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Abstract: Research was carried out to assess the yield and quality of fruits from the new Polish apple tree
‘Chopin’—a ‘green peel’, scab-resistant cultivar under grass living mulch management. Blue fescue and
red fescue were tested in experiment no. 1. In experiment no. 2, meadow grass and perennial ryegrass
were used. Every species of grass was sown in two doses of 50 and 150 kg per ha. Herbicide fallow
was introduced as a control in both experiments. Strongly variable temperatures and precipitations
in the years of evaluation made it possible to estimate year—a function of variable environmental
conditions—as an additional experimental factor. An unexpected effect of the presence of living mulch
was its significant impact on the appearance of blush on the ‘green peel’ fruit. However, living mulches
had little effect on weight and fruit size. Cool days during apple ripening enhanced the process of fruit
skin red coloration. The effect of both agrotechnical and environmental factors on fruit quality was
more visible in the case of less vigorous trees, which were more susceptible to experimental, stressful
conditions. However, increasing the sowing dose of each grass seed did not influence red blushing,
weight, or fruit size. An additional difficulty for the trees was the competition caused by the early
germination of these living grass mulches, reinforced by the presence of Trifolium repens L.

Keywords: blushing; fruit size; cover crop; thermal conditions; water conditions

1. Introduction

A modern view of agricultural production emphasizes the need for the sustainable
use of agrochemicals due to the potential, undesirable impact of active substances on the
safety of produced food [1,2] and the agricultural environment [3]. Therefore, the use of
glyphosate-based herbicides in integrated agricultural systems should be eliminated [4,5].
Fruit production faces the challenges of providing a valuable, quality product for the
consumer [6,7] and transforming the orchard into a place that serves as an element of
a sustainable environment [8]. Chemical weed control can be replaced by alternative
methods of weed control, for example, using living mulch [9-11]. In addition to weed
control [11-14], living mulch offers other benefits for the orchard agroecosystem, including
an increase in flora biodiversity [8] and organic matter in the soil [15-17], and it also affects
the chemical [15,17,18] and biological [19,20] properties of soil. Species of the Poaceae
family are often used as cover plants in perennial fruit crops [21]. Among grasses, species
of the Festuca genus deserve special attention, especially blue fescue (F. ovina L.) [7,22] and
red fescue (F. rubra L.) [23-26]. Other grasses used in fruit production include meadow
grass (Poa pratensis L.) [23,26,27] and perennial ryegrass (Lolium perenne L.) [15,25,27].

The presence of living mulches causes discomfort for fruit trees, which may result
in reduced tree yield [22,24,26,27]. With the appropriate choice of both cover crops and
agrotechnical methods, the competition of living mulch relative to the cultivated plant can
be mitigated [7,22,28]. However, there is an impact on fruit quality [7,22]. The external
features of apples like size or the color of the skin are determined by both agrotechnical and
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environmental growing conditions [29] and are important for the individual choice of fruit
of the consumer [30,31]. Cover crops in apple orchards significantly increased the area of
‘red skin’ [7,27], but the presence of additional vegetation, even weeds, did not determine
the intensity of the basic color of the fruit in the case of ‘yellow peel” apple [32]. On the
other hand, mean apple fruit weight and size may be reduced compared to fruits from
trees grown in herbicide fallow [22,25]. Environmental factors can also play an important
role in fruit quality. External quality factors such as color, size, shape, and russeting are
determined by the following factors: temperature, light, and precipitation, which vary
in individual years and areas of fruit cultivation [29,33,34]. Warmer temperatures inhibit
anthocyanin accumulation, which is responsible for the red blushing of apple skin [35],
although they are necessary for the proper development of fruit in terms of size [36].

The aim of the study was to investigate the effect of living grass mulches on the external
parameters of fruit from the new Polish apple tree ‘Chopin’—a green peel, scab-resistant
cultivar. Strongly variable temperatures and precipitations in the years of evaluation made
it possible to estimate yearly conditions as an additional experimental factor and their
impact on apple quality as a direct effect or result of the interaction with the presence of a
cover crop.

2. Materials and Methods
2.1. Plant Material and Two Field Experiments

The influence of grass living mulches on the external parameters of fruit from the
Polish apple tree ‘Chopin’—a new, ‘green peel’, scab-resistant cultivar—was estimated.
This study was conducted at the Fruit Experimental Station of the Wroctaw University of
Environmental and Life Sciences in Wroctaw (Poland), Samotwér (51°06’12” N, 16°49'52" E)
in the years of 2016—2021. Two-year-old apple trees (Malus domestica Borkh.) grafted on a
semi-dwarf MM.106 rootstock were planted in the spring of 2016 on haplic luvisol. The
chosen spacing was 3.6 m between tree rows and 1.2 m as a distance between trees in a
row. In the spring of 2016, soil samples were taken from the entire area of the experimental
field before planting the trees. Initial soil analysis showed an average level of available
phosphorus and potassium and a high level of magnesium. The K:Mg ratio was proper
(1.00). On this basis, the fertilizer doses of phosphorus (P,Os 100 kg per ha), potassium
(K20 100 kg per ha), and liming (CaO 500 kg per ha) were determined.

Two separate experiments were established, each following a one-way randomized
block design in four repetitions. Each repetition was represented by an experimental plot
with four trees growing on it. In experiment no. 1, blue fescue (Festuca ovina L.) of the
‘Noni’ cv. and red fescue (F. rubra L.) of the “Adio’ cv. as living mulches were sown. The
mean cross-sectional area of the tree trunk was 2.44 cm?, in this experiment, when grass
cover crops were sown in the early summer of 2017. The living mulches in experiment
no. 2 were represented by meadow grass (Kentucky bluegrass) (Poa pratensis L.) of the
‘Niweta’ cv. and perennial ryegrass (Lolium perenne L.) of the ‘Info’ cv. The apple trees in
this experiment were weaker than in experiment no. 1 and their mean trunk cross-sectional
area was only 1.72 cm?. Compared to trees in experiment no. 1, the growth of ‘Chopin’ cv.
was lower than with all treatments in experiment no. 2. This could have been related to
the presence of grubs causing damage to the root systems that, in some cases, even killed
several trees in the year 2016-2017. This affected the growth and development of young
trees in this year and most likely in the subsequent years. On the contrary, in experiment
no. 1, the presence of grubs was sporadic and only caused the death of two trees.

Each estimated grass was sown separately at a dose of 50 kg and a dose of three times
more—150 kg seeds per ha—in the 1.0 m wide tree rows as well as in the 2.6 m wide
adjacent tractor alleys on the western side of each row. At the beginning of June 2017, the
grass seeds were scattered by hand and raked into the soil in the tree rows, after which the
floor was rolled with a hand roll. Like in the tree rows, the grass seeds in the alleys were
scattered by hand, but the following cultivation was limited to rolling with a roll pulled by
a tractor. The grass sod in the tree rows was mowed manually, twice or three times per year,
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with a string trimmer every year. But, the grass sod in the tractor alleys was mowed with a
lawn mower several times per year. In both cases, the mowed biomass of grass was left.
A control treatment using herbicide fallow was created separately for each experi-
ment. It was treated with a mix of glyphosate (1.44-1.96 kg ha~!) and MCPA (2-methyl-4-
chlorophenoxyacetic acid, 0.60-1.00 kg ha~!) two or three times a year: in spring (April
or May), summer (July), and, in some years, at the end of the vegetation period. A grass
mixture was sown in the alleys adjacent to the herbicide fallow plots. The trees were trained
into a slender spindle canopy form. After the second year of orchard establishment, each
tree was fertilized with ammonium nitrate (15 g N in the years 2017—-2018 and 20 g N in
the years 2019—2021) separately. The cutting of the trees as well as plant protection were
managed in accordance with current commercial orchard recommendations. Manual hand
thinning of fruit sets was performed only at the beginning of June in the year 2020.

2.2. Living Mulch Sod and Weediness Estimation

The separate plot area for each individually estimated grass was 17.28 m? (3.6 m x 4.8 m)
and contained four apple trees. In the middle part of the plot area, two sub-plots were
designated—the first for the assessment of living mulch sod and weed infestation in the tree
row (1.80 m?) and the second for only sod estimation in the tractor alley (4.68 m?). Whole-plot
evaluation was abandoned to avoid the non-representative weed communities that occurred
at the edges of the investigated living grass mulches. The degree of soil coverage by living
mulches was assessed as the percentage of the total area of sub-plots occupied by the cover
crop sod. Using the same plots, but only in the tree rows, the percentage of the soil surface
occupied by weed taxa was determined. For this purpose, a noninvasive method of weed
population assessment, conforming to the modified methodology of Lipecki and Janisz [37],
was employed. The original share of the scale was modified by splitting the range over 0%
up to 20% into two separate groups and, as a final result, each taxon was expressed using a
discrete percentage scale: 0%, 1%, 20%, 40%, 60%, 80%, and 100%. The assessments were
performed separately for each species and, in some cases, genus, of the weed. As the share
of each species was assessed independently, it was impossible to express the relationship
between the total share of all weed populations and the sod of the living mulch at a scale of
100%. The living mulch sod cover estimation was performed in the autumn of every year
(2017-2021). The weed taxa assessment took place in the last year of the research, in the
spring of 2021. The nomenclature of vascular plants was based on POWO [38].

2.3. Soil Analysis

In the spring of 2022, ‘A horozon’ topsoil samples were collected from the tree rows
in each sub-plot in experiment no. 2. Soil analyses were performed at the Chemical and
Agricultural Station in Wroctaw (Poland). The available elements (K, Mg, Ca) were deter-
mined using the Mehlich-3 method [39,40]. Phosphorus was determined colorimetrically
using the vanadium method [41]. In addition, pH was determined in 1 mol KCI L~! by the
potentiometric method [41] and soil organic carbon (SOC) was determined by the Tiurin
method. The assessment of soil nutrient content was carried out in relation to the limit
numbers developed by Sadowski et al. [42].

2.4. Yield, Fruit Quality, and the Growth of Apple Trees

In both experiments, each tree was individually assessed for the abundance of flower-
ing, number of fruits, and yield in the years 2017-2021. Flowering was assessed on each tree
according to a scale of 0-5, where 0 meant no flowers and 5 meant a very abundant cover
of the tree with flowers. During harvest, the number of fruits on each tree was counted
and its yield was weighed. The fruit was harvested in the last days of September or the
first days of October. Fruit quality assessments were carried out in 2018-2021; the year 2017
was omitted due to hail damage to the apples. The fruit weight was calculated as a ratio of
yield mass to the number of fruits and was computed separately for each tree every year.
All harvested apples per repetition were sorted into classes—over 75%, 25-75%, or less
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than 25% of fruit skin red blush surface. It should be noted that the color and intensity of
the blush appearing on the ‘green-peel” ‘Chopin’ cv. did not reach the typical red color but
rather oscillated towards light red-pink blushing (Scheme S1). Apples were also divided
into classes of fruit diameter: less than 6.5, 6.5—7.5, 7.5—8.5, and over 8.5 cm. As a measure
of each tree’s growth, trunk cross-sectional area (TCSA) and its increment were calculated
as an average of the diameter measured in two directions (north-south and east-west
directions), measured 30 cm above the grafting point. The measurements were made in
autumn 2016 and autumn 2021. The crop efficiency coefficient (CEC) was computed as a
ratio of the total yield of five years (2017—2021) and TCSA in the autumn of 2021.

2.5. Statistical Evaluation

All annual and mean data connected with the growth and yield of the trees were
evaluated statistically using one-way analysis of variance (ANOVA) for a randomized block
design in RStudio software (version 2023.12.1). Prior to the analysis, in order to—at least
approximately—fulfill the assumptions of the analysis of variance, angular (by the function
of Bliss), logarithmic, or exponential transformations were applied to some of the data.
Due to the death of some trees, the measurement system (data presented: yield, growth,
and fruit quality) was balanced using the missing plot technique procedure. Significant
differences between treatment means were calculated with the Tukey test (p < 0.05). Means
were presented with standard deviations (mean =+ SD).

In addition, a two-way analysis of variance (ANOVA) was also performed when
data from individual years was taken into account as a second research factor to iden-
tify the effects of yearly conditions (YEAR), living grass mulch species with either their
seed sowing dose or herbicide fallow (GLMHL), and the interaction of these two factors
(YEAR x GLMHL) on the variables connected with fruit quality parameters only. Sig-
nificant differences in interactions were noted at p < 0.05, p < 0.01, and p < 0.001. This
statistical analysis of data was supplemented with a linear correlation analysis (p = 0.05), in
which the selected thermal condition and precipitation impacts on the quality of individual
fruits were assessed.

3. Results and Discussion
3.1. Annual Temperature and Total Precipitation with a Focus on the Fruit Ripening Period

The year of tree planting (2016) and the year of sowing living mulches (2017) were
characterized by moderate mean monthly and annual air temperatures (Tables 1 and S1).
The distribution of monthly total precipitation was even, except for the peak in both years
in July. In the next two years (2018-2019), very high mean monthly summer temperatures
were recorded, and the annual rainfall showed a deficit (less than 450 mm) compared to
the first two years of the experiment. On the contrary, in the next study year (2020), rainfall
from May to October was very high, especially in the relatively cold month of June. In the
last year of research, the mean annual air temperature was low, despite the records for June
and July when mean monthly air temperatures exceeded 20 °C. Precipitation was less than
in the first year of research.

In the first five years of cropping, which is associated with the end of September and
the beginning of October in Poland, the fruits ripened in very diverse weather conditions
(Tables 1 and S1). In the summer of 2017, hail damaged the skin of the apples, which
disrupted their growth. In subsequent years of research, September 2018 was exceptionally
warm (Figure S1). The apple harvest was carried out on 2 October. In the 30 days preceding
harvest, the maximum air temperature reached above 25.0 °C for as many as 10 days. In
this year (2018), the number of days with a minimum temperature below 5.0 °C reached
5 days. This was 2 days higher compared to the remaining years of the study. Noticeable
cooling was noted mainly before fruit harvest (Figure S1). It can be assumed that such
thermal conditions in 2018 were conducive to fruit skin red coloring. Anthocyanin synthesis,
responsible for the red blushing of apple skins, increases with decreasing temperatures
during fruit ripening [33,35].
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Table 1. Mean annual temperatures and total precipitation at the Wroctaw-Strachowice Station
(51°12' N, 16°87’ E) and characteristics of thermal conditions and rainfall during fruit ripening a
month before fruit harvest in the years 2017-2021.

Year
Specification
2017 * 2018 2019 2020 2021
Mean annual temperature (°C) 9.8 10.8 11.0 10.6 9.4
No. of days during fruit ripening with minimum temperature:
0.0-5.0°C 3 5 3 3 3
5.1-10.0 °C 17 9 11 13 12
10.1-15.0 °C 10 15 15 14 14
15.1-20.0 °C - 1 1 - 1
No. of days during fruit ripening with maximum temperature:
10.1-15.0 °C 4 4 5 5 4
15.1-20.0 °C 24 8 14 9 8
20.1-25.0 °C 2 8 10 8 14
25.1-35.0 °C - 10 1 8 4
Total precipitation (mm):
January-December 619.3 4414 430.8 808.4 540.3
January-September 478.6 343.1 348.3 667.5 457.2
September 65.1 45.9 53.0 94.2 24.2
No. of days in September with precipitation => 0.1 mm 15 8 15 9 11

*—hail shower.

In the following years (2019-2021), the distribution of the number of days with individ-
ual ranges for minimum temperatures was similar. It is worth noting that in 2019, as many
as 10 days with a minimum temperature below 10 °C were recorded in the second half of
September (Figure S1), just before the fruit harvest, which was on the last day of the month.
In 2020 and 2021, the number of such days in the second half of September was lower. At
the same time, they were accompanied by relatively high maximum temperatures, which
additionally did not favor the red coloring of the apple skins compared to more favorable
thermal conditions in 2018 and 2019.

In 2018-2019, from January to the end of September, the total rainfall was very low
(Tables 1 and S1). Trees with ripening fruits had better conditions in 2017 and 2021, and the
best conditions were in 2020, which was exceptionally abundant in precipitation. This was
the only year in the study in which the amount of rainfall could be classified as ensuring
‘good fruit quality” in apple production [29]. The highest rainfall in September was also
recorded in 2020; it was twice as low in 2018 and four times lower in the last year of tree
fruiting (2021). The number of days with precipitation ranged in September from 8—in the
exceptionally warm fruit ripening period in 2018—to 1 day more, which was recorded in
the exceptionally rainy year of 2020, and, in other years, it even reached 15 days.

3.2. Characteristics of Living Mulch Sod and Weed Infestation

The choice of the beginning of June 2017 as the seed sowing date for the tested grasses
turned out to be beneficial because, during establishment and in summer, further develop-
ment of the living mulch sod was accompanied by adequate moisture (Table S1). Proper
growth conditions were provided that stimulated seed germination and the abundant de-
velopment of cover crop biomass [43,44]. In both experiments, however, the percentage of
the soil surface covered with four living grass mulches varied greatly in the year of sowing
(Table 2). In experiment no. 1, the development of blue fescue sod was very slow and the
soil cover in the autumn of 2017 was unsatisfactory compared to that of red fescue. This
could have been due to the differential ability of fescue cultivars to rapidly establish [45].
In experiment no. 2, perennial ryegrass, regardless of the seed sowing dose used, filled
100% of the orchard area in the year of sowing. Meadow grass gained by such a year later.
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Table 2. Percentage of the soil surface under the covering of different living grass mulch sods in the

tree rows and alleyways in the succeeding years 2017—2021.

Living Grass Mulch Species and Seed Sowing Dose (kg-ha—1)

Experiment 1

Experiment 2

Year
Blue Fescue Red Fescue Meadow Grass Perennial Ryegrass
50 150 50 150 50 150 50 150
Tree rows
2017 10 5 65 85 60 80 100 100
2018 70 85 90 95 95 100 95 100
2019 95 100 100 100 100 100 100 100
2020 95 100 100 100 100 100 95 100
2021 100 85 100 100 100 100 100 100
Alleyways
2017 20 50 90 95 80 85 100 100
2018 60 85 95 95 100 100 90 100
2019 80 100 95 100 100 100 100 100
2020 75 85 100 100 100 100 100 100
2021 70 75 75 85 100 100 95 100
For the perennial ryegrass, the very early germination of this species contributed to
good sodding. It had already appeared between 10 and 20 days from the date of sowing the
seeds compared to meadow grass and red or blue fescue, which germinated after 20 days
at the earliest [46]. The soil cover of perennial ryegrass and meadow grass in 2018-2021
was stable and satisfactory. Despite this, weeds were spreading in the grass sod (Table 3).
Table 3. Diversity of the structure of identified weed taxa number and soil covering within four
different living grass mulch sods in the tree rows in spring 2021.
Living Grass Mulch Species and Seed Sowing Dose (kg-ha—1)
Experiment No. 1 Experiment No. 2
Specificati i
peciiication Blue Fescue Red Fescue Meadow Grass Perennial
Ryegrass
50 150 50 150 50 150 50 150
Percentage of soil surface under individual weed taxa covering within sod:
Achillea millefolium L. ACHMI 0 5.0 0 0 0 5.0 0 0
Arabidopsis thaliana (L.) Heynh. ARBTH 0 0 0 0 <1.0 <1.0 5.0 0
Artemisia vulgaris L. ARTVU 0 0 5.0 0 <1.0 <1.0 0 <1.0
Calamagrostis epigejos (L.) Roth CLMEP 5.0 0 0 0 0 0 0 0
Capsella bursa-pastoris (L.) Medik. CAPBP 0 0 0 0 0 0 53 <1.0
Cerastium holosteoides Fr. CERVU 5.0 0 0 0 15.3 10.3 20.0 5.5
Crepis spp. CVPG <1.0 0 0 0 0 0 0 <1.0
Draba verna L. ERPVE 5.0 0 0 0 53 10.0 15.0 10.0
Elymus repens (L.) Gould AGRRE <1.0 0 0 0 15.0 <1.0 0 0
Hieracium spp. HIEG 0 5.0 0 <l 5.0 <1.0 <1.0 0
Hypericum perforatum L. HYPPE <1.0 0 <1.0 0 0 <1.0 <1.0 0
Lamium purpureum L. LAMPU <1.0 0 0 0 5.8 55 15.3 10.3
Leontodon hispidus L. LEBHI <1.0 0 0 0 0 <1.0 <1.0 0
Malva sylvestris L. MALSI <1.0 0 0 0 0 <1.0 0 <1.0
Plantago major L. PLAMA 0 0 0 <1 0 <1.0 0 0
Plantago lanceolata L. PLALA 10.0 <1.0 0 0 0 0 <1.0 5.0
Poa annua L. POAAN 0 0 0 0 0 0 0 <1.0
Poaceae—other species GRAF 25.0 15.3 0 <1 15.3 5.5 10.0 <1.0
Ranunculus repens L. RANRE 0 5.0 0 0 0 0 0 0
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Table 3. Cont.

Living Grass Mulch Species and Seed Sowing Dose (kg-ha—1)

Experiment No. 1 Experiment No. 2
Specificati i
pectiication Blue Fescue Red Fescue Meadow Grass Perennial
Ryegrass
50 150 50 150 50 150 50 150
Rumex acetosa L. RUMAC <1.0 0 0 0 0 0 0 0
Stellaria media (L.) Vill. STEME <1.0 0 0 0 5.5 5.5 15.3 20.0

Taraxacum sp.
Trifolium repens L.
Veronica arvensis L.

Veronica serpyllifolia L.
Veronica sp.

TARG 10.5 5.8 <1.0 <1.0 20.0 15.3 20.3 20.0
TRFRE 10.5 10.3 25.0 10.5 65.0 75.0 75.0 55.0

VERAR 0 0 0 0 0 0 0 <1.0
VERSE 0 0 0 0 53 <1.0 0 0
VERG 0 0 0 0 <1.0 0 <1.0 <1.0

No. of weed taxa covering soil surface within sod:

<1.0% 8 1 2 4 3 9 5 8

1.1-5.0% 3 1 - 1 1 1 1
5.1-10.0% 1 1 - - 4 4 2 2
10.1-20.0% 2 2 - 1 4 2 4 3
20.1-40.0% 1 - 1 - - - 1 -
40.1-100.0% - - - - 1 1 1 1

Total number of weed taxa 15 7 4 5 13 17 14 15

In the spring of 2021, a large share of covering by Trifolium repens L. and Taraxacum
sp. was already observed in the tree rows. These were two perennial weeds that were
exceptionally bothering for orchard production using living mulch [16,25]. The use of
different seed sowing doses did not have a significant impact on the coverage of these
weed species. The share of typical monocotyledonous weeds in cover crops, such as Elymus
repens (L.) Gould [27,47] or other species from the Poaceae family [16,47], was noted clearly
in the present study when living meadow grass mulch was sown at the basic standard
of only 50 kg of seeds per ha. In both grasses tested in experiment no. 2, the number of
identified weed taxa increased from 13 to 17 and was similar to the blue fescue sod, which
was sown at the standard dose of 50 kg of seeds per ha. The coverage of several of these
weed taxa did not exceed 1% of the soil surface. They can therefore be considered as species
contributing to the biodiversity of the agricultural landscape [48].

3.3. Soil Properties under Living Mulch Cover

The presence of living grass mulches and their weediness compared to the herbicide
fallow did not result in significant differences in soil conditions in the first five years of
apple tree cultivation (Table 4).

The soil reaction in all treatments was similar, and the organic C content did not exceed
11.0 g per kg. A similar content of organic C was determined by Ramos et al. [49] under
native grass cover. In this experiment, only the frequent tillage of soil contributed to a
significant decline in organic matter after several months. A significant effect of various
living mulches, including perennial ryegrass, on the increase of organic C compared to
mechanical soil cultivation was also shown after three years of research by Qian et al. [15].
In our five-year study, the control treatment, herbicide fallow, did not have such a strong
effect on reducing soil organic C. But, the twelve-year impact of two living grass mulches
in comparison with herbicide fallow and black woven polypropylene fabric improved the
humus content of the soil [16]. Also, the three-year cultivation of various grass mixtures
with dicotyledons or only dicotyledons contributed to an increase in the organic matter
content of the soil [17].
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Table 4. Selected chemical and physical-chemical properties of soil under living meadow grass or
perennial ryegrass mulch sods and herbicide fallow in the tree rows—experiment no. 2, spring 2022
(mean £+ SD, n = 4).

Living Grass Mulch Species and Seed Sowing Dose (kg-ha—1)

Specification Herbicide Fallow Meadow Grass Perennial Ryegrass
50 150 50 150
pHkal 55+08a 56+02a 54+05a 54+06a 56+09a
Corg- (gkg™) 108+ 09a 106+ 11a 105+10a 11.0£12a 106 £15a
P (mg-kg™!) 36 =17 a 39+9a 42+ 14a 42+ 13a 42+ 18a
K (mg-kg™1) 103 £46a 113 £22a 105+ 36a 130 = 68 a 127 £41a
Mg (mg-kg 1) 88t 16a 85 £t 1la 80£8a 86t 15a 87 £13a
K:Mg 113 +£032a 131+0.16a 1.31+036a 145+ 054a 143 +£025a
Means marked with different letters in rows represent statistical differences among treatments (one-way ANOVA,
Tukey test, p < 0.05).

The content of available phosphorus in the soil remained at an average level with
herbicide fallow treatment. It was high in meadow grass sown at a dose of 150 kg per ha
and in both treatments with perennial ryegrass. Regardless of the treatment, potassium
and magnesium remained at medium and high levels, respectively, and the K:Mg ratio
was always proper. A significant increase in soil phosphorus and potassium content was
noted by Qian et al. [15] after three years of research in which mechanical cultivation was
replaced by the use of several cover crops. Among them, living perennial ryegrass mulch
provided significantly higher potassium contents. In other studies, compared to long-term
herbicide fallow treatment, the presence of grass cover crops had a positive impact on the
total soil nutrient contents [16].

3.4. Growth and Yield of Apple Trees

In the autumn of 2016, before the sowing of living mulches, stronger growth of the
‘Chopin’ apple tree on the strong semi-dwarf rootstock MM.106 was recorded in experiment
no. 1 compared to experiment no. 2 (Tables 5 and 6).

Table 5. Yield and tree growth of ‘Chopin’ cv. depending on living blue fescue or red fescue mulch
sods and herbicide fallow—experiment no. 1 (mean + SD, n = 4).
Living Grass Mulch Species and Seed Sowing Dose (kg-ha—1)
Specification Herbicide Blue Fescue Red Fescue
Fallow
50 150 50 150
TCSA autumn 2016 (cm?) 246+088a  269+072a  269+04la  216+048a  220+056a
TCSA increment
spring 2016-autumn 2021 (cm?) 24.62+922a 2193 £425a 2396 =546 a 2064 £571a 18.51 £8.87a
TCSA autumn 2021 (cm?) 27.08 £10.09a 24.63+497a 26.65 £ 5.86 a 2280 £6.17 a 2070 £9.40 a
Mean fruit number 2017-2021 49+8b 30+10a 27+5a 24+3a 2+3a
(no-tree™ )
Total yield 2017-2021 (kg-tree 1) 26.74+330b 1882+ 624ab  16.66 +3.31la 1427 £ 090 a 1234 £371a
Crop efficiency coefficient 113+055a  076+017a  065+020a  0.67+024a  064+014a

2017-2021 (kg-cm™2)

TCSA—trunk cross-sectional area. Means marked with different letters in rows represent statistical differences
among treatments (one-way ANOVA, Tukey test, p < 0.05).
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Table 6. Yield and tree growth of ‘Chopin’ cv. with living meadow grass or perennial ryegrass mulch
sods or herbicide fallow—experiment no. 2 (mean £ SD, n = 4).

Living Grass Mulch Species and Seed Sowing Dose (kg-ha—1)

Herbicide

Specification Meadow Grass Perennial Ryegrass
Fallow
50 150 50 150
TCSA autumn 2016 (cmz) 1.79 £0.11a 158+ 021a 1.82+0.14a 1.70+£ 032 a 1.734+020a
TCSA increment
spring 2016-autumn 2021 (sz) 16.64 £1.73b 10.16 £ 1.61a 11.64 + 3.28 ab 1044 +£2.72a 822 +0.80a
TCSA autumn 2021 (sz) 1842 £1.69b 11.74 £ 1.80 a 13.46 £+ 3.23 ab 12.13 +3.01 a 995+ 098 a
Mean fruit number 2017-2021 47 £ 14b 23+3a 26+3a 16+6a 1942a

(no-tree™ 1)
Total yield 20172021 (kg‘tree_l) 25.87 £5.72b 11.99 +2.96 a 1329+ 147 a 8.50 £4.07 a 948 +2.05a

Crop efficiency coefficient
2017-2021 (kg-cm2) 1.39£0.19b 1.03 £ 0.25 ab 1.04 £ 0.31ab 068 £022a 0.96 &+ 0.24 ab

TCSA—trunk cross-sectional area. Means marked with different letters in rows represent statistical differences
among treatments (one-way ANOVA, Tukey test, p < 0.05).

These differences determined the growth of trees in subsequent years of research.
Five years later, regardless of the sowing dose for the living grass mulches, all trees grown
in fescue treatments had similar growth and trunk cross-sectional areas. Trees in herbicide
fallow did not grow significantly stronger. This was similar in the experiment with good-
quality nursery material, i.e., apple trees of the ‘Ligol’ cv. on semi-dwarf rootstocks with
living blue fescue mulch [22]. Smaller trees whose trunk diameter did not exceed 2 cm?
at the time of sowing living mulches in experiment no. 2 reacted more strongly to their
presence (Table 6). Their increment and trunk cross-sectional area were often significantly
lower compared to those noticed in cases of trees cultivated with herbicide fallow. Such a
negative impact of living grass mulches was observed in other studies, not only in young
apple orchards on dwarf rootstocks [22,26] but also when trees were grafted on the strongly
growing MM.111 rootstock with the use of the M.9 interstock [24]. With the same soil
nutrient content in all treatments in experiment no. 2 (Table 3), it can be assumed that
the rapid development of living mulch sod in the orchard contributed to the limitation
of tree growth. This was also due to the more abundant weed cover for meadow grass
and perennial ryegrass than in experiment no. 1 for both fescue sods (Tables 2 and 3).
Unfortunately, a negative impact of the presence of soil grubs on the condition and growth
of the tree root system in experiment no. 2 cannot be excluded. This could have weakened
the growth of young trees in the first years after establishing the orchard and additionally
strengthened the negative impact of living mulch on the level of tree yield (Table 6).

The influence of both fescue species in experiment no. 1 sown at a dose of 150 kg per ha
and of red fescue sown at a dose of 50 kg per ha were also factors that significantly decreased
the number of fruits and yield of trees cultivated with living mulches compared to herbicide
fallow (Table 5). This reaction of trees to the presence of a cover crop was expected because
other previous studies showed the influence of the competition of an additional plant in the
orchard on the level of apple tree fruiting [22,26]. However, the very low yield of all trees
in both experiments is worthy of attention. It increased in subsequent years of the study,
but even the most cropping trees in both control treatments with herbicide fallow gained
only over 10 kg per tree in the fifth year (Tables S2 and S3). Such a low yield could have
been the result of an inappropriately selected MM.106 rootstock for the new scab-resistant
variety ‘Chopin’. Although it is a semi-dwarf rootstock, it grows relatively strongly [50,51],
which unfortunately delays trees’ entry into full fruiting [50]. In the present study, this was
also confirmed by the assessment of tree blooming, which most often remained below a
value of 2, which indicated blooming below the average level (Figures S2 and S3). In the
present research, the low yield per tree cultivated with fescue resulted in the crop efficiency
coefficient being below unity, as in another experiment with red fescue [24]. This was
similar in both treatments with perennial ryegrass.
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3.5. Blushing, Mean Weight, and Size of Fruit

An unexpected effect of using living mulch in the orchard that was significant in
experiment no. 2 was an increase in the share of apples with a red-pink color exceeding 25%
of the skin surface compared to the herbicide fallow control (Table 7). However, the share
of “green peel” ‘Chopin’ cv. with blushing greater than 75% was occasional. The influence
of cover plants on the increase in the red blush color area has been shown in various
research experiments, but it has been connected with ‘red skin” apples [7,22]. However,
Atay et al. [32] did not observe differences in the basic yellow color of the fruit ‘yellow skin’
‘Golden Delicious’ cv. when assessing the different intensities of weed infestation in the
orchard. The competition of weeds against the tree can, to some extent, be compared to the
competition created by our cover plants. Additionally, in the experiment of Atay et al. [32],
the intensity of only the deep yellow color changed under the influence of yearly weather
conditions. In the case of our research, different thermal conditions in September, in the
period preceding fruit harvest, contributed to a significant increase in the share of red blush
apples of the ‘green-peel’ variety (Tables 1 and S1). This was observed in both research
experiments, but the interaction effect (living mulch x year) was significant only in the
meadow grass and perennial ryegrass experiments.

Sawicka et al. [52] reported that the mean fruit weight of ‘Chopin’ cv. was 183 g. In
our experiment, the fruit was smaller in all years of the study (Table 7). In 2019-2020,
in experiment no. 1, the mean fruit weight was significantly lighter compared to 2018.
Similar trends were noted in experiment no. 2. In both experiments, in the first two years
of evaluation, a high share of apples with a diameter of 6.5-7.5 cm was recorded. In the
next two years, the share of larger apples (7.5-8.5 cm) increased, even though the yield
per tree most often increased compared to 2018-2019 (Tables S1 and S2). This could have
been due to a much better supply of water to trees in 2020 and 2021 compared to 2018-2019
(Tables 1 and S1). The use of living mulch had no effect on fruit weight and diameter
in experiment no. 1, similar to the findings of Batuszyniska et al. [7]. However, other
authors mentioned the negative impact of cover crops on fruit weight and size [22,25]. This
tendency was present in experiment no. 2. Significant differences were noted when the
herbicide fallow was replaced with meadow grass sown at a rate of 50 kg of seeds per ha.

Table 7. Mean fruit weight, blushing, and fruit size of ‘Chopin’ cv. with living grass mulch sods or
herbicide fallow by year (mean + SD, n = 4).

. Mean Fruit % of Fruit with Blush on Skin Surface Area % of Fruit with Diameter (cm)
Specification Weight ()
ght g >75% 25-75% <25% >8.5 7.5-8.5 6.5-7.5 <6.5
Experiment No. 1
GLMHL:
Herbicide fallow 121+£9a - 12+4a 88+ 4a 1+1 17+5a 57+5a 26+10a
Blue fescue 50 134 £8a - 20+ 8a 80+ 8a 2+3 19+8a 57 +8a 21+8a
Blue fescue 150 133+ 6a - 20+4a 80+ 4a 1+1 21+4a 59+6a 19+6a
Red fescue 50 138+t5a - 26+1a 74+ 1a 242 23+5a 53+4a 22+7a
Red fescue 150 135+ 13a - 22+13a 78+ 14a 3+2 24+7a 53+ 6a 21+12a
YEAR:
2018 142+ 10c - 42+2c¢ 58+ 2a - 14+£9a 71+2b 15+9a
2019 126 + 6 ab - 23+7b 77 £8b 1+1 1l4+t6a 65+2b 20+ 6a
2020 120+ 8a - 9+12a 91+ 12c¢ 2+1 23+ 12ab 46+5a 29+9a
2021 140 + 15bc - 6+3a 94+3c 4+3 32+12b 41+4a 23+18a
GLMHL x YEAR NS - NS NS - NS NS NS
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Table 7. Cont.

L Mean Fruit % of Fruit with Blush on Skin Surface Area % of Fruit with Diameter (cm)
Specification Weight (2)
eight (g >75% 25-75% <25% >8.5 7.5-8.5 6.5-7.5 <6.5
Experiment No. 2
GLMHL:
Herbicide fallow 127 +3b - 14+t4a 86 +4c 3+3 19+4b 51+7a 27 +8a
Meadow grass 50 108+ 11a 4+6 17+ 6ab 77 + 3 bc - 4+5a 39+9a 57 +13b
Meadow grass 150 120 £ 5 ab - 25+ 6 bc 75 £ 6 abc 1+1 9+3ab 51+9a 39+ 8ab
Perennial ryegrass 50 126 +12b - 26 + 3 bc 73 +3ab 1+1 15+8b 50+5a 34+13a
Perennial ryegrass 150 119 =9 ab 1+2 34+6¢ 64+4a 5+5 11+2ab 43+ 10a 40 £ 13 ab
YEAR:
2018 128+ 6b - 50+5c¢ 50+5a - 10 £ 5ab 50 £10b 40+ 13a
2019 111+7a - 25+ 3b 75+3b - 6+3a 50+ 5b 44+8a
2020 119 £ 13 ab 5+4 11+5a 84 + 4 bc 6£3 16t6b 35+7a 43+ 8a
2021 123 £ 11 ab - 7+£2a 93+2c¢ 241 15+5b 51+5b 31+9a
GLMHL X YEAR R — HAA *% - %% * NS

GLMHL— living grass mulch species and seed sowing dose (kg-ha™!) or herbicide fallow. NS—not significant.
* Statistically significant differences at p value < 0.05. ** Statistically significant differences at p value < 0.01.
*** Statistically significant differences at p value < 0.001. Means marked with different letters in separate columns
represent statistical differences among treatments (two-way ANOVA, Tukey test, p < 0.05).

3.6. Influence of Agrotechnical Methods versus Weather Conditions on Fruit Quality

Living mulch is one of the floor management options that eliminates the use of
glyphosate in rows of fruit trees. It has a positive influence on the agricultural environment.
On the other hand, living mulch competes with fruit trees, which was also visible in the
present study (Tables 5 and 6). In these studies, there was also a contrasting milder effect of
the tested fescues on the growth and yield of apple trees compared to the stronger effect of
perennial ryegrass and meadow grass. However, it should be taken into account that at
the time of sowing mulch seeds, the trees in experiment no. 2 were weaker compared to
those grown in experiment no. 1 with both fescues. Access to available forms of potassium,
phosphorus, and magnesium in the soil can be considered correct (Table 3).

The development of trees in experiment no. 2 was probably limited by the nitrogen
availability, which also benefited the cover crops, as in the studies of TerAvest et al. [53].
Another limiting factor was probably water. Its availability is closely related to the biomass
production of cover crops [43] and is also used by perennial weeds, the appearance of
which in experiment no. 2 was more abundant than in experiment no. 1. Such conditions
limiting the growth and development of trees in perennial ryegrass and meadow grass also
determined the quality of the fruit, especially its blush color. The synthesis of anthocyanins,
responsible for the red appearance of apples, is not favored by excessive tree vigor, espe-
cially excessive shoot growth [54]. As shown by Andersen et al. [26], in the presence of
cover plants, the annual increment of shoots is significantly reduced. Hence, also in the
present research in experiment no. 2, in which grass cover crops significantly weakened
the growth of trees (Table 6), an increase in the share of apples was observed where the
red blush color reached 25-75% of the fruit skin surface. Limiting the conditions of tree
growth and development had a weaker impact on the average weight and size of apples.
But such a situation occurred only with meadow grass cultivation with sowing of 50 kg
of seeds per ha, when both the mean fruit weight and the share of fruit in the 7.5-8.5 cm
apple class were significantly lower compared to the herbicide fallow control.

Fruit quality is determined by agronomic factors, such as orchard design and the
training system or pruning of trees, and environmental factors, such as temperature and
light distribution. It is also regulated by crop load and fruit set thinning [29]. In our
research, the unification of agrotechnical methods in all treatments with living mulches and
herbicide fallow excluded the influence on the weight, size, or blushing of the fruit of factors
other than the presence of a cover crop. However, it seems that the relatively low level of
yield, especially in the case of weaker-growing and low-yielding trees in experiment no. 2,
also did not have a negative impact on fruit quality in the young orchard of ‘Chopin’ cv.
(Tables S2 and S3). However, weather conditions were variable (Tables 1 and S1). In both
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experiments, the share of apples with red blush on the skin surface from 25 to 75% was
significantly higher in 2018 compared to 2019 (Table 7). The share of red color apples in
the first two years of fruiting differed significantly from those obtained in 2020 and 2021.
This phenomen was related to low temperatures during fruit ripening, which is a factor
that stimulates the red color of apples [33,35]. In our studies, the number of days with a
minimum temperature ranging from 0 to 5.0 °C was positively correlated with an increase
in the share of fruits with a red color covering 25-75% of the skin surface in each orchard
floor management (Table 8).

Table 8. Linear correlation coefficient between selected thermal climatic conditions during fruit
ripening or total annual precipitation in the years 2018-2021 and two fruit quality features of ‘Chopin’
cv. in relation to living grass mulch sods and herbicide fallow.

No. of Days with Low

No. of Days with Daily

No. of Days with High Temperature Total

Specification Temperature (°C) Temperature (°C) Amplitude (°C) January-September
Precipitati
0.0-5.0 0.0-10.0 >20.0 >25.0 100200 150200 | recipitation (mm)
Experiment No. 1
% of fruit with blush on skin surface area 25-75%:
Herbicide fallow 0.71 -0.71 NS NS NS NS —0.67
Blue fescue 50 0.65 —0.65 NS NS NS NS —0.62
Blue fescue 150 0.80 -0.73 NS NS 0.57 NS —0.67
Red fescue 50 0.78 -0.75 NS NS 0.57 NS —0.67
Red fescue 150 0.56 NS NS NS 0.59 NS NS
% of fruit with diameter 7.5-8.5 cm:
Herbicide fallow NS NS NS NS NS NS NS
Blue fescue 50 NS NS NS NS NS NS NS
Blue fescue 150 NS NS 0.56 NS NS NS NS
Red fescue 50 NS NS NS NS NS NS NS
Red fescue 150 NS 0.52 NS NS NS NS NS
Experiment No. 2
% of fruit with blush on skin surface area 25-75%:
Herbicide fallow 0.50 —0.81 NS NS NS NS —0.77
Meadow grass 50 0.68 —0.63 NS NS NS NS —0.58
Meadow grass 150 0.64 NS NS NS 0.59 NS NS
Perennial ryegrass 50 0.86 —0.79 NS NS 0.58 NS —0.73
Perennial ryegrass 150 0.93 —0.53 NS 0.64 0.80 0.59 NS
% of fruit with diameter 7.5-8.5 cm:
Herbicide fallow NS NS 0.50 NS NS NS NS
Meadow grass 50 NS NS NS NS NS NS NS
Meadow grass 150 —0.56 0.71 NS NS NS NS 0.65
Perennial ryegrass 50 NS NS NS NS NS NS NS
Perennial ryegrass 150 NS 0.92 NS NS NS NS 0.96

NS—not significant (linear correlation p = 0.05).

There were the most such days in 2018 (Table 1). In the following year, 2019, which
also stimulated the red coloring of apples, there were fewer such days. However, in the
last decade before harvest, the number of days with a daily temperature amplitude range
from 10.0 to 20.0 °C was high, which was also significantly correlated with the increase
in the share of red-skinned apples cultivated in living mulch. The influence of weather
conditions on the weight and size of the fruit was small. However, it is worth noting
that in experiment no. 2, with the increase in precipitation, the share of large fruits with a
diameter of 7.5-8.5 cm increased significantly in two treatments with the sowing of meadow
bluegrass and grass ryegrass at a dose of 150 kg of seeds per ha (Table 8). This proves
that the improvement of water conditions mitigated the competitive impact of dense sod
against fruit trees.
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In our experience, the external quality of the fruit of new, scab-resistant ‘green peel’
‘Chopin’ cv. was primarily influenced by weather conditions. Agricultural practice, similar
to the experiment of Le Bourvellec et al. [6], was of secondary importance. Other compre-
hensive assessments of new ‘Chopin’ cv. trees have been carried out in recent years and
they showed significant changes in the quality of the internal fruit as a result of changing
weather conditions in subsequent growing seasons [52,55]. Additionally, attention was
paid to the high acidity of apples, which seems to be an advantage of this cultivar compared
to commonly produced ‘red skin” apples in Poland, e.g., ‘Idared” or ‘Sampion” [55]. Such
properties of the fruit also broaden the spectrum of its use compared to other sweeter ‘green
peel” apples like ‘Golden Delicious’ or ‘Mutsu’ [52]. As we have shown, in the example
of a young orchard with ‘Chopin’ cv., the first effect of the presence of living mulch on
the group of ‘green apple’ cultivars was the appearance of a certain amount of fruit with
slightly red-pink colored skin. In favorable growing seasons, the share of such fruits will
increase significantly. The producer’s care for the agricultural environment and an increase
in consumer awareness should favor the acceptance of the presence of red blushing on
‘green peel” apples (Scheme S1). This is also justified by the fact that as the area of red skin
color increases, the share of anthocyanins in the apple peel also increases [54], which are
phenolic compounds that are important for human health [56,57].

4. Conclusions

Several years of research on the new scab-resistant apple tree cultivar “‘Chopin” shows
that the yield and growth of the trees were influenced by cover crop presence as well as
grafting trees on one of the strongest semi-dwarf rootstocks—MM.106. The quality of
fruit was determined by environmental rather than agrotechnical factors. Nevertheless,
an unexpected effect of the presence of living mulch was its significant influence on
fruit appearance, showing a red-pink blush on the ‘green peel’ fruit of ‘Chopin’ cv. Low
temperatures and moderate rainfall during the apple ripening period enhanced the red
coloration of the fruit skin. Modifications of fruit quality by the presence of a cover crop
and weather conditions were stronger in the case of weaker trees cultivated with meadow
grass and perennial ryegrass compared to more vigorous trees grown in fescue grasses.
This was influenced by the early germination and faster development of these living grass
mulches and the presence of weeds, mainly Trifolium repens L., in their sod. Increasing the
sowing rate of grass seeds had no direct impact on the quality of the fruit. The presence of
living mulch and weather conditions had little effect on fruit mean weight and fruit size.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/agriculture14040610/s1. Figure S1: Daily minimum and maximum
temperatures at the Wroctaw-Strachowice Station (51°12' N, 16°87’ E) in September in the years
2018-2021; Figure S2: Blooming of ‘Chopin’ trees with living blue fescue or red fescue mulch sods or
herbicide fallow—experiment no. 1 (scale 1-6); Figure S3: Blooming of ‘Chopin’ trees with living
meadow grass or perennial ryegrass mulch sods or herbicide fallow—experiment no. 2 (scale 1-6);
Table S1: Mean temperatures and total precipitation at the Wroctaw-Strachowice Station (51°12' N,
16°87' E) in the years 2016-2021; Table S2: Fruit number and yield of ‘Chopin’ cv. with living blue
fescue or red fescue mulch sods or herbicide fallow—experiment no. 1, in the individual years
since 2017 up to 2021 (mean + SD, n = 4); Table S3: Fruit number and yield of ‘Chopin’ cv. with
living meadow grass or perennial ryegrass mulch sod or herbicide fallow—experiment no. 2, in the
individual years since 2017 up to 2021 (mean + SD, n = 4); Scheme S1: Red-pink blushing on the fruit
skin surface of the green—peel ‘Chopin’ cv. in the autumn of 2018.
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