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Abstract: Chemical fertilization is usually associated with some unreasonable problems that affect
the sustainable production of tea gardens. The micro-organism fertilizer created from plant growth-
promoting microbes (PGPM) integrates the beneficial properties of functional micro-organisms and
bioinoculants. Application of PGPM can activate soil nutrients, prevent soil-borne diseases, and
promote crop growth, thus improving crop quality and yield. In this study, the effects of bioinoculants
composed of Streptomyces costaricanus strain A-m1 on the properties, enzyme activity, and micro-
organisms of soil in a tea garden and on the chemical composition and production of tea were
investigated. The present results showed that the application of A-m1 bioinoculant could increase
the activities of urease, protease and catalase, the content of alkali-hydrolyzable nitrogen, and the
number of bacteria, fungi, and actinomycetes in tea garden soil. After application, the free amino acid
content, 100-bud weight, and bud density of spring tea were also elevated. In the year of fertilization,
the treatment composed of 70% bioinoculant + 30% chemical fertilizer showed the best effects on soil
physical and chemical properties, enzyme activity, culturable microbial counts, and tea quality. A high
ratio of organic to chemical fertilizer coapplication can significantly improve the growing conditions
for tea plants, reduce the use of chemical fertilizers, improve the efficiency of nutrient utilization, and
enhance both the yield and quality of tea. One year after fertilization, the 50% bioinoculant + 50%
chemical fertilizer was more conducive to enhancing the quality of tea, while the 30% bioinoculant
+ 70% chemical fertilizer was more beneficial for improving the production of tea. A high ratio of
chemical to bioinoculant coapplication is more favorable for maintaining high yield and quality
in tea production, achieving healthy and sustainable tea garden management. The application of
A-m1 bioinoculant will reduce the use of chemical fertilizers, improve the utilization efficiency of soil
nutrients, and increase the production and quality of tea, contributing to the sustainable production
of tea gardens.

chemical constituents of tea; fertilizer reduction;
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1. Introduction

Tea plants are an important economic crop in China. At present, the fertilization in
Chinese tea gardens mainly relies on quick-effect chemical fertilizers. Reasonable fertil-
ization is beneficial to the maintenance and development of the soil ecosystem. However,
long-term application of chemical fertilizers has led to problems such as soil compaction,
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soil acidification, soil pollution, and a sharp decrease in soil biodiversity [1-3]. Microbial
fertilizers created from plant growth-promoting microbes (PGPM) combine the character-
istics of functional micro-organisms and bioinoculants. The application of PGPM could
contribute to the activation and release of soil nutrients, prevent and control soil-borne
diseases, promote crop growth, enhance crop quality, and increase crop yield [4-6]. Among
the various plant growth-promoting microbes, Streptomyces can produce a variety of sec-
ondary metabolites that have antagonistic effects on plant pathogens, as well as components
such as indole acetic acid (IAA) and siderophores that have a growth-promoting effect
on plants [7-9]. Research has shown that the application of bioinoculants created from
Streptomyces to the soil can enhance the activity of enzymes related to the cycles of carbon,
nitrogen, and phosphorus, activate nitrogen, phosphorus, and potassium nutrients in the
soil, improve soil fertility, optimize the composition of soil micro-organisms, reduce the
incidence of soil-borne fungal diseases, and increase plant yield and quality, thereby being
a candidate for an environmentally friendly alternative to chemical fertilizers [10]. For
instance, S. jingyangensis 5406 can significantly improve the growth of Pinellia ternata, thus
enhancing its yield and quality [11]. S. lydicus A0l can increase the number of tomato
leaves, improve photosynthetic capacity, and enhance the efficiency with which tomatoes
utilize nitrogen, phosphorus, and potassium from the soil [12]. Under drought stress, the
fermentation liquid of S. griseus can significantly increase the activity of urease, catalase,
cellulase, and protease in the soil [13].

S. costaricanus is an important microbial resource that has been reported to have the
ability to inhibit bacteria, kill insects, promote growth, and degrade cellulose [14,15]. In
the previous research, we isolated a strain of S. costaricanus, A-m1, whose fermentation
filtrate has a broad antibacterial spectrum and high antibacterial activity [16]. It is capable
of producing plant growth hormones such as indole acetic acid (IAA) and cytokinins,
and it encodes enzymes that have direct or indirect growth-promoting effects, including
nitrogenase, 1-aminocyclopropane-1-carboxylate (ACC) deaminase, phosphatase, and
phytase. It has demonstrated effective growth promotion on tomatoes [17] and holds
potential for further development as a biocontrol agent. Currently, tea garden soils are
facing issues such as nutrient deficiency, poor structure, and functional degradation. This
study applied the strain A-m1 as a microbial fertilizer in tea gardens to improve the soil,
reduce the use of chemical fertilizers, increase the yield and quality of tea leaves, and
provide a foundation for sustainable production in tea gardens.

2. Materials and Methods
2.1. Plant Materials and Growth Conditions

The strain A-m1 was isolated by the Plant Protection Microbial Engineering Tech-
nology Center in Xinyang City [16] and preserved in the Key Laboratory of Agricultural
Microbial Resources Development and Utilization in Xinyang City. The compound fertilizer
(Hubei Dimei Paul Fertilizer Co., Ltd., Suizhou, China) had a total nutrient content of 45%,
with the ratio of N:P,O5:K,0 being 15:15:15. The urea (Anhui Mao Shi New Type Fertilizer
Co., Ltd., Hefei, China) contained 46% nitrogen.

Test Media: NA Medium (peptone 10 g/L, beef leaching powder 3 g/L, sodium
chloride 5 g/L, agar 20 g/L, pH 7.0-7.4), PDA Medium (potato powder 6 g/L, glucose
20 g/L, agar 20 g/L, pH 7.0-7.4) [18], Gao’s No.1 Medium (soluble starch 20 g/L, KNO3
1 g/L, KHPO4 0.5 g/L, MgSO4.7H,0 0.5 g/L, NaCl 0.5 g/L, FeSO4.7H,0 0.01 g/L,
agar 20 g/L, pH 7.2-7.4) [19], Bengal Rose Medium (peptone 5.0 (g/L), dipotassium
hydrogen phosphate 1.0 (g/L), Glucose 10.0 (g/L), Magnesium sulfate 0.5 (g/L), Bengal
Red 0.0333 (g/L), Ager 20.0 (g/L), chloromycetin 0.1 (g/L), pH 7.0-7.4) [20]. The test media
here means the media used in the following paragraph of the paper.

The experiment was conducted in Dashimen, Dongshuanghe Township, Shihe District,
Xinyang City, Henan Province (32°04’ N, 114°05’ E). The tea garden is situated on low
rolling hills with a gentle slope, featuring a uniform growth condition of the Xinyang tea
variety, which is 20 years old. The row spacing is 1.3 m, and the soil is classified as loess soil.
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The basic physicochemical properties of the topsoil (3—15 cm) before the experiment were
as follows: pH value of 3.77, organic matter content of 24.95 g-kg !, available nitrogen
content of 74.68 mg-kg~!, available phosphorus content of 2.89 mg-kg ™!, and available
potassium content of 71.26 mg-kg 1.

2.2. Experimental Design

Optimized fermentation conditions for strain A-m1 [16] were followed, and fresh
fermentation liquid was obtained after 3 days of liquid shaking culture for later use. The
fermentation conditions of strain A-ml were set as 4% inoculation amount, 100 mL /500 mL
liquid volume, pH value between 6 and 8, fermentation temperature 23~32 °C and fermen-
tation culture for 4 days. The microbial titer after liquid-phase cultivation was 10° cfu-g~!
(Colony Forming Unit, CFU). The solid fermentation substrate consists of rice: wheat bran:
wheat in a ratio of 2:2:1, supplemented with 0.8% soybean powder, 0.1% calcium carbonate,
and 2% peptone, with an initial water-to-substrate mass ratio of 1.2:1. In each 4 L round
black-bottomed meal box (inner diameter at the top 29 c¢cm, at the bottom 25 cm, height
9 cm), 1000 g of solid substrate (including water weight) was added, and sterilized at
115 °C for 30 min in a high-pressure sterilizer. Each meal box was inoculated with 55 mL of
A-ml1 fermentation liquid and cultured in a dark chamber at 26 °C for 28 days, yielding
a spore count of 108 cfu-g~1, resulting in A-m1 bioinoculant. After the solid biofertilizer
fermentation, the dry weight nutrient content is as follows: organic matter 30%, nitrogen
content 3.31%, P,Os 1.33%, and K,O 0.56%.

The experiment was set up with six treatments: (1) CK: sterile solid substrate; (2) CF:
100% chemical fertilizer; (3) T3: 100% bioinoculant; (4) T4: 70% bioinoculant +30% chemical
fertilizer; (5) T5: 50% bioinoculant +50% chemical fertilizer; (6) T6: 30% bioinoculant +70%
chemical fertilizer. Each treatment was arranged in three subplots randomly, with each
subplot covering an area of 20 square meters and a 2-m interval between subplots. The
bioinoculant and chemical fertilizer were applied twice a year, as a winter base fertilizer
(6 November 2021) and a spring top dressing (6 March 2022), with the application rates for
each treatment detailed in Table 1 [21,22]. The winter base fertilizer and spring top dress-
ing were applied through spot application and broadcasting, respectively, with the spot
application points located on the upper side of the gentle slope where the tea plants were
planted. Apart from the different fertilization practices, all other management measures
were consistent with those of other tea gardens.

Table 1. Fertilization amount of different fertilization treatments.

Fertilization Amount of Base Fertilization Amount of Dressing
Fertilizer/(kg-hm—2) Fertilizer/(kg-hm—2)
Treatment
A-ml Compound A-m1 Urea
Bioinoculant Fertilizer Bioinoculant

3000 3000
CK (No A-m1 strain) 0 (No A-m1 strain) 0
CF 0 450 0 180
T3 3000 0 3000 0
T4 2100 135 2100 54
T5 1500 225 1500 90
T6 900 315 900 126

2.3. Sample Collection and Analysis

A total of 2 soil samples were collected on 6 November 2021 and 23 September 2022.
Within each plot, five sampling points were established, and soil was extracted using an
auger at a distance of 25 cm from the main root of the tea plant, opposite to the fertilization
point. The top 3 cm of soil was removed, and the soil from these five points was mixed
to form a single sample. After homogenizing the soil samples from the same plot, roots
and rocks were removed, and the samples were evenly divided into three parts. One part
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was quickly placed into an insulated foam box with an ice pack and brought back to the
laboratory for the determination of cultivable soil micro-organisms, stored at 4 °C in a
refrigerator. Another part was lightly air-dried and sieved for the determination of soil
enzyme activity. The remaining part was air-dried and sieved for the determination of
basic soil properties.

Autumn and spring teas were harvested on 10 September 2022, and 3 April 2023,
respectively. The density of tea buds in each experimental plot was surveyed, and tea
samples were collected according to the standard of one bud and one leaf. After collection,
the weight of one hundred buds was immediately measured using an electronic balance.
The samples were fixed using the heat fixation method [23] within 24 h, heated in an
oven at 105 °C for 30 min, and then dried at 75 °C until a constant weight was achieved.
Each treatment was repeated three times. The dried tea leaves were ground into powder
using a crusher, passed through a 100-mesh sieve, and stored at —20 °C in a refrigerator
for analysis.

The determination of soil physicochemical properties was based on the published
method [24]. The determination of organic matter, alkali-hydrolysable nitrogen, avail-
able phosphorus, and potassium were conducted using the potassium dichromate volu-
metric method, alkali diffusion method, HCI-H,;SO, extraction-molybdenum antimony
anticolorimetric method, and 1 mol-L~! ammonium acetate-flame photometry method,
respectively. The activities of soil catalase, urease, and sucrase were determined using
the potassium permanganate volumetric method, indophenol blue colorimetric method,
and 3,5-dinitrosalicylic acid colorimetric method, respectively [25]. The activities of soil
protease and phosphatase were determined using the ninhydrin colorimetric method and
disodium phenyl phosphate colorimetric method, respectively [26]. The water-soluble
substances, free amino acids, and tea polyphenol content of the tea samples were deter-
mined in accordance with GB/T 8305—2013 “Tea-determination of water extracts content”,
GB/T 8314—2013 “Tea-determination of free amino acids content”, and GB/T 8313—2018
“Determination of total polyphenols and catechins content tea”, respectively.

The cultivable micro-organism count in soil was determined using the plate gradient
dilution method [18]. Bacteria, fungi, and actinomycetes were isolated using NA medium,
Martin’s Bengal Rose medium (containing 100 mg-L~! chloramphenicol and 30 mg-L~!
streptomycin), and Gao’s No.1 medium (containing 100 mg-L~! potassium dichromate
solution), respectively. Appropriate dilution gradients were selected, and 200 uL of the soil
dilution was spread onto the corresponding plates. In this appropriate dilution gradient,
the dilution concentration is approximately 10-20 colonies per culture dish, with five
replicates per dilution. The NA medium plates were incubated for 2 days, the Martin’s
Bengal Rose medium plates for 4 days, and Gao’s No. 1 medium plates for 7 days at a
constant temperature of 28 °C in an incubator. The colonies were counted. The number of
colonies formed per gram (colony forming unit, cfu) of fresh soil is expressed as cfu-g~!.

2.4. Data Processing

The experimental data were entered, organized, and calculated using Microsoft
Excel 2016 (Microsoft, Redmond, WA, USA)). All measured values were presented as
mean = standard deviation of the means. An analysis of variance (ANOVA) and Duncan’s
multiple-range test were performed by SPSS 26.0 (IBM Corp., Chicago, IL, USA), and a
least significant range (LSR) analysis at 5% significant differences was shown. Graphs were
created using Microsoft Excel 2016.

3. Results
3.1. The Impact of Different Fertilization Treatments on the Physicochemical Properties of Tea
Garden Soil

The effects of different fertilization treatments on the physicochemical properties of
soil showed significant differences. The soil organic matter and available phosphorus con-
tent in the CK group generally showed an increasing trend, while the alkali-hydrolysable



Agronomy 2024, 14, 1901

50f18

nitrogen and available potassium content decreased. In the A-m1 bioinoculant group and
the CF group, the soil organic matter (Figure 1a), alkali-hydrolysable nitrogen (Figure 1b),
available phosphorus (Figure 1c), and available potassium (Figure 1d) contents all showed
an increasing trend. The effects of different proportions of A-m1 bioinoculant on the
physicochemical properties of tea garden soil were also different. The treatment of 70%
bioinoculant +30% chemical fertilizer (T4) compared to the CK group increased the soil or-
ganic matter, alkali-hydrolysable nitrogen, available phosphorus, and available potassium
contents by 14.60 g-kg !, 35.89 mg-kg !, 3.07 mg-kg !, and 49.95 mg-kg !, respectively,
and increased the soil organic matter, alkali-hydrolysable nitrogen, and available phospho-
rus contents by 10.61 g-kg !, 11.97 mg-kg !, and 2.71 mg-kg !, respectively. The treatment
of 50% bioinoculant +50% chemical fertilizer (T5) compared to the CK group increased
the soil organic matter, alkali-hydrolysable nitrogen, available phosphorus, and available
potassium contents by 7.40 g-kg ™1, 34.02 mg-kg ™!, 2.62 mg-kg !, and 48.45 mg-kg !, re-
spectively, and increased the soil organic matter, alkali-hydrolysable nitrogen, and available
phosphorus contents by 3.41 g-kg !, 10.10 mg-kg !, and 2.26 mg-kg !, respectively, com-
pared to the CF group (p < 0.05); the 100% bioinoculant group (T3) significantly increased
the soil organic matter and alkali-hydrolysable nitrogen contents; the 30% bioinoculant
+70% chemical fertilizer group (T6) significantly increased the alkali-hydrolysable nitrogen
content in the tea garden soil (p < 0.05). Specifically, the 70% bioinoculant +30% chemical
fertilizer and the 50% bioinoculant +50% chemical fertilizer groups are characterized by a
significant enhancement of soil organic matter, alkali-hydrolysable nitrogen, and available
phosphorus content, with available potassium content on par with the 100% chemical
fertilizer group.
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Figure 1. Effects of different treatments on soil properties. CK: sterile solid substrate; CF: 100%
chemical fertilizer; T3: 100% bioinoculant; T4: 70% bioinoculant +30% chemical fertilizer; T5: 50%
bioinoculant +50% chemical fertilizer; T6: 30% bioinoculant +70% chemical fertilizer. The values on
the vertical axis represented the variations in organic matter (a), available N (b), available P (c), and
available K (d) as measured on 23 September 2022, compared to those measured on 6 November 2021,
before the treatment. Lowercase letters in the figure indicated significant differences (p < 0.05).
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3.2. The Impact of Different Fertilization Treatments on the Activity of Soil Enzymes in
Tea Gardens

The A-m1 bioinoculant had a significant effect on the soil enzyme activity in the tea
garden. In the CK and CF groups, only the activity of soil protease (Figure 2d) increased,
while the activities of catalase (Figure 2a), urease (Figure 2b), phosphatase (Figure 2c), and
sucrase (Figure 2e) decreased. In contrast, the activity of soil catalase (T4), urease (T4, T5,
T6), acid phosphatase (T3, T4), and protease all increased in the A-m1 bioinoculant group.
Compared to the CK and CF groups, the treatment with A-m1 bioinoculant significantly
enhanced the activities of catalase, urease, and protease in the tea garden soil (Figure 2)
(p <0.05). Among them, T4 showed the best soil improvement effect (p < 0.05). Compared to
the CK group, the contents of catalase, urease, acid phosphatase, protease, and sucrase in the
tea garden soil were increased by 0.45 mg-g~!,3.57 mg-g~!,0.17 mg-g~!,7.71 mg-g~!, and
2.07 mg-g !, respectively, and compared to the CF group, the activities of catalase, urease,
acid phosphatase, and protease were increased by 0.49 mg-g~1, 3.26 mg-g~1,0.10 mg-g~*,
and 2.81 mg-g !, respectively. The A-m1 bioinoculant treatment significantly increased the
content of alkali-hydrolysable nitrogen, and the activity of sucrase, urease, protease, and
catalase in the soil of the tea garden.
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Figure 2. Cont.
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Figure 2. Effects of different fertilization treatments on the activities of enzymes in tea garden soil.
The treatments on the horizontal axis were the same as in Figure 1. The values on the vertical axis
represented the variations in activities of catalase (a), urease (b), phosphatase (c), protease (d), and
sucrose (e) after treatment. Positive values represented the amount of increase, and negative values
represented the amount of decrease. Lowercase letters in the figure indicated significant differences
(p < 0.05).

3.3. The Impact of Different Fertilization Treatments on the Soil Micro-Organisms in Tea Gardens

After selecting appropriate dilution gradients for the separation of bacteria (Figure 3a),
fungi (Figure 3b), and actinomycetes (Figure 3c), the impact of different fertilization treat-
ments on the cultivable microbial (Figure 3d) counts in the tea plant root system was
analyzed. In the CK and CF groups, the cultivable counts of bacteria, fungi, and actino-
mycetes in the soil from the tea garden decreased from the first to the second sampling.
However, the addition of A-m1 bioinoculant significantly reduced the decline in the cul-
tivable counts of bacteria and fungi (p < 0.05), and the cultivable count of actinomycetes
increased, as shown in Figure 3. The comprehensive comparison of the results showed that
the addition of A-m1 bioinoculant significantly increased the cultivable counts of bacteria,
fungi, and actinomycetes in the soil around the tea plant roots. Among them, the T4 and T5
groups showed the most significant increase in the microbial counts in the soil around the
tea plant roots, indicating that this fertilization pattern maintained a high abundance of soil
micro-organisms. The A-m1 bioinoculant treatment significantly increased the quantity of
culturable bacteria, fungi, and actinomycetes.
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Figure 3. Effects of different fertilization treatments on the number of cultivable micro-organisms
in tea roots. The treatments on the horizontal axis were the same as in Figure 1. The values on the
vertical axis represented variations in the number of cultivable bacteria (a), fungi (b), and actinomyces
(c) after treatment. (d): The colonies of bacteria, fungi, and actinomyces. Positive values represented
the amount of increase, and negative values represented the amount of decrease. Lowercase letters in
the figure indicated significant differences (p < 0.05).

3.4. The Impact of Different Fertilization Treatments on the Growth Condition of Tea Plants

The coapplication of A-m1 bioinoculant with reduced chemical fertilizer significantly
increased the weight of one hundred buds of tea plants in the year of fertilization. In the
second year after application, the weight of one hundred buds in all treatments continued
to increase, with the 30% bioinoculant +70% chemical fertilizer group showing the most
significant increase (p < 0.05), as shown in Table 2. In the year of fertilization, the average
weight of one hundred buds in the T4, T5, and T6 groups increased by 8.18%, 19.32%,
and 10.36% compared to the CK group, respectively, with the T5 group showing a 6.67%
increase compared to the CF group. In the second year after the application of fertilizer,
the average weight of one hundred buds in the T4, T5, and T6 groups increased by 12.98%,
20.93%, and 32.87% compared to the CF group, respectively.

Table 2. Effects of different fertilization treatments on tea production.

One-Hundred-Bud Weight/(g FW) Bud Density/(g-m—2 FW)

Treatment . .
Summer Tea Spring Tea Summer Tea Spring Tea
CK 4.50 £ 0.09 c 7.04 £0.04 cd 36.81 £0.32 f 110.00 = 4.73 ¢
CF 5.03£0.13b 6.77£0.10d 4138 £ 0.53 e 110.67 £2.33 ¢
T3 419+0.12c¢ 758 £0.05b 78.77 = 1.05c 124.00 £3.21b
T4 487 +0.14b 7.26 £0.09 c 90.73 £1.24a 122.00 +4.16 b
T5 537+0.12a 879 +£0.12b 64.43 +0.77d 117.67 £ 1.45 bc
T6 496 £ 0.07b 942+0.10a 86.09 £ 0.38 b 138.33 = 4.06 a

Note: Lowercase letters in the table indicated significant differences (p < 0.05).

Except for the 50% bioinoculant +50% chemical fertilizer group, the application of
A-m1 bioinoculant can increase the bud density of tea plants both in the year of fertilization
and one year after the cessation of fertilizer application (p < 0.05). Compared with the
summer tea of the fertilization year, the bud density of spring tea in the second year after
fertilizer application generally increased, as shown in Table 2. In the year of fertilization,
the bud density of tea plants in the T3, T4, T5, and T6 groups increased by an average
of 114.01%, 146.52%, 75.05%, and 133.90% compared to the CK group, respectively, and
increased by 90.36%, 119.28%, 55.71%, and 108.06% compared to the CF group, respectively.
In the second year after the application of fertilizer, the bud density of tea plants in the T3,
T4, and T6 groups increased by an average of 12.73%, 10.91%, and 25.76% compared to
the CK group, respectively, and increased by an average of 12.05%, 10.24%, and 25.00%
compared to the CF group, respectively.
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3.5. The Impact of Different Fertilization Treatments on the Quality Components of Tea

Different treatments have varying effects on the content of tea polyphenols in tea
leaves in the year of fertilization and the year following fertilization. In the year following
the application of fertilizer, the content of tea polyphenols in the tea leaves of the 50%
bioinoculant +50% chemical fertilizer group and the 30% bioinoculant +70% chemical
fertilizer group significantly decreased, as shown in Table 3. Compared to the summer tea
of the fertilization year, the content of tea polyphenols decreased in the spring tea of the T5
and T6 groups, while it increased in CK, CFE, T3, and T4 groups, in the year after fertilization.
In the year following the application of fertilizer, the content of tea polyphenols in the tea
of the T5 and T6 groups decreased by 8.58% and 7.92%, respectively, compared to the CK
group, and decreased by 10.41% and 9.76%, respectively, compared to the CF group.

Table 3. Effects of different fertilization treatments on tea quality components.

Tea Polyphenol/(g-kg—1)

Amino Acid/(g-kg~1) TP/AA Ratio Water Extracts/(g-kg=1)

Summer Tea Spring Tea Summer Tea Spring Tea Summer Tea Spring Tea Summer Tea Spring Tea
CK 202.32 £ 0.90 ¢ 217.34 £2.72¢ 11.96 £0.15¢ 28.28 +0.62d 16.92 £ 0.27 ¢ 769+ 0.10e 522.30 £ 3.09b 494.01 £7.07 ¢
CF 21142 £034b  221.78 £ 1.76 bc 13.32 £ 0.04b 33.57 £ 0.25b 15.88 £ 0.02b 6.61 +£0.05¢ 52293+ 144b  507.53 £+ 5.56 ab
T3 215.62 £0.90 a 227.10 £ 0.33b 1291+ 0.23b 3243 +£0.26b 16.72 £ 0.35¢ 7.00 £0.01d 533.67 £ 3.24 a 502.58 & 3.37 ¢
T4 21596 £ 1.56 a 23743 +1.33a 1442 +0.11a 30.14 £0.33 ¢ 1498 +£0.12a 7.88 £0.04 53586 £0.51a  509.11 £5.18 ab
T5 21494+ 156 a 198.70 +2.64d 1426 £ 023 a 36.08 = 0.52a 15.08 £ 0.25a 551+ 0.07a 536.37 =539 a 523.83 +6.39 a
T6 210.50 £ 0.90 b 200.13 £1.33d 14.09 £0.31a 3243+ 0.29b 1495 £031a 6.17 £0.04b 529.29 £ 134ab  508.70 & 5.63 ab

Note: Lowercase letters in the table indicate significant differences (p < 0.05).

The application of A-m1 bioinoculant can increase the content of free amino acids in
tea leaves. In the second year after fertilization, the content of free amino acids in the spring
tea leaves of all treatments generally increased. Compared with 100% chemical fertilizer, the
coapplication of A-m1 bioinoculant with reduced chemical fertilizer significantly increased
the content of free amino acids in tea leaves in the year of fertilization. The 50% bioinoculant
+50% chemical fertilizer group still had a significant enhancing effect on the content of free
amino acids in tea leaves in the second year after fertilization (p < 0.05), as shown in Table 3.
In the year of fertilization, the content of free amino acids in tea leaves of the T3, T4, T5,
and T6 groups increased by 7.30%, 20.55%, 19.18%, and 17.81%, respectively, compared to
the CK group, and increased by 8.31%, 7.08%, and 5.85%, respectively, compared to the
CF group. One year after fertilizer application, compared to the CK group, the content of
free amino acids in tea leaves of the T3, T4, T5, and T6 groups increased by an average of
14.68%, 6.58%, 27.58%, and 14.68%, respectively. The T5 group increased by an average of
7.46% compared to the CF group.

The application of A-m1 bioinoculant in combination with reduced chemical fertilizer
can significantly reduce the phenol-ammonia ratio in tea leaves in the year of fertilization.
Among them, the 50% bioinoculant +50% chemical fertilizer and the 30% bioinoculant +70%
chemical fertilizer groups still have a significant reducing effect on the phenol-ammonia
ratio in tea leaves in the second year after fertilization, as shown in Table 3. Compared
with the summer tea of the fertilization year, the phenol-ammonia ratio in spring tea leaves
generally decreased after one year of cessation of fertilization, leading to an improvement
in tea quality. In the year of fertilization, the phenol-ammonia ratio in tea leaves of the T4,
T5, and T6 groups decreased by 11.48%, 10.85%, and 11.64%, respectively, compared to the
CK group, and decreased by 5.68%, 5.01%, and 5.85%, respectively, compared to the CF
group. After one year of cessation of fertilizer application, the phenol-ammonia ratio in tea
leaves of the T3, T5, and T6 groups decreased by 8.88%, 28.34%, and 19.70%, respectively,
compared to the CK group, and the T5 and T6 groups decreased by 16.62% and 6.57%,
respectively, compared to the CF group.

The coapplication of A-m1 bioinoculant with reduced chemical fertilizer can increase
the water-soluble extract content in tea leaves both in the year of fertilization and one year
after the cessation of fertilizer application. One year after the fertilizer was stopped, the
water-soluble extract content in tea leaves of all treatments generally showed a downward
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trend, as shown in Table 3. In the year of fertilization, the water-soluble extract content
in the summer tea of the T3, T4, and T5 groups increased by 2.18%, 2.60%, and 2.70%,
respectively, compared to the CK group, and increased by 2.05%, 2.47%, and 2.57%, respec-
tively, compared to the CF group. After one year of cessation of fertilizer application, the
water-soluble extract content in tea leaves of the T4, T5, and T6 groups increased by 3.06%,
6.04%, and 2.97%, respectively, compared to the CK group.

In the year of fertilization, the 70% bioinoculant +30% chemical fertilizer provided the
best improvement effects on soil physicochemical properties, enzyme activity, culturable
microbial counts, and tea quality. One year after the cessation of fertilization, the 50%
bioinoculant +50% chemical fertilizer was more conducive to enhancing the quality compo-
nents of tea, while the 30% bioinoculant +70% chemical fertilizer was more beneficial for
improving the production status of tea.

3.6. Correlation between Soil Physicochemical Properties, Enzyme Activity, Culturable Microbial
Counts, Tea Production Status, and Quality Components

The correlation analysis between soil physicochemical indicators and enzyme activity
with the number of culturable micro-organisms in the soil indicated that there was a close
relationship between soil enzyme activity, physicochemical indicators, and the number
of culturable micro-organisms in the soil, as shown in Table 4. The number of culturable
bacteria in the soil was significantly and positively correlated with soil organic matter (OM)
content, alkali-hydrolysable nitrogen (AN) content, catalase (Cat) activity, acid phosphatase
(ACP) activity, protease (Pro) activity, and sucrase (Suc) activity. The number of culturable
fungi in the soil was significantly and positively correlated with soil AN content, Cat
activity, and Pro activity, showed a significant positive correlation with soil available
phosphorus (AP) content and available potassium (AK) content, and exhibits a significant
negative correlation with soil urease (Ure) activity. The number of culturable actinomycetes
in the soil was significantly and positively correlated with soil OM content, AN content,
AP content, Cat activity, and Pro activity, and showed a significant positive correlation with
soil AK content.

Table 4. The correlation between soil physical and chemical properties, enzyme activity, and the
number of soil culturable micro-organisms.

oM AN AP AK Cat Ure ACP Pro Suc

Bacteria 0.59 ** 0.86 ** 0.38 0.40 0.79 ** —0.45 0.72 ** 0.91 ** 0.68 **
Fungi 0.43 0.81 ** 0.56 * 0.57* 0.62 ** —0.54* 0.38 0.74 ** 0.45
Actinomycete 0.71 ** 0.66 ** 0.84 ** 0.55* 0.61 ** —0.12 0.39 0.63 ** 0.16

Note: OM, Organic matter; AN, Alkaline N; AP, Available P; AK, Available K; Cat, Catalase; Ure, Urease; ACP,
Acid phosphatase; Pro, Protease; Suc, Sucrase. * indicated significant correlation at a 0.05 level; ** indicated
significant correlation at a 0.01 level.

In the year of fertilization, there was a significant positive correlation between the
number of culturable bacteria in the soil and the BD, TP, WE, and AA content of summer
tea leaves. The number of culturable fungi in the soil showed a highly significant posi-
tive correlation with the BD, TP, AA, and WE content of summer tea leaves, but a highly
significant negative correlation with the TP/AA ratio. The number of culturable actino-
mycetes in the soil had a highly significant positive correlation with the TP, AA, BD, and
WE content of summer tea leaves, but a significant negative correlation with the TP/AA
ratio. Additionally, the number of culturable bacteria in the soil had a highly significant
positive correlation with the BD of spring tea leaves, and the number of culturable fungi in
the soil showed a significant positive correlation with the BD and WE content of spring tea
leaves. This indicates that in the year of fertilization, a high ratio of organic to chemical
fertilizer coapplication can significantly improve the growing conditions for tea plants,
reduce the use of chemical fertilizers, improve nutrient use efficiency, and enhance both the
yield and quality of tea. One year after the cessation of fertilization, a high ratio of chemical
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to bioinoculant coapplication is more favorable for maintaining high yield and quality in
tea production, achieving healthy, and sustainable tea garden management (Table 5).

Table 5. The correlation between the yield and quality of tea and the number of soil culturable

micro-organisms.

Summer Tea Spring Tea
BD ow TP AA TP/AA WE BD ow TP AA TP/AA WE
Bacteria 0.84* 007 0.75* 0.55* —0.37 0.65 ** 0.64 ** -0.18 0.11 041 —0.21 0.25
Fungi 0.76 ** 0.44 0.62 ** 0.82*  —0.75* 0.58* 0.58 * 0.24 -0.12 034 —0.28 0.53 *
Actinomycete 0.58 * 0.31 0.64 ** 0.68 ** —0.57* 0.76 ** 0.15 0.00 0.16 0.3 —0.08 0.41

Note: BD, Bud density; OW, One-hundred-bud weight; TP, Tea polyphenols; AA, Amino acids; TP/AA, Amino
acid-tea polyphenol ratio; WE, Water extracts. * indicated significant correlation at a 0.05 level; ** indicated
significant correlation at a 0.01 level.

4. Discussion
4.1. Application of A-m1 Bioinoculant Affected the Physicochemical Properties of Tea Garden Soil

Studies have indicated that the coapplication of organic fertilizers and organic fertiliz-
ers with inorganic fertilizers can markedly improve the basic physicochemical properties
of soil [5,27], increase soil microbial counts and diversity, fix atmospheric nitrogen, de-
compose soil nutrients that are not readily absorbed by crops into absorbable forms, and
enhance the rate of nutrient supply [28], promoting the absorption of nutritional elements
N, P, and K by plants, thereby promoting plant growth and increasing yield [29,30]. For
example, the optimal ratio of 60% wood mold bioinoculant +40% chemical fertilizer can
significantly increase soil nitrate nitrogen and available phosphorus content [31]. The
use of bioinoculants created from Bacillus subtilis and Bacillus mucilaginosus, compared to
conventional chemical fertilizers, can significantly increase soil available phosphorus and
potassium content and the grain yield of wheat [32], and the application of Guter organic
fertilizer can significantly enhance the levels of organic matter, alkali-hydrolysable nitrogen,
and available phosphorus in the rhizospheric soil of barley at different growth stages [33].
Different ratios of A-m1 bioinoculant coapplied with reduced chemical fertilizer lead to
varying changes in soil physicochemical properties. Specifically, the 70% bioinoculant +30%
chemical fertilizer and the 50% bioinoculant +50% chemical fertilizer groups are charac-
terized by a significant enhancement of soil organic matter, alkali-hydrolysable nitrogen,
and available phosphorus content, with available potassium content on par with the 100%
chemical fertilizer group (Figure 1).

The 70% bioinoculant +30% chemical fertilizer group had the highest organic matter
content compared to the other five treatments, which may be related to the C:N:P ratio in
the soil. A-m1 bioinoculant can provide the soil with abundant organic matter (including
high organic carbon and some inorganic salts), which is the foundation for the growth of
soil micro-organisms. The application of a small amount of chemical fertilizer is beneficial
for maintaining the ratio of N and P elements required for the life activities of micro-
organisms, thereby increasing the amount of soil micro-organisms, creating a good root
environment, and improving soil organic matter content [34,35]. The 70% bioinoculant
+30% chemical fertilizer group, as well as the 50% bioinoculant +50% chemical fertilizer and
30% bioinoculant +70% chemical fertilizer groups, had higher alkali-hydrolysable nitrogen
content. This result can be attributed to the synergistic effect of A-m1 bioinoculant-chemical
fertilizer coapplication, which increases the biomass and residue of tea plant roots. On the
one hand, it enhances nitrogen input (including fertilizer application, microbial nitrogen
fixation, dissolution of minerals, etc.), and on the other hand, it reduces nitrate-nitrogen
leaching [36,37].

The 70% bioinoculant +30% chemical fertilizer group and the 50% bioinoculant +50%
chemical fertilizer group also had higher available phosphorus and potassium content,
indicating that these two treatments were more effective in activating nutrients, especially
phosphorus. This may be due to the fact that strain A-m1 contains genes that can encode
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phosphatase [17]. Through the regulation of phosphorus cycle genes and the expression
of phosphatase, strain A-m1 can dissolve inorganic phosphorus and mineralize organic
phosphorus, thereby improving the availability of soil phosphorus [35,38]. Studies have
shown that the absorption of nitrogen, phosphorus, potassium, and other elements by
plant individuals increases with yield. Compared with the CK group without any organic
material application, the straw return and the combined application of straw and woody
peat significantly increased the yield of corn kernels and straw. At the same time, more
nutrients in the soil were absorbed and taken away by the plants, leading to a decrease in
the available potassium content in the soil [39]. This study also reached a similar conclusion.
Compared with the single application of chemical fertilizer (CF), the application of A-m1
bioinoculant significantly increased tea yield, while the available potassium content in
the soil was at a lower level. Compared with the CF group, only the alkali-hydrolysable
nitrogen content in T6 was significantly increased, which may be related to the lower
content of A-m1 bioinoculant in the T6 group. Similar studies on the impact of reduced
chemical fertilizer combined with bioinoculant on soil physicochemical properties [40] are
basically consistent with the results of this study, which is related to the relatively long
time-effectiveness of microbial activity [41,42].

4.2. Application of A-m1 Bioinoculant Influenced the Activity of Soil Enzymes and Culturable
Microbial Population

Soil enzymes are the primary drivers of nutrient cycling and metabolism in soil
ecosystems and, are important factors affecting the microecological environment. Urease,
acid phosphatase, sucrase, and protease are closely related to plant nutrition and are
important indicators for evaluating soil fertility levels and soil health [43]; catalase can
decompose hydrogen peroxide within micro-organisms, reducing its toxic effects on plants,
and is closely related to the health of the plant root environment [44]. This study found that
the coapplication of different ratios of A-m1 bioinoculant and reduced chemical fertilizer
led to different changes in soil enzyme activity. The main feature of the 70% bioinoculant
+30% chemical fertilizer and 100% bioinoculant group was a significant increase in soil
catalase, phosphatase, and protease activity; the 70% bioinoculant +30% chemical fertilizer
and 50% bioinoculant +50% chemical fertilizer groups had a better effect on enhancing
soil urease activity; and the 30% bioinoculant +70% chemical fertilizer and 100% chemical
fertilizer groups had the best effect on enhancing soil sucrase activity (Figure 2). Studies
on enzyme activity in tea gardens have also reported that the coapplication of organic and
chemical fertilizers has the best effect on enhancing the activity of urease, phosphatase, and
protease in tea garden soil. The increase in sucrase activity is also significant when chemical
fertilizer is applied alone or in combination; thus, the application of chemical fertilizer is
more conducive to enhancing sucrase activity, while the presence of organic manure helps
to increase the activity of protease, urease, and phosphatase [45]. This study found that
the soil catalase, urease, and protease activity in the A-m1 bioinoculant-chemical fertilizer
coapplication group and the A-m1 bioinoculant alone group were all higher than that in
the chemical fertilizer alone group, with the 70% bioinoculant + 30% chemical fertilizer
group (nitrogen application rate of 184.11 kg-hm~2) being the highest, while the enzyme
activity in the 100% bioinoculant group was slightly lower. This may be due to the C/N
ratio of the carrier matrix in the bioinoculant being generally higher than the suitable ratio
range for microbial activity in the soil. After supplementing with an appropriate amount of
chemical fertilizer, it can better meet the nutrients required for microbial activity, allowing
more enzymes to enter the soil with vigorous root activity and the life activities of soil
animals and micro-organisms, which is more conducive to the enhancement of soil catalase,
urease, and protease activity [46,47]. The effect of chemical fertilizer application alone and
high-ratio chemical fertilizer coapplication on enhancing acid phosphatase activity is not
significant, which may be attributed to the easy availability of phosphorus elements due
to the application of high-dose phosphate fertilizer, making the activity of phosphorus-
dissolving bacteria and the synthesis and secretion of acid phosphatase less active. The
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application of a high ratio of A-m1 bioinoculant and a small amount of chemical fertilizer
not only provides rich nutrients for the growth and reproduction of micro-organisms but
also supplements a large number of A-m1 microbial bodies with phosphorus-dissolving
and nitrogen-fixing functions, as well as a rich amount of enzymes, to the tea garden soil,
promoting the absorption and utilization of phosphorus nutrients by tea plants, thereby
enhancing soil acid phosphatase activity [48].

Soil micro-organisms primarily participate in the decomposition of organic matter,
degradation of xenobiotics, soil carbon fixation, and prevention and control of crop diseases,
playing a crucial role in soil energy flow and nutrient cycling [49]. The coapplication of
bioinoculants and chemical fertilizer not only replenishes the soil with a large number of
beneficial micro-organisms but also provides ample sources of organic carbon, nitrogen,
and phosphorus, thereby increasing the quantities of bacteria, fungi, and actinomycetes
in the soil and enriching the structure of the soil microbial community [50]. Studies have
reported that Bacillus subtilis strain SQR9, Trichoderma harzianum NJAU4742, and composite
functional bacterial fertilizers can increase the quantities of culturable bacteria, fungi, and
actinomycetes in the soil and improve the soil microbial flora during the crop growth
period [51,52]. This study also shows a significant enhancement effect on the quantity of
culturable micro-organisms in the soil. Among them, the 70% bioinoculant +30% chemical
fertilizer and 50% bioinoculant +50% chemical fertilizer groups had the most pronounced
effect on increasing the quantities of culturable bacteria, fungi, and actinomycetes in the soil.
This may be due to the application of bioinoculants, which can quickly occupy the main
ecological niches in the plant root environment, creating additional ecological niches for
beneficial microbial communities in the soil, thereby regulating the quantity of culturable
micro-organisms in the rhizosphere soil [53]. In addition, this study shows that, compared
with early November 2021, the activities of catalase, urease, phosphatase, sucrase, and
the quantities of culturable bacteria and fungi in the soil in late September 2022 generally
showed a downward trend. This may be due to the drought in Xinyang from July to
September, which affected the soil root environment, leading to a decrease in the quantity
of soil micro-organisms, metabolic activity, and enzyme activity.

4.3. Impact of Application of A-m1 Bioinoculant on Tea Plant Growth and Mineral
Nutrient Content

Bioinoculants can increase the supply of plant nutrients, secrete plant growth hor-
mones, promote the absorption and utilization of nutrients by plants, antagonize some
pathogenic micro-organisms, reduce pests and diseases of crops, and improve crop yield
and quality [54]. The coapplication of organic and chemical fertilizers throughout the tea
growth cycle can supply the soil with a moderate amount of nutrients, ensuring that the
tea plants are always in a good state of nutrient supply with strong sustainability, thereby
improving tea yield and quality. For instance, when the application of chemical fertilizers
is reduced by 25% N (urea) and 50% P (phosphate rock powder), and co-applied with
indigenous nitrogen-fixing and phosphorus-solubilizing bacteria, it can increase the yield
of tea shoots compared to the sole application of chemical fertilizers [55]. Research into the
impact of reduced chemical fertilizer combined with bioinoculant on tea production and
quality has shown that treatments combining 25-50% bioinoculant with 75-50% chemical
fertilizer are superior [56]. The substitution of bioinoculant for chemical fertilizer can signif-
icantly increase the content of organic matter, available phosphorus, and readily available
potassium in the tea garden soil, and promote the accumulation of free amino acids in tea,
reducing the phenol-ammonia ratio, with the treatment of 30% bioinoculant substitution
showing the most significant effect on quality and yield [57]. This study indicates that
the 50% bioinoculant +50% chemical fertilizer group showed the most significant effect
on increasing the weight of one hundred buds of tea in the year of fertilization, the 70%
bioinoculant +30% chemical fertilizer group was the most effective in increasing the bud
density of tea in the year of fertilization, and the 30% bioinoculant +70% chemical fertilizer
group showed the most significant effect on increasing both the weight of one hundred
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buds and the bud density of tea one year after cessation of fertilization. The reason for these
differences may be that the content of available nutrients in the bioinoculant is relatively
low. A high ratio of organic to chemical fertilizer can meet the demand for N and P by tea
plant growth and microbial activity in the short term. However, due to the drought in the
summer and autumn seasons, the soil microbial numbers and enzyme activities decreased,
thus, the coapplication of a high ratio of chemical fertilizer with bioinoculant is best for a
continuous and stable increase in tea yield [58,59].

The study also found that in the year of fertilization, the 70% bioinoculant +30%
chemical fertilizer and 50% bioinoculant +50% chemical fertilizer groups significantly
increased the free amino acid and water extract content of tea leaves and reduced the
phenol-ammonia ratio compared to the CK group. In the second year after fertilization, the
50% bioinoculant +50% chemical fertilizer and 30% bioinoculant +70% chemical fertilizer
groups significantly increased the free amino acid and water extract content and reduced
the phenol-ammonia ratio and tea polyphenol content in tea leaves compared to the CK
group. Among them, the tea quality of the 50% bioinoculant +50% chemical fertilizer
group was superior to the 100% chemical fertilizer group both in the year of fertilization
and one year after fertilization. The reason for this may be that although strain A-m1 can
produce a large number of growth-promoting hormones and enzymes, its activity has
the disadvantage of having a relatively long-term effect and being easily affected by the
environment. The application of a small amount of bioinoculant and inorganic chemical
fertilizer cannot only supplement beneficial micro-organisms in the soil but also change
and improve the activity of soil micro-organisms, promote an increase in tea yield and the
accumulation of internal components, and improve the quality of tea. This is consistent
with the nutritional effect research results of biofertilizers by [60].

4.4. Correlation Analysis between Changes in Garden Soil and Tea Production and Mineral
Nutrient Content

The quantity of culturable micro-organisms in the soil is closely linked to soil physico-
chemical properties, enzyme activity, and the production and mineral nutrient content of
tea leaves [45]. Soil enzymes, primarily secreted by soil micro-organisms, play a key role in
catalyzing the decomposition of organic matter and the cycling of nutrients, breaking down
complex macromolecular organic compounds in the soil into smaller molecules such as sug-
ars, amino acids, NH**, etc., which can be absorbed and utilized by soil micro-organisms,
thereby increasing the number of soil micro-organisms. Soil micro-organisms are the main
drivers of the nutrient cycles of carbon, nitrogen, phosphorus, and other elements in the
soil. An increase in microbial numbers can accelerate the transformation of soil nutrients,
providing ample nourishment for crop growth and promoting the improvement of crop
yield and quality [61]. It is known that strain A-m1 can encode enzymes that have direct or
indirect growth-promoting effects, which can directly enhance soil enzyme activity. Studies
have found that soil nutrient content and soil enzyme activity are positively correlated with
microbial numbers, indicating a close correlation between soil microbial numbers and soil
nutrients and enzyme activity [62].

This study obtained results consistent with previous research, indicating that there
is a significant positive correlation between the number of culturable bacteria, fungi, and
actinomycetes in the soil and the content of soil organic matter, alkali-hydrolyzable nitrogen,
available phosphorus, and available potassium, as well as the activity of enzymes such
as catalase, protease, sucrase, and acid phosphatase. This suggests that the application
of microbial fertilizers can increase the number of beneficial micro-organisms in the soil,
accelerate microbial growth and metabolism, enhance soil enzyme activity, promote the
mobilization of soil trace elements from the solid phase to the soil solution, and increase
their availability [63]. Soil micro-organisms can affect the nutrient status of plants by
altering soil nutrients, thereby improving the quality and yield of tea leaves [64]. Yang
Y. et al. used soil fungal diversity as a biological indicator of tea quality and found a
significant correlation between tea quality parameters and soil fungal diversity indices [65].
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This study found that the quantities of culturable bacteria, fungi, and actinomycetes in the
soil were significantly or highly significantly correlated with the quality of summer tea
in the year of fertilization. Even one year after the cessation of fertilization, the quantity
of culturable fungi in the soil still had a certain correlation with the quality of spring tea.
Therefore, the application of bioinoculants, by inputting nutrients, organic matter, and
functional micro-organisms into the soil, plays a role in activating nutrients, improving
nutrient use efficiency, increasing yield, and enhancing quality, thereby reducing the use of
chemical fertilizers and effectively amending agricultural soil.

5. Conclusions

Our research team previously isolated a strain of S. costaricanus, A-m1, whose fer-
mentation filtrate has a broad antibacterial spectrum and high antibacterial activity. It
is capable of producing plant growth hormones such as indole acetic acid (IAA) and cy-
tokinins, and it encodes enzymes that have direct or indirect growth-promoting effects,
including nitrogenase, 1-aminocyclopropane-1-carboxylate (ACC) deaminase, phosphatase,
and phytase. It has demonstrated effective growth promotion on tomatoes and holds
potential for further development as a biocontrol agent. Currently, tea garden soils are
facing issues such as nutrient deficiency, poor structure, and functional degradation. The
A-m1 bioinoculant treatment significantly increased the content of alkali-hydrolysable
nitrogen and the activity of sucrase, urease, protease, and catalase in the soil of the tea
garden, as well as the quantity of culturable bacteria, fungi, and actinomycetes. It also had a
positive impact on the bud density, weight of one hundred buds, water extract content, free
amino acid content, and phenol-ammonia ratio of tea leaves. In the year of fertilization, the
70% bioinoculant +30% chemical fertilizer provided the best improvement effects on soil
physicochemical properties, enzyme activity, culturable microbial counts, and tea quality.
One year after the cessation of fertilization, the 50% bioinoculant +50% chemical fertilizer
was more conducive to enhancing the quality components of tea, while the 30% bioinoc-
ulant +70% chemical fertilizer was more beneficial for improving the production status
of tea. This indicates that in the year of fertilization, a high ratio of organic to chemical
fertilizer coapplication can significantly improve the growing conditions for tea plants,
reduce the use of chemical fertilizers, improve nutrient use efficiency, and enhance both
the yield and quality of tea. One year after the cessation of fertilization, a high ratio of
chemical to bioinoculant coapplication is more favorable for maintaining high yield and
quality in tea production, achieving healthy and sustainable tea garden management. This
experiment applies the strain A-m1 bioinoculant to the improvement of tea garden soils,
in conjunction with the reduced application of chemical fertilizers, to explore the optimal
ratio for coapplication. It is beneficial to enhance the yield and quality of tea leaves while
reducing the use of chemical fertilizers, thereby providing technical support for sustainable
production in tea gardens.
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