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Abstract: The key problem in the cultivation of densely planted dwarf orchards is the removal
of weeds—trees’ competitors for habitat resources. There is an urgent need to look for ecological
methods of weed control as an alternative to herbicides that are harmful to the environment. The
use of living mulch (LM) in tree rows additionally improves soil quality but usually weakens tree
growth and may reduce yield. The aim of this 11-year experiment was to assess the impact of the use
of two different LMs in rows (Trifolium repens—Tr and Agrostis capillaris—Ac) on the growth, yield,
and fruit quality of three pear cultivars on Quince S; rootstock compared to herbicide fallow. The
presence of LM did not significantly affect tree growth. There was no significant effect of either mulch
on the cumulative yield. However, for the first 4-6 years, the yield was clearly lower than in the
control, which changed in the later years of the experiment. When LMs were used, pear trees showed
a significantly lower tendency to alternate fruiting. The average fruit weight was significantly lower
in Tr, but the other parameters of external fruit quality did not differ significantly. Furthermore,
a smaller share of ultra-small fruit was found with LM compared to the control. The LM did not
significantly affect such parameters as the content of soluble solids, vitamin C, Ca, Mg, and P. The
use of Ac in dwarf pear orchards with sowing in tree rows is recommended in the 2nd or 3rd year
after planting at the earliest.

Keywords: orchard floor management; cover crop; Quince rootstock; growth; yield; fruit quality;
nutrient concentration; ‘Winter Forelle’; “‘Harrow Sweet’; ‘Dolores’

1. Introduction

Today, the concept of sustainable development is a recognised idea for thinking about
the future and is found in many documents and declarations of politicians. One of its neces-
sary conditions is ensuring a non-toxic environment, which in agricultural practice means
a reduction in the use of chemicals, including herbicides [1]. Orchard floor management is
a pre-harvest factor that can influence on growth and fruit quality, including biologically
active compounds, e.g., phenolic groups [2,3]. Among the alternatives to herbicide use
are ecological methods of weed control, including living mulch (LM), which have been
studied quite intensively in recent decades [4-6]. The concept of LMs in orchards is the
introduction of additional herbaceous perennial species into the tree rows, which accom-
pany them throughout the growing season and protect the soil surface against nutrient
leaching and spontaneous colonisation by weeds [2]. LMs seem to be effective in controlling
weed growth, although they do not completely stop them [7-10]. The advantages of this
method, emphasised by some authors, include the natural supplementation of the soil with
nutrients due to the decomposition of cover plant tissues [11,12] and the improvement in
the soil structure by cover plant roots, which creates a favourable environment for soil
microorganisms [13]. Meta-analysis of data from Chinese orchards [14] showed that grass
cover increased the microbial biomass carbon as well as abundances of bacteria, fungi,
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and actinobacteria by 47-78.7%, compared with orchards without grass cover. Increased
activities of extracellular hydrolitic enzymes that decompose organic compounds (inver-
tase, urease, and cellulase) were also documented. Thus, living mulches help maintain the
biological balance in the soil. They promote the development of fungi that enzymatically
break down cellulose and hemicellulose into forms that can be absorbed by plants [15].

Disadvantages include competition for water and nutrients with tree roots, which
usually affect tree growth and, in some cases, reduce the yield [4,11,16,17]. In the presence
of LMs, an increase in the population of rodents that damages the trunks and roots of
fruit trees has been observed in some orchards [18]. For these reasons, mixes of different
species are still being tested to identify those that are the least competitive for trees [5] and
unattractive for rodents [18,19].

Herbicides in orchard rows can also be replaced with other types of mulch, either
organic or synthetic. Numerous studies have demonstrated that they do not compete with
cultivated trees for water and nutrients, but they have other disadvantages limiting their
usefulness or widespread use in large-scale orchards [16,20-27]. Thus, the search for the
best alternative to herbicide use is an extremely topical issue—especially now, when the
withdrawal of Glyphosate use, the most common active ingredient of herbicides, seems to
be sure in the near future [28].

The problem of removing weeds, i.e., competitors for habitat resources, is particu-
larly important in intensive orchards, which, thanks to the use of dwarf rootstocks, are
characterised by a high density of trees per area unit. In such orchards, trees usually bear
fruit early, abundantly, and every year [29,30]. However, due to a rather weak root system,
they require soil rich in nutrients and water [31]. It is therefore reasonable to determine
whether the use of LMs sown directly under the trees in dwarf orchards can be an accept-
able alternative to herbicide fallow. Will the supposed deeper weakening of the growth of
trees on the dwarf rootstock caused by the presence of competing cover plants significantly
deteriorate the yield and quality of the harvested fruit? In the literature, this problem is still
quite poorly recognised, and the results of the research conducted thus far do not provide a
clear answer [16,32-34]. Another issue that still needs to be investigated is determining the
optimal time to sow LM in tree rows. According to some researchers [5,11,17,35], each year
of delay can reduce their competition.

After apple, pear is the second most important fruit in temperate zones [30], and its
production in Central Europe has recently increased as a result of climatic changes and a
lack of frozen winters. One can expect a further increase in the pear orchards’ area in that
zone. The most popular pear cultivar in Europe is ‘Conference’ [36]. European countries
usually use different clones of Quince rootstocks to establish high-density commercial
orchards [37]. Therefore, the problem of ecological orchard floor management in a dwarf
pear orchard and the potential impact of the methods used on fruit quality are current issues.
The quality of fruit is key to commercial success nowadays [38]. Dense planting of spindle
trees suppresses their vegetative growth and enables high yields, but simultaneously, it
tends to impair their quality in terms of fruit average mass, size, and colouration [39].
A wire support combined with a multiple-leader system enables even stronger canopy
shape modification. The most popular V-shaped canopy systems, recommended as an
alternative for orchards with high tree densities, are the Giittingen-V system and the Y
system (Tatura) [40—42].

The main goal of the experiment presented was to evaluate the long-term effects
(11 years) of the use of two LMs in rows on the yield, tree growth, fruit quality, and
mineral status of three pear cultivars on a Polish dwarf rootstock Quince S; in comparison
with herbicide fallow. This study is an attempt to solve the question defined above about
whether this non-chemical method of orchard floor management can be an alternative to the
most commonly used herbicide fallow in intensive orchards with dwarf trees. This study
also increases our present knowledge of the Quince rootstock/pear cultivar relationship,
which is estimated as still insufficient [30]. It should be emphasised that the research
covers three lesser-known pear cultivars with different harvest ripeness times. One of them,
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‘Harrow Sweet’, shows genetic resistance to fire blight—the most dangerous disease of this
species [43,44].

2. Materials and Methods

This experiment was conducted from 2006 to 2016 at the Fruit Experimental Station
located in Samotwor near Wroctaw (51°06'12” N; 16°49'52" E) in SW Poland. That area
is located in a mid-latitude, temperate, transitional (maritime—continental) climate zone
characterised by a high frequency of polar air masses and a dominating western flow. The
mean annual temperature is about 9 °C, and the average sum of precipitation is slightly
less than 600 mm. The rainfall regime is dominated by continental features, with maxima
occurring in July [45]. The orchard was located on the haplic luvisol derived from silty
light loam and represented the 3rd class of the Polish economic soil classification.

This research was carried out on one-year-old trees of three pear cultivars (cvs) of Pyrus
communis L. budded on dwarf rootstock Quince S;: “Dolores” and ‘Harrow Sweet’—autumn
cvs of Polish and Canadian origin, respectively [43,46], and ‘Winter Forelle’—winter cv of
German origin [47].

The trees were planted in one-row system with a spacing of 3.5 x 1.2 m (2381 trees ha 1)
and formed as a spindle crown. Before planting the trees at the end of March 2006, in
October 2005, the field was thoroughly weeded of persistent weeds (3.7 L/ha Glyphosate +
2 L/ha MCPA) and fertilised with phosphorus and potassium at a dose of 120 kg K,O and
P,0s5. Deep ploughing was performed only once before the winter in November 2005.

The planting pattern followed a randomised split-plot design with 4 replications and
3 trees per plot. The trees were pruned annually soon after flowering, starting in the fourth
year after orchard establishment. No irrigation was applied, and the fruitlets were not
thinned. The orchard floor management system consisted of herbicide fallow (3.7 L/ha
Glyphosate + 2 L/ha MCPA) in the tree rows (control) and sward in the alleyways, both
introduced in the year of tree planting. LMs of white clover Trifolium repens L. (Tr) and
common bent Agrostis capillaris L. (Ac) were sown in tree rows at the end of June 2007. They
were not mowed throughout the time of the experiment. Chemical protection was carried
out according to the up-to-date recommendations of the Orchard Protection Programme
for commercial orchards. An annual dose of 50 kg N ha~! in the form of ammonium nitrate
was applied, starting from the 3rd year following orchard establishment. The soil was limed
in 2011 with 750 kg CaO ha~!, and fertilisation with potassium salt equivalent to 80 kg
K>0 ha~! was performed in the early spring of 2009 and 2013. No additional fertilisation
was applied to trees in rows with LM.

In the 11 years of evaluation, tree growth and fruit yield per tree, as well as mean
fruit weight, size, and skin colouration, were assessed annually. Each year in mid-October,
the extent of vegetative growth was assessed by measuring trunk circumference 30 cm
above bud union and calculating the cross-sectional area of the tree trunk (TCSA) values,
as well as their two-year increments. In autumn 2016, tree height and canopy width in
two directions were recorded. The volume of the canopy was calculated using the formula
for cone volume. The last set of TCSA (a), together with the 2007-2016 fruit yield sums
(b), were used to calculate the crop efficiency index (CEI), which was obtained at the
end of the study, CEI = b:a. For data collection, each cultivar was harvested following a
single-picking schedule, and the fruit from each tree was collected in separate boxes. To
determine external crop quality, a sample of 20 fruits per tree was collected, and from each
experimental treatment, 3 boxes of pears were randomly selected for grading. This was
followed by weighting the fruit, and in 2012-2016, the fruit diameter and skin colouration
were recorded. Annual harvests were used to calculate alternate bearing indexes. The yield
variability of fruit trees was assessed using the L index according to Szczepanski [48].

In 2016, 4-5 pieces of fruit were randomly collected from each replication for chemical
analysis of the biological value of the fruit. In juice of fresh fruit, immediately after harvest,
the soluble solid content was determined using an Abbe refractometer, and the vitamin
C content was determined using the titration method [49]. The concentrations of some
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macronutrients were determined in dry mass using the P-colourimetric method with am-
monium molybdate, Mg-titanium yellow (universal method developed by Nowosielski), K,
and the Ca-flame photometric method. The detailed courses of all analyses were previously
described by Komosa [50]. The units used to present the values of these parameters are
given in tables with appropriate data.

The leaf samples were collected in the second half of July 2016 for analysis of macronu-
trients and total chlorophyll in three replications. A sample of 100 leaves from the middle
part of the long shoots (3—4 leaves each) was collected from all trees in one replication. The
total chlorophyll content in the fresh leaf extract was determined via spectrophotometry.
The leaves were then dried at 60 °C and ground and mineralised using the microwave
method. The concentrations of macronutrients in the leaves were determined with the use
of the same methods as in the fruit.

In this study, the published results were based on data obtained during 11 years of
research. The collected experimental data were subjected to statistical analysis based on the
analysis of variance (ANOVA) approach, involving a model appropriate for the split-plot
design. Significant differences at the « < 0.05 level were obtained using Duncan’s multiple
range test and Statgraphics software 18. In the case of percentage data pertaining to fruit
quality, an angular transformation according to the Bliss function was applied prior to the
ANOVA.

3. Results and Discussion
3.1. Vegetative Growth Parameters

After 11 years of evaluation, the TCSA was smaller in Tr compared to the control,
while it was higher in Ac (Table 1). Differences in the values of this parameter between
mulches were statistically significant, but in relation to the control, they were not significant.
Therefore, it can be assumed that the use of mulches in a dwarf orchard on Quince S;
rootstock did not significantly reduce tree growth as measured by this parameter. Just
after the first two years of this experiment, researchers [32] reported no significant effect
of LMs on the vegetative growth of pear trees of the cvs ‘Harrow Sweet” and ‘Winter
Forelle’. However, in an 11-year-old pear orchard on a Caucasian pear rootstock, there
was a significant increase in the TCSA of trees growing in Tr [51]. A differential effect of
LMs on the growth of apple tree trunks, depending on the botanical composition of the
mulches, was observed [2]. The presence of grass mulch (Secale cereale L. cv Wheeler) had
a comparable effect to the control (bare ground), while in the mulch of Tr, the increments
were significantly greater.

The cultivars examined differed in this parameter (Table 1). The ‘Dolores’ pear tree
had the thickest trunks, and ‘Harrow Sweet’ had the thinnest trunks. The latter cv differed
significantly from the others in terms of trunk thickness, while the differences between
‘Dolores” and “Winter Forelle” were not significant.

In both mulches, the two-year increase in trunk thickness was smaller than in the
control, but only in trees growing in Tr was there a significant difference. Therefore, this
mulch showed a limiting effect on tree growth in the last two years of the study. The same
result was obtained when the same LMs were tested in a pear orchard on a Caucasian pear
rootstock [51]. Therefore, the presence of white clover mulch sown in rows in the second
year after planting may have a limiting effect on the growth of fruit trees, even in older
orchards. Different conclusions have been presented by Baluszynska et al. [6]. In their
opinion, the presence of grass mulch significantly weakened the growth of young apple
trees, while in an older orchard, this trend was no longer significant. According to some
authors [11,35], grassy LMs limit the growth of apple trees continuously, regardless of the
age of the orchard.



Agriculture 2023, 13, 2145

50f15

Table 1. Vegetative growth of three pear cultivars on Quince S; depending on in-row living mulch.

Trunk Cross-Sectional Area (cm?) Canopy Alternate
Treatment Autumn Autumn Increase Volume (m3) Bearing Index
2007 2016 20142016 Autumn 2016 (0-1)
Trifolium repens 522 33.5% 402 222 0.33°
“Dolores’ Agrostis capillaris 5.62 3532 452 262 0422
herbicide fallow 462 38.02 444 204 0494
Trifolium repens 3.24 14.22 212 132 0.144
‘Harrow Sweet’ Agrostis capillaris 432 19.02 244 152 0.162
herbicide fallow 344 13.32 244 0.82 0.314
Trifolium repens 462 2574 3.72 172 0.172
‘Winter Forelle’ Agrostis capillaris 594 3764 622 268 0.202
herbicide fallow 484 33.74 792 214 0.284
Mean for orchard floor management (A)
Trifolium repens 432 2444 3.24 1.74b 0212
Agrostis capillaris 53b 30.6° 4.4 22b 0.262
herbicide fallow—control 432 28.3ab 49b 162 036"
Mean for cultivar (B)
‘Dolores’ 5.1b 35.6P 43P 23b 0.41°
‘Harrow Sweet’ 3.62 1552 232 122 0.204
‘Winter Forelle’ 5.1b 32.3b 59b 21b 0222

ab Means marked by the same letter within the column for orchard floor management (A), cultivar (B), or their
interaction (A x B) do not significantly differ at p < 0.05 according to Duncan’s multiple ¢-test.

The trunks of the ‘Winter Forelle” pear tree increased most intensively, while other cvs
showed smaller growth. Significantly, the lowest values of this growth parameter were
found for the ‘Harrow Sweet’ variety.

In the rows with Ac, the volume of pear tree crowns was larger than in the other
variants, and in relation to the control, this difference was statistically significant (Table 1).
The trees of the tested pear cultivars differed in size. Significantly smaller crowns were
found in the ‘Harrow Sweet’ cv, which was characterised by the weakest growth. For
all measured vegetative growth parameters, no differences were found in the interaction
between the tested cultivars and the method of orchard floor management. A different
effect of the presence of grass mulch on the volume of tree crowns was noted by Sosna
and Fudali [51] in a pear orchard with the ‘Alfa’ cv on a Caucasian pear rootstock. The
authors found a reduction in crown volume in tree rows growing in that LM, which was
also observed by Tahir et al. [17] in an apple orchard.

In the studies published thus far, the question of whether the presence of LMs affects
the alternate fruiting index in pear orchards was not analysed, although that information is
important for producers. The presented research showed that the use of LMs in tree rows
had a significant impact on this index (Table 1); in both variants, it was significantly lower
than in the control. Therefore, it can be assumed that when LMs are used, pear trees on
dwarf Quince S rootstock show a significantly lower tendency to alternate fruiting, which,
in practice, means a more even yield every year. This is a great advantage of these mulches,
which were documented for the first time in the present research. The two tested cultivars,
‘Harrow Sweet’ and ‘Winter Forelle’, were characterised by a relatively low value for this
indicator. In turn, the ‘Dolores’ pear tree showed a significantly greater tendency to yield
crops every other year.

3.2. Quantity and Quality of Yield and Crop Efficiency Index

The use of LMs in tree rows did not have a significant impact on their yield, although
individual variants of orchard floor management differed in this respect (Table 2). Pear
trees growing in Ac had the best yields, while those growing in Tr had the lowest yields.
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This is different than in an 11-year-old pear orchard established on a Caucasian pear
rootstock, in which the presence of the same LMs resulted in a significant decrease in
the cumulative yield, at the level of 20-22%, depending on the variety [51]. However,
with a different composition of LMs (multi-species mixtures of grasses and legumes), the
reduction in the yield of ‘Williams’ pear on the Quince MA rootstock in a 4-year experiment
was statistically insignificant compared to the herbicide fallow [5]. Similar varied tree
responses to the presence of LMs were recorded in apple orchards. A decrease in yield has
been repeatedly confirmed, especially in grassy mulches [2,6,11,14,16]. However, ref. [7]
found no significant effect on the yield of mulch consisting of various legume species.

Table 2. Quantity and quality of yield and crop efficiency index (CEI) of three pear cultivars on
Quince S; depending on in-row living mulch (year of tree planting—spring 2006).

Cumulative Fruit Quality
. _ - — — CEI (kg-cm~—2)
Treatment Yield (kg-Tree 1)  Mean Fruit Mass % of Fruit with % of Fruit with 2006-2016
2007-2016 (g) 2007-2016 Diameter >7 cm Blush over %

Trifolium repens 5242 1972 23.1°b 372 1562

‘Dolores’ Agrostis capillaris 50.02 1912 263P 362 1422
herbicide fallow 39.6° 196 2 692 26.0° 1.04%

Trifolium repens 36.02 1392 1392 10.6 2 2542

‘Harrow Sweet’ Agrostis capillaris 51.72 153 P 20.72 10.12 2724
herbicide fallow 38.02 1442 942 12.8° 2.86

Trifolium repens 40.7 2 2062 7302 59.82 1.582

“Winter Forelle’ Agrostis capillaris 5762 218° 80.6 2 56.8 2 1.53%
herbicide fallow 54.84 229 ¢ 7642 48272 1.632

Mean for orchard floor management (A)

Trifolium repens
Agrostis capillaris
herbicide fallow—control

‘Dolores’
‘Harrow Sweet’
‘Winter Forelle’

43.0° 1812 36.72 2472 1.892

53.12 187b 4252 2352 1.892

412 190 P 3092 29.02 1.842
Mean for cultivar (B)

4732 195°b 18.82 11.12 1.342

419° 1452 14.7 2 1122 271b

51.02 218 ¢ 76.7P 549P 1.582

a-¢ Means marked by the same letter within the columns for orchard floor management (A), cultivar (B), or their
interaction (A x B) do not significantly differ at p < 0.05 according to Duncan’s multiple ¢-test.

In the first 4 years of the presented experiment, the yield obtained from trees growing
in LMs was up to two times lower than that of the control, regardless of the variety or type
of mulch (Figure 1la—c). This trend was reversed in the 5-year-old orchard in the case of
the ‘Dolores’ cv growing in Tr and lasted for the next 5 years, while in the grass mulch, a
higher yield in this cultivar appeared a year later and persisted for another 4 years. In the
‘Harrow Sweet’ cv, only in the 6th year of the orchard’s operation did the presence of Ac
mulch result in a higher yield, and this tendency continued until the end of the experiment.
In the Tr variant, higher yields than the control (but lower than in the grass) appeared in
a 7-year-old orchard of this cultivar, and this tendency turned out to be continuous. For
the ‘Winter Forelle’ cv, only in the 7th year of the orchard’s operation were higher yields
recorded in the variant with Ac mulch, and this tendency continued until the end of the
experiment.
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Figure 1. Yield of three pear cultivars (kg per tree) depending on orchard floor management in
tree rows.

The best-yielding cultivar was ‘Winter Forelle’, while the least fruit was collected
from the smallest trees of the ‘Harrow Sweet” cv. However, these differences were not
statistically significant. The observed differences in the impact of the presence of LMs on
yield, depending on the age of the orchard, are consistent with the observations of other
authors. Baluszynska et al. [6] found that the decline in the yield of apple tree cv ‘Sampion’
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growing in grass mulch was significant only in young orchards. In their opinion, when
the trees reach full fruiting, the influence of orchard floor management on fruiting is much
smaller. According to Zelazny and Licznar-Mataiczuk [11], the reduction in apple yield in
the presence of LMs is continuous and applies to both young and older orchards. Research
by Slatnar et al. [3] has shown that the decrease in yield (which persisted throughout the
7 years of the experiment) depends on the age of the apple orchard to which LMs are
introduced. The highest was recorded in the earliest variant of sowing mulch, i.e., in the
second year after planting the trees. However, postponing LM sowing until the 4th and 5th
year after the orchard planting limited yield loss to only 5-20%.

The introduction of Tr mulch into the tree rows resulted in a significant reduction in
the average fruit weight compared to the other tested orchard floor management variants
(Table 2). In the presence of Ac mulch, the average fruit weight was lower than in the
control, but in this case, the difference was not significant. For comparison, in an 11-year-
old pear orchard established on a Caucasian pear rootstock, the presence of the same LMs
did not result in a significant reduction in fruit weight [51]. Research [25] has shown
that in an apple orchard of cv ‘Gold Chief’, the fruit weight from trees growing in the
5-year-old mulch of Miscanthus spp. was 5.6% higher than in other variants of orchard floor
management, including herbicide fallow.

In both LM variants tested, a higher percentage of large fruit (over 7 cm in diameter)
was recorded, but in relation to the control, these differences were not statistically significant
(Figure 2). In the presence of mulch, the percentage of the smallest fruit (less than 6 cm in
diameter) was significantly lower than in the herbicide-treated fallow in the case of two
varieties—'Dolores’ and “Winter Forelle’. Similar results were reported by Baluszynska
et al. [6] for apple cv ‘Sampion’ growing in Festuca ovina mulch. Stern and Doron [38]
pointed out that the size of pear fruit was a critical market factor, as consumers prefer large
fruit. Therefore, the lower share of ultra-fine fruit found in the LMs compared to the control
should be considered an advantage of this method of orchard floor management.

g 'Dolores' 'Harrow Sweet' 'Winter Forelle'
o= /—
é 100%
(o 1)
2 o 80%
£ g 60% <6 cm
é) %D o 6-7 cm
55 0% .
v O O >7cm
& 20%
o
Q
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~ S ) S S
N S & » &
Y FTFY FHFN
SRS TR TR

$LETRE ST T

L w2 O L w2 O & e O

S & P & N

& L& & & & & &

Figure 2. Influence of orchard floor management on the fruit size of three pear cultivars (mean for
2012-2016).



Agriculture 2023, 13, 2145 9 of 15

In general, the presence of mulch resulted in weaker fruit colouration (Table 2). How-
ever, this regularity was significant only in the case of cv ‘Dolores’ (Table 2; Figure 3).
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Figure 3. Influence of orchard floor management on the fruit colouring of three pear cultivars (mean
for 2012-2016).

The tested pear cvs differed significantly in terms of average fruit weight (Table 2).
The lightest came from ‘Harrow Sweet’ trees and the heaviest from ‘Winter Forelle’ trees.
The latter variety was distinguished by a significantly higher percentage of large fruit and
those with a blush covering more than 50% of the fruit skin surface. Previous reports
on the impact of LMs in tree rows on the external quality parameters of fruit differ. In
an 11-year-old pear orchard established on a Caucasian pear rootstock, the presence of
Ac mulch resulted in a significant increase in the percentage of large fruit in two tested
cvs— Amfora’ and ‘Dolores’ [51]. Additionally, in apple orchards growing in Festuca ovina
mulch, an increase in the share of very large fruit, by up to 40% in one year, has been
observed [35]. However, in the cultivation of apple trees growing in legume mulch (Phacelia
tanacetifolia and Ornithopus sativus), an increased share of small fruit has been found [32].
Several authors have reported a significant increase in the number of well-coloured fruit in
apple trees in various mulches [17,32,35]. In [6], a relationship between the availability of
nitrogen for trees and the colour of the fruit skin is indicated. In these authors’ opinions,
grass mulches absorb excess nitrogen in the soil, which interferes with the synthesis of
anthocyanins responsible for the blush on the fruit.

LMs in rows had no significant effect on the calculated CEI (Table 2). However, the
tested cvs showed significant differences in this parameter; its highest value was found
for the slowest-growing tree, ‘Harrow Sweet’. In the first years of fruiting, a lower CEI
was observed for pear trees of the ‘Harrow Sweet” and ‘Winter Forelle” cvs on a Quince
51 growing in mulches Ac and Tr, compared to herbicide fallow, which was related to the
inhibition of their growth [32]. This is not surprising, as Quince is a dwarf rootstock with a
weak root system; thus, LMs sown in rows are effective competitors for water and nutrients
for tree roots. In the older apple orchard, the long-term presence of LMs had no significant
effect on this factor [3].
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3.3. Content of Chlorophyll and Macronutrients in Leaves

Compared to the herbicide fallow, the presence of Tr mulch significantly reduced the
chlorophyll concentration in the leaves (Table 3). Leaves of trees growing in Ac mulch also
showed a lower content of this pigment, but this difference was not statistically significant.

Table 3. Content of chlorophyll and macronutrients in the leaves of three pear cultivars on Quince S;
depending on in-row living mulch (2016).

Total Chlorophyll Macronutrients (g-kg~1 d.m.)
Treatment 1
(mg-100 g~ f.m.) K Ca Mg P
Trifolium repens 121.22 7712 7.38% 2.00° 0.90°
‘Dolores’ Agrostis capillaris 14312 10.04 2 9.324 2.072 0.742
herbicide fallow 113.42 9.08° 8.252 2700 0.872
Trifolium repens 11552 9.332 5.63 2 1854 0.76 2
‘Harrow Sweet’ Agrostis capillaris 14292 9.752 7.46° 2.054 0.652
herbicide fallow 1833P 13.83P 6.252 1982 1.072
Trifolium repens 103.9 2 10.38 2 6427 1.872 0.752
‘Winter Forelle’ Agrostis capillaris 114.62 11.922b 7.832 2.002 0952
herbicide fallow 13672 14.67" 5.832 1.872 0.812
Mean for orchard floor management (A)
Trifolium repens 11352 9.14% 6.48 2 1912 0.81°
Agrostis capillaris 133.52b 10.57 2 8.21b 2.042 0.78 2
herbicide fallow—control 1445° 12.53P 6782 2187 0922
Mean for cultivar (B)
‘Dolores’ 12592 8.954 8.32b 2.26% 0.842
‘Harrow Sweet’ 14722 1097 6.452 1.962 0832
“Winter Forelle’ 11842 12.32b 6.69 2 1912 0.84%

ab Means marked by the same letter within the columns for orchard floor management (A), cultivar (B), or their
interaction (A x B) do not significantly differ at p < 0.05 according to Duncan’s multiple ¢-test.

The pear cvs tested were characterised by a similar content of total chlorophyll. The
obtained results are consistent with other studies in which grassy mulches caused a decrease
in the chlorophyll content in apple leaves compared to herbicide fallow [11,16].

Both mulch variants showed significantly lower K concentrations in the leaves of the
tested pear cvs than in the control. The examined pear cvs also differed insignificantly in
this parameter (Table 3). The lowest amount of this macronutrient was found in the leaves
of trees growing in rows with Tr. Significantly less K was recorded in the leaves of the
‘Harrow Sweet” and ‘Winter Forelle’ cvs compared to the control. Among the cultivars
tested, ‘Dolores’ pear leaves contained the least K. Regarding the Ca content in the leaves, a
significantly higher content of this macronutrient was found in the leaves of trees growing
in Ac mulch. In the remaining orchard floor-management variants, the values of this
parameter were very similar. The Ca content in the leaves of “Winter Forelle’ and ‘Harrow
Sweet’ was very similar but significantly lower than that of the ‘Dolores’ cv. Compared to
herbicide fallow, trees growing in rows covered with LMs were characterised by similar
Mg and P content in the leaves. The pear cvs tested also did not differ significantly in
the concentration of these elements. In summary, compared to the control, the significant
impact of the presence of LMs on the mineral composition of leaves mainly concerned
reduced K availability. In a 3-year-old pear orchard with cv ‘Winter Forelle’ on the Quince
51 rootstock, the presence of LMs had no significant effect on the macronutrient content
in the leaves, and the concentrations of Mg and K were assessed as high compared to
the values described for pear leaves [33]. However, in a 10-year-old dwarf apple orchard,
similar to the research presented, a significant decrease in K was found in the leaves of
trees growing in Lolium perenne L. and Poa pratensis L. mulches compared to the herbicide
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control [16]. Another experiment showed no significant effect of the presence of Coronilla
varia L. mulch on the content of K, P, Ca and Mg in apple leaves [52].

3.4. Biological Value of Fruit

The presence of mulches did not significantly affect the extract (soluble solids) content
in fruit compared to herbicide fallow (Table 4), although the values obtained were slightly
higher than in the control, which indicates that fruit from trees growing in LMs may be
slightly sweeter. In relation to the control, the LMs used in the tree rows did not have a
significant effect on the vitamin C content, although slight differences in this parameter
were noted between the tested mulches. More of this vitamin was found in fruit from trees
growing in Tr. Therefore, it seems that Tr mulch may increase the fruit’s consumption
value in terms of the content of soluble solids and vitamin C. A significantly positive effect
of this mulch on the soluble solids content in fruit was demonstrated in pear orchards
established on a strongly growing Caucasian pear rootstock [51]. The obtained results
are consistent with the conclusions of Slatnar et al. [3], who showed no significant effect
of grassy mulch (with the use of Festuca ovina L.) on the soluble sugar content in apples
compared to herbicide fallow. However, these results differ slightly from those reported by
Muscas et al. [53], who showed that mulch consisting of several grass species increased the
extract content in vine berries, while the mixture of legumes had no significant impact on
this parameter. As the cited studies show, the proper selection of cover crops can improve
fruit taste. In this context, the introduction of white clover mulch may be beneficial due to
the increased content of soluble solids and vitamin C in pear fruit. However, maintaining
this mulch in a monoculture is difficult because, after a few years, it becomes heavily
infested with weeds [13].

Table 4. Biological value of the fruit of three pear cultivars depending on in-row living mulch (2016).

Soluble Solids Vitamin C Macronutrients (g-kg~! d.m.)
Treatment . 1
(Brix) (mg-100 g~ 1 f.m.) K Ca Mg P
Trifolium repens 16.372 16.37 2 5422 1.52P 0.35% 0.40°
‘Dolores’ Agrostis capillaris 15.97 @ 14.67 @ 6.46 2 1.184 0.202 0.41°
herbicide fallow 14.57 2 13.532 5.69 2 1.52P 0.252 0.48 2
" Trifolium repens 15172 11172 4.42° 1232 0.33% 0.35%
Sarmtv,v Agrostis capillaris 14472 11532 4254 1332 0222 0.262
wee herbicide fallow 13372 13.632 546 1292 0332 0252
Wi Trifolium repens 8.43° 17.60 2 5672 1.782 0.67 2 0.832
v mﬁ?r, Agrostis capillaris 8.802 15.832 6.60 1.632 0.67 2 0.82°2
orelie herbicide fallow 8.272 16.172 6.812 1.582 0.752 0.752
Mean for orchard floor management (A)
Trifolium repens 13.322 15.04 2 5172 1.51% 0452 0.532
Agrostis capillaris 13.04 2 14.01% 5.77 b 1.382 0.36° 0.502
herbicide fallow—control 12.172 14.44° 5.99 b 1474 0.44 2 0.49 2
Mean for cultivar (B)
‘Dolores’ 15.63 P 14.86 2P 5.86° 1.412b 0.272 0.432
‘Harrow Sweet’ 14.30 P 12.112 4712 1292 0292 0292
‘Winter Forelle’ 8.502 16.53 P 6.36 P 1.67 P 0.69 2 0.80°

ab Means marked by the same letter within the columns for orchard floor management (A), cultivar (B), or their
interaction (A x B) do not significantly differ at p < 0.05 according to Duncan’s multiple ¢-test.

Additionally, it is attractive to rodents, which increases the risk of damage to the roots
and bark of cultivated trees [54]. Grassy mulch did not show a significant effect on the
content of soluble solids or vitamin C, but as some research suggests, it is better suited
to creating long-term living covers in a pear orchard on a Quince rootstock than herbs
or legumes. In a pear orchard of the “Williams’ cv on the Quince MA rootstock, mulch
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consisting of various grass species showed a high level of cover maintained over the years
and a small decline in yield in the orchards [5].

The K content in fruit was the highest with herbicide fallow and significantly the
lowest with Tr mulch. These results correspond to the lower K content found in the leaves
of trees growing in mulch compared to the control and suggest that the presence of mulch
reduces the K supply for trees. However, the analyses of the content of Ca, Mg, and P in
the fruit allowed us to conclude that the method of orchard floor management did not
have a significant impact on the content of these macronutrients. Therefore, the presence
of mulches did not deteriorate the internal quality of the fruit. The influence of LMs on
the mineral composition of fruit has rarely been analysed in the literature. A study by
Tahir et al. [17] showed that the K:Ca ratio in apple fruit growing in the presence of a
mixture of grasses (Lolium perenne and Poa pratensis) with a 5% admixture of legume Tr
was significantly lower than in the case of mechanical cultivation or the use of a natural
herbicide, confirming the reduction in K availability for trees. Preliminary studies [33,55]
showed that Tr and Ac mulches had no effect on the content of K, Ca, Mg, and P in fruit
from a young pear orchard. However, in fruit from 11-year-old trees (on Caucasian pear
rootstock) growing in the same mulches, a higher Ca content and a lower P content were
found in comparison to those grown in herbicide-treated fallow [51].

The tested pear cvs differed significantly in terms of the soluble solids content; the
highest concentration was found in the fruit of the “Dolores’ pear (at the ‘Harrow Sweet’
level), and the lowest in “Winter Forelle’. There was also a clear difference in the vitamin C
content of the fruit between the cvs. The highest values were found for cv “Winter Forelle’
and the lowest for cv ‘Harrow Sweet’. The difference between these cvs was significant.
The fruit of the "Harrow Sweet” cv was characterised by a significantly lower K and Ca
content (but at the level of cv ‘Dolores’). In turn, cv “Winter Forelle” pear fruit was the
richest in P. The tested cvs did not differ from each other in terms of Mg content in the
fruit. As for the interaction of the orchard floor management system and the pear tree cv,
an unfavourable effect of grass mulch on the K content in cv ‘Harrow Sweet’ and Ca in cv
‘Dolores” was noted.

4. Conclusions

The presented results showed that, compared to the commonly used method of floor
management in the rows of a commercial orchard, i.e., herbicide fallow, the use of living
mulches (LMs) in a pear orchard on a dwarf Quince S; rootstock did not significantly
reduce tree growth. It also did not have a significant impact on the amount of cumulative
yield. The LMs did not significantly affect the content of vitamin C. Replacing herbicides
with LMs is therefore not generally associated with a significant decrease in fruit production
in these orchards. Moreover, as shown, the presence of LMs in the tree rows promoted the
formation of a larger number of medium and large fruit in relation to the herbicide fallow
and had a significant impact on the fruiting alternation index. In both variants of living
mulch used, it was significantly lower than in the control, which in practice means a more
even yield every year. Less fruit each year can have a significant impact on their quality,
which is a priority nowadays when the trick is to sell profitably, not just to produce.

These are the reasons for recommending living mulches as an alternative to the use
of herbicides in large-scale dwarf orchards. Due to the problems reported in the literature
related to the long-term maintenance of white clover (Trifolium repens) mulch and its
attractiveness to rodents, it seems more justified to introduce grass (Agrostis capillaris)
mulch. We recommend the simplest method of LM cultivation—single sowing without
additional agrotechnical procedures.

However, the presence of LMs in a young orchard had a clearly inhibiting effect on the
yield, and this tendency was reversed only in the 4th-6th year of the orchard’s operation.
Further research should aim to determine whether the postponed introduction of living
mulch into the tree rows, e.g., in the 4th-5th year of growth of a dwarf pear orchard, will
eliminate the problem of the initial reduction in yield.
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