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Chemical herbicides have dominated traditional 
weed-management approaches in most perennial 
fruit orchards. The use of various chemicals such 
as herbicides and pesticides in fruit orchards might 
improve fruit yield, but this has been achieved at 
enormous costs to orchard biodiversity and soil 
and human health. Some herbicides have been 
shown to be detrimental to ecosystem health and 
sustainability (Shorette 2012; Meng et al. 2016). 
Further problems have followed too, such as soil 
acidification (Kibblewhite et al. 2008), soil infertil-
ity and contamination of other natural resources, 
particularly the underground water table (Meng et 
al. 2016). Some studies have reported that chemi-
cal herbicides can substantially decrease the num-

ber of microbial communities (Grossbard, Davies 
1976) and the earthworm population (Gaupp-
Berghausen et al. 2015), while the persistent effects 
of weed suppression can lead to reduction of nutri-
ent availability and soil biodiversity (Gangatharan, 
Neri 2012). Soil biodiversity has an important role 
in efficient root functioning, as has been demon-
strated for monocultures, where monospecific or-
ganic residues can disrupt root behaviour for sev-
eral species (Endeshaw et al. 2015a, b; Polverigiani 
et al. 2018a, b). Thus, the persistent use of chemical 
herbicides and soil tillage can result in an impover-
ished soil quality, as well as decreased plant biodi-
versity (Yu et al. 2015; Robinson, Sutherland 2002; 
Meng et al. 2016). Moreover, another particular 
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problem is that weeds are becoming more tolerant, 
and indeed resistant, to chemical herbicides due to 
their extensive application in farming systems (Pie- 
terse 2010). Taking the above into account, there is 
an urgent need to reduce and gradually overcome 
this reliance on chemical herbicides to sustain opti-
mum soil health and orchard biodiversity.

Weed management in the fruit orchard is crucial 
to diminish competition for water and nutrients 
during the early critical period of tree growth, and 
to increase productivity of the fruit trees (Granat-
stein, Sánchez 2009). Additionally, correct weed 
management in the orchard can have an important 
role towards operation of orchard machinery, re-
duction of pest habitats (e.g., for voles), and con-
tributions to satisfactory economic benefit through 
the production of quality fruit (Hammermeister 
2016), as required by the market. In a fruit orchard, 
the trees are grown in rows where the soil can be 
categorised into four distinct zones: (i) the plant-
ing row; (ii) the zone immediately adjacent to the 
planting row; (iii) the area between the planting 
rows, known as the alleyway, where there is a clear 
area compacted by the tractor wheels; and (iv) the 
free intermediate zone (i.e., the area between the 
two wheel tracks of the tractor). Usually, cover 
crops are maintained in the alleyway, with frequent 
mowing to provide physical protection to the soil 
through stabilising and reducing soil erosion, as 
well as to support the wheel traffic, minimise com-
paction, increase the habitat available for benefi-
cial insects, and suppress weed growth. However, 
it is a serious challenge for fruit growers to man-
age weeds in the tree row area, where the weeds 
can strongly compete with the fruit trees for water 
and nutrients, because of the low root density of 
the trees compared to the weeds (Merwin 2003). 
Therefore, it is crucial to manage weeds in the tree 
row such that they do not have any adverse effects 
on tree performance. 

The standard system for managing weeds in the 
tree row is to maintain a 0.6-m- to 2.0-m-wide veg-
etation-free strip in the tree row, which is managed 
using chemical herbicides in most orchards (Lisek 
2014). In this context, orchard biodiversity can be 
lost through complete eradication of the weeds 
from underneath the trees and between the tree 
row areas, which is not desirable for sustainable 
orchard-floor management systems. Maintenance 
of vegetated soil in the tree rows might have a vital 
role for reduction of soil erosion, and provision of 

food for natural predators and a habitat for benefi-
cial soil microorganisms. Therefore, it is essential to 
maintain vegetal soil with beneficial and less com-
petitive plants in the tree rows. This can be achieved 
through different alternative methods to chemicals 
in sustainable orchard-floor management systems, 
which when embraced appropriately, will not only 
protect from soil structure degradation and nutri-
ent leaching, but also improve orchard biodiversity 
and root trophism.

Farmers have several alternative options available 
for weed control in the orchard, through which they 
can manage weeds in more sustainable ways. The 
selection of the correct weed-management method 
is crucial, as this can have significant effects on tree 
performance and fruit quality (Van Huyssteen, We-
ber 1980; Guerra, Steenwerth 2012), as well as on 
orchard biodiversity. The choice of the appropriate 
alternative strategy for sustainable weed manage-
ment largely depends on type and age of the plants, 
the types of weeds present in the orchard, costs 
and availability of labour and materials, the kind of 
soil and its fertility, and the ideology of the farm-
ers (Hammermeister 2016). Furthermore, the weed 
management will depend on the critical weed-free 
period required for the orchard, and the ecological 
footprint of the strategy itself. 

A sustainable orchard-floor management system 
depends on the three pillars of economics, ecology 
and equity. These indicate that an orchard must be 
managed in such a manner as to be economically 
viable, environmentally sound and socially accept-
able (Granatstein, Kupferman 2008). To keep these 
pillars firm and steady, the use of alternative man-
agement systems either alone or integrated with 
the more standard practices should be encouraged. 
The main purpose of this review is to address the 
different alternative weed-management strategies 
and their efficacy for management of weeds in fruit 
orchards in terms of sustainability, quality fruit 
yield, and satisfactory orchard biodiversity.

ALTERNATIVE OPTIONS TO CHEMICALS 
FOR WEED MANAGEMENT

There are several alternatives to chemicals that 
have been proposed for orchard-floor manage-
ment over different periods. All orchard-floor op-
tions have both ‘pros’ and ‘cons’ (Granatstein et al. 
2010). In this section, we discuss the key sustain-
able alternative weed-management strategies in 



3

Horticultural Science (Prague), 47, 2020 (1): 1–12 Review

https://doi.org/10.17221/29/2019-HORTSCI

fruit orchards. These include mechanical practices 
(e.g., tillage and integrated mowing, modern fin-
ger weeders), mulching (e.g., living mulch, organic 
mulch, plastic mulch), thermal weed control (e.g., 
flaming, steaming), high-pressure weed control 
(e.g., water jet blasting), and precision weed con-
trol (e.g., robotic systems).

Mechanical weed control

Adverse effects of chemical herbicides and the in-
creasing popularity of organic farming have led to the 
need for further advances in mechanical weed con-
trol. These systems are mainly associated with differ-
ent cultivation and tillage systems, integrated mow-
ing (e.g., brush weeder plus mower), and modern 
finger weeders. Weed management with traditional 
mechanical systems can have a substantial number of 
negative effects on orchard soil health and biodiver-
sity, but it is possible to minimise these problems by 
using advanced integrated mechanical systems.

Tillage
Tillage is one of the key primary alternative weed-

control methods for perennial fruit trees in many 
countries (Jordan, Day 1970; Lange 1970; Giudice 
1981; Suzuki 1981). This provides weed control 
in the tree row more effectively and conveniently 
compared to other approaches. However, different 
kinds of tillage operations need to be considered, 
including hand weeding, hand hoeing, harrowing, 
rotary hoeing, and the use of rototillers, cultiva-
tors, brushes and discs (Bond, Grundy 2001). 

Hand weeding and hand hoeing are the most an-
cient forms of weed control, and these continue to 
be used in some countries, as specifically in devel-
oping countries where manual labour is more read-
ily available at relatively low cost (Hammermeister 
2016). The hoe is the simplest form of tillage im-
plement, and it can be effectively used in the zone 
immediately around young trees, to avoid trunk 
injury during the operation of other mechanical 
equipment, and thus to increase the efficacy of the 
other tools used (Bradshaw 2017). Hoeing is more 
useful for the control of annual and biennial shal-
low-rooted weeds, especially in areas where the 
field and/or climate are not favourable for mecha-
nised systems or where there is a lack of technical 
knowledge (Bond, Grundy 2001).

Cultivators and rototillers are the main mecha-
nised tillage equipment used. These are easy to 

operate, but they only provide weed control in the 
areas adjacent to the tree rows, and cannot pro-
vide weed control between the trees in the rows 
as they are fixed to the tractor (Hammermeister 
2016). However, modern tillage equipment, such 
as the ‘Wonder Weeder’ and the ‘Hydraweeder’, 
can access the areas between the trees using their 
hydraulic systems, and thus provide efficient weed 
control in this zone (Granatstein, Sánchez 2009), 
while also ensuring substantial reduction in the la-
bour required (Granatstein et al. 2014). Similarly, 
other modern implements include the ‘Weed Badg-
er’ (USA), the ‘Rinieri Cultivator’ (Italy), and the 
‘Weed Hoe’ (Spain), which can cultivate the areas 
between the trees along the rows. Their operation 
can be maintained either automatically or manu-
ally, depending on the age of the trees and vines. 
For example, a hydraulic system can be used for es-
tablished trees, and a manual system for small trees 
and bushes (Hammermeister 2016).

Tillage has several beneficial factors. According 
to Hammermeister (2016), “it is less labour intense 
and capable of decomposing soil organic matter 
through soil disturbance, soil aeration, improved 
soil moisture status, and improved accessibility of 
decomposers to organic residues”. However, as well 
as these benefits, excessive use of tillage can have 
substantial harmful effects on the soil-quality pa-
rameters, including biological diversity, soil struc-
ture and water holding capacity (Merwin et al. 
1994). Tillage reduces the supply of carbon and ni-
trogen nutrients to microbes (Sanchez et al. 2001; 
Hoagland et al. 2008). Granatstein and Sánchez 
(2009) also reported adverse effects of tillage for 
the soil cation exchange capacity and the avail-
able phosphorous nutrients, with the consequent 
reduction of 13% in the soil organic matter. The 
use of conventional tillage equipment close to the 
trees has also been associated with tree-growth re-
duction, lower fruit yields and smaller fruit sizes 
(Neilsen et al. 2003; Granatstein, Sánchez 2009; 
Granatstein et al. 2010). Furthermore, several stud-
ies have demonstrated detrimental effects of till-
age on the soil microbial composition, enzyme ac-
tivities and biological processes (Dick 1984, 1992; 
Deng, Tabatabai 1997; García-Ruiz et al. 2008), as 
well as on trunk size and pruning mass of the trees 
(Wooldridge, Harris 1989). Tillage also destroys the 
tree roots near the soil surface that are responsible 
for the absorption of moisture and nutrients (Ham-
mermeister 2016), thus reducing root abundance 
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by 52.9% in comparison with herbicide control, 
and by 77.8% in comparison with straw mulch (Van 
Huyssteen, Weber 1980). For this reason, one of the 
major topics to be studied in this field is the depth 
of tillage, to find out the minimum depth at which 
the implements can be use so as not to adversely af-
fect tree performance (Granatstein, Sánchez 2009). 

Some studies have shown that considering the 
overall pros and cons, tillage might represent the 
most economically sustainable method for weed 
control compared to other alternative approach-
es, such as steaming or use of organic herbicides 
(Shrestha et al. 2013). The key problem with tillage 
is the lack of environmental sustainability. In this 
regard, the practice of a shallow tillage system with 
advanced equipment might be the sustainable solu-
tion to the problems related to the more traditional 
tillage equipment. A blade weeder is such a kind of 
shallow tillage tool. This might provide an effective 
weed-control option for tap-root species, as it can 
be used horizontally at just 3 cm to 4 cm under the 
soil, and it causes little soil disturbance compared 
to other conventional tillage equipment. Therefore, 
studies are ongoing to investigate the integration 
of this practice with the other available options to 
provide an integrated tillage system for sustainable 
weed management in the fruit orchard.

Integrated mowing 
Integrated mowing in terms of a brush weeder 

plus a mower can be an excellent sustainable al-
ternative strategy for weed management in the 
tree rows. In this system, two advanced types of 
equipment are used simultaneously: a rotary brush 
weeder, and a mower. Brush weeders have a poly-
propylene brush mounted on a horizontal axis that 
is powered by the tractor power take-off. This can 
bend down the weeds even near to the tree trunk 
without any trunk damage, and at the same time the 
mower can cut and shred the weed plants just above 
the soil surface without disturbing the soil (ongo-
ing research). Thus, the maintenance of the vegetal 
soil underneath and between the trees is possible, 
and this might also increase biomass production 
(Neri 2013). The shredded weed plants can also 
serve as mulching material, as well as improving the 
soil nutrient status through the decomposition of 
the chopped plant materials in the soil, which can 
subsequently provide efficient erosion control and 
enhance the organic matter, to provide better soil 
structure. Also, only one person is required to op-

erate this technique, and while it is new to the fruit 
orchard, it has been found to be useful on vegetable 
farms for weed management (Tei et al. 2003; Tei, 
Pannacci 2005; Turner et al. 2007). In another com-
parative study, Vester and Rasmussen (1990) re-
ported that a brush hoe is more efficient than a con-
ventional hoe when compared to horticultural crops, 
and this might be due to the possibility to work very 
close to the plant row. In addition, the most impor-
tant part of this integrated technique is that it can 
control weeds while also improving soil quality, bio-
diversity and tree productivity, which are the ulti-
mate goals of sustainable orchard management.

Modern finger weeders
Finger weeders represent another advanced tech-

nology for weed management of perennial fruit 
trees, and their use is now achieving public ac-
ceptance due to their environmental sustainability 
and their high working efficiency. Finger weeders 
are available with two adjustable hydraulic widths, 
with the bearing frame equipped with two star-
shaped discs mounted at the ends. The first special 
steel disc positioned at the front of the frame works 
vertically on the ground and parallel to the plants, 
to break the soil crust and accumulate the soil un-
der the tree row. The second rubber disc is posi-
tioned behind the frame, horizontal to the ground, 
and this eliminates the weeds between the plants 
(Source: Berti Macchine Agricole). Due to the use 
of rubber, this provides gentle weed control around 
the plant, just above the soil surface. These finger 
hoes are available in various versions with different 
hardnesses. The hardness of finger hoes is indicated 
using multiple colours; e.g., red indicates hard; yel-
low for medium; and orange for soft. The choice of 
a finger hoe thus depends on the type of soil and the 
type of weeds. In horticultural crops, some studies 
recommend their use in areas with loose soil and 
during the early stages of weed growth (Pannacci, 
Covarelli 2005; Panacci et al. 2008; Pannacci, Tei 
2014), because they perform poorly in heavily com-
pacted soil, like clay, and the efficacy of this tech-
nique decreases with the age of the weed plants, and 
especially for grasses (Pannaci et al. 2017).

There have been recent advances in finger weed-
ers for management of vineyard weeds, whereby 
different companies have developed various forms 
of finger hoes (e.g., Kress, Stekketi and Berti, in 
Germany, The Netherlands and Italy, respectively), 
through which farmers can control intra-row weeds 
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in fruit orchards in the same way as in vineyards. It is 
expected that this advanced practice will provide ex-
cellent weed management in the tree rows with little 
soil disturbance, which will maintain orchard biodi-
versity with economic sustainability due to their ef-
ficiency, reasonable cost, and eco-friendliness.

Mulching
Mulching is one of the best alternatives to chemicals, 

as it minimises weed problems in the fruit orchard by 
suppressing weeds at an early growth stage. The main 
aim of mulching is to conserve the soil moisture and 
suppress weed growth. The additional advantage of 
mulching includes the management of temperature 
fluctuations, improved physical, chemical and bio-
logical characteristics of the soil, and the ultimate 
enhancement of orchard biodiversity (Polverigiani et 
al. 2013a, b). However, mulches are available in dif-
ferent forms, which include natural mulches, such as 
living mulch, straw, sawdust, weeds, paper, and plant 
residues, and synthetic mulches, like plastic. These 
mulching forms can be used either alone or with in-
tegration with other practices in a ‘sandwich system’ 
(Tahir et al. 2015), with various combined techniques 
suggested (Granatstein, Sánchez 2009) for effective 
weed management and maintenance of biological di-
versity in the orchard.

Living mulch. Living mulches might be one of the 
best sustainable practices for tree-row weed man-
agement. These are growing plants, and they have 
the potential to reduce nutrient leaching (especial-
ly of nitrates) along with the absorption of carbon 
and nitrogen (Żelazny, Licznar-Małańczuk 2018).

Moreover, as well as reduction of nitrate leach-
ing, the use of living mulches provides efficient 
control of soil erosion, builds up the organic mat-
ter for better soil structure, and provides a habitat 
for beneficial insects (Tedders 1983; Liang, Huang 
1994; Lacey et al. 2006). Living mulches also con-
tribute to root exudates and labile residues, to thus 
improve nutrient cycling and retention through 
stimulation of the soil biota (Rovira et al. 1990; 
Wardle et al. 2001). However, the benefits of this 
practice can come with certain drawbacks, such as 
competition with the fruit trees for water and nutri-
ents, and reduced plant growth and yield (Granat-
stein, Sánchez 2009; Tahir et al. 2015). One study 
reported that living mulches can prevent tree root 
development and distribution, by limiting their ac-
cess to the soil surface moisture (Yao et al. 2009). 
Therefore, Hammermeister (2016) recommended 

this practice at areas with fertile soils, a sufficient 
water supply, and the absence of perennial weed 
species, conditions that will thus improve the ef-
ficiency of the living mulches. In addition, living 
mulches should be used only with established fruit 
trees, as the competition for water and nutrients is 
a lot greater at the early stages of tree growth. 

The selection of the living mulch species has a 
significant effect on suppression of weeds and tree 
performance. Many plant species have been tested 
as living mulch, especially for vegetables, where 
more attention has been focussed on leguminous 
plants, and especially white clover (Trifolium re-
pens), as these can supply nitrogen (Neilsen, Hogue 
2000) and provide improved soil biology through 
root exudates (Granatstein, Mullinix 2008). One 
study indicated that yield losses for apple from 
11% to 24% can occur depending on the living 
mulch species used (Hogue et al. 2010). Neilsen 
and Hogue (2000) tested white clover as the liv-
ing mulch in an apple orchard, and they reported 
that while it supplied nutrients to the soil, it also 
reduced the fruit yield compared to a vegetation-
free control. Freyman (1989) reported higher berry 
yields when mulching with white clover compared 
to perennial ryegrass (Lolium perenne L.). Com-
petition between fruit trees and the vegetation 
underneath is the core problem for the use of live 
mulches (Granatstein, Sánchez 2009). Fruit trees 
can be affected more here, because of their low root 
density per unit area of soil surface when compared 
to the vegetiton underneath (Merwin 2003). For 
example, grassy vegetation can have a root density 
that is 100-fold that of apple trees (Neilsen, Neilsen 
2003). However, this problem can be minimised by 
the selection of a less-competitive species (Meyer 
et al. 1992) and by frequent mowing (Neri 2004).

Many studies have suggested that living mulches 
represent an excellent practice for weed suppres-
sion in sustainable agricultural systems, and have 
recommended their use as an alternative method to 
the use of chemicals, particularly when integrated 
with other strategies (Bond, Grundy 2001; Teasdale 
et al. 2007; Kruidhof et al. 2008; Kitis et al. 2011).  
A sandwich system from Switzerland is a good ex-
ample of integration of living mulch species with 
a tillage system. In this concept, the living mulch 
species are maintained as a 40 cm to 50 cm band 
within the tree line, with tilling on both sides of 
the tree rows to leave a competition-free zone for 
the tree roots (Weibel et al. 2007). The vegetation 



6

Review Horticultural Science (Prague), 47, 2020 (1): 1–12

https://doi.org/10.17221/29/2019-HORTSCI

strip provides weed control around the tree trunk, 
and reduces the competition. Some studies have in-
dicated that this method as the most cost-effective 
weed-control practice, with good results obtained in 
terms of tree performance and fruit yield, compared 
to flaming and living mulches (Stefanelli et al. 2009).

Organic mulch. Organic mulches refer to mulch-
es that derive from organic materials, such as bark, 
wood chips, leaves, grass clippings, sawdust, plant 
hulls, crop residues and weeds removed from the 
field. Here, wood-chip mulches appear to be the 
best organic mulches for effective control of weeds 
in orchards (Granatstein, Mullinix 2008; Ingels et al. 
2013). A single application of wood-chip mulch can 
provide weed control for 1 year to 3 years, while also 
saving on irrigation water by over 20% (Granatstein, 
Sánchez 2009). However, it can be an expensive 
method compared to other alternatives, as the wood 
chips need to be maintained as at least a depth of 
10 cm for effective weed control, and their purchase 
costs can be unusually high (Lisek 2014; Tahir et al. 
2015), particularly if the materials are not available 
on the farm or near the farm. In addition, they are 
limited in terms of the control of established weeds, 
and especially for perennial weeds (Larsson 1997). 
Granatstein et al. (2014) reported that the effective-
ness of wood-chip mulch for suppressing perennial 
quackgrass (Agropyron repens) lasts only 1 year, as 
the weed competition increased after a couple of 
years. Thus, apart from the higher cost, the further 
main cons of this method are this limited efficiency 
in the control of perennial weeds, and the high car-
bon to nitrogen ratio, which reduces the availabil-
ity of nutrients in the soil (Treder et al. 2004). This 
might be due to an immobilising effect of wood-chip 
mulch (Larsson 1997), although this is not always 
the case (Forge et al. 2008; Granatstein, Mullinix 
2008). Therefore, Hammermeister (2016) suggested 
the use of wood-chip mulches only in areas with at 
least moderate soil fertility, and for smaller numbers 
of perennial rhizomatous weeds in the field.

However, wood-chip mulch has a significant ef-
fect on tree growth and fruit yield. Some studies 
have reported improved tree growth with wood 
chip mulch, when compared to tillage or cover 
cropping, but they did not find any significant dif-
ferences in terms of fruit yield (Teravest et al. 2010). 
In another study with blackcurrant, it was shown 
that the plants had relatively lower fruit yield un-
der wood chip mulch compared to black plastic or 
bare soil (Larsson 1997). Therefore, many studies 

have suggested additional soil amendments and or 
placing a green mulch on top of the wood chip, to 
minimise immobilisation problems and lower fruit 
yield (Neilsen et al. 2013). Granatstein et al. (2014) 
reported highest apple tree growth and economic 
return when wood-chip mulch was combined with 
flaming, compared to herbicide with flaming or 
tillage alone. However, the practice of wood-chip 
mulching can provide better tree growth compared 
to flaming or tillage, and compared to cover crop-
ping alone (Hammermeister 2016). 

Plastic mulch. Plastic also represents an alterna-
tive weed-control method to chemical herbicides 
for fruit trees, and it can be especially effective at 
the early stages of plant growth (Mage 1982; Cam-
poseo, Vivaldi 2011). Weed-management costs in 
the fruit orchard can be minimised using plastic 
because of the low cost and long-term efficiency 
(Hammermeister 2016). As Schonbeck (2012) in-
dicated, “The plastic fabric is an opaque film that 
reduces germination of light-responsive weed 
seeds by shading out and blocking the emergence 
of weeds physically”. However, to prevent weeding 
issues, it is always critical to be sure of the correct 
placement of the plastic edge into the soil, to make 
sure that the weed roots remain under the plas-
tic layer (Grieshop et al. 2012). This can also save 
on water use for irrigation by 75%, compared to 
non-mulch controls (Duncan et al. 1992) and thus 
reduce farm irrigation costs. Some studies have 
shown that plastic mulch influences soil nutrient 
status by stimulation of nutrient mineralisation 
from organic matter, although this does not supply 
nutrients to the soil (Schonbeck 2012). For this rea-
son, Neilsen et al. (2013) suggested the additional 
of nutrient amendments, and especially nitrogen 
(N), to maintain the balanced fertility of the soil. 

Plastic mulch can also affect fruit size and yield. 
For example, the yield of blackcurrants was 26% 
greater under plastic mulch when compared to a 
single application of chemical herbicide (Dale 2000). 
In another study, Neilsen et al. (2013) reported in-
creased apple yield for black plastic compared to 
alfalfa mulch. However, Larsson (1997) indicated 
smaller berry size for blackcurrant with plastic 
mulch, compared to bare soil or wood-chip mulch. 

Plastic has a large effect on the microclimate 
around the plant as its use results in changes to 
the above-ground and below-ground temperatures 
and water content (Tarara 2000). The extent of these 
microclimate modifications depends on the opacity 
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and colour of the plastic (Lamont 2005), as well as 
the optical properties of the plastic and the connec-
tion between the plastic sheet and the soil (Ham-
mermeister 2016). For example, black plastic has 
higher light absorption over white plastic, with this 
reversed in terms of light reflectivity. Some studies 
have investigated the combined practice of photo-
degradable black plastic over white plastic mulch in 
vegetable crops, to keep the soil warm in spring and 
cool in summer; however, this did not increase yields 
over typical plastic mulch (Graham et al. 1995). The 
further alternative might be white plastic mulch 
over black plastic mulch, where the black plastic can 
block the light and thus supress the weeds, while the 
white plastic can reflect the light into the plant can-
opy and protect the soil from excess heating. Thus, 
different combinations of plastic mulch might rep-
resent good options for the growers, with the choice 
made based on the environmental conditions. 

Thermal weed control
Modern technology has significantly improved the 

effectiveness of propane burners as an alternative 
weed-control method in the fruit orchard. Gener-
ally, this system requires one or two metal flame ori-
fices to direct the heat at the weed strip and the base 
of the trees. These are connected to propane tanks 
(with a safety switch), which are pulled through the 
orchard at a speed whereby the heat provided breaks 
down the leaf cuticle of the weeds before they gain 
greater size or vigour, which causes their desiccation. 
In this system, a temperature of 60 °C to 70 °C can 
be maintained by using a propane flame with spe-
cialised equipment to heat the weed plants (Wei et 
al. 2010). According to Bond and Grundy (2001), an 
angle of 22.5° to 45.0° should be maintained between 
the burner and the ground for effective weed con-
trol. This system might also require several passes, 
and weeds should be flamed before reaching 5 cm in 
height (Bond, Grundy 2001). Of note, the purpose of 
such flame weeding operations is not to burn off the 
weeds, but to apply enough heat to severely dam-
age the plant cells, so that the plants will ultimately 
wither and die (Wei et al. 2010). Flaming is most ef-
fective in controlling erect and broad-leaved weeds 
in an early stage of growth, and it has been shown to 
be less effective in the control of grassy and prostrate 
weeds (Shrestha et al. 2012). As flame weeding is 
also a temporary weed-control practice, there is also 
the need for reapplication after 1 week to 3 weeks 
(Shrestha et al. 2013). The use of this method is not 

particularly widespread, however, due to its rela-
tive inefficiency in the control of some weeds and 
the limitations in the timing of the treatments for 
effective weed control (Guerra, Steenwerth 2012). A 
large drawback of this method is also the fire haz-
ard, which can lead to damage to the tree branches 
and to the irrigation line (Stefanelli et al. 2009). In 
another study, this method was shown to have rela-
tively lower cost than herbicides and mulches, and 
similar costs to those of a tillage system (Granatstein 
et al. 2014). As an alternative to herbicides, the effi-
ciency of flaming can be enhanced by its integration 
with tillage or mulching strategies (Granatstein et al. 
2014). Thus, flaming represents a potentially good 
alternative to the use of chemicals considering all of 
the sustainability aspects, especially if a if biogas is 
used instead of fossil fuel for the flame operation.

High-pressure water
High-pressure water blast systems represent 

a modern revolution in technology for alterna-
tive weed management to chemicals, especially for 
weeds under vines. In this system, a high-pressure 
water blast is used rather than chemical herbicides, 
to avoid environmental degradation. This high-pres-
sure water can break the foliage of the weed plants 
and bury this in the soil up to a few centimetres, thus 
also destroying the root system of the weed plants. 
‘Grass Killer’ uses this kind of technology, as de-
veloped by an Italian company (Caffini) to control 
weeds under vines and orchards. This is composed 
of a very high pressure pump (maximum pressure, 
1 150 bar) that is managed using hydraulic devices, 
a tank for the water, and a rotating head that is po-
sitioned laterally with respect to the forward direc-
tion (Source: Caffini, Italy). The rotating head on a 
breakaway arm is equipped with nozzles that are 
powered by a very high pressure pump that works in 
the same way as shrouded spray systems. The rota-
tion speed of the nozzle is 600 rpm, which is com-
bined with a forward speed of 2.5 km/h. This system 
requires approximately 2 000 L of water per hectare 
for 2.5-m-wide vine rows. Weeds can be controlled 
for a year with only two applications (according to 
the manufacturer). 

Although this represents an environmentally via-
ble approach, there remain concerns in terms of the 
social and economic sustainability due to its high 
cost (over EUR 30,000). Therefore, increased work-
ing efficiency is crucial to provide a more reason-
able balance in terms of this high purchasing cost. 
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Precision weed control
Precision weed control represents another mod-

ern and effective weed-management approach in 
the fruit orchard, where weeds in the tree rows 
can be controlled without harming the environ-
ment. Over the last few decades, rapid advances 
in automation have occurred for weed control in 
farming, and especially for field crops. Precision 
weed-control methods, such as ‘robotic systems’ 
might be the best modern technological interven-
tion here (Bajwa et al. 2015). Peruzzi et al. (2017) 
provided a good overview of such precision weed-
control systems. In this case, the autonomous 
weed-control approach was designed considering 
four key aspects: guidance, weed detection and 
identification, precision in-row weeding control, 
and mapping (Slaughter et al. 2008). Four kinds 
of intra-row robotic weeders are now available for 
precision weed-management systems: ‘Robovator’; 
‘Robocrop’; ‘IC-cultivator’; and ‘Remoweed’ (Peru-
zzi et al. 2017). Among these, Robovator appears to 
be the most effective intra-row weed-management 
system for organic farming. It cuts the weeds at a 
shallow soil depth (1–2 cm) using a pair of tines, 
where each tine has a flat knife-like blade (Peru-
zzi et al. 2017). When the blades approach the crop 
plant, they move apart to avoid damaging the plant. 
As soon as the plant has been passed, the blades 
immediately close again to continue cultivating the 
area between the plants. The movement in and out 
of the crop row is operated by a hydraulic actuator 
connected to a front-mounted camera. The camera 
recognition system defines each of the crop plants 
based on the difference in size between the crop 
plants and the weeds. Then, images are further 
processed by a computer to calculate the points at 
which the actuator of the blades need to be activat-
ed, based on the driving speed and the area that is 
always left uncultivated near the crop plants (Mel-
ander et al. 2015). 

Bakker et al. (2010) suggested that such precision 
weed-management systems might have a pivotal 
role in sustainable food production at lower cost. It 
would be a big challenge for the growers to use this 
kind of technique in sustainable fruit production. 
As an alternative to chemicals, studies carried out 
with these precision systems of weed management 
have indicated an optimistic future for their use not 
only for vegetables, but also in fruit orchards, to re-
duce weed-management costs and the protect or-
chard biodiversity and soil health. Therefore, these 

precision weed-management approaches represent 
another possibility for sustainable weed manage-
ment for perennial fruit trees.

CONCLUSION

Enhanced biodiversity and improved weed man-
agement in fruit orchards are crucial to increased 
orchard sustainability. It remains probably true 
that the use of herbicides is the most effective 
weed-management practice in the fruit orchard, al-
though many farmers are now seeking comprehen-
sive alternative solutions (single or integrated) to 
protect soil health and orchard biodiversity, as well 
as to avoid other harmful effects of chemicals, as 
indicated above. Moving towards more sustainable 
orchard-management practices is the desirable al-
ternative option to offer eco-friendly management 
systems for maintenance of the vegetal soil, satis-
factory orchard biodiversity, and adequate weed 
management in the orchard. 

Mechanical methods are now one of the leading 
‘traditional’ weed-management approaches in both 
conventional and organic fruit orchards. Over the 
long-term, the typical tillage approach has adverse 
effects on soil quality and structure, as well as on the 
fruit trees. These problems can be minimised using 
more advanced mechanical equipment, such as fin-
ger weeders, and brush weeders, along with a mower, 
rather than practicing conventional tillage. In addi-
tion, the timing and frequency of the treatments and 
the prevalent types of weeds are crucial factors for 
consideration for effective mechanical operations. 

Using mulch in the tree rows can provide satis-
factory weed control and promote orchard biodi-
versity and good soil biology and nutrient cycling. 
Living mulches can be used in established fruit or-
chards, as younger trees are more prone to com-
petition with living mulch plants for moisture and 
nutrients. Therefore, the selection of a less compet-
itive living mulch species is crucial to better tree 
growth and quality fruit yield. The European Core 
Organic project Domino is addressed to study the 
efficiencies of different living mulches for enhance-
ment of fruit orchard biodiversity (http://www.
domino-coreorganic.eu/).

Organic mulches are more effective for manage-
ment of annual and biennial weeds, and show low 
efficiency versus perennial vegetation. The use of 
some of these materials, such as wood chip and 
sawdust, greatly depends on the area to be cov-
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ered and the availability of the materials, because 
of their high purchasing and transport costs. While 
plastic mulch can provide long-term weed control, 
it also requires additional nutrient amendments 
to maintain the soil nutritional status. Although 
the effectiveness of the various mulch materials in 
weed management is not as great as for herbicides, 
mulches can promote soil fertility and orchard bi-
odiversity, as well as provide better economic re-
turns with satisfactory weed management.

High pressure water blast and robotic weed-
control systems are still in their infancy in fruit 
orchards, although they have been shown to be 
particularly effective in the control of weeds in 
vegetable crops. In this context, it is expected that 
these techniques will provide good alternative 
weed-management options in terms of improved 
sustainability. Future research is required to deter-
mine their long-term efficiency in fruit orchards.

REFERENCES 

Bajwa A.A., Mahajan G., Chauhan B.S. (2015): Nonconven-
tional weed management strategies for modern agriculture. 
Weed Science, 63: 723–747.

Bakker T., Van Asselt K., Bontsema J., Muller J., Van Straten 
G. (2010): Systematic design of an autonomous platform 
for robotic weeding. Journal of Terramechanics, 47: 63–73.

Bond W., Grundy A.C. (2001): Non-chemical weed management 
in organic farming systems. Weed Research, 41: 383–405.

Bradshaw T. (2017): Non-chemical weed management 
in orchards. Available at http: //www.uvm.edu /~fruit/? 
Page=treefruit/tf_horticulture.html (accessed Sept 17, 2018).

Camposeo S., Vivaldi G.A. (2001): Short-term effects of de-
oiled olive mulching application on a young super high-
density olive orchard. Scienta Horticulturae, 129: 613–621.

Dale A. (2000): Black plastic mulch and between-row cultivation 
increase blackcurrant yields. HortTechnology, 10: 307–308.

Deng S.P., Tabatabai M.A. (1997): Effects of tillage and residue 
management on enzyme activities in soils: 3. Phosphatases 
and arylsulfatase. Biology and Fertility of Soils, 24: 141–146.

Dick W.A. (1984): Influence of long-term tillage and crop-
rotation combinations on soil enzyme activities. Journal of 
Soil Science Society of America, 48: 569–574.

Duncan R.A., Stapleton J.J., Mckenry M.V. (1992): Establish-
ment of orchards with black polyethylene film mulching: 
effect on nematode and fungal pathogens, water conserva-
tion, and tree growth. Journal of Nematology, 24: 681–687.

Endeshaw S.T., Lodolini E.M., Neri D. (2015a): Effects of olive 
shoot residues on shoot and root growth of potted olive 
plantlets. Scientia Horticulturae, 182: 31–40.

Endeshaw S.T., Lodolini E.M., Neri D. (2015b): Effects of 
untreated two-phase olive mill pomace on potted olive 
plantlets. Annals of Applied Biology, 166: 508–519.

Freyman S. (1989): Living mulch ground covers for weed 
control between raspberry rows. Acta Horticulturae (ISHS), 
262: 349–356.

Forge T.A., Hogue E., Neilsen G., Neilsen D. (2008): Organic 
mulches alter nematode communities root growth and 
fluxes of phosphorus in the root zone of apple. Applied Soil 
Ecology, 39: 15–22. 

Gangatharan R., Neri D. (2012): Can biodiversity improve soil 
fertility in agroecosytems? New Mediterranean, 4: 11–18.

Garcia-Ruiz R., Ochoa V., Hinojosa M.B., Carreira J.A. (2008): 
Suitability of enzyme activities for the monitoring of soil 
quality improvement in organic agricultural systems. Soil 
Biology and Biochemistry, 40: 2137–2145.

Gaupp-Berghausen M., Hofer M., Rewald B., Zaller J.G. (2015): 
Glyphosate-based herbicides reduce the activity and repro-
duction of earthworms and lead to increased soil nutrient 
concentrations. Scientific Reports, 5, Art. No.: 12886.

Giudice V.L. (1981): Present status of citrus weed control in 
Italy. International Society of Citriculture, 2: 485–487.

Graham H.A.H, Cecoteau D.R., Liniville D.E. (1995): Develop-
ment of polyethylene mulch system that changes color in 
the field. HortScience, 30: 265–269.

Granatstein D., Kupferman E. (2008): Sustainable horticulture 
in fruit production. International Society for Horticultural 
Science (ISHS), 767: 295–308.

Granatstein D., Mullinix K. (2008). Mulching options for 
northwest organic and conventional orchards. HortSci-
ence, 43: 45–50.

Granatstein D., Andrews P., Groff A. (2014): Productivity, 
economics, and fruit and soil quality of weed management 
systems in commercial organic orchards in Washington 
State, USA. Organic Agriculture, 4: 197–207.

Granatstein D., Sanchez E. (2009): Research knowledge and 
needs for orchard floor management in organic fruit system. 
International Journal of Fruit Science, 9: 257–281.

Granatstein D., Wiman M., Kibry E., Mullinix K. (2010): Sus-
tainability trade-offs in organic orchard floor management. 
Acta Horticulturae (ISHS), 873: 115–121.

Grieshop M.J., Hanson E., Schilder A., Isaacs R., Mutch, 
D., Garcia-Salazar C., Longstroth M., Sadowsky J. (2012): 
Status update on organic blueberries in Michigan. Inter-
national Journal of Fruit Science, 12: 232–245.

Grossbard E., Davies H.A. (1976): Specific microbial re-
sponses to herbicides. Weed Research, 16: 163–170.

Guerra B., Steenwerth K. (2012): Influence of floor manage-
ment technique on grapevine growth, disease pressure, and 
juice and wine composition: a review. American Journal of 
Enology and Viticulture, 63: 149–164.



10

Review Horticultural Science (Prague), 47, 2020 (1): 1–12

https://doi.org/10.17221/29/2019-HORTSCI

Hammermeister A.M. (2016): Organic weed management in 
perennial fruits. Scientia Horticulturae, 208: 28–42.

Hoagland L., Carpenter-Boggs L., Granatstein D., Mazzola 
M., Smith J., Peryea F., Reganold J.P. (2008): Orchard floor 
management effects on nitrogen fertility and soil biologi-
cal activity in a newly established organic apple orchard. 
Biology and Fertility of Soils, 45: 11–18.

Hogue E.J., Cline J.A., Neilsen G., Neilsen D. (2010): Growth 
and yield responses to mulches and cover crops under low 
potassium conditions in drip-irrigated apple orchards on 
coarse soils. HortScience, 45: 1866–1871.

Jordan L.S., Day B.E. (1970): Weed control in citrus. FAO 
International Conference on Weed Control, University of 
California, Davis: 128–142.

Ingels C.A., Lanini T., Klonsky K.M., Demoura R. (2013): Ef-
fects of weed and nutrient management practices in organic 
pear orchards. Acta Horticulturae (ISHS), 1001: 175–183. 

Kibblewhite M.G., Ritz K., Swift M.J. (2008): Soil health in 
agricultural systems. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 363: 685–701.

Kitis Y., Koloren O., Uygur F. (2011): Evaluation of common 
vetch (Vicia sativa L.) as living mulch for ecological weed 
control in citrus orchards. African Journal of Agricultural 
Research, 6: 1257–1264.

Kruidhof H., Bastiaans L., Kropff M. (2008): Ecological weed 
management by cover cropping, effects on weed growth in 
autumn and weed establishment in spring. Weed Research, 
48: 492–502.

Lacey L., Granatstein D., Arthurs S.P., Headrick H., Fritts 
Jr R. (2006): Use of entomopathogenic nematodes (Stein-
ernematidae) in conjunction with mulches for control of 
overwintering codling moth (Lepidoptera: Tortricidae). 
Journal of Entomological Science, 41: 107–119.

Lamont W.J. (2005): Plastic: modifying the microclimate for 
the production of vegetable crops. American Society for 
Horticultural Science, 15: 477–481.

Lange A.H. (1970): Weed control methods, losses and costs 
due to weeds, and benefits of weed control in deciduous 
fruit and nut crops. FAO International Conference on 
Weed Control, Davis, California: 143–162.

Larsson L. (1997): Evaluation of mulching in organically 
grown black currant (Ribes nigrum) in terms of its effects 
on the crop and the environment. Acta Universitatis Ag-
riculturae Suecia Agraria, 28: 1–26.

Liang W., Huang M. (1994): Influence of citrus orchard 
ground cover plants on arthropod communities in China: 
a review. Agriculture, Ecosystems and the Environment, 
50: 29–37.

Lisek J. (2014): Possibilities and limitations of weed manage-
ment in fruit crops of the temperate climate zone. Journal 
of Plant Protection Research, 54: 318–326.

Mage F. (1982): Black plastic mulching compared to other orchard 
soil management methods. Scietia Horticullturae, 2: 131–136.

Melander B., Lattanzi B., Pannacci E. (2015): Intelligent ver-
sus nonintelligent mechanical intra-row weed control in 
transplanted onion and cabbage. Crop Protection, 72: 1–8.

Meng J., Li L., Liu H., Li Y., Li C., Wu G., Yu X., Guo L., Cheng 
D., Muminov M.A., Liang X., Jiang G. (2016): Biodiversity 
management of organic orchard enhances both ecological 
and economic profitability. PeerJ, doi: 10.7717/peerj.2137.

Merwin I.A., Stiles W.C. (1994): Orchard groundcover 
management impacts on apple tree growth and yield, and 
nutrient availability and uptake. Journal of the America 
Society for Horticultural Science, 119: 209–215.

Merwin I.W. (2003): Orchard floor management systems. In: 
Ferree D.C., Warrington I.J. (eds), Apples: botany, produc-
tion and uses. CABI publ. Cambridge: 303–318.

Meyer J.R., Zeh’r E.I., Meagher R.L., Salvo S.K. (1992): Sur-
vival and growth of peach trees and pest populations in 
orchard plots managed with experimental ground covers. 
Agriculture, Ecosystem and teh Environment, 41: 353–363.

Neilsen G.H., Hogue E.J. (2000): Comparison of white clover 
and mixed sodgrass as orchard floor vegetation. Canadian 
Journal of Plant Science, 80: 617–622.

Neilsen G.H., Neilsen D. (2003): Nutritional requirements of 
apple. In:  Ferree D.C., Warrington I.J. (eds): Apples: botany, 
production, and uses. CABI Publ. Cambridge: 267–302.

Neilsen G.H., Hogue E.J., Forge T., Neilsen D. (2003): Mulches 
and biosolids affect vigor, yield and leaf nutrition of ferti-
gated high density apple. HortScience, 38: 41–45.

Neilsen G., Neilsen D., Ogorman D., Hogue E., Forge T., 
Angers D., Bissonnette N. (2013): Soil management in 
organic orchard production systems. Acta Horticulturae 
(ISHS), 1001: 295–302.

Neri D. (2004): Low input apple production in central Italy: 
tree and soil management. Journal of Fruit and Ornamental 
Plant Research, 12: 69–76.

Neri D. (2013): Organic soil management to prevent soil 
sickness during integrated fruit production. Integrated 
production of fruit crops, 91: 87–99.

Pannacci E., Covarelli G. (2005): Mechanical weed control 
in sunflower. 13th European Weed Research Society Sym-
posium, June 2005. Bari, Italy.

Pannacci E., Graziani F., Guiducci M., Tei F. (2008): Controllo 
meccanico delle malerbe in colture da seme di cipolla. In: 
In: Proceedings of Research Project “Azioni di innovazione 
e ricerca a supporto del piano sementiero. PRIS2 Progetto 
di ricerca interregionale, Programma “Sviluppo Rurale” e 
Sottoprogramma “Innovazione e Ricerca”: 265–275.

Pannacci E., Lattanzi B., Tei F. (2017): Non-chemical weed 
managements strategies in minor crops: a review. Crop 
Protection, 96: 44–58.



11

Horticultural Science (Prague), 47, 2020 (1): 1–12 Review

https://doi.org/10.17221/29/2019-HORTSCI

Pannacci E., Tei F. (2014): Effects of mechanical and chemical 
methods on weed control, weed seed rain and crop yield in 
maize, sunflower and soyabean. Crop Protection, 64: 51–59.

Peruzzi A., Martelloni L., Frasconi C., Fontanelli M., Pir-
chio M., Raffaelli M. (2017): Machines for non-chemical 
intra-row weed control: a review. Journal of Agricultural 
Engineering, 48: 57–70.

Pieterse P.J. (2010): Herbicide resistance in weeds – a threat 
to effective chemical weed control in South Africa. South 
African Journal of Plant and Soil, 27: 66–73.

Polverigiani S., Massetani F., Tarragoni A., Neri D. (2013a): 
Apricot root development and morphology as influenced 
by mulching and multispecies ground cover. Acta Horti-
culturae (ISHS), 1001: 353–359. 

Polverigiani S., Perilli A., Rainer A., Massetani F., Neri D., Kel-
derer M. (2013b). Effect of four different soil management 
techniques on apple root development. Acta Horticulturae 
(ISHS), 1001: 361–367

Polverigiani S., Franzina M., Neri D. (2018a): Effect of soil 
condition on apple root development and plant resilience 
in intensive orchards. Applied Soil Ecology, 123: 787–792.

Polverigiani S., Franzina M., Neri D. (2018b): Effect of ma-
nure and digestate amendments on apple seedlings in the 
presence of homospecific residues. Acta Horticulturae 
(ISHS), 1228: 445–450.

Robinson R.A., Sutherland W.J. (2002): Post-war changes in 
arable farming and biodiversity in Great Britain. Journal 
of Applied Ecology, 39: 157–176.

Rovira A.D., Elliot L.F., Cook R.J. (1990): The impact of 
cropping systems on rhizosphere organisms affecting 
plant health. J.M. Lynch (ed.). The rhizosphere. Wiley, 
Chichester: 389–436.

Sanchez J.E., Willson T.C., Kizilkaya K., Parker E., Harwood 
R.R. (2001): Enhancing the mineralized nitrogen pool through 
substrate diversity in long term cropping and systems. Journal 
of Soil Science Society of America, 65: 1442–1447.

Schonbeck M. (2012): Synthetic mulching materials for weed 
management in organic production. eOrganic article, 
Available at http://www.extension.org/pages/65191.

Shorette K. (2012): Outcomes of global environmentalism: 
longitudinal and cross-national trends in chemical fertilizer 
and pesticide use. Social Forces, 91: 299–325.

Shrestha A., Kurtural S.K., Fidelibus M.W., Dervishian G., 
Konduru S. (2013): Efficacy and cost of cultivators, steam, 
or an organic herbicide for weed control in organic vine-
yards in the San Joaquin Valley of California. HortTechnol-
ogy, 23: 99–108.

Shrestha A., Moretti M., Mourad N. (2012): Evaluation of 
thermal implements and organic herbicides for weed 
control in a nonbearing almond (Prunus dulcis) orchard. 
Weed Technology, 25: 110–116.

Slaughter D.C., Giles D.K., Downey D. (2008): Autonomous 
robotic weed control: a review. Computers and Electronics 
in Agriculture, 61: 63–78.

Stefanelli D., Zoppolo R.J., Perry R.L., Weibel F. (2009): Or-
ganic orchard floor management systems for apple effect 
on rootstock performance in the midwestern United States. 
HortScience, 44: 263–267.

Suzuki K. (1981): Weeds in citrus orchards and control in 
Japan. International Society of Citriculture, 2: 489–492.

Tahir I.I., Svensson S.E., Hansson D. (2015): Floor manage-
ment system in an organic apple orchard affect fruit quality 
and storage life. HortScience, 50: 434–441.

Tarara J.M. (2000): Microclimate modification with plastic 
mulch. HortScience, 35: 169–180.

Teasdale J., Brandsaeter L., Calegari A., Skora Neto F. (2007): 
Cover crops and weed management. In: M.K. Upadhyaya 
and R.E. Blackshaw (eds.): Nonchemical weed manage-
ment, CAB International, Wallingford, UK: 49–64.

Tedders W.L. (1983): Insect management in deciduous or-
chard ecosystems: habitat manipulation. Environmental 
Management, 7: 29–34.

Tei F., Pannacci E. (2005): La gestione integrata della flora 
infestante nelle colture orticole. Italus Hortus, 12: 45–62.

Teravest D., Smith J.L., Carpenter-Boggs L., Hoagland L., Gra-
natstein D., Reganold J.P. (2010): Influence of orchard floor 
management and compost application timing on nitrogen 
partitioning in apple trees. HortScience, 45: 637–642.

Treder W., Klamkowski K., Mika A., Wojcik P. (2004): 
Response of young apple trees to different orchard floor 
management system. Journal of Fruit and Ornamental Plant 
Research, 12: 113–123.

Turner R.J., Davies G., Moore H., Grundy A.C., Mead A. 
(2007): Organic weed management: a review of the cur-
rent UK farmer perspective. Crop Protection, 26: 377–382.

Van Huyssteen L., Weber H.W. (1980): The effect of selected 
minimum and conventional tillage practices in vineyard 
cultivation on vine performance. South African Journal 
for Enology and Viticulture, 1: 77–83.

Vester J., Rasmussen J. (1990): Test of the row brush hoe in 
horticultural crops. Proceedings of the 3rd International 
Conference on Non-Chemical Weed Control, Linz, Aus-
tria: 127–134. 

Wardle D., Yeates G.W., Bonner K.I., Nicholson K.S., Watson 
R.S. (2001): Impacts on ground vegetation management 
strategies in a kiwifruit orchard on the composition and 
functioning of the soil biota. Soil Biology and Biochemistry, 
33: 893–905.

Wei D., Liping C., Zhijun M., Guangwei W., Ruirui Z. (2010): 
Review of non-chemical weed management for green 
agriculture. International Journal for Agricultural and 
Biological Engineering, 3: 52–60.



12

Review Horticultural Science (Prague), 47, 2020 (1): 1–12

https://doi.org/10.17221/29/2019-HORTSCI

Weibel F.P., Tamm L., Wyss E., Daniel C., Häseli A., Suter F. 
(2007): Organic fruit production in Europe: success in 
production and marketing in the last decade, and per-
spectives and challenges for the future development. Acta 
Horticulturae (ISHS), 737: 163–172.

Wooldridge J., Harris R.E. (1989): Effect of ground cover on 
the performance of young apple trees and on certain top-
soil characteristics. Deciduous Fruit Grower, 39: 427–433.

Yao S.R., Merwin I.A., Brown M.G. (2009): Apple root growth, 
turnover, and distribution under different orchard ground-
cover management systems. HortScience, 44: 168–175.

Yu C., Hu X.M., Deng W., Li Y., Xiong C., Ye C.H., Han G.M., 
Li X. (2015): Changes in soil microbial community struc-
ture and functional diversity in the rhizosphere surround-
ing mulberry subject to long-term fertilization. Applied 
Soil Ecology, 86: 30–40.

Želazny W., Licznar-Malanczuk M. (2018): Soil quality and 
tree status in a 12-year-old apple orchard under three 
mulch-based floor management systems. Soil and Tillage 
Research, 180: 250–258.

Received: March 11, 2019 
Accepted: August  10,  2019 

Published online: March 3, 2020


