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Abstract: Traditional orchards received little attention in ecology. In order to enhance the ecological
function of traditional pear orchard, it is an effective strategy to co-plant the ornamental green
manure (GM) under the pear forest. In this study, two kinds of GM, i.e., Astragalus sinicus L. (AS)
and Lathyrus cicera L. (LC), were co-planted in pear tree orchard to elevate its landscape benefits of
spatiotemporal distribution of flowers, the nutrient benefits and oxygen production. The results
showed that the flower height of AS and LC arrange between 20~30 cm, and the flowering period
covers the March. LC has a large number of flowers, a small area of single flower, and high yield of
fresh grass. AS has a small number of flowers, a large area of single flower, and low yield of a single
fresh grass. Among them, 35% AS + 65% LC and 50% AS + 50% LC are more suitable in achieving
the well tourism value and potential good production of pear orchard. Nutrient accumulation, total
carbon fixation and oxygen production, flower number of 35% AS + 65% LC are larger than other
treatments, while the flower period of 50% AS + 50% LC is longest. This study proposed a “win-win”
GM planting strategy for sustainable orchard development, by enhancing ecology functions and the
landscaped value of the traditional fruit orchard.

Keywords: green manure; landscape; mountain; orchard; ecology

1. Introduction

Pears are one of the most common types of fruit trees cultivated in both northern
and southern China [1]. Pear yield and fruit quality are mainly dependent on cultivar,
pollination, fertilization, and irrigation [2,3]. Currently, many orchard owners prefer high
yield to good quality, and they prefer chemical fertilizer to organic products, which leads
to many problems, such as soil acidification [4], decreasing fruit quality [5], and increasing
the emission of greenhouse gas [6].

Green manure (GM) (e.g., Lolium perenne L. [7], Trifolium repens L. [8], Vulpia myuros
L. [9], Vigna sinensis L. [10], AstragalusSinicus L. [11]) is a soil conservationist practice which
can enhance soil fertility and organic matter, and serve as a nitrogen source and a “carbon
stabilizer” [12]. For example, Ding et al. (2021) described that the intercropping with
three green manure crops favored the crop nutrient uptake [13]. Lee et al. (2021) also
confirmed that incorporation of one kind of GMs, called hairy vetch, increased soil carbon
sequestration [14], and Zhou et al. (2020) stated that the co-incorporation of rice straw
and leguminous green manure increased soil available nitrogen and reduce carbon and
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nitrogen loss [15]. Wang et al. (2015) reported that terraced nectarine orchard planted with
a kind of green manures, named A. pintoi, can sequester soil organic carbon in subtropical
China [16]. In addition, it has been reported that GM can maintain or increase the planting
growth and the crop yield. Planting GM can form dense grass layer, inhibit weed seed
germination, and reduce water runoff by increasing soil coverage area and decreasing
sediment erosion [17]. Application of GM can reduce some negative effects caused by
chemical and organic fertilizers, and it has potential benefits in enhancing the soil physical
structure, preserving its moisture content, increasing its water permeability, and enhancing
the carbon sequestration [18,19]. GM can also play an important role in the air purification
and sustainable development of the ecosystem. They absorb CO2 and release O2 through
photosynthesis, maintain the dynamic balance of CO2 and O2 in the atmosphere, and play
a certain role in alleviating a series of problems such as global warming [20]. Meanwhile, a
certain ornamental value due to their relatively long flowering stage and colorful flowers
has been reported, and thus played a critical role in enhancing the orchard ecology.

As we know, there is plenty of room under the pear tree canopy, which can be utilized
to improve the orchard ornamental value [21] and carbon sequestration in orchards [22].
Besides, the flowering period of pear is in March, but the flowering period is short at only
8 days. It is noteworthy that a relatively long flowering stage and colorful flowers played a
critical role in enhancing the orchard ecology and certain ornamental value. Two typical
GM, i.e., Astragalus sinicus L. (AS) [23] and Lathyrus sativus L. (LS) [24], are with low plant
height and long flowering period in March, without vines and have shallow root layer,
and thus are suitable for planting under a pear tree umbrella. In addition, the AS and LS
have different flower characteristics and good ornamental, and therefore, the combined
planting of AS and LS under the pear tree umbrella for improving the ornamental value
of the pristine pear orchard is worth exploring [25,26]. Specifically, AS and LS planted
under pear trees can form a three-dimensional landscape with pear flowers, enrich the
ornamental colors of pear orchards, and extend the ornamental time of pear orchards.

Therefore, this study investigated whether the combined cultivation of LS and AS in
pear orchard can increase the landscape value and ecological functions of pristine pear
orchard by evaluating the visually spatial and temporal distribution, nutrient efficiency
and carbon fixation, and oxygen production in a new pear orchard system. Thus, the
overall aim of this study was to seek an appropriated GM combination of AS and LC for
enhancing the ornamental value and carbon sequestration of a pear orchard.

2. Materials and Methods
2.1. Site Description and Experiment Design

The experiment was carried out at the pear garden (105◦42′11′′ E, 26◦16′20′′ N) in
Huangtong Street Office, Puding County, Anshun City, Guizhou Province, in 2019. The
experiment site was located in the west of the central part, with an altitude of 1249 m in
Guizhou Province. The climate of the experiment site belongs to the humid subtropical mon-
soon climate with obvious monsoon alternation, and the annual climate is mild, with an av-
erage annual temperature of 15.1 ◦C. The average annual sunshine duration is 1164.9 h, the
frost-free period is 301 days, and the average annual precipitation is 1378.2 mm. The tested
soil is yellow soil, and the mechanical composition is mainly silt. The soil pH value: 6.15,
total nitrogen 0.21%, total phosphorus 0.12%, total potassium 0.76%, available phosphorus
19.90 mg/Kg, rapidly available potassium 62.50 mg/Kg, alkali-hydrolyzable nitrogen
147.35 mg/Kg, slow-available potassium 199.33 mg/Kg, organic matter 31.67 g/Kg.

The Astragalus sinicus L. (AS) and Lathyrus cicera L. (LC) were provided by Nanchong
Test Station of National Green Fertilizer Industry System. In total, five treatments were
set and shown in Table 1. Each treatment has three plots which were randomly arranged.
The plot area was 8 m2 (2 m × 4 m), sown in September, drilled, and grown without
any fertilizer.
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Table 1. Sowing rate of diverse planting treatments.

Treatments
Sowing Rate (kg · ha−1)

Lathyrus cicera L. (LC) Astragalus sinicus L. (AS)

100% LC (T1) 3 0
35% AS + 65% LC (T2) 1.95 1.05
50% AS + 50% LC (T3) 1.5 1.5
65% AS +35% LC (T4) 1.05 1.95

100% AS (T5) 0 3

2.2. Collection and Nutrient Analysis of Samples, and Pear Yield Assessment

In the flowering stage, three representative plants per square of each plot were col-
lected. After the samples were brought in lab, the aboveground and underground fresh
weight were determined after the plant samples were washed with deioned water to
remove the coherent soil and quickly air-dried at room temperature. Then, the dried
sample was further dried at 105 °C and weighed for determination of sample dry weight,
which was denoted as Ybiomass. Finally, the samples were crushed through 0.2 mm sieve
and prepared for determination of total contents of nitrogen, phosphorus, and potassium.
The plant total nitrogen (TN) content was determined through FOSS Kjeltec™ 8200 Auto
Sampler System (Eden Prairie, MN, USA). The plant total phosphorus (TP) content was
determined using the molybdate-ascorbic acid method with the H2SO4-H2O2 digestion
method [27]. The plant total potassium (TK) content was determined by ICP-OES (Perkin
Elmer, Waltham, MA, USA) [28]. At harvest time, all pears in each plot of diverse treat-
ments were harvested and weighted, respectively. The pear yield was calculated based on
one hectare.

2.3. Carbon Fixation and Oxygen Production

Fruit trees use solar energy to absorb water from the air through plant photosynthesis,
fix carbon dioxide in the atmosphere and release oxygen, and store the organic matter
generated into their own tissues. The calculation method of carbon fixation and oxygen
production was shown in Equation (1). The carbon fixation amount was calculated based
on the photosynthetic equation; every 1.00 g of dry matter produced by plants can fix 1.
63 g of CO2 in the atmosphere and release 1.20 g of O2 [29]. The fixed amounts of CO2
(YCO2) and O2 (YO2) were calculated based on Equations (2) and (3) in which the Ybiomass
was denoted as the GM biomass per square of each treatment, and the Sarea referred to the
GM area of each treatment.

6CO2 (264 g) + 6H2O (108 g)→ C6H12O6 (180 g) + 6O2 (192 g)→ dry matter (162 g) (1)

YCO2 = 1.63 × Ybiomass × Sarea (2)

YO2 = 1.2 × Ybiomass × Sarea (3)

2.4. Flower Parameter Determination

Fifteen plants were randomly selected for each treatment to count the flowering date
and number of flowers. After the flowering stage, the opening and withering dates of the
first flower were recorded, and the diameter of the first flower was measured with a ruler
to count the number of flowers. Diverse diameters were calculated based on following
formulas (Equations (4) and (5)) [30]. The RAS is the radius of the umbel composed of
florets. ALC is the length of the single floret flag and BLC is the width of the single
floret flag.

Single flower area of AS: SAS = π × RAS2 (4)

Single flower area of LC: SLC = π × (ALC/2)×(BLC/2) (5)
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2.5. Flower Parameter Determination

Excel 2007 and SPSS 18.0 were used for a statistical analysis of the data. One-way
ANOVA and Duncan’s method were used for ANOVA and multiple comparison (α = 0.05).
Excel 2007 software was used for plotting. Data in the chart are mean ± standard error.

3. Results
3.1. Temporal and Spatial Characteristics of Flowers among Different Treatments

In terms of flowering period (Figure 1), the flowering durations of the two crops are
similar, mainly in March and long for c.a. 27–30 days. The flowering time of LC is about 3
days earlier than AS, which is about 3 days shorter than that of AS. The flowering duration
of each treatment was similar, but the flowering duration of 50% AS +50% LC treatment
was the longest, which was 4 days and 1 day longer than that of 100% LC and 100% AS
treatment, respectively. From the aspect of the spatial characteristics of flowers (Figure 2),
the plant height of LC is taller than that of AS. When the sowing density is 45 kg/ha, the
mean plant height of AS is c.a. 20 cm, the plant height of LC is c.a. 61.7 cm, the mean
root length distribution of AS is c.a. 13 cm, and LC is c.a. 18 cm. The plant height of LC
decreases with the introduction of AS, but the difference is not significant. The fitting
curve is y = −6.1643x2 + 24.076x + 40.26 (R2 = 0.8426). The plant height of AS shows an
increasing trend, but 100% AS treatment. However, the plant height of AS decreases with
the increasing AS proportion. Compared with 100% AS, 50% AS + 50% LC and 35% AS
+ 65% LC treatment are significantly increased by 81% and 75%, respectively. The fitting
curve is y = −6.9929x2 + 45.487x−35.22 (R2 = 0.8957). It can be seen that when the ratio of
AS and LC is 50%, the difference of plant height between the AS and LC is the smallest.

Figure 1. Flowering stage of green manure under different treatments.
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Figure 2. Plant height of green manure under different treatments. Different letters indicate significant
difference among different treatments at p ≤ 0.05.

3.2. Characteristics of the Number of Flowers in Different Treatments

In terms of the flower number (Figure 3), when the sowing density is 45 kg/ha, AS
is c.a. 2 flowers/plant and LC is c.a. 15 flowers/plant. The flower number is positively
correlated with the change of sowing quantity. The fitting curve of LC is y = 19.243 x2 −
233.86 x + 723.78 (R2 = 0.8957), and the fitting curve of AS is y = 7.0514 x2 −3.9086 x − 2.64
(R2 = 0.9198), and the total number of flowers fitted well with the curve: y = 26.294 x2 −
237.77 x + 721.14 (R2 = 0.8925). In addition, total flower number of 35% AS +65% LC is 34%
higher than that of 65% AS +35% LC, but the difference is not significant.

Figure 3. Number of flowers of green manure under different treatments. Different letters indicate
significant difference among different treatments at p ≤ 0.05.

3.3. Characteristics of Flower Area among Different Treatments

When the sowing density is 15 kg/ha, the area of a single flower of AS is larger than
LC (Figure 4). The area of a single flower of AS is about 6.6 cm2/flower, and LC is about
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1.7 cm2/flower. The unit area of flower area of AS is about 1075 cm2/m2, and LC is about
878 cm2/m2. The flower area of AS is 22.4% higher than that of LC, but the difference is
not significant. There is a significant correlation between flower area and sowing amount.
The fitting curve of LC is y = 34.909x2 − 409.32x + 1234.4 (R2 = 0.8995), and the fitting
curve of AS is y = 39.223x2 + 21.167x − 63.232 (R2 = 0.9202). The total flower area fitted the
curve well: y = 71.131x2 − 388.16x + 1171.2 (R2 = 0.9551). The total flower areas of 100%
AS were 50.9% and 69.1% higher than that of the 50% AS + 50% LC and 35% AS + 65% LC,
respectively. In addition, the flower area of 100% AS is higher than 100% LC. Although it is
not significant in a flower area among different treatments, the AS flower is located on the
top of fresh grass, while the LC flower is located under the fresh grass, so the flower area
of 100% AS is significantly larger than that of 100% LC.

Figure 4. Area of flower of green manure among different treatments. Different letters indicate
significant difference among different treatments at p ≤ 0.05.

3.4. Nutrient Benefits of Different Treatments

In the later stage of viewing, GM can be returned to the field to realize their nutrient
function. The nutrient content of LC is a little higher than AS. TheTN, TP and TK of AS are
2.43%, 0.25%, and 1.61%. The TN, TP, and TK of LC are 3.02%, 0.24%, and 1.51%. In terms
of the yield of fresh grass, the yield of LC is higher than AS, because the AS was more
suitably planted in the paddy field. When the sowing density is 45 kg/ha, the yield of AS is
about 2400 kg/ha, and LC is about 25,515 kg/ha. The order of total nutrient accumulation
is as follows: 35% AS + 65% LC > 100% LC > 50% AS + 50% LC > 65% AS + 35% LC > 100%
AS. Among them, 35% AS + 65% LC is 66.5% higher than 100% LC, which is 16.9 times
100% AS. The difference between 50% AS + 50% LC and 65% AS + 35% LC is small, which
is 3~4 times 100% AS.

3.5. Carbon Fixation and Oxygen Production of Diverse Treatments

GM can fix CO2 and release O2 through the photosynthesis process. The amount
of oxygen production is determined by the amount of GM dry matter which was shown
in Figure 5. It is noteworthy that the oxygen production of the combined treatment of
35% AS + 65% LC is the highest, as well as the carbon fixation amount shown in Table 2.
The corresponding oxygen production and carbon fixation of 35% AS + 65% LC were
13,180 kg/ha and 13,290 kg/ha, which were 15 times 100% AS, and 1.6 times 100% LC.
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Figure 5. The content of oxygen production of green manure under different treatments. Different
letters indicate significant difference among different treatments at p ≤ 0.05.

Table 2. The content of carbon-fixation of green manure under different treatments. Different letters
indicate significant difference among different treatments at p ≤ 0.05.

Treatments Carbon-Fixation Amount (kg · hm−2)

100% LC 8040 b
35% AS + 65% LC 13,290 a
50% AS + 50% LC 3390 c
65% AS + 35% LC 2955 c

100% AS 846 d
Note: Different letters within the same column indicate significant difference between treatments (p < 0.05).

4. Discussion

The pear orchard grass-growing system is an important strategy of modern orchard
management, to improve fruit quality and produce high-quality fruit, and a soil man-
agement mode to achieve sustainable development of fruit orchard industry. Although
both AS and LC belong to the Leguminosae Papilionaceae subfamily, their flowers have
different visual characteristics (Table 3). Both the flower of AS and LC are racemes, and
the implanting parts of the flowers are all axillary. Because the axillary position of the
inflorescence is among the leaf axils, the fresh grass can easily produce certain shade for the
inflorescence and influence the ornamental value of the axillary inflorescence. However, the
inflorescences pedicel of AS is long, and composed of 6 to 10 small flowers, and shows an
umbrella shape, similar with visual perception of the terminal inflorescence. LC has a short
pedicel and a small flower number. Treatment with LC planting was visually dominated
by fresh grass. The single small flower petals of LC spread out and show a butterfly shape
among the green grass (Figure 6).

It has been reported that normal GM can fix nitrogen 75–150 kg/ha from the air, which
was equivalent to 225 Kg urea/ha, and thus indicated that GM plays an important role
in increasing soil nitrogen and improving soil fertility [31]. Therefore, GM planting in
pear orchard can not only fix nitrogen, improve soil nutrients, and inhibit the growth of
weeds, but also improve the ornamental value of the orchard, landscape function, and
ecological function.

Table 3. Visual characteristics of flower of the two green manures.

Green Manure Anthotaxy Type Pedicel Flower Shape Number of Floret Flower Color

Astragalus sinicus L. Raceme Long handle umbrella-type 6–10 Pink
Lathyrus cicera L. Raceme Short handle Papiliform 1 Tangerine
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Figure 6. Visual effects of different treatments of flowers.

As we known, the white flower of pear tree has high ornamental value, but its
flowering period is short, which usually blossoms in mid-early March and lasts for c.a.
8 days [32]. After the AS and LC with the same flowering period were co-planted in pear
orchard, the overall flowering period of pear orchard can be extended from the end of
February to the end of March, or even to the beginning of April. The flowering period
of LC starts from late February to late March, and the flowering period of AS starts from
early March to early April, which is about 3 days later than that of LC. The flowering
periods of both AS and LC are about 27~30 days. Among the symbiosis treatments, the
flowering period of 50% AS +50% LC treatment is the longest, which is 4 days and 1 day
longer than that of 100% LC and 100% AS, because LC can bring forward flowering time
and AS delay flower fading time. In addition, it also enriched the spatial ornamental
value. Because of the overlapping flowering periods, AS and LC can correspond with pear
flowers to form stereoscopic landscape of white flowers on the trees and red flowers on the
ground. The raceme of LC is axillary, the pedicel stalk of LC is short, and the number of
florets is less [33]. In terms of the vision of LC flowers, it is dominated by the tender green
grass, among which the growing florets of LC are orange and butterfly-shaped, which
can form the vision of star interspersing in the green grass. The raceme of AS is axillary,
long pedicels, and consist of 6 to 10 small flowers in an umbel-shaped, pink inflorescence.
The AS flowers are a little above or parallel on the top of the fresh grass, almost free from
the shade of the fresh grass. Therefore, the height of GM affects the spatial distribution
of flowers. The LC is taller than the AS, indicating that plant height of LC decreases with
the increased proportion of AS. Meanwhile, the height of the AS treatment showed an
opposite trend. When the proportions of AS and LC are 50% to 50%, the difference in plant
height between the two is the smallest. In general, the three-dimensional viewing of this
treatment best benefitted the pear orchard by brightening flower color and prolonging the
flowering period.

In terms of the flower characteristic of LC and AS, both of them have their own pros
and cons. LC has about 15 flowers per plant, but the flower area is relatively small at
about 1.7 cm2/plant, and the flower area per unit area is about 878.48 cm2/m2. AS has
about 2 flowers per plant, and the flower area per unit area is about 6.6 cm2/flower, and
the flower area per unit area is about 1075.28 cm2/m2. It can be seen that LC has a large
number of flowers, however, the single flower area of LC and the unit flower area is
small. In contrast, the number of flowers of AS is small, but the single flower area and the
unit flower area are large. After the AS and LC were co-planted in orchard, the AS and
LC showed obvious synergistic ornamental effect. For example, the number and area of
flowers respectively significantly correlated with the sowing amount. Specially, the order
of total flower number among all treatments follows: 100% LC > 35% AS +65% LC > 65%
AS +35% LC > 50% AS +50% LC > 100% AS. In terms of the flower area, its order follows:
100% AS > 100% LC > 65% AS +35% LC > 50% AS +50% LC > 35% AS +65% LC.
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GM can serve as a nutrient source for pear orchard growth by returning the GM [34].
It is obvious that the N content of LC was higher than its P and K content (Table 4). In
addition, LC’s yield was significantly higher than that of AS. This may be due to the
fact that AS was more suitably planted in paddy soil with neutral pH, but the soil of
pear orchard belongs to dryland and is a little acidic [11]. The introduction of 35% AS
significantly increases the yield of LC, but the total yield of LC and AS greatly decreases
after increasing the proportion of LC. It can be seen that the total yield of AS is mainly
affected by LC. The yield of AS is also increased after introducing LC. This may be because
the LC is higher than that at the breeding period, which caused local shading and herein
increased soil moisture for promotion of LC growth [35]. The benefit of carbon fixation and
oxygen production is closely related to the quality of dry matter, so it follows the same
rule as the nutrient benefit; the order followed: 35% AS +65% LC > 100% LC > 50% AS
+50% LC > 65% AS +35% LC > 100% AS. The nutrient benefit of 35% AS +65% LC is 66.5%
higher than that of 100% LC. The total amount of carbon fixation and oxygen production
is significantly increased by 66.7%, which is 3~4 times of the nutrient benefit of 100% AS,
and 15 times of the total amount of carbon fixation and oxygen production (Table 4). The
nutrient benefit and total amount of carbon fixation and oxygen production of 50% AS
+50% LC and 65% AS + 35% LC are not significantly different. Therefore, the combined
planting of LC and AS can significantly reduce realize the carbon fixation and contribute to
the reduction of the greenhouse effect to some extent.

Table 4. The content of N, P and K of green manure under different treatments. Different letters indicate significant
difference among different treatments at p ≤ 0.05.

Treatments Nitrogen (N) Content
(kg·hm−2)

Potassium (K) Content
(kg·hm−2)

Phosphorus (P)
Content (kg·hm−2)

Accumulated Content
of N, P and K

100% LC 9.76b 4.88b 0.77b 15.4b
35% AS + 65% LC 16.2a 8.15a 1.28a 25.7a
50% AS + 50% LC 4.02c 2.08c 0.33c 6.43c
65% AS + 35% LC 3.51c 1.82c 0.29c 5.62c

100% AS 0.86c 0.57c 0.09c 1.52d

Note: Different letters in the same column indicate significant difference between treatments (p < 0.05).

It can be seen from Table 5 that the pear yield of different treatments ranged from
96.7 tons·ha−1 to 100 tons·ha−1. The yield of 35% AS + 65% LC is 3.4% higher than that
of 100% AS. This may be due to the high yield of fresh grass treated with 35% AS + 65%
LC, and the higher nutrient content returned to the field, thus increasing the supply of soil
nutrients to pear trees.

Table 5. The pear yield of different treatments. Different letters indicate significant difference among
different treatments at p ≤ 0.05.

Treatments Pear Yield (tons·ha−1)

100% LC 98.2 ± 0.952a
35% AS + 65% LC 100 ± 2.57a
50% AS + 50% LC 97.2 ± 0.769a
65% AS + 35% LC 97.1 ± 2.30a

100% AS 96.7 ±1.31a
Note: Different letters within the same column indicate significant difference between treatments (p < 0.05).

5. Conclusions

The flower number and single flower area of LC are small, but the LC yield is high.
Besides, the AS has a relatively larger number of flowers, and a large area of single
flowers, but its grass yield is low. The nutrient accumulation, total carbon fixation, oxygen
production, and flower number of 35% AS +65% LC are the best, while the flowering period
of 50% AS +50% LC is longest. The grass yield of sole AS or LC treatment is lower than that



Sustainability 2021, 13, 13092 10 of 11

of the AS and LC co-planting treatment. Based on the co-advantages of landscape of pear
trees, the ecological functions, total nutrient value, carbon fixation and oxygen production,
the combined treatment of 35% AS +65% LC to 50% AS +50% LC is the recommended
treatment which can show potential in balancing the tourism and the production of pear
orchard. In addition, the LC and AS can also be considered to be co-planted in those fruit
orchard systems, with a similar flowering period between March and April to increase
tourism and ecological functions, which can not only enrich their tourism value, but also
realize orchard green production.
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