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In orchards, the effect of excessive weed infestation 
is competition with trees for production factors such as 
water, nutrients, light and pollinating insects [Abbas 
et al. 2018] resulting in reduced tree growth and yield 
[Abouziena et al. 2016, Rodrigues and Arrobas 2020]. 
Moreover, orchards with soil overgrown by weeds 
can increase frost risks [Futch 2000] and can create 
favourable conditions for diseases [Jones and Sutton 
1996], pests and rodents [Byers 1984] damages to the 
tree crop and makes difficult implementing pruning, 
irrigation and other agricultural practices.

In organic orchards, in management of the soil un-
der the trees, the practices such as the cover cropping 
and mulching are increasingly used as a method for 
weed control [Bond and Grundy 2001]. Cover crops 

and living mulches have been used to reduce the cost 
of non-chemical weed control, mainly hand and me-
chanical weeding and for improvement of the physical, 
chemical and biological properties of the soil [Wardle 
et al. 2001]. The latter functions are deemed particu-
larly important in organic tree cropping systems due 
to the impossibility of performing rotations, which are 
the core practice of the organic farming soil manage-
ment. Ground cover with living mulch can enhance 
biodiversity, and deliver a lot of other agroecosys-
tem services also [Mia et al. 2020a, Mia et al. 2021]. 
Among these services can be included increased pop-
ulations of beneficial organisms [Futch 2000], reduc-
tion of soil pests [Faby 2001], improved soil fertility 
and resilience [Hartwig and Ammon 2002, Hoagland 
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ABSTRACT 

A trial assessing the suitability of multifunctional living mulch to maintain the soil and reduce weed infestation 
was carried out in an organic apple orchard in the years of 2019–2020. Perennial plants (Alchemilla vulgaris, 
Fragaria vesca, Mentha piperita) and annual crops (Tropaeolum majus and Cucurbita maxima) were grown 
on the rows of the apple trees (understory). The weeds number and soil weeds coverage in tree rows were 
assessed. Regardless of the living mulch species utilized, the soil resulted to be mostly covered by perennial 
weed species such as: Equisetum arvense and Taraxacum officinale and annual species such as: Lamium 
purpureum, Stellaria media, Galinsoga parviflora, Capsella bursa-pastoris and Poa annua, which were the 
most common species also for the natural cover used as control. However, all living mulch species limited 
weed infestation level but M. piperita, F. vesca, and T. majus suppressed more weed growth. It is concluded 
that living mulch species can be a feasible practice to manage the soil in the tree rows in organic orchards.
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et al. 2008]. They can also counteract the soil ero-
sion, provide nutrients to the tree crop [Sanchez et al. 
2003] and reduce nitrogen losses [den Hollander et al. 
2007, Żelazny and Licznar-Małańczuk 2018]. It has 
been postulated that living mulches on tree rows can 
have a similar function as organic or plastic mulches 
[Mika et al. 1998]. Moreover, the possibility of using 
living mulches as a source of a secondary economic 
benefits would transform the practice from an imma-
terial ecosystem service provider into a monetizable 
second cash crop for the farmer, eventually promoting 
its adoption in commercial orchards. 

When selecting plant species for the use as living 
mulch, factors such as their adaptation to specific cli-
matic conditions, possessing a shallow root system 
and adequate aboveground biomass, high drought 
tolerance and low agrotechnical requirements should 
be considered [Bugg et al. 1996, Hartwig and Ammon 
2002]. Plant species used as living mulch should not 
be attractive to potential diseases or pests [Mia et al. 
2020b] and be characterized by low competitiveness 
to apple trees. Selected living mulch species should 
also keeping weeds at a density that does not negative-
ly impact on orchard trees [Mia et al. 2020b]. 

The mechanisms that contribute to the regulation 
of weed infestation and weed species composition 
by cover crops and living mulches include shading 
and competition for water and nutrients [Teasdale 
and Mohler 2000, Liebman and Davis 2000]. Living 
mulches create a compact cover on the soil surface, 
limit weed growth and can change the quantitative and 
qualitative composition of weeds. Weed infestation 
depends on the extent of soil cover by the living mulch 
and the amount of mass it produces [Teasdale 1993, 
Linares et al. 2008]. On the other hand, soil cover by 
living mulch plants depends on their morphological 
characteristics as well as density and sowing or plant-
ing date [den Hollander et al. 2007]. Species with a 
long growing season and late flowering have a high-
er biomass [Ross et al. 2001]. Furthermore, Bugg et 
al. [1996] report that the amount of biomass produced 
by living mulches can be an indicator of the potential 
amount of organic matter they leave in the soil, which 
is an additional ecosystem service they can provide. It 
has a great importance, especially in fruit trees cultiva-
tion, which have a high nutrient demand, especially at 
the beginning of the growing season, and the availabil-
ity of organic fertilizers continues to decline.

The main species used as cover crops or living 
mulches in orchards are belonging to the Fabaceae 
family [Mika et al. 1998, Granatstein and Mullinix 
2008, Teravest et al. 2010, Ross et al. 2001] and 
Poaceae family [Mika et al. 1998, Teravest et al. 
2010]. However, the move towards more sustainable 
agroecological management practices in orchards, in-
cluding organic ones, has fostered the search of living 
mulch species providing multiple ecosystem services 
simultaneously and beyond the simple weed control. 

The branchy species with low requirements and 
easy to grow, like Alchemilla vulgaris, Fragaria ves-
ca, Mentha piperita, Tropaeolum majus and Cucurbita 
maxima were selected for the research. These species 
grow well in semi-shaded places which prevail in the 
rows, under the crown of trees. A. vulgaris, T. majus 
and M. piperita crops can be a source of herbal raw 
material, and F. vesca and C. maxima fruits can pro-
vide additional income. These species attract pollinat-
ing and beneficial insects, also. Selected species are 
not competitive to apple trees but living mulches can 
reduce the natural biodiversity, as the planted species 
can displace the native species.

A trial was conducted to determine the suitability 
of living mulch species, selected for weed control in 
an organic apple orchard. We hypothesized that the 
selected living mulch species could support the weed 
control in the row of apple trees in organic orchards.

MATERIAL AND METHODS

The trial was conducted in an organic apple or-
chard in the experimental farm of the National Institute 
of Horticultural Research in Skierniewice (central 
Poland 51°58'0"N, 20°9'0"E). The presented studies 
are a part of a larger project, the results of which are 
posted in various publications. The 8-year-old apple 
orchard of cv. ‘Gala’ and ‘Golden Delicious’ on M9 
was established on a loamy sandy soil (luvisol soil; 
sand 78% + silt 18% + clay 4%) containing 3,2% of 
soil organic matter and pH 6.2. Trees had been planted 
in a spacing of 3.5 × 1.5 m. Five living mulch species 
were planted on the tree row: 3 perennials (Alchemilla 
vulgaris, Fragaria vesca and Mentha piperita) and  
2 annuals (Tropaeolum majus and Cucurbita maxima). 
The perennial species were planted in autumn 2018 
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and were observed in both years of experiments, while 
the annual crops were planted each year at spring time, 
after preparation the soil. In the inter-rows the orchard 
turf was maintained and it was systematically mowed. 
The trial was performed with a completely randomi-
zed design, with 4 replications, and the size of each 
plot was 12.5 m2. 

The number of weeds was determined by counting 
the individuals of each species in a 20 × 50 cm fra-
me at 4 randomly selected places in the tree rows and 
weed coverage was evaluated by visual assessment, 
estimating as a percentage, in the vertical projection, 
what part of the soil surface was occupied by weed 
species, respectively. 

Each year the weeds number and the soil coverage 
by weeds were performed at spring – after emergence 
of weeds, in the summer, during the most intensive 
vegetation phase, and in autumn, at the end of the ve-
getation period. The dates of the assessments in the 
2 years varied depending on the weather conditions. 
After the summer assessment, hand weeding was car-
ried out and existing weeds were removed to prevent 
them from producing seeds. However, the new weeds 
emergence appeared shortly after weeding and their 
species composition and abundance were determined 
during the autumn assessment.

The results were analyzed by ANOVA and the 
Newman-Keuls test (p ≤ 0.05) was used to compare 
the significance of means using the software Statistica 
v. 13.0 (Statsoft Inc.).

RESULTS

Impact of living mulches on occurrence of weeds. 
The occurrence of 32 weed species throughout the stu-
dy period was recorded in the organic apple orchard 
(Tab. 1). Among these species, 24 were as spring an-
nual or winter annual, 1 biennial and 7 perennial. In 
experiment 4 species (Lamium purpureum, Erodium 
cicutarium, Polygonum aviculare and Bromus mollis) 
were annual weeds. 

The weed population comprised 26 dicotyledon-
ous species (Chenopodium album, Veronica arven-
sis and others) and 6 monocotyledonous, namely: 
Echinochloa crus-galli, Bromus mollis, Agropyron 
repens, Digitaria sanguinaris, Setaria sp. and Poa an-
nua. Several species, irrespective of the classification 

of growing season habits were noted in all assessment 
terms performed during the growing season (spring, 
summer and autumn). A few weed species (e.g. Cirsium 
arvense, Fallopia convolvulus, Galeopsis tetrahit, 
Matricaria maritima subsp. inodora, Polygonum per-
sicaria, Raphanus raphanistrum) were recorded only 
during some observation terms, mainly at the spring, 
and Erophila verna (syn. Draba verna) was recorded 
in all mulches but only at spring. According to their 
development, the number of weed species found in the 
natural cover (control) and under the different living 
mulches in all 3 terms of observation was different. 
In the natural cover at the spring appeared 22 weed 
species, in the summer 25 species and in the autumn 
21 species.

Impact of living mulches on weed population size. 
The number and biomass of weeds and the soil cover-
age might be indicators of weed infestation intensity. 
The weed infestation was strongly influenced by the 
living mulch species (Figs 1–3). At the time of the 
spring assessment the total weeds number in tree rows 
mulched with T. majus and C. maxima was significant-
ly lower than in natural cover (reduction by 50.4% and 
43.4%, respectively), while for the other living mulch 
species no differences emerged compared to the con-
trol, totalling on average 908,4 plants ∙ m–2 (Fig. 1).

During spring time, irrespective of the living mulch 
species, the weed population structure was dominated 
by annual species, accounting on average for 88.4% of 
the total weeds. The highest number of annual weeds 
was recorded in tree rows mulched with M. piper-
ita (919.3 pcs ∙ m–2) and slightly lower with F. vesca 
(796.8 pcs ∙ m–2) and A. vulgaris (787.5 pcs ∙ m–2). On 
the other hand, the highest share of perennial weeds 
occurred in natural cover (120.1 pcs ∙ m–2), and the 
lowest with the C. maxima mulch (47 pcs ∙ m–2). 
The other living mulch species showed a similar 
abundance of perennial weeds, ranging from 7.6% 
(F. vesca) to 17.9% (T. majus) of the total number 
of weeds in the population, about 30% less than in 
the natural cover. Mulching with M. piperita result-
ed also in the most abundant share of dicotyledonous 
weeds (758.7 pcs ∙ m–2), followed by natural cover 
(637.6 pcs ∙ m–2), F. vesca mulch (615.7 pcs ∙ m–2) 
and A. vulgaris mulch (574.5 pcs ∙ m–2). The lowest 
share of this class of weeds was noted in T. majus 
and C. maxima mulches (236.6 and 268.5 pcs ∙ m–2,  
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Table 1. The occurrence of weed species in the weed population of apple tree rows managed with living mulches, depending 
on the seasonal growing assessment  

Weed species* 

Occurance of weeds in living mulch species* 

Biological 
group 

of weeds** 
Al

ch
em

ill
a 

vu
lg

ar
is

 

Fr
ag

ar
ia

 v
es

ca
 

M
en

th
a 

pi
pe

ri
ta

 

Tr
op

ae
ol

um
 

m
aj

us
 

C
uc

ur
bi

ta
 

m
ax

im
a 

C
on

to
l 

Dicotyledonous weeds 
Amaranthus retroflexus +◊ +◊ +◊+ + – +◊+ annual 
Arnoseris minima +◊ ◊+ ++ +◊+ ++ +◊+ annual 
Capsella bursa-pastoris +◊+ +◊+ +◊+ +◊+ +◊+ +◊+ annual 
Chenopodium album +◊+ +◊+ +◊ +◊ +◊ +◊ annual 
Cirsium arvense + + – – – – perennial 
Equisetum arvense +◊+ +◊+ +◊+ +◊+ +◊+ +◊+ perennial 
Erigeron canadensis – +◊ ◊ +◊+ + +◊ biennial 
Erodium cicutarium ++ +◊ +◊+ ◊ +◊+ +◊+ annual 
Erophila verna +◊ + + + + + annual 
Fallopia convolvulus + + + – + – annual 
Galeopsis tetrahit – + – ◊ – ◊ annual 
Galinsoga parviflora +◊+ +◊+ +◊+ +◊+ +◊+ +◊+ annual 
Geranium pusillum +◊+ +◊+ ◊+ ◊ +◊ +◊+ annual 
Hypochaeris radicata ++ +◊+ +◊+ ++ +◊+ +◊+ perennial 
Lamium purpureum +◊+ +◊+ +◊+ +◊+ +◊+ +◊+ annual 
Matricaria maritima subsp. inodora – – – + + – annual 
Polygonum aviculare + +◊+ ◊ + +◊ +◊+ annual 
Polygonum persicaria + ◊ – ◊ – – annual 
Raphanus raphanistrum + + + – – + annual 
Rumex acetosella +◊+ +◊ +◊ – – +◊ perennial 
Spergula arvensis ++ +◊+ ◊+ ◊ + – annual 
Stellaria media +◊+ +◊+ +◊+ +◊+ +◊+ +◊+ annual 
Taraxacum officinale +◊+ +◊+ +◊+ +◊+ +◊+ +◊+ perennial 
Trifolium repens ◊ ◊+ ◊+ – ◊ ◊+ perennial 
Veronica arvensis ++ +◊ ◊ +◊+ +◊+ +◊+ annual 
Viola arvensis +◊+ ++ ◊ – – +◊+ annual 

Monocotyledonous weeds 
Agropyron repens ++ +◊+ +◊+ +◊+ +◊+ ◊+ perennial 
Bromus mollis +◊+ +◊+ ++ +◊+ +◊+ +◊+ annual 
Digitaria sanguinalis + ◊+ ◊+ ◊+ ◊+ ◊+ annual 
Echinochloa crus-galli +◊ +◊+ +◊ +◊+ +◊ +◊+ annual 
Poa annua +◊+ +◊+ +◊+ +◊+ +◊+ +◊+ annual 
Setaria sp. ◊+ ◊ + ◊ ◊+ ◊+ annual 
Number of species  29 31 28 26 25 27  

* The period of weeds occurrence: spring (+); summer (◊); autumn (+) 
** Four species (Lamium purpureum, Erodium cicutarium, Polygonum aviculare and Bromus mollis) in the experiment were 

annual weeds, although under favourable conditions they can be a biennial species. 
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Fig. 1. The weeds number in tree rows at spring, by taxonomical classes and growth behaviour, depending on living mulch species 
(means of 2019–2020). The data with the same letters are not statistically different

 
Fig. 2. The weeds number in tree rows at summer, by taxonomical classes and growth behaviour, depending on living mulch spe-
cies (means of 2019–2020). The data with the same letters are not statistically different
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Fig. 3. The weeds number in tree rows in autumn, by taxonomical classes and growth behaviour, depending on living mulch species 
(means of 2019–2020). The data with the same letters are not statistically different

 

Fig. 4. The percentage of soil coverage by overall weeds in the rows of apple trees, depending on living mulch species (means of 
2019–2020)
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Fig. 5. The soil coverage by weed species in the rows of apple trees, depending on the living mulch species (means of 3 evaluation 
terms – spring, summer and autumn) 

respectively), which recorded also the lowest number 
of monocotyledonous weeds, at a level similar to natu-
ral cover. On the other hand, mulching with A. vulgar-
is resulted in the highest number of monocotyledonous 
weeds followed by the F. vesca and M. piperita mulch-
es (Fig. 1).

During the summer assessment a significant reduc-
tion of the total weeds number, in comparison to nat-
ural cover, on the plots mulched with M. piperita (by 
53.6%) and C. maxima (48.9%) was observed (Fig. 2). 
Alchemilla vulgaris and T. majus mulches allowed to 
reduce the incidence of weeds at 37.4% and 33.4%, 

respectively, in comparison to natural cover (control), 
while F. vesca mulch reduced the number of total 
weeds by only 16.7%. Interestingly, in several cases, 
weed species such as Erophila verna, Polygonum per-
sicaria and Spergula arvensis were not observed in 
tree rows with natural cover, but were present with liv-
ing mulch species. The number of weed plants in some 
plots with living mulches was greater than in the nat-
ural cover for a few specific species, namely Erodium 
cicutarium in M. piperita and C. maxima; Galeopsis 
tetrahit in T. majus; Lamium purpureum in A. vulgaris 
and T. majus; Hypochaeris radicata in F. vesca and 
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population size dynamic. A. vulgaris and M. piperita 
recorded the highest number of weeds in spring, which 
steadily decreased during the growing season. On the 
other hand, F. vesca, T. majus and C. maxima resulted 
to have a peak in summer.

The different dynamic was visible also consider-
ing both the taxonomic and growth classification of 
the weed species. The number of annual weeds in tree 
rows mulched with A. vulgaris, F. vesca, M. piperita 
and in natural cover followed a decreasing trend from 
spring to autumn, while a peak was observed in T. ma-
jus and C. maxima in summer (Figs 1–3). Considering 
the botanical classes, all living mulch species, except 
M. piperita, showed a peak in the number of dicotyle-
donous weeds in summer, while M. peperita presented 
a decreasing trend from spring to autumn. On the oth-
er hand, the number of monocotyledonous weeds with 
A. vulgaris, F. vesca, M. piperita and in natural cov-
er was higher in spring than in summer and autumn, 
while in T. majus the highest weeds number was in 
summer. In C. maxima mulch this group of weeds had 
a similar abundance throughout the year. 

In living mulches such as A. vulgaris, F. vesca and 
M. piperita, the most numerous species was Capsella 
bursa-pastoris, followed by Equisetum arvense. In 
T. majus, the highest number of Equisetum arvense, 
Digitaria sanguinalis and Echinochloa crus-galli was 
obtained, and in C. maxima it was Equisetum arven-
se and Echinochloa crus-galli. In natural cover the 
greatest number of such weeds as Equisetum arvense, 
Stellaria media, Capsella bursa-pastoris was noted 
and slightly lower Taraxacum officinale and Lamium 
purpureum.

Weed coverage. The soil coverage by weeds in the 
rows of apple trees with living mulches was variable 
depending on the season (Fig. 4) and year (Fig. 5). In 
every observation period, the highest soil coverage by 
weeds was observed with natural cover (Fig. 4). All 
living mulch species reduced the soil coverage by total 
weed in tree rows, in comparison to the natural cover, 
regardless to the observation period. 

In the spring the soil coverage by weeds ranged be-
tween 45.2% with A. vulgaris to 13.5% in C. maxima 
(Fig. 4). This resulted in a reduction of 60–70% with 
C. maxima and T. majus in comparison to natural cov-
er, and a lower reduction with the other living mulch 
species. However, in summer, the situation changed, 
and C. maxima resulted to have the highest percent-

M. piperita; Veronica arvensis in all living mulches, 
except A. vulgaris, and Viola arvensis in A. vulgaris.

Considering the structure of the weed population, 
annual species were about 50% more abundant with 
A. vulgaris, F. vesca and T. majus compared to natu-
ral cover, which share was similar to both M. piper-
ita and C. maxima. This was paralleled by a lower 
number of perennial weeds on plots mulched with 
A. vulgaris, F. vesca and T. majus compared to con-
trol. Dicotyledonous weeds shared the majority (about 
90%) of the population in A. vulgaris, F. vesca and 
M. piperita, similarly to the natural cover, while 
T. majus resulted to have dicots and monocots sharing 
an equal percentage of plants (Fig. 2). 

In autumn the total weeds number in tree rows with 
living mulch species ranged from 277 to 378.3 pcs ∙ m–2 
and was significantly lower in comparison to the natu-
ral cover (744 pcs ∙ m–2) where the highest abundance 
of both annual and perennial weed species was record-
ed (Fig. 3). In tree rows with living mulches, the high-
est number of annual species was recorded in C. max-
ima (302 pcs ∙ m–2), while the lowest in M. piperita 
mulch (118.1 pcs ∙ m–2), which constituted 79,8% and 
42.6% of that from natural cover, respectively. 

In the living mulches the highest share of perennial 
weeds in the weeds population was recorded on plots 
mulched with M. piperita (57.4%), and the lowest was 
determined in C. maxima plots (20.2%), while the oth-
er mulching species were ranging around 40%, simi-
larly to the natural cover.

Considering the taxonomical classification, a high 
abundance of dicotyledonous weeds (about 75%) was 
recorded with M. piperita, A. vulgaris and F. vesca, 
which resulted similar to natural cover, while it was 
lower in T. majus (53.7%) and C. maxima (45.0%). As 
a consequence, the latter living mulch species present-
ed a large share of monocotyledonous weeds, about 
55%, while M. piperita presented the lowest percent-
age (21.9%).

When comparing the dynamic of the weed popu-
lation size over the year, the total number of weeds in 
the autumn resulted to be the smallest in comparison to 
the spring and summer assessments, regardless of the 
method of soil maintenance in tree rows (Figs 1–3). 
In the natural cover the highest number of total weeds 
was recorded in the summer (1184,4 pcs/m2), on aver-
age about 65% higher than in spring and autumn. The 
different species of living mulches induced a diverse 
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age of soil covered by weeds (55.3%), while in all the 
other living mulch species it was lower (around 40%) 
and the smallest with M. piperita (18.4%) (Fig. 5), re-
sulting in a reduction from 70% (M. piperita) to about 
30% (T. majus, A. vulgaris and F. vesca) compared to 
natural cover. In autumn C. maxima resulted again to 
allow a high weeds soil coverage (66.3%), while less 
weeds coverage was observed in mulches with T. ma-
jus (42.4%), F. vesca (35%), A. vulgaris (33.1%) and 
the lowest in M. piperita (16.4%).

The soil coverage dynamic followed a similar trend 
as for the population size. Plots with C. maxima and 
T. majus living mulches showed a systematically in-
crease of the weeds soil coverage, while those mulched 
with A. vulgaris and M. piperita showed a decreasing 
trend throughout the year. F. vesca showed a peak in 
the summer. Living mulch with M. piperita caused the 
highest reduction of soil weeds coverage during all 
terms of the growing season.

The living mulch species induced a different soil 
coverage by weed species when considering the aver-
age of the 3 seasonal assessments (Fig. 5). In 2019, in 
tree rows with natural cover, the soil was most heav-
ily covered by weed species such as Stellaria media 
(6.5%), Galinsoga parviflora (5.8%), Equisetum ar-
vense (5.3%) and Lamium purpureum (4.6%). A small 
soil coverage, less than 1%, was provided by species 
such as Chenopodium album, Amaranthus retroflexus, 
Geranium pusillum, Sinapis arvensis, Rumex sp. and 
Poa annua, while species such as Veronica arvensis 
and Trifolium repens were not observed at all. In 2020, 
the soil in tree rows with natural cover was most heav-
ily covered by Poa annua (14.6%), Taraxacum offici-
nale (14%), Stellaria media (9.5%) and Trifolium rep-
ens (4.7%), while less than 1% of the soil was covered 
by such weeds as Galinsoga parviflora, Amaranthus 
retroflexus, Erodium cicutarium, Geranium pusillum, 
Veronica arvensis, Sinapis arvensis, Trifolium repens 
and Digitaria sanquinalis. The annual species like 
Chenopodium album and Sinapis arvensis were not 
present in natural cover.

Most of living mulch species reduced the soil cov-
erage by weed species in both years, although the level 
of reduction was variable. In 2019, the soil coverage 
by weed species such as Lamium purpureum, Capsella 
bursa pastoris, Stellaria media, Erigeron canadensis, 
Taraxacum officinale, Echinochloa crus-galli was 
reduced by all living mulches used in the trials. The 

following species were also reduced, with some ex-
ceptions: Galinsoga parviflora with the exception of 
F. vesca mulch, Equisetum arvense with the exception 
of A. vulgaris and F. vesca, Agropyron repens with the 
exception of A. vulgaris. In 2020, all living mulch spe-
cies limited the soil coverage by weed species such as 
Capsella bursa pastoris, Stellaria media, Taraxacum 
officinale, Trifolium repens, Poa annua while the soil 
coverage by Lamium purpureum was reduced only by 
M. piperita and T. majus mulches and Agropyron rep-
ens by M. piperita mulch.

DISCUSSION

Maintaining living mulches in tree rows in organic 
orchards is one of the non-chemical methods of weed 
control. However, to preserve biodiversity, it is impor-
tant to keep the weed infestation at a relatively low lev-
el, which does not threaten the cultivated crops [Mika 
2004, Bond and Grundy 2001]. The 5 plant species 
used as living mulches in the trial were selected for 
their different properties (as providers of ecosystem 
services – e.g. T. majus, or as multifunctional crops – 
e.g. C. maxima, M. piperita, A. vulgaris). According 
to the literature, the selection of an appropriate species 
for living mulch is crucial for weed control and tree 
yield [Bugg et al. 1996, Hartwig and Ammon 2002]. 
The studies of Hogue et al. [2010] showed that the 
losses in apple yield can range from 11% to 24%, de-
pending on the species used as living mulch. Neilsen 
and Hogue [2000] found that white clover grown in 
tree rows in apple orchard, despite providing nutrients 
to the soil, also reduced fruit yield compared to the 
control. The authors conclude that growing of peren-
nial species as living mulches in tree rows needs less 
labor and gives good soil protection, unlike annual 
species which have to be sown each year and usually 
do not enough protect the soil at the beginning of the 
growing season.

It was found that the living mulch species grown 
in the rows of apple trees affected the abundance of 
weeds and the composition of weeds population. The 
weed species observed in the trial were often found in 
orchards [Mika 2004, Lisek 2012]. Lisek [2014] re-
ported that about 30 weed species, both annual and 
perennial, are common in Polish orchards. The impact 
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of weeds on the crop depends on the share of each spe-
cific weed species in weeds population and its compet-
itiveness. Domaradzki et al. [2007] found that weed 
species diversity in organic production is higher than 
in conventional, due to the less intensive production 
system.

The annual weeds emerging from the spring to au-
tumn, such as: Stellaria media, Capsella bursa-pas-
toris, Geranium pusillum, Viola arvensis, Poa annua 
and some other grasses, were those mainly found with-
in the weed population of the trial (Tab. 1). Weeds like 
Veronica sp., Erigeron canadensis, usually germinate 
in autumn and in the spring. In apple orchard, these 
species, depending on the site, were observed through-
out the growing season. The listed species can overwin-
ter in different growth stages. Weeds requiring a higher 
temperature for germination, such as Galinsoga parvi-
flora, Amaranthus retroflexus, Echinochloa crus-galli, 
Setaria pumila, Digitaria sanguinalis can appear in 
late spring and in the summer. Among perennial weeds 
some species overwinter in rosette, e.g. Taraxacum of-
ficinale, others only in the underground organs, e.g. 
Cirsium arvense, Convolvulus arvensis and some of 
them, e.g. Elymus repens, remain green during mild 
winters and freeze during cold and snowless ones 
[Paradowski 2017]. The high abundance of annual 
weeds in the mulched tree rows should be explained 
by the variability of seed bank and the occurrence, at 
different intensity, of species with different tempera-
ture requirements and different development potential.

The harmfulness of most weeds is determined pri-
marily by their number and biomass. Some authors 
report that the harmfulness of weed communities with 
a simplified composition may be higher than that of 
more diverse ones [Rola 1982]. 

In the experiments all living mulches clearly re-
duced the weeds number in the rows of apple trees at 
the summer and in the autumn wherein the higher re-
duction in autumn was observed (Figs 2 and 3). In the 
spring the weeds number reduction in mulches with 
T. majus and C. maxima was noted only (Fig. 1). The 
soil coverage by overall weeds has been limited by all 
living mulches in all observation terms and the highest 
effects was obtained in living mulches with M. piper-
ita, F. vesca and T. majus (Fig. 4).

The highest abundance of Equisetum arvense and 
Stellaria media was found in the natural cover (Fig. 5). 

These species are the most common weeds in orchards 
[Lisek 2012, Hwang and Park 2016]. In living mulch 
with F. vesca the plant number of Stellaria media was 
reduced by 18.9% (Figs 2–4). Schumacher et al. [1988] 
indicate that F. vesca can be used as a living mulch due 
to its spreading shape. Neri et al. [2021] confirm the 
beneficial effect of F. vesca used as living mulch in 
the rows of organic grapevines on controlling weed 
infestation. The authors report that F. vesca maintain 
weed diversity and reduces the impact of Convolvulus 
spp., which belongs to the most dangerous and inva-
sive weed species. Neri et al. [2021] also report that 
F. vesca used as a living mulch in organic grapevines 
provided an extensive soil cover without detrimental 
effects on grapevine yield. 

The effect of living mulches on weeds infestation 
was also confirmed by other authors [Petit et al. 2018]. 
The best results, both in the terms of weeds quanti-
ty and soil coverage, were obtained when M. piperita 
was used, which was not mentioned as crop suitable 
for living mulch before. M. piperita strongly reduced 
the growth of annual weeds and Taraxacum officinale. 
Taraxacum officinale is a perennial species commonly 
found in grass mulches [Tworkoski and Glenn 2012]. 
Tropaeolum majus also contributed to a significant 
reduction of soil coverage by Taraxacum officinale 
(Fig. 5), while in earlier studies Licznar-Małańczuk 
[2020] did not show sufficient expansion and inhibi-
tion of weed growth.

CONCLUSIONS

The soil management in the rows of apple trees is a key 
challenge for the growers in modern organic orchards. 
From the trial it emerged that:

1. All plant species used as living mulches in apple tree 
rows reduced weeds number compared to natural co-
ver but in mulches with A. vulgaris and F. vesca the 
best effect was obtained later than in other crops.

2. The soil coverage in tree rows was dominated by 
a perennial weeds such as Equisetum arvense and 
Taraxacum officinale and annual weeds, e.g. Lamium 
purpureum, Stellaria media, Galinsoga parviflora, 
Capsella bursa-pastoris and Poa annua, irrespective 
of the living mulch species. 
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3. Mentha piperita and T. majus strongly reduced the 
growth of both annual and perennial weeds from the 
first season.

4. The soil coverage by overall weeds in tree rows with 
natural cover and in C. maxima and T. majus mulches 
had systematically increased in subsequent terms 
and in A. vulgaris and M. piperita systematically de-
creased.

5. A correct selection of living mulch species could 
support the weed control in the tree rows in organic 
orchards.

SOURCE OF FUNDING

The research was supported by NCBR grant no. 
COREORG/COFUND/DOMINO/1/2018.
Publication was financed by the „Excellent Science” 
program of the Minister of Education and Science of 
Republic of Poland.
PL: Publikacja została dofinansowana z programu 
„Doskonała nauka” Ministra Edukacji i Nauki.

REFERENCES

Abbas, T., Zahir, Z.A., Naveed, M., Kremer, R.J. (2018). 
Limitation of existing weed control practices necessitate 
development of alternative techniques based on biologi-
cal approaches. Adv. Agron., 147, 239–280. https://doi.
org/10.1016/bs.agron.2017.10.005 

Abouziena, H.F., Haggag, W.M., El-saeid, H.M., El-Moniem, 
E.A.A. (2016). Safe methods for weed control in fruit 
crops: challenges, and opportunities: review. Der Pharm. 
Lett., 8(5), 325–339.

Bond, W., Grundy, A.C. (2001). Non-chemical weed manage-
ment in organic farming systems. Weed Res., 41(5), 383–
405. http://dx.doi.org/10.1046/j.1365-3180.2001.00246.x

Bugg, R.L., McGourty, G., Sarrantonio, M., Lanini, W.T., 
Bartolucci, R. (1996). Comparison of 32 cover crops in 
an organic vineyard on the north coast of California. Biol. 
Agric. Hortic., 13(1), 63−81. https://doi.org/10.1080/014
48765.1996.9754766

Byers, R.E. (1984). Control and management of vertebrate 
pests in deciduous orchards of the eastern United States. 
Hortic. Rev., 6, 253–285.

den Hollander, N.G, Bastiaans, L., Kropff, M.J. (2007). 
Clover as a cover crop for weed suppression in an in-
tercropping design. I. Characteristics of several clo-
ver species. Eur. J. Agron., 26(2), 92−103. https://doi. 
org/10.1016/j.eja.2006.08.011

Domaradzki, K., Badowski, M., Rola, H., Sekutowski, T. 
(2007). Zróżnicowanie florystyczne agrofitocenoz zbóż 
na Dolnym Śląsku w rożnych systemach gospodarowa-
nia. [Floristic differentiation of cereals agrophytocenosis 
under different farming system in Lower Silesia Region]. 
Pam. Puł., 145, 25–42 [in Polish].

Faby, R. (2001). Wachstumsförderung bei Äpfeln durch 
Tagetes und Bodenaustausch [Improving apple growth 
using Tagetes and its effect on the soil]. Obstbau, 12, 
617−620 [in German].

Futch, S.H. (2000). Weed control in Florida citrus. In: 
Abstracts of the Third International Weed Science 
Congress. Foz do Iguassu, Brazil, 6–11 June 2000, 55.

Granatstein, D., Mullinix, K. (2008). Mulching options 
for northwest organic and conventional orchards. 
HortScience, 43(1), 45−50. https://doi.org/10.21273/
HORTSCI.43.1.45

Hartwig, N.L., Ammon, H.U. (2002). Cover crops and living 
mulches. Weed Sci., 50, 688−699. https://doi.org/10.1614/
0043-1745(2002)050[0688:AIACCA]2.0.CO;2

Hoagland, L., Carpenter-Boggs, L., Granatstein, D.M., 
Mazzola, M., Smith, J., Peryea, F., Reganold, J.P. (2008). 
Orchard floor management effects on nitrogen fertility 
and soil biological activity in a newly established organic 
apple orchard. Biol. Fertil. Soils, 45, 11−18. https://doi.
org/10.1007/s00374-008-0304-4

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 or-
chards on coarse soils. HortScience, 45(12), 1866–1871. 
https://doi.org/10.21273/HORTSCI.45.12.1866

Hwang, K.S., Park, K.W. (2016). A survey of weed occurren-
ce and management on apple orchard fields in Chungnam 
Province in Korea. Weed Turf. Sci., 5(1), 5–9. https://doi.
org/10.5660/WTS.2016.5.1.5

den Hollander, N.G, Bastiaans, L., Kropff, M.J. (2007). Clover 
as a cover crop for weed suppression in an intercropping 
design. I. haracteristics of several clover species. Europ. 
J. Agronomy, 26(2), 92−103. https://doi.org/10.1016/j.
eja.2006.08.011

Jones, A.L., Sutton, T.B. (1996). Diseases of tree fruits in 
the east. Michigan State University Press, East Lansing, 
pp. 95.

Licznar-Małańczuk, M. (2020). Occurrence of weeds in an 
orchard due to cultivation of long-term perennial living 
mulches. Acta Agrobot., 73(2). https://doi.org/10.5586/
aa.7326

Liebman, M., Davis, A.S. (2000). Integration of soil, crops 
and weed management in low-eternal input farming sys-
tems. Weed Res., 40(1), 27–47. https://doi.org/10.1046/j.
1365-3180.2000.00164.x

Linares, J., Scholberg, J.M., Boote, K.J., Chase, C.A., 
Ferguson, J.J., McSorley, R. (2008). Use of the cover crop 
weed index to evaluate weed suppression by cover crops 



84 https://czasopisma.up.lublin.pl/index.php/asphc

Golian, J., Anyszka, Z., Kwiatkowska, J. (2023). Multifunctional living mulches for weeds control in organic apple orchards. Acta Sci. Pol. 
Hortorum Cultus, 22(2), 73–84. https://doi.org/10.24326/asphc.2023.4473

in organic citrus orchards. HortScience, 43(1), 27−34.  
https://doi.org/10.21273/HORTSCI.43.1.27

Lisek, J. (2012). Synanthropic flora of strawberry plantations 
and their surroundings. J. Fruit Ornam. Plant Res., 77(1), 
113–127. https://doi.org/10.2478/v10032-012-0020-3

Lisek, J. (2014). Possibilities and limitations of weed manage-
ment in fruit crops of the temperate climate zone. J. Plant 
Protect. Res., 54(4), 318−326. http://dx.doi.org/10.2478/
jppr-2014-0048

Mia, M.J., Furmańczyk E.M., Golian J., Kwiatkowska J., 
Malusá E., Neri D. (2021). Living mulch with selected 
herbs for soil management in organic apple orchard. 
Horticulturae, 7(3), 59. https://doi.org/10.3390/horticul-
turae7030059

Mia, M.J., Massetani F., Murri G., Facchi J., Monaci E., 
Amadio L., Neri D. (2020a). Integrated weed manage-
ment in high density fruit orchards. Agronomy, 10(10), 
1492. https://doi.org/10.3390/agronomy10101492

Mia, M.J., Massetani, F., Murri, G., Neri, D. (2020b). 
Sustainable alternatives to chemicals for weed control 
in the orchard. Hortic. Sci., 47(1), 1–12. https://doi.or-
g/10.17221/29/2019-HORTSCI

Mika, A., Krzewińska, D., Olszewski, T. (1998). Effects of 
mulches, herbicides and cultivation as orchard ground co-
ver management systems in young apple tree orchard. J. 
Fruit Ornam. Plant Res., 6(1), 1−13.

Mika, A. (2004). The importance of biodiversity in natural 
environment and in fruit plantations. J. Fruit Ornam. Plant 
Res., 12 (special ed.), 11−21.

Neilsen, G.H., Hogue, E.J. (2000). Comparison of whi-
te clover and mixed sodgrass as orchard floor vegeta-
tion. Canad. J. Plant Sci., 80(3), 617–622. https://doi.
org/10.4141/P99-126

Neri, D., Polverigiani, S., Zucchini, M., Giorgi, V., Mia, M.J. 
(2021). Strawberry living mulch in organic vineyards. 
Agronomy 11(8), 1643. https://doi.org/10.3390/agrono-
my11081643

Paradowski, A. (2017). Atlas chwastów roślin rolniczych, 
sadowniczych i warzywnych [Weed atlas of agricultural, 
pomology and vegetable crops]. Wyd. Hortpress, pp. 224 
[in Polish].

Petit, S., Cordeau, S., Chauvel, B., Bohan, D., Guillemin, J.P., 
Steinberg, C. (2018). Biodiversity – based options for ara-
ble weed management. A review. Agron. Sustain. Dev., 
38, 48. https://doi.org/10.1007/s13593-018-0525-3

Rodrigues, M., Arrobas, M. (2020). Cover cropping for in-
creasing fruit production and farming sustainability. In: 
Srivastava, A.K., Hu, C. (eds.). Fruit crops. Elsevier, 
279–295. https://doi.org/10.1016/B978-0-12-818732-
6.00020-4

Rola, H. (1982). Zjawisko konkurencji wśród roślin i jej skut-
ki na przykładzie wybranych chwastów występujących  
w pszenicy ozimej [The cooperation among plants and its 
effects on example of selected weeds occurring in winter 
wheat]. Wyd. IUNG Puławy, 139, pp. 64 [in Polish].

Ross, S.M., King, J.R., Izaurralde, R.C., O’Donovan, J.T. 
(2001). Weed suppression by seven clover species. 
Agron. J., 93(4), 820–827. https://doi.org/10.2134/agronj 
2001.934820x

Sanchez, J.E., Edson, C.E., Bird, G.W., Whalon, M.E., 
Willson, T.C., Harwood, R.R., Kizilkaya, K., Nugent, 
J.E., Klein, W., Middleton, A., Loudon, T.L., Mutch, 
D.R., Scrimger, J. (2003). Orchard floor and nitrogen ma-
nagement influences soil and water quality and tart cherry 
yields. J. Amer. Soc. Hort. Sci., 128(2), 277–284. https://
doi.org/10.21273/JASHS.128.2.0277

Schumacher, R., Stadler, W., Krebs, Ch., Kobelt, M. (1988). 
Einfluss verschiedener Bodenpflege-massnahmen auf 
Ertrag und Qualität von Cox Orange [The influence of va-
rious treatments on the yield and quality of Cox Orange]. 
Zeitschrift für Obst – und Weinbau, 124, 298−305  
[in German].

Teasdale, J.R. (1993). Interaction of light, soil moisture, and 
temperature with weed suppression by hairy vetch resi-
due. Weed Sci., 41(1), 46−51. https://doi.org/10.1017/
S0043174500057568

Teasdale, J.R., Mohler, C.L. (2000). The quantitative relation-
ship between weed emergence and the physical proper-
ties of mulches. Weed Sci., 48(3), 358−392. https://doi.
org/10.1614/0043-1745(2000)048[0385:TQRBWE] 
2.0.CO;2

Teravest, D., Smith, J.L., Carpenter-Boggs, L., Hoagland, L., 
Granatstein, D., Reganold, J.P. (2010). Influence of or-
chard floor management and compost application timing 
on nitrogen partitioning in apple trees. HortScience, 45(4), 
637−642. https://doi.org/10.21273/HORTSCI.45.4.637

Tworkoski, T.J., Glenn, D.M. (2012). Weed suppression by 
grasses for orchard floor management. Weed Tech., 26(3), 
559–565. https://doi.org/10.1614/WT-D-11-00044.1 

Wardle, D.A., Yeates, G.W., Bonner, K.I., Nicholson, K.S., 
Watson, R.S. (2001). Impacts on ground vegetation ma-
nagement strategies in a kiwifruit orchard on the com-
position and functioning of the soil biota. Soil Biol. 
Biochem., 33(7–8), 893–905. https://doi.org/10.1016/
S0038-0717(00)00235-2

Żelazny, W., Licznar-Małańczuk, M. (2018). Soil quality and 
tree status in a 12-year-old apple orchard under three mul-
ch-based floor management systems. Soil Till. Res., 180, 
250–258. https://doi.org/10.1016/j.still.2018.03.010


