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Abstract: This study explores the interaction between pear fruit quality and the soil environment
over four different planting years (5, 20, 30, and 40 years), focusing on the fruit’s chemical properties,
rhizosphere soil properties, microbial communities, and both microbiomass and functional diversity.
The results found that reducing sugar, sucrose, and vitamin C contents in pears initially increased
with planting years before declining, while total acidity showed an inverse trend. Analysis of the
soil physicochemical index revealed that rhizosphere soil physicochemical indexes were significantly
different between different planting years, but there was no obvious regularity. Correlation analysis
found that total phosphorus, total potassium, organic matter, and available nitrogen were significantly
and positively correlated with pear quality indexes. Soil microbiomass carbon decreased before
increasing with increasing planting year, while soil microbial nitrogen was irregular. Results of
functional diversity of rhizosphere soil bacterial communities showed that the relationship of carbon
source utilization among the six groups was 20 years > 5 years > 30 years > 40 years. Interestingly,
the 20-year group had the most core differences in microbial communities. The study suggests that
as pear trees age, adequate plant nutrition during peak fruiting periods can improve soil fertility,
microbial functional diversity, and ultimately enhance fruit quality.
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1. Introduction

Pears have a variety of health benefits, including antimicrobial and anti-inflammatory
effects, alleviation of constipation, and reduction of alcoholism, due to their high levels
of bioactive compounds [1,2]. The Cuiguan pear (Pomaceae pyrifolia Nakai cv.), a premier
hybrid of Xing shui x No. 6 (Hang ging x New century), was bred by the Zhejiang
Academy of Agricultural Science and Hangzhou Fruit Research Institute [3]. Over the past
several decades, the Cuiguan pear (Pomaceae pyrifolia Nakai cv.) has enjoyed widespread
cultivation in southern China, thanks to its advantageous traits, such as early fruiting, rapid
growth, high fruit yield, and robust resistance to environmental stressors [4].

In general, many factors can affect pear quality and yield, including water and fer-
tilizer management, floor and canopy management, growing environment, plant health,
and planting year, among others [5-9]. Similar to other plants, pear trees release various
substances into the soil through their roots, while also absorbing water, minerals, and
nutrients. The plant rhizosphere is a zone of active material exchange between roots and
soil [10]. This zone hosts a significant rhizosphere microbiome, including microorganisms
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that inhabit root surfaces and adjacent soil [11]. Recent research has demonstrated that
plant root exudate selectively influences the composition of soil-specific microorganisms.
Different plants each have unique and representative rhizosphere microbial community
structures, with differences attributed to different components and concentrations of root
exudate [12,13]. Chaparro et al. [14] revealed that Arabidopsis thaliana root exudate compo-
sition and content change significantly at different growth stages and correlate significantly
with rhizosphere soil functional gene expression patterns. On the contrary, alterations in
the community structure and functional diversity of rhizosphere soil’s microbe can impact
plant growth, fruit yield, and quality [15,16]. It is established that the bacterial community
in rhizosphere soil serves an indispensable role in root health, nutrient acquisition, and
overall plant growth [17,18].

It has been shown that the age of the plant and its physiological status have a significant
influence on the composition of rhizosphere bacteria [19,20]. Moreover, by manipulating
cultivation techniques that influence the structure of the rhizosphere microbial community,
it is possible to regulate the growth and development of fruit trees [21]. However, the
interrelationship between rhizosphere soil chemical indexes, microbial communities, and
pear quality at different planting years is not known.

In this study, the functional diversity of soil microorganisms, their physicochemical
properties, and their relationship with pear quality were investigated in pear trees of
different planting years. These results provide a firm scientific foundation for effective soil
management strategies to improve pear quality in the future.

2. Materials and Methods
2.1. Experimental Site and Sample Collection

Five healthy “Gui Guan” pear trees were selected from the hilly pear orchard in Xikou
Town, Jianning County, Fujian Province, China (116°48'34" E, 26°50'38" N), and the rhizo-
sphere soils of the pear trees were collected from different planting years. The management
methods of pear trees with different planting years are the same, which are summarized as
follows: in addition to regular weeding and localized irrigation (0.5 L/plant/d), soil man-
agement applied chemical fertilizers (urea 0.75 kg/plant, potassium sulfate 0.5 kg/plant,
fused calcium magnesium phosphate 1 kg/plant) (Stanley Agriculture Group Co., Ltd.,
Linyi, China) once a year in April, organic fertilizer (waste mushroom tube) 25 kg /plant,
and fused calcium magnesium phosphate 2.5 kg /plant in October. The yield of pear trees
in different planting years is shown in Table S1.

Samples were collected on 14 July 2022. Five healthy pear trees were randomly selected
from different planting years (5, 20, 30, and 40 years). Then, 5-20 cm of soil was dug at
the roots of the pear tree, and the rhizosphere soil was collected. The rhizosphere soil
samples of 5 pear trees were mixed, divided into two parts, and brought to the laboratory
on ice; one part was stored in a freezer (—4 °C) for soil microbiomass carbon and nitrogen
determination, and the other part was preserved at —80 °C for Rhizosphere soil microbial
community functional diversity determination.

2.2. Determination of the Fruit Quality Index

Fruit was picked in July 2022, and the sampling method was as follows: Five healthy
pear trees, each planted in a cardinal direction (east, west, south, north, and central),
were selected. Eight fruits were randomly sampled from each tree for quality index
determination. The quality indexes included reducing sugar, sucrose, total acid, and
vitamin C. Sucrose was determined by the anthrone-based (Sinopharm Chemical Reagent
Co., Ltd., Shanghai, China) colorimetric method [22]. The reducing sugar [23] and ascorbic
acid [24] were determined by high-performance liquid chromatography (HPLC) (Waters
Technology Co., Ltd., Shanghai, China). Total acid was determined by sodium hydroxide
(Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) titration [25].
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2.3. Soil Physicochemical Index Determination

The soil samples were air-dried and crushed prior to being passed through a 2 mm
sieve. Soil physicochemical indexes were determined with reference to Lu [26]. Briefly,
available nitrogen included nitrate nitrogen and ammonium nitrogen. Ammonium nitrogen
content was determined by Nessler’s reagent (Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China), and nitrate nitrogen content was determined by the disulfonic acid
reagent (Sinopharm Chemical Reagent Co., Ltd., Shanghai, China). Available phosphorus
and total phosphorus contents were determined by molybdenum-antimony colorimetry
(Sinopharm Chemical Reagent Co., Ltd., Shanghai, China). The available potassium and
total potassium contents were determined by flame photometry. The total nitrogen content
was determined by the Kjeldahl method. Organic matter was determined by potassium
dichromate-ferrous sulfate titration (Sinopharm Chemical Reagent Co., Ltd., Shanghai,
China). The pH was determined by the extraction solution with a water-to-soil ratio of 2.5:1.
The soil water content was calculated by drying the soil to constant weight at 100 °C for
48 h. The change in soil weight before and after drying was measured. All measurements
were repeated three times.

2.4. Soil Microbiomass Carbon and Nitrogen Determination

Five grams of rhizosphere soil was taken from pear trees of different planting years, and
the microbiomass carbon and nitrogen were determined using the chloroform (Sinopharm
Chemical Reagent Co., Ltd., Shanghai, China) fumigation/incubation procedure of Li et al. [27].

2.5. Determination of Functional Diversity of Microbial Communities in Rhizosphere Soil

The Biolog EcoPlate method was used to determine the functional diversity of micro-
bial communities in the rhizosphere soil of pear trees [28,29]. The Biolog EcoPlate (BIOLOG,
Inc., Hayward, CA, USA) included 31 sole carbon sources, such as carbohydrates, phe-
nolic compounds, carboxylic acids, polymers, amino acids, and amines. The operation
method was described in the study of Teng et al. [30]. 10 g of fresh soil was carefully mixed
with 90 mL of sterilized 0.85% NaCl solution. The mixture was then thoroughly shaken
at a speed of 120 rpm for a duration of 10 min, and then left for 2 min. Next, 5 mL of
aqueous supernatant was mixed with 45 mL of sterilized water and diluted to obtain a
1:1000 extract that could be used for subsequent experiments. Using an electronic pipette,
150 pL of aqueous supernatant was meticulously added to each well of the ECO plate,
ensuring a uniform distribution. The above BIOLOG microplates were incubated in a
culture chamber at 28 & 2 °C in a dark chamber for 7 days. Each Biolog EcoPlate was
assayed for absorbance at 590 nm with an Elisa reader (BIOLOG Company, Hayward, CA,
USA) at 0 h of incubation and then every 24 h of incubation. The AWCD (590 nm) values,
which represented the metabolic activity of the microbial community, were calculated using
the formula established by Choi and Dobbs [28]. The calculations were based on the data
from the 72 h incubation period and aimed to provide information about the average well
color development [AWCD (590 nm)] of carbohydrates, amino acids, amines, polymers,
carboxylic acids, and phenolic compounds for further analysis.

2.6. Data Availability

All data were represented as the mean =+ standard error (SE). The SPSS 20.0 program
was used to analyze the variance (ANOVA) and the significance of experimental data
using the LSD test. Simpson index, Shannon index, and Chaol were calculated using
DPS7.0.5.8. R 2.13.2 (R Development Core Team) software was OPLS-DA (orthogonal
partial least-squares discrimination analysis) simulation (ropls and mixOmics), heat map
(linkET 0.0.7.1), RDA, and principal component analysis (vegan version 2.6.4).
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3. Results
3.1. Fruit Quality Analysis

The content of sucrose, reducing sugar, and vitamin C in the fruits of 20- and 30-year-old
pear trees were significantly greater than those of 5- and 40-year-old pear trees (p < 0.05), but
the difference between 20- and 30-year-old pear trees was not significant (Table 1). Furthermore,
the content of sucrose, reducing sugar, and vitamin C was significantly higher in the fruits of
40-year-old pear trees than in 5-year-old pear trees. On the contrary, 20- and 30-year-old
pear trees had significantly lower total acid content compared to 5- and 40-year-old pear
trees, and total acid content was significantly lower (p < 0.05) in 40-year-old pear trees
compared with 5-year-old pear trees. Overall, sucrose (sweetness) content was higher in
mature pear trees (20- and 30-year-old pear trees) than in young or old pear trees (5- and
40-year-old pear trees).

Table 1. Effect of different planting years on pear quality.

Treatment Sucrose (g/kg) Reducing Sugar (g/kg) Vitamin C (mg/kg) Total Acid (g/kg)
5 years 5.53 £ 0.70 € 40.1+145°¢ 51.67 £ 0.21°¢ 1.77 4 0.012
20 years 16.67 & 0.75 2 69.67 4+ 1.00 2 70.43 4+ 0.70 2 1.13 £ 0.06
30 years 16.07 + 0.87 70.23 +2.332 70.00 +1.952 1.14 4 0.02 ¢
40 years 10.1 £0.75° 552 4+ 1.15P 65.90 +-2.12° 1.26 +0.02°

Note: Data are represented as means and standard errors (n = 3). Different lowercase letters represent significant
differences at p < 0.05.

3.2. Soil Physicochemical Index Analysis

Table 2 shows that the physicochemical indexes of pear tree rhizosphere soil at different
planting years varied significantly. Total nitrogen content and pH in the rhizosphere soil of
20-year-old pear trees were significantly greater than those of other planting years (p < 0.05).
However, the total phosphorus and water contents in the rhizosphere soil of 40-year-old
pear trees were significantly greater than those of other planting years (p < 0.05). The
available nitrogen content was significantly greater in the rhizosphere soil of 5-year-old
pear trees than in other planting years (p < 0.05). The available potassium content in
the rhizosphere soil of 30-year-old pear trees was significantly greater than that of other
planting years (p < 0.05). However, soil nutrient effectiveness was significantly lower in
20-year-old pear trees than in the other planting years (p < 0.05), suggesting the need for
increased fertilization at this growth stage.

Table 2. Soil physicochemical indexes in the rhizosphere soil of pear trees with different
planting years.

Index 5 Years 20 Years 30 Years 40 Years

pH 457 +0.09 5.49 4+ 0.152 493 40.06° 4.14 +0.06 4

Total N (g/kg) 5.00 4+ 0.50 8.83 +0.17 2 4334017°¢ 7.67 £0.17P
Total P (g/kg) 0.05+0.014 0.07 £ 0.01 € 0.10£0.01b 0.13 +0.01 2
Total K (g/kg) 7.15+0.842 3.994+0.11° 5.87 4 0.21 2P 5.65+0.17°
Available N (mg/kg) 39.67 +2.332 11.67 +2.33 ¢ 18.2 + 2.65 b¢ 25.67 +2.33P
Available P (mg/kg) 13.03 £2.00° 6.50 = 0.23° 15.75 £2.272 11.67 £ 9.95 2
Available K (mg/kg) 132.14 £ 533 ¢ 116.49 4 5.33 4 228.82 +1.332 186.67 4= 2.02°
Organic matter (%) 12.75+0.79 b 21.854+0.792 15.93 4 0.46 P 20.94 +0.792
Water (%) 14.32 +0.76 18.36 + 0.38 P 20.61 & 0.74° 23.32 4+ 0.692

Note: Data are represented as means and standard errors (n = 3). Different lowercase letters represent significant
differences at p < 0.05.
3.3. Correlation Network Heat Map Analysis

Correlation analysis of soil physicochemical indexes of pear trees with different plant-
ing years showed that total nitrogen was significantly positively correlated with organic
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matter (p < 0.05), and total potassium was significantly positively correlated with available
nitrogen (p < 0.05). Total nitrogen was significantly and negatively correlated with available
nitrogen (p < 0.05), and total potassium was significantly and negatively correlated with or-
ganic matter (p < 0.05). Further, correlation analysis between soil physicochemical indexes
and pear quality indexes showed that total phosphorus, organic matter, total potassium,
and available nitrogen were significantly and positively correlated with the four quality
indexes (sucrose, reducing sugar, vitamin C, and total acid) (p < 0.05) (Figure 1).
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Figure 1. Analysis of the correlation network heat map between pear fruit quality and soil physico-
chemical indexes in different planting years. TN: total nitrogen; TK: total potassium; TP: total phospho-
rus; AN: available nitrogen; AK: available potassium; AP: available phosphorus; OM: organic matter;

SU: sucrose; VC: vitamin C; RS: reducing sugar; TA: total acid.

3.4. Analysis of Microbiomass Carbon and Nitrogen Content of Pear Trees in Different
Planting Years

The microbiomass carbon content in the rhizosphere soil of 30-year-old pear trees was
the least, which was significantly different from the other planting years (p < 0.05). With
the increase in planting year, the microbiomass nitrogen content in the rhizosphere soil of
pear tree increased first, then decreased and then increased, and the microbiomass nitrogen
content in the rhizosphere soil of 30-year-old pear trees was the least (Figure 2).

3.5. Functional Diversity Analysis of Rhizosphere Soil Bacterial Communities in Pear Trees of
Different Planting Years

The results of carbon source utilization by microorganisms showed (Figure 3) that,
as planting years increased, the utilization rate of carbon sources by rhizosphere soil
microorganisms of pear trees increased gradually. At 72 h, the fastest carbon source
utilization rate was found in each treatment, as evidenced by 20-year-old pear trees > 5-
year-old pear trees > 30-year-old pear trees > 40-year-old pear trees.
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Figure 2. Soil microbiomass carbon (A) and microbial biomass nitrogen (B) in pear of different
ages. Different letters above the bars indicate significant differences (p < 0.05). 5y: 5 planting year;
20y: 20 planting year; 30y: 30 planting year; 40y: 40 planting year.
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Figure 3. Changes in AWCD values of carbon sources utilized by rhizosphere soil microorganisms of
pear trees with different planting years. 5y: 5 planting year; 20y: 20 planting year; 30y: 30 planting
year; 40y: 40 planting year.

The effect of planting years on the functional diversity of soil bacterial communities in
pear trees was investigated using Biolog EcoPlates. The results showed that the relationship
between utilization in six groups of carbon sources was 20-year-old pear trees > 5-year-
old pear trees > 30-year-old pear trees > 40-year-old pear trees (Figure 4). Notably, the
utilization rate of amines and amino acids by rhizosphere soil microorganisms associated
with 20-year-old pear trees was significantly greater (p < 0.05) compared with other planting
years. The utilization rate of carboxylic acids by rhizosphere soil microorganisms in 5-year-
old pear trees was significantly greater (p < 0.05) than that in 30-year-old pear trees, and
the utilization rate of the other five groups of carbon sources was not significantly different
from that in 30-year-old pear trees. The utilization rate of amino acids, carboxylic acids,
and amines by rhizosphere soil microorganisms in 30-year-old pear trees was significantly
greater than that in 40-year-old pear trees.
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Figure 4. Utilization rate of carbon sources by rhizosphere soil microorganisms of pear trees with
different planting years. Data are represented as means and standard errors (n = 3). Different letters
above the bars indicate significant differences (p < 0.05). 5y: 5 planting year; 20y: 20 planting year;
30y: 30 planting year; 40y: 40 planting year.

Soil microbial functional diversity analysis (Table 3) showed that 40-year-old pear
trees had the highest Simpson diversity index, which was significantly greater than other
planting years (p < 0.05). Shannon diversity index and Chaol diversity index of 30-year-old
pear trees were the highest, and both showed significant differences compared to 5- and
40-year-old pear trees (p < 0.05).

Table 3. Microbial diversity index in the rhizosphere soil of pear trees with different planting years.

Treatment Simpson Index Shannon Index Chaol
5 years 0.990 £ 0.001 © 4.270 +0.017° 0.861 + 0.003
20 years 0.982 £ 0.001 ¢ 4.383 £0.0502 0.884 £0.010 2
30 years 1.007 £ 0.005 ® 4.413 £0.034° 0.890 £ 0.007 2
40 years 1.036 £ 0.013 @ 4.304 £0.030° 0.868 + 0.006 °
Data are represented as means and standard errors (n = 3). Different letters above the bars indicate significant
differences (p < 0.05).

3.6. Differential Carbon Source Screening

The results of OPLS-DA (orthogonal partial least-squares discrimination analysis)
and clustering using the data from 31 carbon sources are shown in Figure 5. OPLS-DA
model analysis indicated that the goodness of fit R?Y value of the model for rhizosphere
soil samples of pear trees with different planting years was 0.964 (p < 0.005), and the
predictive Q? value was 0.834 (p < 0.005) (Figure 5A). The evaluation metrics of the model
have indicated that both R?Y and Q? values are significant, which indicates the model’s
high degree of fitting and reliability. This model could serve as a valuable tool for fur-
ther analysis. The analysis of the OPLS-DA scoring chart (Figure 5B) showed that the
OPLS-DA could effectively distinguish pear tree samples with different planting years
in different regions. It can be seen that there were significant differences in the utiliza-
tion rate of carbon sources by rhizosphere soil microorganisms in pear trees with dif-
ferent planting years. S-plot analysis (Figure 5C,D) showed that 13 key carbon sources
(VIP > 1) were distinguished among pear tree samples with different planting years. Among
them, the utilization rate of two carbon sources increased in 5-year-old pear trees, namely,
amino acids and carboxylic acids. The utilization rate of eight carbon sources increased in
20-year-old pear trees, including three amino acids, three carbohydrates, one amine, and
one polymer. The utilization rate of two key carbon sources increased in 30-year-old
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pear trees, namely polymers and carbohydrates. The utilization rate of one carbon source
increased in 40-year-old pear trees, which was carbohydrate.
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Figure 5. OPLS-DA model and S-plot of Biolog data of the rhizosphere soil bacterial community
functional diversity in pear trees of different ages. (A) OPLS-DA models of the fitting degree test
of pear trees of different ages; (B) analysis of carbon source utilization of pear trees of different
ages by the OPLS-DA model; (C) OPLS-DA loading diagram for carbon source utilization of pear
trees of different ages; red dots represent different substances in pear trees of different ages, and
the green dots represent no difference in substances in pear trees of different age; p[1] represents
the correlation coefficient between the principal component and the index; p(corr)[1] represents the
correlation coefficient between the principal component and the index; (D) heat maps for carbon
source utilization of pear trees of different ages; the red is up-regulated and the blue is down-
regulated; the darker the color, the greater the utilization rate. 5y: 5 planting year; 20y: 20 planting
year; 30y: 30 planting year; 40y: 40 planting year.
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3.7. Redundancy Analysis

The redundancy analysis (RDA) of Biolog data, soil physicochemical indexes, and pear
fruit quality indexes showed that RDA1 accounted for 48.36% of the variation, and RDA2
accounted for 16.07% of the variation (Figure 6). The results of the RDA showed that the
variance inflation factor (VIF) for total nitrogen, total potassium, total phosphorus, available
phosphorus, sucrose, and organic matter was more than 2 with multicollinearity. Further
correlation analysis showed that organic matter, sucrose, and total nitrogen were positively
correlated with 20-year-old pear trees. Total phosphorus was positively correlated with both
30-year-old pear trees and 40-year-old pear trees, whereas total potassium and available
phosphorus were positively correlated with 5-year-old pear trees.

<

X Group
~

= 20y
o 0 .« 30y
Z * 40y
N 5y
<

@)

a4

1 0 i
RDA1(48.36%)

Figure 6. Redundancy analysis (RDA) of Biolog data and soil physicochemical indexes, pear fruit
quality. 5y: 5 planting year; 20y: 20 planting year; 30y: 30 planting year; 40y: 40 planting year.
TN: total nitrogen; TK: total potassium; TP: total phosphorus; OM: organic matter; AP: available
phosphorus; SU: sucrose. The black letters indicate 31 different carbon sources.

4. Discussion

The pear tree is a typical perennial fruit tree that can be more than 300 years old.
However, as pear trees continue to grow on the same land, yield is adversely affected by
the accumulation of deleterious factors in the soil [31,32]. This necessitates regrafting and
replanting to maintain high-quality pear production for fresh markets. Pear yield showed
an increasing-stabilizing-decreasing trend as the planting year increased [33]. Generally,
pear trees planted for 6-7 years reach the peak fruit period, the yield is relatively stable from
10 to 30 years, and the yield decreases after 40 years. Therefore, the selection of ‘Cuiguan’
pear trees from 5 to 40 years old in this study is reasonable and representative. Numerous
studies have reported that fruit quality shows an upward and then downward trend with
the increase in planting year [34-36]. The study of Ahmed and Dennis [37] indicated that
the fruits of young trees contained higher levels of anti-senescence hormones (gibberellins
and auxins), which may have delayed the utilization of organic acids during the ripening,
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making the fruits of young trees more acidic than those of fruit trees of other planting years.
Meena and Asrey [34] found that differences in the fruit sucrose content among young,
middle, and late age groups showed a trend to increase and then decrease. This study also
found that as the planting years of Cuiguan pear increased, the fruit’s sweetness initially
increased but later declined, while the opposite was true for acidity. The above results are
consistent with previous studies.

4.1. Physicochemical Indexes of Rhizosphere Soil in Pear Trees of Different Years

Researchers constantly explore the composition of soil fertility factors, trying to prove
the law of soil fertility changes. Soil nutrient content can directly indicate the fertility of
cultivated soil [38]. Compared with other crops, fruit trees have higher requirements for
nutrients, and the long-term planting of fruit trees has a significant impact on soil fertility.
Studies have shown that, compared with farmland, fruit trees cause soil nutrient depletion
faster. With the increase in orchard age, the soil nutrient content of the orchard decreased
significantly, which was the main reason for the decline of orchard productivity, but also
led to the decline in yield and quality of the orchard [39,40]. Our findings reveal that
the available nutrients in the rhizosphere soil of 20-year-old pear trees were significantly
lower than in other planting years. This indicated that, under the same field management
model, the requirement of soil-available nutrients for 20-year-old pear trees was higher
than that for other trees. The consumption of available nutrients is closely related to
the growth and yield of pear trees. The faster the growth rate, the more nutrients are
consumed. Therefore, it is suggested that more available nutrients should be properly
supplemented during the peak fruiting period of pear trees. The study identified a direct
relationship between soil physicochemical properties and fruit quality. The four quality
indexes were positively associated with the soil’s total nitrogen, total phosphorus, total
potassium, available nitrogen, organic matter, and available potassium. A large number of
studies have established that the application of organic fertilizer positively impacts fruit
quality [41-44]. Therefore, it is advisable to supplement organic fertilizer in orchards for
enhanced fruit quality.

4.2. Specific Microbial Communities in Pear Trees of Different Years

Extensive scientific studies substantiate that older fruit trees typically yield superior
fruit quality compared to their younger counterparts [45-47]. Despite that, there are several
factors that can hinder a fruit tree from reaching its dream planting year. These include
microorganisms that grow in association with the root rhizosphere, which can have a
substantial impact on the plant’s growth, nutrition, and overall health [48]. The changes in
rhizosphere microorganisms are an important factor affecting the growth of fruit trees [49].
The plant growth-promoting rhizobacteria (PGPR) within the rhizosphere contribute to
plant growth by producing beneficial substances and facilitating the uptake of nutrients [50].
Tree species and age play an important role in shaping rhizosphere environments. This
is due to variations in the composition of root exudates, which, in turn, select specific
microorganisms for growth and development in the rhizosphere. This selection process
results in the formation of unique and active microbial communities [51]. This fluctuation
may be attributed to the enhanced metabolism of pear trees during peak fruiting, which
more readily aggregates bacteria. The Biolog EcoPlates method has proven effective in
assessing soil microbial community functional diversity [52]. This study suggested that
the age of pear trees has a great influence on the functional diversity of the rhizosphere
bacterial community. The metabolic activity and functional diversity of the soil microbial
communities based on the utilization rate of different carbon sources increased, followed
by a decline with the increase in pear planting year. Furthermore, there were differences
in the microorganisms of different planting years, with 20-year-old pear trees exhibiting
a greater variety of differential microorganisms. The root exudates of pear trees, which
change across growth stages, provide diverse carbon sources that distinctly influence the
colonization patterns of rhizosphere bacterial communities [53]. The results of the RDA
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analysis showed that soil microbial specificity affected soil physicochemical indexes in
different planting years. These findings are consistent with other studies, showing that
the fruit planting year has an impact on the soil transformation process of an orchard by
influencing rhizosphere microorganisms [54,55].

5. Conclusions

In summary, pear quality initially improved but gradually decreased over an increas-
ing number of planting years. The effect of soil carbon source composition on the functional
diversity of pear rhizosphere bacteria with different planting years. The microbial func-
tional diversity in the soil was also closely related to pear quality. The degree of functional
diversity of rhizosphere microorganisms was higher in 20-year-old pear trees than that of
pear trees of other planting years. Therefore, during the vigorous growth period of pear
trees, supplementing the soil with additional nutrients and organic matter, enhancing the
soil’s microbial activity and diversity, and encouraging the exchange of soil substances can
stimulate the growth of pear trees and enhance the quality of the fruit.
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