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Abstract. To explore the cultivation and management technology model for re-
source recycling in orchard ecosystems and promote the low-carbon green devel-
opment of the forestry and fruit industry, this study focuses on the material cir-
culation within the orchard ecosystem. Using substandard fruits from orchards
and fresh soybean stems and leaves as raw materials to produce eco-friendly en-
zyme, the study set up different application concentration treatments based on
field control experiments. The aim was to investigate the impact of the home-
made eco-friendly enzyme on the growth of Jingbai pear tree leaves, fruit yield,
and soil properties. The results indicate that compared with the water treatment,
diluting the enzyme solution 50-fold and 100-fold significantly improved the
chlorophyll content, leaf area, and individual plant yield of the pear trees. The
chlorophyll content increased by 4.28% and 13.54%, the leaf area by 6.42% and
18.72%, and the individual plant yield by 72.00% and 54.23%, respectively, pro-
moting leaf growth and increasing fruit yield. After treating the pear trees with 5
different dilutions, the relative soil moisture content increased, with the 50-fold
diluted enzyme solution showing an increase of 12.8%. After treating the pear
trees with the 50-fold diluted enzyme solution, the soil’s total carbon, total nitro-
gen, available phosphorus, ammonium nitrogen, and nitrate nitrogen contents
were the highest, reaching 38.20 g/kg, 3.00 g/kg, 88.60 mg/kg, 4.50 mg/kg, and
15.20 mg/kg, respectively. The 50-fold diluted enzyme solution also enhanced
the diversity of microorganisms such as bacteria, fungi, and actinomycetes in the
soil, with an increase of over 20.90%. Therefore, the application of 50-20fold
diluted eco-friendly enzyme made from substandard orchard fruits as a fertilizer
in fruit tree cultivation can significantly promote leaf growth, increase fruit yield,
and improve soil mineral nutrition and microbial diversity.
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1 Introduction

China is a major fruit-producing country in the world. With the improvement of peo-
ple’s living standards, the cultivation area and yield of fruits in China have increased
year by year. In 2022, the national orchard cultivation area reached 195 million mu,
effectively ensuring the fruit demand of domestic residents. In the process of fruit tree
production, a large number of low-quality defective fruits such as physiological fruit
drop, diseased and insect-damaged fruits, and bird-pecked fruits are produced. Im-
proper disposal can cause environmental pollution and the spread of diseases and pests
U121 Therefore, the safe disposal and resource utilization of defective fruits and other
waste in orchards have become a hot and difficult topic in the field of agricultural en-
vironmental science both domestically and internationally®-). Studies have shown that
the fermentation broth of defective pears is rich in amino acids and other nutrients, and
fermenting it into eco-enzyme is a good way of resource utilization].

Eco-enzyme production is simple, safe, and environmentally friendly. It is rich in a
large number of organic matter, mineral salts, organic acids, active enzymes, and an-
aerobic and facultative microorganisms. When applied in agricultural production, such
as by spraying or irrigating the root soil of crops and fruit trees, it has outstanding ef-
fects like activating plant nutrition, improving soil, promoting plant growth, increasing
yield, and enhancing quality. It has good agricultural value and prospects for promo-
tion!®?. Shi Lingshan!'” and others found that applying self-made eco-enzyme diluted
900 times to crops maximized crop yield and quality, and also improved the chemical
properties of the crop soil. Tao Jin !land others discovered that treating chili peppers
with a 750-fold diluted eco-enzyme solution not only increased the yield of chili pep-
pers but also enhanced soil fertility. Studies by Nie Songging and Zhang Ruil'?!3 and
others indicate that applying the fermentation broth to crop soil through irrigation re-
sulted in higher plant chlorophyll content and crop yield compared to other treatment
groups. Huang Weijing!'¥ and others found that treating fruit trees with eco-enzyme
significantly improved tree growth and fruit quality. Liu Yanna!'> and others demon-
strated that applying the fermentation broth could significantly increase the growth of
new shoots in pear trees. Eco-enzyme is rich in beneficial microorganisms, which play
a positive role in promoting a healthy soil microecological environment, effectively
balancing soil microbial diversity and making the soil more fertile!'®l. Numerous studies
have shown that eco-enzyme has a significant effect when used in agricultural produc-
tion, but there have been no reports on the technical model of circular utilization based
on the orchard eco-system. Therefore, this study focuses on the material cycle of the
orchard ecosystem, converting waste defective fruits into eco-enzyme, and explores its
application in orchard cultivation. By investigating the technical model of resource cir-
cular utilization in cultivation management, it aims to provide data support and theo-
retical backing for the green and low-carbon development of the fruit and forestry in-

dustry.
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2 Materials and Methods

2.1  Survey of the Experimental Site

The experiment was conducted in 2023 at the Mengwu Modern Agricultural Science
and Technology Demonstration Park, located in Mengwu Village, Junzhuang Town,
Mentougou District, Beijing. The coordinates are 116°07°39"E, 40°00°32"N, with an
elevation of 167 meters. The park covers an area of 370 acres, surrounded by mountains
and with a central open area, forming a typical small basin climate. The average annual
temperature in the park is 14.6°C, with an average annual rainfall of 624.7 millimeter
and an average annual sunshine duration ranging from 2600 to 2800 hours. These con-
ditions provide an ideal ecological environment for the growth of Jingbai pears, making
it the core production area for Jingbai pears in the Mentougou District.

2.2 Experimental Materials

2.2.1 Eco-enzyme. Pretreatment of raw materials: The substandard Jingbai pears col-
lected from the orchard were crushed to less than 3 cm in diameter, and the soybean
stems and leaves were cut into segments less than 5 cm in length. In a controlled green-
house (with the temperature maintained at 25~35 °C), the waste materials, brown sugar,
and water were mixed in a mass ratio of 3:1:10. The mixture was then placed ina 50 L
airtight container. For the first 30 days of fermentation, the container was opened daily
to release gas, after which the mixture was subjected to anaerobic fermentation for 3
months while avoiding light. Upon completion of the fermentation process, the pH of
the ecoenzyme solution was stabilized between 3 and 4, resulting in the production of
the ecoenzyme liquid.

2.2.2 Pear Trees. Four-year-old ‘Jingbai’ dwarf pear trees are selected for planting.
The planting row spacing is approximately 4 meters, and the spacing between trees is
about 0.5 meters, resulting in about 333 trees per mu.

2.3  Experimental Method

2.3.1 Test Design. Using 4-year-old dwarf and dense-planted Jingbai pear saplings as
the experimental material, a 20-meter-long row of Jingbai pear trees was designated as
one experimental plot. Each plot contained approximately 23 Jingbai pear trees with
consistent growth conditions and load (all cultivation and management practices were
consistent throughout the experiment, with the only variation being the experimental
treatment). The experiment was repeated three times to ensure the reliability of the re-
sults. The experimental treatments included different dilutions of ecoenzyme (10x
GE10, 50x GE50, 100x GE100, 200x GE200, 500x GE500) and a clear water control
(CK). These were applied at five different growth stages: before bud break (March
20th), after flowering (April 20th), young fruit stage (May 20th), fruit expansion stage
(June 20th, July 20th), with 2000 mL of diluted enzyme solution poured around each
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tree. Normal water and fertilizer management were consistent for all experimental treat-
ments. In October each year, organic fertilizer was applied in furrows at a rate of one
ton per mu, and irrigation included winterizing water and reviving water. Additional
watering was provided uniformly during drought periods.

2.3.2 Sample Collection. During the fruit harvest period (August 25th), pear fruit sam-
pling and field measurements were conducted. For fruit yield determination, three rep-
resentative trees were selected for whole-tree picking, and the yield per tree was rec-
orded. For leaf sampling, leaves from the upper, middle, and lower parts of the tree
canopy were selected for sampling and measurement, with five leaves collected from
each part. Soil samples were collected from the soil layer around the pear tree roots at
a depth of 0-20 centimeters using a 5-point sampling method. Each sample weighed
approximately 1500 grams and was divided into two parts: one part was passed through
a 2-millimeter sieve and then stored in a refrigerator at -80 °C for soil microbial diver-
sity analysis; the other part was air-dried and sieved for the determination of soil phys-
icochemical properties.

2.3.3 Enzyme Solution Component Detection. The pH value was measured using a
pH meter (phs-2f model); enzyme activity was determined using an enzyme-linked im-
munosorbent assay (ELISA) kit; trace element content was measured according to the
provisions of YS/T 587.5!7); organic acid content was determined in accordance with
the relevant provisions of GB 5009.157-2016!'8); organic matter content was measured
according to NY/T 1976-2010"); amino acid content was determined following the
provisions of GB 5009.124-20162%; the number of viable bacteria was measured ac-
cording to the relevant provisions of GB 20287-2006/6.3.2211; polyphenol content was
determined according to the provisions of GB/T 31740.2-20152; and polysaccharide
content was measured using high-performance liquid chromatography (HPLC).

2.3.4 Leaf and Fruit Yield Indicator Testing. Leaf area is measured directly using an
electronic leaf area meter; chlorophyll content is measured directly on the leaves using
a chlorophyll meter; the total weight of the fruits is weighed using an electronic scale,
and the yield per plant is recorded.

2.3.5 Soil Physicochemical Property Testing. Soil moisture content is measured using
the oven drying method, where soil samples are weighed and then placed in an oven to
dry to constant weight. The soil moisture content is calculated by determining the
weight difference before and after drying. Soil pH is measured using the water extrac-
tion potentiometric method (with a soil-to-water ratio of 2.5:1)[?31. Available phospho-
rus is determined by the ammonium acetate extraction-flame photometer method].
Total carbon and total nitrogen in the soil are measured using an elemental analyzer?*,
Ammonium nitrogen and nitrate nitrogen in the soil are determined by the potassium
chloride extraction-spectrophotometric method.
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2.3.6 Soil Microbial Diversity Assessment or Soil Microbial Diversity Analysis. Mi-
crobial community diversity is analyzed by extracting phospholipid fatty acids from
soil samples.

2.4  Data Processing

Data charts were plotted using Origin 2024 and Excel 2010 software; correlation and
one-way ANOVA analyses were conducted using SPSS 27 software. The data analysis
results represent the average of three replicate measurements.

3 Results and Analysis

3.1 Content of Major Material Components in Homemade Eco-Enzymes

Table 1 data shows that the fermentation broth pH is 3.7, and the pH range of success-
fully fermented eco-friendly enzymes is between 3 and 4, indicating that the fermenta-
tion broth has completed fermentation. The average content of organic acids, organic
matter, trace elements, amino acids, polyphenols, and crude polysaccharides is 3.0,
27.6,4.9,17.6,0.3, and 25.2 g/L, respectively. The number of effective viable bacteria
reaches 3.6x10"7 CFU/mL. The protease activity and $-glucanase activity reach 3831.3
U/L and 65026.3 U/L, respectively, and their contents meet the agricultural and soil
improvement standards specified in QB/T5323-2018.

Table 1. List of material composition content in the eco-enzyme

Indicators Fermenta- | Agricultural Soil improve-
tion broth standards ment standards
pH 3.7 <45 <75
Organic acids (g-L") 3.0 >0.66 >1
Organic matter (g-L") 27.6 >5 >1
Effe(c | gi%;ﬁ?ﬁg;um 3.6 >1x107 >1x107
Trace elements (g-L) 4.9 >2 >2
Amino acids (g-L'") 17.6 >10 >10
Protease activity (U-L") 3831.3 >100 —
B-Glucanase activity (U-L1) 65026.3 >200 —
Polyphenols (g-L) 0.3 >0.1 —
Crude polysaccharides (gL 25.2 >20 >20

3.2 The Impact of Eco-Friendly Enzyme Application on the Growth of
Jingbai Pear Leaves and the Yield of Pear Fruits.

The effects of applying different dilution multiples of fermentation broth on the growth
of Jingbai pear leaves and the yield of pear fruits are shown in Figure 1. Compared to
the CK treatment, the GE50, GE100, GE200, and GE500 treatments all significantly
increased the leaf area of the pear trees (P<0.05) (Figure 1A). The treatment effects
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ranked as follows: GE100 > GE200 > GE50 > GE500 > CK > GE10. Compared to CK,
the leaf area increased by 18.72% and 17.47% for the GE100 and GE200 treatments,
respectively. The chlorophyll values after treatment with five different dilution multi-
ples of enzyme solution were all significantly higher than those of the CK group
(P<0.05) (Figure 1B), with the treatment effects ranking as: GE200 > GE100 > GE10 >
GES500 > GE50 > CK. Compared to the CK group, the chlorophyll values increased by
13.54% and 19.88% for the GE100 and GE200 treatments, respectively. The highest
single-plant yield was observed in the GE50 treatment, followed by GE100 and GE200,
both of which were significantly higher than the CK treatment (P<0.05) (Figure 1C).
Compared to CK, the GE50, GE100, and GE200 treatments increased the yield by
72.00%, 54.23%, and 45.14%, respectively. This indicates that the application of 50x,
100x, and 200x dilutions significantly promotes the fruit yield and leaf growth of pear
trees.
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3.3  The Impact of Eco-Enzyme Application on the Physical and Chemical
Properties of ‘Jingbai’ Pear Orchard Soil

The physical and chemical properties of pear tree soil are crucial for the growth of pear
trees. Enzyme treatments have significant effects on soil indicators such as relative
moisture content, pH value, total carbon, total nitrogen, available phosphorus, ammo-
niacal nitrogen, and nitrate nitrogen.

3.3.1 Relative Moisture Content, pH. The effects of applying different dilutions of
fermentation broth on the relative moisture content and pH of the soil of ‘Jingbai’ pear
trees are shown in Figure 2. The soil relative moisture content in all enzyme treatment
groups was significantly higher than that in the CK treatment (P<0.05) (Figure 2A),
with GE10treatment showing the best effect. In terms of soil pH, there were significant
differences between GE10 and GE50 treatments and the CK treatment (P<0.05), but
the difference in data values was small (Figure 2B), indicating a negligible impact on
soil pH.
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Fig. 2. Differences in relative water content and pH among different treatments

3.3.2 Total Nitrogen, Total Carbon, Available Phosphorus. The effects of applying
different dilutions of fermentation broth on the total carbon, total nitrogen, and availa-
ble phosphorus in pear tree soil are shown in Figure 3. After treatment with different
dilutions of enzyme solution, the total carbon content was highest in the GE50 treat-
ment, followed by the GE10 treatment, both significantly higher than other treatments
(P<0.05) (Figure 3A). Compared with the CK treatment, GE10 and GES0 treatments
were 68.68% and 80.19% higher, respectively. The total nitrogen content in the soil
was significantly higher in all five different dilution treatments than in the CK treatment
(P<0.05) (Figure 3B), with the highest value of 3.0 g/kg in the GE50 treatment. The
available phosphorus content was significantly higher in the GE10 and GESO0 treat-
ments than in the other treatments (P<0.05) (Figure 3C), with GE10 and GES0 treat-
ments increasing by 62.13% and 65.30%, respectively, compared to the CK treatment.
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In summary, compared with the CK treatment, after diluting the enzyme solution 10
times and 50 times, the soil moisture content, total carbon, total nitrogen, and nitrogen,
phosphorus, and potassium contents were all increased, optimizing the soil properties
and providing favorable conditions for plant growth.

3.4  The Impact of Environmental Enzyme Application on the Soil Microbial
Diversity of ‘Jingbai’ Pear Orchards

Table 2 reflects the impact of applying different dilutions of fermentation broth on the
microorganisms in the soil of ‘Jingbai’ pear trees. As shown in Table 2, after treatment
with different concentrations of enzyme solution, the community diversity of Gram-
negative bacteria, saprophytic fungi, and actinomycetes in all treatments was signifi-
cantly higher than that in the CK treatment (P <<0.05), with the GE50 treatment showing
the highest values. Compared with the CK, the numbers of Gram-negative bacteria,
saprophytic fungi, and actinomycetes increased by 0.61, 0.84, and 0.33 times, respec-
tively. Thus, the application of environmental enzymes significantly enhanced the mi-
crobial diversity of Gram-negative bacteria, saprophytic fungi, and actinomycetes in
the soil, with an increase of more than 20.90%, thereby improving the soil microeco-
logical environment.

Table 2. Effect of different treatments on the planting soil of pear tree

Treat- Tol‘;aiIS’L— Bacterium (nmol- g'!') Fungus 1(;1mol- g ACT
ment (nmol- ') GP GN OtheT bac- SF AMF (nmol- g1)
terium
CK 27.66£1.07 | 11.27+0 | 7.06£0. | 0.81+£0.05 | 2.23+ | 1.26+0. | 5.04+0.09
b 47 a 59d a 0.10 ¢ 12a b
GEL0 38.02+2.65 | 12.93+1 | 12.10+0 | 1.13+£0.05 | 3.82+ | 1.66+0. | 6.38+0.20
a .56 a .68 a a 0.27 a 06 a a
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GES0 36.53+0.43 | 12.63+0 | 11.35+0 | 1.13+£0.12 | 4.08+ | 1.67+0. | 5.67+0.14
a 39a 12a a 0.15a 05a a
GE10 | 35.52+1.84 | 12.94+0 | 10.51+0 | 0.89+0.13 | 3.89+ | 1.64£0. | 5.65+0.19
0 a 98 a 45a a 0.24 a 07a a
GE20 | 33.46+1.89 | 13.22+0 | 9.14+0. | 1.01£0.07 | 3.07+ | 1.26+0. | 5.76+0.37
0 a 73 a 54c¢c a 0.21b 3la a
GE50 | 33.44+0.83 | 12.37+0 | 9.754+0. | 1.11£0.15 | 3.45+ | 1.29+0. | 5.46+0.39
0 a 94 a 41 b a 0.26 a 26 a a

Note: Different letters in the same column indicate significant differences of up to 5% (P<0.05).

3.5  Correlation Analysis

Pearson correlation analysis results showed that there was a significant positive corre-
lation between the yield per plant and leaf area, phospholipid fatty acids TotalPLFAs,
Gram-negative bacteria GN, saprophytic fungi SF, arbuscular mycorrhizal fungi AMF,
and actinomycetes ACT (Table 3). This indicates that applying environmental enzyme
treatments to pear trees increased the diversity of soil microbial communities, provided
a favorable microecological environment for the pear tree roots, promoted leaf growth,
and thereby increased fruit yield.

Table 3. List of correlation parameters of pear tree under different concentrations of enzyme
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4 Discussion

The study found that the environmental enzyme solution is rich in mineral elements,
organic active ingredients, enzyme activity, and microbial content, which meets the
standards of plant enzymes for use in agriculture and soil improvement as specified in
QB/T5323-2018. When used as a fertilizer, it can increase the chlorophyll content in
plant leaves, promote photosynthesis, thereby enhancing plant growth and increasing
fruit yield!'"?*), Research has shown that applying plant-derived environmental enzyme
nutrient solutions can effectively increase chlorophyll content, promote leaf growth,
and enhance fruit yield, but only effective when applied at an appropriate concentra-
tion!2®), Chlorophyll is a key substance affecting photosynthesis in plants; applying en-
vironmental enzymes can effectively increase chlorophyll content in plant leaves, im-
prove photosynthetic rates, and promote leaf growth?’?8/ Geng Jian and others??]
found that treating pear trees with environmental enzyme solution significantly in-
creased leaf area and chlorophyll content, promoting the growth of new shoots. Dai
Mingliang and Liu Yan!**3! reported that treating pear trees with environmental en-
zymes significantly increased leaf chlorophyll content and area, leading to a notable
increase in fruit yield. In this experiment, diluting the enzyme solution 100 times and
200 times before applying it to pear trees significantly increased leaf chlorophyll levels,
promoted leaf growth, and enhanced fruit yield, which aligns with the findings of Wang
Xiaoyuel®) who observed a significant increase in chlorophyll levels in grape leaves
treated with a 200-fold diluted enzyme solution, and the results of Sui Lili®*3! who
achieved increased yields and income from fruit and vegetable crops treated with a 200-
fold diluted plant enzyme solution.

Soil physical and chemical properties are fundamental to crop growth as they influ-
ence various aspects such as nutrient absorption, physiological metabolism, and root
development, ultimately determining the growth status and final yield of crops. Envi-
ronmental enzymes can improve soil fertility, increase soil moisture content, organic
matter, and mineral elements, leading to significant improvements in soil physical and
chemical properties!'®3#35 Liu Yan, Zeng Xibo, and Xi Zhenbang[®!-**361 and others
have treated pear trees with environmental enzyme solutions, which increased the soil
moisture content and water use efficiency in the pear tree rhizosphere, while also sig-
nificantly enhancing the content of available nitrogen, phosphorus, and potassium in
the soil. In this experiment, treating pear trees with five different dilutions of enzyme
solutions significantly increased the soil relative moisture content. Applying 10, 50,
and 100 times diluted enzyme solutions to pear trees significantly increased the soil
total carbon, total nitrogen, and available phosphorus content, which were significantly
higher than the levels found in soils treated with environmental enzyme dilutions by
Kang Liyun and Zhu Deyan®’-3%], These results are similar to those of Pu Yanshuang
and Tan Liting!**-4%), who found that applying a 100-fold diluted environmental enzyme
solution significantly increased the total nitrogen, total phosphorus, and available phos-
phorus content in plant soils. In all treatments, the soil nitrate nitrogen and ammoniacal
nitrogen content significantly increased, improving the nitrogen nutrition level of the
plants, promoting leaf area growth, and increasing plant yield.
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Microbial communities are currently the largest reservoir of biodiversity in the
world, providing numerous ecosystem services to the soil and serving as important reg-
ulators of the structure of plant and agricultural ecological environments®2!. Fan Heling
and Zhao Zheng!*'“#?! have shown that liquid agricultural enzymes can significantly af-
fect soil microbial diversity. Yao Xiaoqin and Wang Xiaoyuel*>2] and others have
found that applying diluted enzyme solutions to the soil significantly increases the Ace
and Chao indices of soil microbial communities, thereby enhancing the richness of the
soil microbial community to some extent. Kang Liyun and Fu Qingming[®’#4! and others
have treated farmland with enzyme solutions, resulting in a significant increase in the
number of bacteria, fungi, and actinomycetes in the soil. In this study, the environmen-
tal enzyme solution used had a high viable count of 3.6x10"7 CFU/mL, with protease
activity and B-glucosidase activity reaching 3831.3 U/L and 65026.3 U/L, respectively.
Applying an appropriate dilution ratio of the environmental enzyme solution to pear
trees can significantly increase the diversity of soil microorganisms such as Gram-neg-
ative bacteria, saprophytic fungi, and actinomycetes, promote the cycling and utiliza-
tion of soil nutrients, optimize soil structure, enhance the stability of the soil microeco-
system, and thus contribute to the healthy development of the ecological environment.

5 Conclusion

During the period from March to July each year, applying diluted ecoenzyme liquid at
a rate of 50 to 200 times its original concentration for the treatment of pear trees in the
late third week of each month can effectively promote the growth of pear tree leaves
and increase chlorophyll content, thereby enhancing fruit yield. Ecoenzyme is rich in
minerals, organic matter, enzyme activity, and trace elements. Its application in the
growth of pear trees can also significantly improve the physical and chemical properties
of the soil, and markedly increase the diversity of microorganisms such as Gram-neg-
ative bacteria, saprophytic fungi, and actinomycetes in the soil, thereby improving the
soil microecological environment. This provides data support for the cultivation appli-
cations in orchards.

Acknowledgments

1.Beijing Science and Technology Plan Project (Z231100003723010)

2.Longitudinal Agricultural Non-Point Source Pollution Prevention and Control
Plan Based on Water Quality Improvement Management in the Lower Reaches of the
River and Sea Basin(42102018009)

References

1. LI'Y P.(2018)Agricultural waste can be turned into treasure: Good effects of circular utili-
zation - A visit to the model of resource-based circular utilization of agricultural waste.J.
Fruit Grower’s Friend, (8):49.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Study on the Self-Made Eco-Friendly Enzymes from Substandard Pear ... 35

ZHOU J Y,WANG X Q,DU G D.Composition of fermented liquid from substandard fruits
and its effect on the quality of pears[J]. Northern Fruit Trees, 2021(1), 9-11

Demirbas A .(2011) Waste management, waste resource facilities and waste conversion pro-
cesses.J. Energy Conversion & Management,52: 1280-1287.

Rahman S, Haque I, Goswami R C D, Barooah P, Sood K, Choudhury B. (2021)
Characterization and FPLC analysis of garbage enzyme: biocatalytic and antimicrobial ac-
tivity.J. Waste and Biomass Valorization,12: 293-302.

Ganesh K S, Sridhar A, Vishali S.(2022) Utilization of fruit and vegetable waste to pro-
duce value-added products: Conventional utilization and emerging opportunities-A re-
view.J. Chemosphere,287: 132221.

CHEN Q,LIUSJ,LIY X, etal.(2012) Overview and current application of enzyme bacteria
technology in China.J. Anhui Agricultural Sciences,40:11612-11615.

SUBY,ZHOU M H, L1]J, et al.(2024) Research progress on the production of environmen-
tal-friendly enzymes from agricultural waste and their application.J. Northern Horticulture,
(08):119-125.

WEI X Q, LI W, LI B G, et al.(2022) Evaluation of the quality of 12 plant enzymes based
on principal component and cluster analysis.J. Food Research and Development, 43:41-48.
ZHAO Z M, L1 Q M, LIN M, et al. (2023)Effects of plant-derived amino acid water-soluble
fertilizer on the fruit quality and vegetative growth of bayberry.J. Zhejiang Agricultural Sci-
ences.

SHIL S,OUYANG X R, LIU Y J, et al.(2023) The impact of self-made eco-friendly enzyme
on the yield, quality of potted lettuce, and soil chemical properties.J. Journal of Wuyi Uni-
versity,42:11-15.

TAOJ,LIY L,ZHOU G G, et al. (2017) Effects of environmental enzyme on soil physical
and chemical properties and the growth of chili peppers.J. Journal of Yuxi Normal Univer-
sity, 23: 73-74.

NIE S Q, TIAN S F.(2019) Effects of fermentation broth on the growth and fruit quality of
‘Rose Fragrance’ grape[J]. Chinese and Foreign Grapes and Wines, (5): 8-11.

ZHANG R, LIU Q, WANG XL, et al.(2021) Effects of five environmental enzymes and
Energy-M on the yield and quality of greenhouse vegetables.J. Shanghai Vegetables, (6):
36-39.

HUANG W J. (2009) Changes in dominant bacterial species and nutritional components
during the fermentation of apple fruits.D. Beijing: Beijing Agricultural University, 1-4.
LIU Y N, CUI N N,ZHANG J, et al.(2011) The antimicrobial and nutritional effects of aro-
matic plant-derived nutrient solution on pear trees.J. Chinese Journal of Agricultural Sci-
ences, 44: 3981-3990.

ZHANGY,ZHAO Y B, CAI Y F, et al. (2020) Research progress on the ecological effects
of agricultural plant enzymes.J. Journal of China Agricultural University, 25: 25-35.
General Administration of Quality Supervision, Inspection and Quarantine of the People’s
Republic of China. Determination of trace element content in calcined petroleum coke for
carbon anodes: YS/T 587.5-2024.S. Beijing: China Standards Press,(2024).

National Health and Family Planning Commission of the People’s Republic of China. Na-
tional Food Safety Standard-Determination of Organic Acids in Foods: GB 5009.157-
2016.S. Beijing: China Standards Press (2016).

Ministry of Agriculture of the People’s Republic of China. Determination of Organic Matter
Content in Water-Soluble Fertilizers: NY/T 1976-2010.S. Beijing: China Standards Press,
(2010).



36

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Y. Jiaet al.

National Health Commission of the People’s Republic of China. National Food Safety
Standard for Determination of Amino Acids in Foods: GB 5009.124-2016.S. Beijing; Stand-
ards Press of China(2016).

National Standards Bureau of the People’s Republic of China. Determination of Agricultural
Microbial Agents: GB 20287-2006 .S. Beijing: Standards Press of China(2006).

National Standard of the People’s Republic of China. Tea Products - Part 2: Determination
of Tea Polyphenols: GB/T 31740.2-2015 .S. Beijing: Standards Press of China, 2015.

DAI H X, CHEN L Y, CHEN Y C, et al.(2017) Analysis of soil physical and chemical
properties, enzyme activity, and microbial community in different soil textures in the central
and southern regions of Henan Province.J. Tobacco Science and Technology, 50: 7-14.
ZHANG Y J, WU Z W, GU X L, et al.(2018) Effects of fire intensity and post-fire recovery
time on soil organic carbon content in the Daxing’anling forest.J. Journal of Applied Ecol-
ogy, 29: 2455-2462.

WANG X Y, DING Z H, LIANG F, et al.(2016) Study on the effects of heat treatment
conditions on the flavor substances and nutritional components of Rosa roxburghii juice.J.
Food Industry Science and Technology, 37: 107-111.

YANG Z 'Y, LU D G.(2014) Research progress on the application of microbial fertilizers in
fruit trees in China.J. Northern Fruit Trees, (1): 1-4.

LUO X Q, WEIZ W, YANG L, et al. (2020) Analysis of chlorophyll and carotenoid content
in cassava tissue culture seedlings.J. Hubei Agricultural Sciences,59: 136-140.

LUDL, LU X X, SHAO Y H, et al. (2020) Overview of the research on the application of
plant enzymes in vegetable production.J. Tianjin Agriculture and Forestry Science and
Technology,(6): 39-41.

GENG J, CUI N N, ZHANG J, et al.(2011) Effects of spraying aromatic plant-derived nu-
trient solution on the growth, fruit quality, and diseases of pear trees.J.. Acta Ecologica
Sinica, 31: 1285-1294.

DAIM L, LI ST, HAN Z H, et al. (2008) Effects of plant-derived nutrient solution on the
growth and fruit quality of ‘Xueqingli’ pear.J. Journal of China Agricultural University,13:
19-23.

LIU Y, GAO X H, YAO Y C. (2008) Study on the nutritional effects of different plant-
derived organic fertilizers on the young trees of Golden Pear in sandy soil.J. Chinese Journal
of Agricultural Sciences, 41: 2546-2553.

WANG X Y. (2024) Effects of two strains of Bacillus subtilis on the growth of grape seed-
lings and soil quality.J. Anhui Agricultural Science,52: 159-163.

SUILL, LIANY W, SUN W B, et al. (2017) The effect of plant enzymes on apple yield
and its mechanism of action.J. Science and Technology Innovation Brand, (02): 75-77.
Zeng X B, Hu X Y, Hu Q X.(2002) Present state on China's fertilizer application and its
development.J.Science and Technology Review,(8):36-39.

Li G B. (2000)The species and function of foliar fertilizers.J. Agricultural Means of Produc-
tion,(4):23-26.

XIZ B, WANG Y Q, YANG P Z.(2004) Issues of organic fertilizers in the development of
modern agriculture in China.J. Chinese Agricultural Sciences, 37: 1874-1878.
KANGLY,LIXH, GAONN, etal. (2021) Effects of enzyme liquid fertilizer on improving
the soil quality of continuous cropping melon in protected cultivation.J. China Melon and
Vegetable, 34: 63-67.

ZHU D Y. (2021) The effect of rice bran eco-enzyme on potassium content in soil.J. Agri-
culture and Technology, 41: 17-21



39.

40.

41.

42.

43.

44,

Study on the Self-Made Eco-Friendly Enzymes from Substandard Pear ... 37

PU Y S, TAO J, LIN S, et al. (2019) Study on the effect of eco-enzyme on the growth
potential of chili and soil available phosphorus and hydrolyzable nitrogen.J. Environmental
Science Guide, 38: 5-11.

TANLT,SHANIJL, LI XN, etal.(2022) The effect of self-made eco-enzyme on the growth
of cucumber and water spinach .J. Rural Technology, 13: 68-70.

FAN H L, ZHU Q, SUN X, et al. (2022) Microbial diversity and community structure of
different agricultural enzymes.J. China Agricultural Science and Technology Report, 24:
179-189.

ZHAO Z,ZHU C L, ZHOU D P, et al.(2020) The impact of grape pomace enzyme fertilizer
on the bacterial diversity of vineyard soil.J. Journal of Fruit Trees,3:1207-1217.

YAO X Q, JIANG J, LONG Y C, et al. (2023) The impact of environmental pride on the
absorption of cadmium by amaranth and the structure of soil microbial communities.J.. Earth
and Environment,51:227-234.

FU Q M, FAN H L, ZHANG L, et al. (2024)Liquid agricultural enzyme and Its different
components on the improvement effects of native and farmland soils[J]. Journal of China
Agricultural University.29:187-196.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Study on the Self-Made Eco-Friendly Enzymes from Substandard Pear Fruits in Orchards and Their Application in Fruit Tree Cultivation



