology, 71, 1990, 2157–
2165.
J. M. Facelli, S. T. A. Pickett, Plant litter: its dynamics and its role in plant community
structure,Botanical Review, 57, 1991, 1–32.
D. A. Wedin, D. Tilman, Competition among grasses along a nitrogen gradient: initial conditions and
mechanisms of competition,Ecological Monographies, 63, 1993, 199–229.
E. L. Rice, Allelopathy (2nd ed.), Cambridge: Academic Press, 1984
G. Bonanomi, S. Caporaso, M. Allegrezza, Short-term effects of nitrogen enrichment, litter removal
and cutting on a Mediterranean grassland,Acta Oecologica, 30, 2006, 419-425.
D. A. Jameson, Pinyon-juniper litter reduces growth of blue grama,Journal of Range Management,
19(4), 1966. 214-217.
F. Montané, J. Romanyà, P. Rovira, P. Casals, Aboveground litter quality changes may drive soil
organic carbon increase after shrub encroachment into mountain grasslands, Plant and Soil, 337(1-2),
2010, 151-165.
[44]
K.A. Hibbard, D. S. Schimel, S. Archer, D. S. Ojima, andW. Parton, Grassland to woodland
transitions: integrating changes in landscape structure and biogeochemistry,Ecological Applications,
13, 2003, 911–926.
D. L. Smith, andL. C. Johnson, Expansion of Juniperus virginiana L. in the Great Plains: changes in
soil organic carbon dynamics,Global Biogeochemical Cycles, 17,2003, 1062.
F. Montané, P. Rovira, andP. Casals, (2007) Shrub encroachment into mesic mountain grasslands in the
Iberian peninsula: Effects of plant quality and temperature on soil C and N stocks,Global
Biogeochemical Cycles, 21, GB4016.
T. G. Papachristou, P. D. Platis, andV. P. Papanastasis, Forage production and small ruminant grazing
responses in Mediterranean shrublands as influenced by the reduction of shrub cover,Agroforestry
Systems, 35,1997, 225–238.
D. Armand, andM. Etienne, Effet du couvert arboré sur la production du sursemis de trèfle souterrain
dans le sud-est de la France. [Effects of tree cover on production of overseeded subterranean clover in
the southeast of France],Cahiers Optons Méditerranéennes, 12,1995, 184–187.
V. P. Papanastasis,Z. Koukoura,D. Alifragis, andJ. Makedos, Effects of thinning, fertilization and
sheep grazing on the understorey vegetation of Pinus pinaster plantations,Forest Ecology and
Management, 77,1995, 181–189.
A. García, M. J. Rozados, F. J. Silva-Panto, andR. Lindner, Evaluation of natural populations of
Dactylis glomerata for grazing under pinewoods,Grassland Science in Europe, 4,1999, 167–169.

www.ijlemr.com

8 | Page

International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 04 - Issue 01 || January 2019 || PP. 01-12
[51].
[52].

[53].
[54].
[55].
[56].
[57].

[58].
[59].

[60].
[61].
[62].
[63].
[64].

[65].

[66].

[67].
[68].
[69].
[70].

[71].
[72].
[73].
[74].
[75].

O. E. Sala, R. A. Golluscio, W. K. Lauenroth, and A. Soriano, Resource partitioning between shrubs
and grasses in the Patagonian steppe, Oecologia, 81, 1989, 501–505.
R. Tárrega, L. Calvo, Á. Taboada, S. García-Tejero, andE. Marcos, Abandonment and management in
Spanish dehesa systems: Effects on soil features and plant species richness and composition, Forest
Ecology and Management, 257(2),2009, 731-738.
W. H. Schlesinger, J. F. Reynolds, G. L. Cunningham, L. F. Huenneke, W. M. Jarrell, R. A. Virginia,
andW. G. Whitford, 1990, Biological feedbacks in global desertification,Science, 247, 1043–1048.
J. Clavel, R. Julliard, andV. Devictor, Worldwide decline of specialist species: toward a global
functional homogenization?,Frontiers in Ecology and Environment, 9,2011, 222–228.
R. B. Jackson, J. L. Banner, E. G. Jobbágy, W. T. Pockman, andD. H. Wall, Ecosystem carbon loss
with woody plantinvasion of grasslands,Nature, 418,2002,623-626.
J. DeMarco, T. Filley, andH. L. Throop, Patterns of woody plant-derived soil carbon losses and
persistence after brush management in a semi-arid grassland, Plant Soil, 406,2016, 277–293.
M. D. Norris, J. M. Blair, L. C. Johnson, andR. B. McKane, Assessing changes in biomass,
productivity, and Cand N stores following Juniperus virginiana forest expansioninto tallgrass
prairie,Canadian Journal of Forest Research, 31,2001, 1940-1946.
A. M. A. Holthuijzen, and T. L. Sharik, The avian seed dispersal system of eastern red cedar
(Juniperus virginiana),Canadian Journal of Botany, 63,1985, 1508–1515.
D. J. Eldridge, M. A. Bowker, F. T. Maestre, E. Roger, J. F. Reynolds, andW. G. Whitford, Impacts of
shrub encroachment on ecosystem structure and functioning: towards a global synthesis,Ecology
Letters, 14,2011, 709–722.
S. Archer, C. Scifres, C. R. Bassham, andR. Maggio, Autogenic succession in a subtropical savanna:
conversion of grassland to thorn woodland,Ecolocical Monographs, 58, 1998, 111-127.
R. M. Callaway, andF. W. Davis, Recruitment of Quercusagrifolia in central California: the importance
of shrub dominated patches,Journal of Vegetation Science, 9,1998, 647-656.
P. W. Barnes, and S. Archer, Tree-shrub interactions in asubtropical savanna parkland: competition or
facilitation?,Journal of Vegetation Science, 10,1999, 525-536.
O. Rousset, and J. Lepart, Shrub facilitation of Quercushumilis regeneration in succession on
calcareous grasslands,Journal of Vegetation Science, 10,1999, 493-502.
M. Michielsen, L. Szemán, A. Fenesi, I. Nijs, E. Ruprecht, Resprouting of woody species encroaching
temperate European grasslands after cutting and burning,Applied Vegetation Science, 20(3),2017, 388396.
T. L. Hmielowski, K. M. Robertson, andW. J. Platt, Influence of season and method of topkill on
resprouting characteristics and biomass of Quercus nigra saplings from a southeastern U.S. pinegrassland ecosystem,Plant Ecology, 215,2014, 1221–1231.
O. F. Sala, F. S. Chapin, J. J. Armesto, E. Berlow, J. Bloomfield, R. Dirzo, E. Huber-Sanwald, L. F.
Huenneke, R. B. Jackson, A. Kinzig, R. Leemans, D. M. Lodge, H. A. Mooney, M. Oesterheld, N.
LeRoy Poff, M. T. Sykes, B. H. Walker, M. Walker, andD. H. Wall, Global biodiversity scenarios for
theyear 2100,Science 287,2000, 1770-1774.
J. R. Brown, andJ. Carter, Spatial and temporal patterns of exotic shrub invasion in an Australian
tropical grassland,Landscape Ecology, 13,1998, 93–102.
E. Dussart, P. Lerner, andR. Peinetti, Long-term dynamics of two populations of Prosopis caldenia
Burkart,Journal of Range Management, 51,1998, 685–691.
T. B. Bragg,andL. C. Hulbert, Woody plant invasion of unburned Kansas bluestem prairie,Journal of
Range Management, 29,1996, 19–23.
D. A. Costello, I. D. Lunt, andJ. E. Williams, Effects of invasion by the indigenous shrub Acacia
sophorae on plant composition of coastal grasslands in south-eastern Australia,Biological
Conservation, 96(1),2000, 113-121.
M. M. Lindsay, andS. P. Bratton, The rate of woody plant invasion on two grassy balds,Castanea,
45,1980, 75-87.
J. S. Rodwell, British plant communities. Vol. 1. Woodlands and scrub (Cambridge: Cambridge
University Press, 1991).
M. Rejmánek, andE. Rosén, Influence of colonising shrubs on species-area relationships in alvar plant
communities, Journal of Vegetation Science, 3,1992, 625-630.
E. Rosén, Shrub expansion in alvar grasslands on Öland,Acta Universitatis Uppsalensis, Acta
Phytogeographica Suecica, 76,1988, 89-100.
S. Sundberg, Quick target vegetation recovery after restorative shrub removal and mowing in a
calcareous fen,Restoration Ecology, 20(3), 2012, 331-338.

www.ijlemr.com

9 | Page

International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 04 - Issue 01 || January 2019 || PP. 01-12
[76].
[77].
[78].
[79].
[80].
[81].

[82].
[83].

[84].
[85].

[86].
[87].
[88].
[89].
[90].

[91].

[92].

[93].
[94].
[95].
[96].
[97].
[98].

[99].

[100].

A. J. Belsky, Viewpoint: Western juniper expansion: Is it a threat to arid northwestern
ecosystems?,Journal of Rangeland Management, 49, 1996, 53-59.
J. R. McBride, andH. F. Heady, Invasion of grassland by Baccharis pilularis DC,Journal of Range
Management, 21,1968, 106–108.
R. J. Hobbs, andH. A. Mooney, Community changes following shrub invasion of grassland,Oecologia,
70,1986, 508-513.
K. Williams, R. J. Hobbs, andS. P. Hamburg, Invasion of an annual grassland in Northern California by
Baccharis pilularis ssp. consanguinea,Oecologia (Berl.), 72, 1987, 461-465.
D. M. Richardson, I. A. W. Macdonald, andG. G. Forsyth, Reductions in plant species richness under
stands of alien trees and shrubs in the fynbos biome,South African Forage Journal,1989, 149, 1-8.
E. L. Fredrickson, R. E. Estell, A. Laliberte, andD. M. Anderson, Mesquite recruitment in the
Chihuahuan Desert: historic and prehistoric patterns with long-term impacts,Journal of Arid
Environments, 65,2006, 285–295.
B. A. Kramp, R. J. Ansley, andT. R. Tunnell, Survival of mesquite seedlings emerging from cattle and
wildlife feces in a semi-arid grassland,The Southwestern Naturalist, 43,1998, 300–312.
J. K. Bush, and van O. W. Auken, Importance of time of germination and soil depth on growth of
Prosopis glandulosa (Leguminosae) seedlings in the presence of a C4 grass,American Journal of
Botany, 78,1991, 1732–1739.
C. E. Fisher, The mesquite problem in the Southwest,Journal of Range Management, 3,1950, 60–70.
C. E. Fisher, Mesquite and modern man in southwestern North America in B. B. Simpson (Ed.),
Mesquite: its biology in two desert ecosystems (New York: Dowden, Hutchinson and Ross, 1977), 177188.
G. E. Glendening, H. A. J. Paulsen, Reproduction and establishment of velvet mesquite as related to
invasion of semidesert grasslands,Tech. Bull., JSDA 1127,1955, 1-50.
H. D. Grover, andH. B. Musick, Shrubland encroachment in Southern New Mexico, U. S. A.: an
analysis of desertification processes in the American Southwest,Climate Change, 17,1990, 305–330.
V. V. Protopopova, M. V. Shevera, andS. L. Mosyakin, Deliberate and unintentional introduction of
invasive weeds: A case study of the alien flora of Ukraine,Euphytica, 148, 2006, 17–33.
T. A. Grant, E. Madden, andG. B. Berkey, Tree and shrub invasion in northern mixed-grass prairie:
implications for breeding grassland birds,Wildlife Society Bulletin, 32(3),2004, 807-818.
F. Helbing, N. Cornils, G. Stuhldreher, andT. Fartmann, Populations of a shrub-feeding butterfly thrive
after introduction of restorative shrub cutting on formerly abandoned calcareous grassland,Journal of
Insect Conservation, 19(3),2015, 457-464.
M. F. Wallis De Vries, andC. A. M. van Swaay, Grasslands as habitats for butterflies in Europe in P.
Veen R. Jefferson J. de Smidt, J. van der Straaten (Eds.),Grasslands in Europe of high nature
value(Zeist: KNNVPublishing, 2009), 27–34.
S. R. Mortimer, J. A. Hollier, andV. K. Brown, Interactions between plant and insect diversity in the
restoration of lowland calcareous grasslands in southern Britain,Applied Vegetation Science, 1,1998,
101-114.
M. B. Usher, Biological invasions of Nature Reserves: asearch for generalisations, Biological
Conservation, 44,1998, 119–135.
M. Fischer, andJ. Stöcklin, Local extinctions of plants in remnants of extensively used calcerous
grasslands 1950-85,Conservation Biology, 11,1997, 727-737.
J. Stöcklin, andM. Fischer, Plants with longer-lived seeds havelower local extiction in grassland
remnants 1950-85,Plant Ecology, 143,1999, 29-37.
P. Manning, P. D. Putwain, N. R. Webb, Identifíing and modelling the determinants of woody
plantinvasion of lowland heath,Journal of Ecology, 92,2004, 868-881.
M. Ausden, Habitat Management for Conservation(Oxford: University Press, 2007).
L. M. Jones-Walters, A new approach to the management of chalk grassland with particular reference
to the integration of conservation measures for invertebrates,in S. H. Hillier, D. W. H. Walton, and D.
A. Wells (Eds.), Calcareous grasslands - ecology and management (Huntingdon: Bluntisham Books,
1990), 67-73.
L. K. Ward, Management of grassland-scrub mosaics,in S. H. Hillier, D. W. H. Walton, and D. A.
Wells (Eds.), Calcareous grasslands - ecology and management (Huntingdon: Bluntisham Books,
1990), 134-139.
T. L. Burgess, Desert grassland, mixed shrub savanna, shrub steppe, or semidesert shrub? The dilemma
of coexisting growth forms,in M. P. McClaran, T. R. van Devender (Eds.), The Desert
Grassland(Tucson: The University of Arizona Press, 1995), 31-67.

www.ijlemr.com

10 | Page

International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 04 - Issue 01 || January 2019 || PP. 01-12
[101].

[102].
[103].

[104].

[105].
[106].
[107].

[108].
[109].
[110].
[111].

[112].
[113].

[114].
[115].
[116].
[117].

[118].

[119].
[120].
[121].
[122].

[123].

[124].

C. A. Marriott, M. Fothergill, B. Jeangros, M. Scotton, and F. Louault, Long-term impacts of
extensification of grassland managementon biodiversity and productivity in upland areas. A review,
Agronomie, 24,2004, 447–462.
M. Hansson, and H. Fogelfors, Management of a semi-natural grassland: results from a 15-year-old
experiment in Southern Sweden,Journal of Vegetation Science, 11(1),2000, 31–38.
S. Maccherini, M. Marignani, P. Castagnini, andP. J. van den Brink, Multivariate analysis of the
response of overgrown semi-natural calcareous grasslands to restorative shrub cutting, Basic and
Applied Ecology, 8(4),2007, 332-342.
Z. Dzwonko, and S. Loster, Changes in plant species composition in abandoned and restored limestone
grasslands – the effects of tree and shrub cutting, Acta societatis Botanicum Plantae 77(1), 2008, 6775.
Z. Dzwonko, and S. Loster, Dynamics of species richness and composition in a limestone grassland
restored after tree cutting, Journal of Vegetation Science 9(3),1998, 384-397.
T. Barbaro T. Dutoit, P. Cozic, A six-year restoration of biodiversity by shrub-clearing and grazing in
calcerous grasslands of the French Prealps, Biodiversity and Conservation, 10,2001, 119-135.
F. Anthelme, R. Michalet, L. Barbaro, and J. Brun, Environmental and spatial influences of shrub cover
(Alnus viridis DC.) on vegetation diversity at the upper treeline in the inner western Alps,Arctic,
Antarctic, and Alpine Research, 35(1),2003, 48-55.
W. Baba, Changes in the structure and floristic composition of the limestone grasslands after cutting
trees and shrubs and mowing, Acta societatis botanicum Poloniae, 72(1),2003, 62-69.
S. Maccherini, E. Santi, and M. Marignani, Detection of the effects of restoration on community
composition in a calcareous grassland: Does scale matter?, Grassland Science, 60(1), 2014, 31-35.
W. Baba, The species composition and dynamics in well-preserved and restored calcareous
xerothermic grasslands (South Poland), Biologia, Bratislava, 59(4), 2004, 447-456.
M. Pärtela, R. Kalameesa, M. Zobela, and E. Rosén, Restoration of species-rich limestone grassland
communities from overgrown land: the importance of propagule availability, Ecological Engineering,
10(3),1998, 275-286.
M. Zobel, M. Suurkask, E. Rosén, and M. Pärtel, The dynamics of species richness in an
experimentally restored calcareous grassland, Journal Of Vegetation Science, 7(2),1996, 203-210.
L. Calvo, R. Tárrega, and E. Luis, Space–time distribution patterns of Erica australis L. subsp.
aragonensis (Willk) after experimental burning, cutting, and ploughing ,Plant Ecology, 137,1998, 1–
12.
L. Calvo, R. Tárrega, and E. de Luis, The dynamics of mediterranean shrubs species over 12 years
following perturbations, Plant Ecology, 160,2002, 25–42.
J. Canadell, and L. López-Soria, Lignotuber reserves support regrowth following clipping of two
Mediterránean shrubs, Functional Ecology, 12,1998, 31–38.
A. Klimkowska, P. Dzierż, W. Kotowski, and K. Brzezińska, Methods of limiting willow shrub regrowth after initial removal on fen meadows, Journal for Nature Conservation, 18(1), 2009, 12-21.
J. Bartolomé, Z. G. López, M. J. Broncano, and J. Plaixats, Grassland colonization by Erica scoparia
(L.) in the Montseny Biosphere Reserve (Spain) after land-use changes, Agriculture, Ecosystems and
Environment, 111,2005, 253–260.
Q. Paynter, andG. Flanagan, Integrating herbicide and mechanical control treatments with fire and
biological control to manage an invasivewetland shrub, Mimosa pigra,Journal of Applied Ecology, 41,
2004, 615–629.
M. Lett, A. K. Knapp, Consequences of shrub expansion in mesic grassland: Resource alterations and
graminoid responses, Journal of Vegetation Science, 14,2003, 487-496.
M. Köchy, andS. D. Wilson, Competitive effects ofshrubs and grasses in prairie, Oikos, 91,2000, 385395.
H. L. Throop, andS. R. Archer, Interrelationships among shrub encroachment, land management, and
litter decomposition in a semidesert grassland, Ecological Applications, 17(6), 2007, 1809-1823.
A, Rango, L. Huenneke, M. Buonopane, J. E. Herrick, andK. M. Havstad, Using historic data to assess
effectiveness of shrub removal in southern New Mexico,Journal of Arid Environments, 62,2005, 75–
91.
W. E. Grant, W. T. Hamilton, and Quintanilla, Sustainability of agroecosystems in semi-arid
grasslands: simulated management E. of woody vegetation in the Rio Grande Plains of southern Texas
and northeastern Mexico, Ecological Modelling, 124,1999, 29–42.
J. D. Bates, R. F. Miller, andT. J. Svejcar, Understory dynamics in cut and uncut western juniper
woodlands, Journal of Range Management, 53, 2000, 119–126.

www.ijlemr.com

11 | Page

International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 04 - Issue 01 || January 2019 || PP. 01-12
[125].
[126].
[127].
[128].
[129].

[130].

[131].
[132].

[133].
[134].

[135].

[136].
[137].
[138].
[139].

[140].

[141].

L. Calvo, R. Tárrega, and E. Luis, The effect of human factors(cutting, burning and uprooting) on
experimental heathland plots, Pirineos, 140,1992, 15–27.
J. D. Bates, K. W. Davies, and R. N. Sharp, Shrub-Steppe Early Succession Following Juniper Cutting
and Prescribed Fire, Environmental Management, 47(3),2011, 468–481.
M. Mortimore, and W. M. Adams, Mortimore, Working the Sahel: environment and society in northern
Nigeria(London: Routledge, 1999).
M. M. Abdulahi, J. A. Ute, andT. Regasa, Prosopis juliflora L: Distribution, impacts and available
control methods in Ethiopia, Tropical and Subtropical Agroecosystems, 20,2017, 75-89.
A. Klimkowska, W. Kotowski, R. van Diggelen, A. P. Grootjans, P. Dzierza, andK. Brzezińska,
Vegetation re-development after fen meadow restoration by topsoil removal and hay transfer,
Restoration Ecology, 18, 2010, 924-933.
K. M. Havstad, R. P. Gibbens, C. A. Knorr, and L. W. Murray, Long-term influences of shrub removal
and lagomorph exclusion on Chihuahuan Desert vegetation dynamics, Journal of Arid Environments,
42,1999, 155–166.
H. N. Houréou, Planting and management methods for browse trees and shrubs, in H. N. Houréou,
(Ed.),Browse in Africa (Addis Abeba: International Livestock Centre for Africa, 1990), 351-359.
C. H. D. Collins, M. A. Kautz, R. Tiller, S. Lohani, G. Ponce-Campos, J. Hottenstein, and L. J. Metzd,
Development of an integrated multiplatform approach for assessing brush management conservation
efforts in semiarid rangelands, Journal of Applied Remote Sensing,2015, 9(1)
J. M. Alexander, and C. M. D’Antonio, Control Methods for the Removal of French and Scotch Broom
Tested in Coastal California, Ecological Restoration, 21(3),2003,191-198.
E. O. Adema, D. E. Buschiazzo, F. J. Babine, T. E. Ruccia, andV. F. Gomez Hermida, Mechanical
control of shrubs in a semiarid region of Argentina and its effect on soil water content and grassland
productivity, Agricultural Water Management, 68(3), 2004, 185-194.
J. P. Love, andJ. T. Anderson, Seasonal effects of four control methods on the invasive morrow’s
honeysuckle (Lonicera morrowii) and initial responses of understory plants in a southwestern
Pennsylvania old field, Restoration Ecology 17(4), 2009, 549-559.
M. G. Lambert, G. A. Jung, and D. A. Costall, Forage shrubs in North Island hill country. 1. Forage
production, New Zealand Journal of Agricultural Research, 32,1989, 477-483.
M. N. Sankary, and K. Ranjhan, The place of fodder trees and shrubs in grassland systems,
Proceedings of the XVI. International Grassland Congress,1989, 1761-1768.
A. N. Atta-Krah, Trees and shrubs as secondary components of pasture, Proceedings of the XVII.
International Grassland Congress,1993,2045-2052.
G. B. Douglas, B. T. Bulloch, andA. G. Foote, Cutting management of willows (Salix spp.) and
leguminous shrubs for forage during summer,New Zealand Journal of Agricultural Research, 39,1996,
175-184.
M. M. Caldwell, D. M. Eissenstat, J. H. Richards, and M. F. Allen, Competition for phosphorus:
differential uptake from dual isotope-labeled soil interspaces between shrub and grass, Science,
229,1985, 384–386.
T. G. O’Connor, Acacia karoo invasion of grassland: environmental and biotic effects influencing
seedling emergence and establishment, Oecologia, 103,1985, 214–223.

www.ijlemr.com

12 | Page

