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Abstract This review examines the effects of harvesting frequency, plucking standards, leaf retention, pruning, and related resource
management practices on sustained tea production. Thirty English-language research articles were selected for analysis, with direct
experiments on tea plants distinguished from observational comparisons, molecular association studies, and mechanistic evidence
from other species. The analysis identifies three interacting processes involved in sustained tea production: maintaining the
continuous development of harvestable shoots, preserving functional leaves and stored resources, and rebuilding a canopy structure
suited to the intended harvesting system. Through a comparative case analysis, this review finds that the effects of mechanical
harvesting should be distinguished from differences in harvesting intervals. Earlier bud development or increased shoot weight also
does not necessarily indicate higher annual yield. Based on these findings, the study proposes an integrated evaluation framework
that considers cumulative marketable yield, recovery time, canopy function, product quality, labor requirements, and environmental
costs. The central expectation is not that less intensive harvesting or stronger canopy restoration will always lead to better production
performance. Rather, explicitly considering plant recovery processes is expected to improve the reliability of production decisions
and reveal trade-offs among different production objectives that may be overlooked when evaluating a single successful harvest.
Keywords Tea (Camellia sinensis); Harvesting practices; Canopy restoration; Shoot regeneration; Yield stability; Sustainable tea
production

1 Introduction

Tea production poses a distinctive management question: how much new growth can be removed while preserving
the plant’s capacity to support subsequent harvests ? Unlike crops harvested once at maturity, tea produces
successive shoot cohorts within a perennial framework. Young shoots provide the commercial product, but their
development depends on mature leaves, branches, and roots that remain after harvesting. Studies of pruned tea
plants have identified metabolic responses in developing shoots and lateral roots, demonstrating that canopy
interventions affect more than the visible cutting surface (Arkorful et al., 2020a; Arkorful et al., 2020b). Nitrogen
measurements across twenty tea varieties also reveal differences among leaf ages, seasons, and genetic
backgrounds (Zhang et al., 2020). Removing equivalent fresh weights may therefore remove different nutrient
quantities and leave plants with different capacities for regrowth. Production should consequently be assessed
through the relationships among harvested shoots, functional foliage, and the supporting framework. Here,
sustained production means maintaining commercially useful output across successive harvests and recovery
periods, rather than uninterrupted picking. Planned rest may support this objective when later benefits compensate
for missed harvests. Sustainability has a broader meaning, encompassing resource use, soil condition, and
economic feasibility; high annual yield alone cannot establish that these requirements have been met.

Harvesting practices influence this balance through several distinct but interacting operations. Fine plucking
describes the developmental standard of harvested material, harvesting intensity describes the extent of tissue
removal, and harvesting frequency concerns timing. These terms should not be used interchangeably. Selective
removal of tender shoots and indiscriminate cutting through maintenance foliage can produce similar harvested
quantities while leaving markedly different canopies. Pathiranage et al. (2019) identified immature shoot removal,

harvesting severity, and maintenance foliage loss as distinct contributors to declining production under mechanical
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harvesting. Separating these components is necessary because an adjustment directed at one may leave the others
unchanged. Extending the interval between harvests, for example, does not necessarily protect developing shoots
when the next operation remains indiscriminate. Conversely, frequent selective harvesting should not
automatically be equated with excessive canopy disturbance. Evaluation must consider both the harvested material
and the condition of the plant afterward. Relevant observations include the foliage retained, the developing shoots
available for later collection, and the recovery time before another commercially useful harvest. This perspective
shifts attention from the quantity collected on one occasion to the continuity of production and the biological costs
associated with repeated removal.

Canopy restoration introduces comparable trade-offs. Vigorous regrowth after pruning does not necessarily
indicate greater cumulative production, and higher concentrations of individual compounds do not automatically
signify better tea. Li et al. (2022) associated non-pruning with amino acid accumulation and lower flavonoid and
caffeine contents in their study material. Research on ‘Dancong’ tea likewise identified quality-related differences
between plants maintained without pruning and those pruned annually (Chen et al., 2021b). Such findings caution
against evaluating all tea systems through a single biochemical direction. The desired response depends on the
intended product and its valued quality attributes. Recovery also occurs within an environmental context. Gu et al.
(2020) documented extensive proteomic responses to drought, while Hazra et al. (2021) linked ecophysiological
variation with secondary metabolite accumulation. Treatments applied under favorable conditions cannot therefore
be assumed to perform identically when recovery is constrained. Management must consider plant condition,
seasonal growth opportunities, and available resources together. The practical question is not simply whether
harvesting or pruning promotes growth, but whether a particular intervention preserves acceptable production over
a period long enough to include its recovery costs.

This review adopts a critical narrative review approach to examine the relationship between harvesting
management and canopy restoration within a unified temporal framework. It distinguishes the different
components of harvesting disturbance, explores how canopy restoration modifies the productive canopy of tea
plants, and analyzes the physiological links between current shoot removal and subsequent regrowth. The study
also examines the effects of cultivar differences while carefully considering the limitations of existing evidence in
supporting breeding recommendations. In the case analysis, independently published studies are compared
without treating them as a single integrated experiment. Particular attention is given to whether the reported
results represent individual harvests, cumulative seasonal yields, or longer production cycles, as different
observation periods support different conclusions about canopy recovery, yield stability, and management benefits.
The central expectation of this review is that evaluating harvesting and recovery within a unified framework will
help clarify the conditions under which protecting functional foliage and future shoots supports sustained
production, and the circumstances in which short-term production benefits may be offset by subsequent costs.

2 Effects of Different Harvesting Practices on Tea Plant Growth and Production

2.1 Harvesting frequency and shoot regeneration

Harvesting frequency influences which developmental stages are present when workers or machines enter the
field. A short interval is not intrinsically damaging: selective picking can remove suitable shoots while leaving
younger cohorts intact. Conversely, a longer interval is not necessarily restorative when the subsequent operation
removes a greater proportion of foliage and immature growth. Pathiranage et al. (2019) provide direct evidence
that damage to future shoot cohorts must be considered alongside the immediate harvested crop. Their findings
support separating the number of field visits from the biological severity of each visit.

A useful comparison therefore records both calendar time and plant development. The interval between cuts
should be accompanied by the proportion of shoots meeting the intended standard, the immature shoots remaining
afterward, and the time required for replacement growth. Otherwise, a treatment described as frequent harvesting
may merely represent more selective access to the same developing population. Counting harvested shoots
without identifying the cohorts that produced them can also obscure whether repeated returns reflect rapid renewal
or depletion of shoots already present before treatment.
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For experimental interpretation, frequency should be varied independently of cutting height and selectivity
whenever possible. When commercial practice requires these factors to change together, the resulting treatment
remains useful, but it represents a management package. Yield differences should then be attributed to that
package rather than to interval alone. This distinction permits practical comparisons without overstating the
physiological mechanism responsible for the result.

It is also important to separate delayed development from permanent loss of productive sites. The proposed
measurements should follow shoots that were present before harvesting as well as shoots initiated afterward. A
low count at one date could otherwise be interpreted as damage when a treatment has merely shifted development,
or interpreted as harmless delay when the affected cohort never reaches the required standard. Repeated
observations make these alternatives distinguishable.

2.2 Plucking standards and harvesting intensity

Plucking standards specify the material required by a processing system, commonly through combinations of a
bud and a stated number of leaves. Harvesting intensity should instead describe how much potentially productive
tissue is removed. These definitions prevent the assumption that a finer standard necessarily imposes greater
physiological stress. Selectively collecting small tender units can leave substantial foliage, whereas a coarser cut
may cross into the maintenance canopy. The remaining plant, not only the harvested sample, must be examined.

Luo et al. (2026) compared summer leaves collected at different standards and processed into green, yellow, white,
and black teas. Material comprising one bud and one leaf produced favorable sensory attributes in their
experiment, while processing substantially altered flavor expression. This establishes a relationship between
raw-material selection and product quality, not a measured advantage in plantation regeneration or annual output.
Extending the quality result into a production recommendation would require information on the quantity
harvested, labor costs, and later shoot growth.

Selective mechanization offers one possible way to separate harvest quality from broad canopy removal. Chen and
Chen (2020) demonstrated image-based localization of tea plucking points. Such work addresses recognition of
suitable cutting locations; it does not by itself establish reliable field harvesting or improved long-term yield. For
agronomic evaluation, the important outputs would include damage to retained shoots, unintended leaf removal,
actual collection success, and performance under uneven canopy conditions, alongside the technical accuracy of
the vision system.

2.3 Leaf retention and canopy photosynthetic capacity

Leaf retention matters because canopy recovery requires functioning tissues, not simply a minimum count of
attached leaves. Leaf position, illumination, physiological condition, and age affect the interpretation of retained
area. Chen et al. (2021a) showed that shading-induced chlorophyll accumulation in tea involves regulated changes
in chlorophyll metabolism. Greener foliage should therefore not be assumed to indicate greater whole-canopy
carbon gain. Chlorophyll concentration and productive canopy function are related measurements, but they
answer different questions.

Evidence from repeated shade cultivation reinforces this distinction. Yamashita et al. (2020) identified
physiological and phenotypic signs of overstress, including changes in photosynthetic performance, reserve status,
and canopy temperature. Their experiments concerned shading rather than a harvesting treatment, so they provide
diagnostic context rather than a direct estimate of the effects of leaf retention. Together with seasonal nitrogen
variation among leaf classes (Zhang et al., 2020), the findings suggest that retained foliage should be assessed for
function as well as quantity.

A practical evaluation would combine residual leaf area with representative gas-exchange measurements, leaf
condition, and subsequent shoot production. More foliage may be useful when it supplies new growth, but
preserving poorly positioned or declining leaves is not an objective in itself. No common numerical retention
threshold can be inferred from the studies reviewed. The appropriate level should instead be calibrated for cultivar,
canopy structure, harvest standard, and the environmental conditions expected during the recovery period.
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3 Effects of Canopy-Restoration Practices on Tea Plant Recovery

3.1 Pruning intensity and canopy structural renewal

Pruning differs from harvesting because its immediate purpose is to alter the structural basis of future production.
Light trimming removes a limited surface layer, whereas deeper operations replace more of the existing
framework. Terminology is not fully transferable between studies. For example, Lu et al. (2022) defined heavy
pruning by height above the ground but light and deep pruning by distance below the canopy top. A reported
cutting height is therefore uninterpretable unless its reference plane is stated.

The expected benefit of structural renewal must be considered alongside the temporary removal of leaf area and
harvestable shoots. Opening an old canopy may encourage new growth, but rebuilding that canopy takes time and
resources. Kan et al. (2024) found substantial variation in pruning responses among twenty tea varieties. This
supports cultivar-specific assessment and cautions against treating a single successful response as a general
property of tea. Differences after pruning are also not sufficient, on their own, to establish the genetic stability of
recovery traits across environments.

For management, the most informative measure is the trajectory from cutting through canopy reconstruction to
resumed production. Recording only the final appearance can conceal a lengthy period without saleable output.
Light, medium, and deep treatments should therefore be compared using actual tissue removal, recovery duration,
and cumulative production. Where the objective is merely to maintain access or an even picking surface, a major
structural intervention should not be assumed necessary. Where the framework itself is unsuitable, repeated
superficial trimming may not address the underlying problem.

3.2 Canopy recovery through leaf retention and shoot management

Canopy rebuilding requires decisions about which developing shoots become future bearing structure and which
enter the harvested crop. Removing every accessible shoot during recovery would make these two objectives
compete directly. The review therefore proposes distinguishing a framework-building phase from a full production
phase, while recognizing that the transition may be gradual rather than marked by a single date. Retained shoots
should be evaluated through their distribution and contribution to canopy continuity, not merely through their
number.

Summer-pruning research demonstrates why timing deserves attention. Zhang et al. (2021) observed different
branch-growth and subsequent spring-production responses under alternative summer pruning dates and heights.
The result indicates that the recovery period remaining after an intervention can matter as much as the fact that
pruning occurred. It does not establish an identical seasonal calendar for every tea region. Local shoot
development and the intended next harvest should define the relevant window.

Non-pruning studies provide a useful counterpoint. In ‘Dancong’ tea, Chen et al. (2021b) found higher levels of
several quality-related constituents and characteristic aroma compounds in unpruned material. Retaining an
established architecture may therefore serve a legitimate product objective. Restoration should not be equated
automatically with removing more wood. Depending on the diagnosed limitation, it may involve moderated
harvesting, selective shoot retention, limited structural correction, or a period without cutting. These alternatives
require comparison against an explicit production objective rather than a visual preference for uniform, low
bushes.

3.3 Post-harvest nutrient and water management

Resource management should support the timing of plant demand without assuming that stronger growth always
requires larger fertilizer inputs. Using labeled nitrogen, Ma et al. (2021) showed that thermal conditions and
application timing influenced uptake of autumn and winter fertilizer and its later contribution to spring tea.
October application contributed more strongly to early spring tea than later applications at the two studied sites,
linking resource acquisition with a subsequent crop. It also argues against applying one calendar-based fertilizer
schedule across regions with different temperatures and growth patterns.
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Nitrogen responses must be judged through both output and quality. Cai et al. (2024) compared fertilization levels
in ‘Jin Xuan’ tea and documented treatment-dependent yield and compositional responses. Such results support
evaluating several outcomes rather than selecting a rate solely because one biochemical indicator increases. After
pruning, diagnosing supply should include soil conditions, leaf status, and the amount of new canopy being
formed. Fertilizer should not be treated as a substitute for protecting functional foliage or allowing sufficient
recovery time.

Water management presents the same need for context. Liu et al. (2025b) examined irrigation and mulching
combinations in a northern Chinese tea plantation and identified differences in evapotranspiration-yield
relationships and water productivity. Their study supports site-specific coordination of water supply and ground
management; it was not a factorial test of irrigation after different pruning severities. The defensible implication is
to assess water availability before imposing additional canopy disturbance and to evaluate the resulting crop with
clearly defined fresh- or dry-mass measurements.

For future trials, irrigation and fertilization records should be expressed at plot scale and linked to canopy
recovery observations. Equal fertilizer rates do not ensure equal nutrient availability, just as equal irrigation
volumes do not establish comparable root-zone water conditions. Measuring the relevant plant and soil states
would help determine whether an apparent pruning response reflects canopy treatment, a resource limitation, or an
interaction between them. This is particularly important when treatments differ substantially in remaining foliage.

4 Physiological Mechanisms Linking Harvesting, Canopy Restoration, and Sustained
Production

4.1 Photosynthetic performance and carbon allocation

A source-sink interpretation connects the retained canopy with developing shoots and roots. It is useful because
harvesting changes both the tissues supplying assimilates and the organs demanding them. However, increased
photosynthesis per remaining leaf cannot be assumed to compensate fully for a reduction in total functioning leaf
area. Compensation must be evaluated at an appropriate scale, ideally over the period during which the canopy is
being rebuilt. Leaf-level measurements describe a component of that process rather than the whole-plant balance.

Arkorful et al. (2020a) identified metabolic changes in lateral roots of pruned tea plants, while Arkorful et al.
(2020b) associated pruning with changes in shoot growth and metabolism. These studies support considering
belowground and aboveground responses together. They do not make every changed metabolite a demonstrated
regulator of carbon allocation. Similarly, reserve concentration is not equivalent to reserve pool size: a
concentration can change with tissue growth or sampling composition, even when the total amount stored follows
a different trajectory.

Nutrient measurements require comparable care. Liu et al. (2022) associated pruning with lower leaf nitrogen,
phosphorus, potassium, and magnesium concentrations, but higher calcium concentrations, across surveyed tea
plantations. Such field-scale evidence identifies relationships worth testing, but differences among sites and
management histories limit causal interpretation. A stronger carbon-allocation analysis would combine repeated
measurements of organ biomass, nonstructural carbohydrates, leaf function, and new-shoot demand. Tracer
experiments could then test whether recovery is supplied predominantly by current assimilation or previously
stored resources, rather than inferring the answer from concentration differences alone.

4.2 Bud activation and vegetative growth regulation

Shoot removal changes the regulatory environment experienced by remaining buds. Hormonal signaling and
carbohydrate availability are plausible interacting controls, rather than competing explanations. Bertheloot et al.
(2020), working with non-tea systems, demonstrated that sugar availability can suppress an auxin-related
strigolactone pathway and promote bud outgrowth. Fichtner et al. (2021) showed that trehalose 6-phosphate
participates in branching regulation in Arabidopsis. These experiments provide mechanistic support for
interactions between resource status and bud regulation, but they do not establish identical responses in mature tea
bushes.
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Tea-specific work supplies complementary evidence. Ye et al. (2024) combined transcriptome and
hormone-metabolome analyses and associated pruning with altered growth and signaling profiles. The findings
strengthen the case for coordinated regulation after canopy disturbance. Nevertheless, pathway enrichment,
hormone abundance, and shoot growth measured after treatment do not by themselves determine the causal order.
A signaling change might initiate growth, accompany it, or reflect differences in sampled developmental stages.
These possibilities need to remain separate in interpretation.

Bud activation is also not synonymous with successful regeneration. A bud must develop into a shoot that survives,
occupies a useful position, and reaches the intended harvest standard. Counting newly activated buds can
therefore exaggerate recovery when many shoots remain weak, crowded, or unsuitable for collection. A complete
assessment should follow marked buds through development and relate their fate to canopy conditions. The
strongest mechanistic explanation would connect an experimentally tested regulator to this developmental
sequence and ultimately to usable production, rather than stopping at a molecular response.

4.3 Yield formation and long-term production stability

Cumulative production can be understood by summing the number of acceptable shoots harvested in each round
multiplied by their mean mass. This accounting identity clarifies why shoot density, shoot weight, and harvest
number should not be interpreted independently. A heavier average shoot may be accompanied by fewer suitable
shoots; more picking rounds may divide a similar total crop into smaller collections. The identity is not a
predictive growth model, and it does not justify multiplying one measured shoot population by an assumed annual
harvest frequency.

Quality adds another dimension. Hazra et al. (2021) documented relationships between physiological traits and
secondary-metabolite accumulation, while Zhang et al. (2023) found that pruning-related growth benefits in Wuyi
rock tea were accompanied by decreases in some measured quality constituents. Consequently, increased biomass
cannot stand in for increased commercial value. Evaluation should identify the target tea type, comparable shoot
maturity, processing conditions, and the proportion of output that meets an agreed standard. Fresh mass should
also be distinguished from dry matter and processed-tea yield.

Production stability requires repeated observations over the relevant management horizon. The review proposes
reporting annual totals alongside recovery gaps, within-year distribution, and variation among years. A low-yield
system can be consistently poor, so small variation is not sufficient evidence of success. Conversely, an intentional
renewal year may produce a temporary decline that is justified over a complete pruning cycle. Appropriate
evaluation therefore asks whether cumulative acceptable output and plant condition remain satisfactory, not
whether every individual harvest exceeds the preceding one.

5 Case Analysis: Integrated Harvesting and Canopy-Restoration Management in Tea
Plantations

5.1 Case selection and analytical framework

The case analysis uses complementary published studies rather than presenting an undocumented integrated
treatment as an established practice. The principal harvesting experiment was conducted at St. Joachim Estate,
Ratnapura, Sri Lanka, using cultivar TRI 4042 in the second year of its pruning cycle. The site was approximately
30 m above sea level, with reported annual rainfall exceeding 3 200 mm. Four replicated blocks were followed for
one year (Pathiranage et al., 2023). Pruning-cycle position is reported here without converting it into an assumed
chronological plantation age.

A contrasting restoration study involved twenty-two-year-old ‘Jinfeng’ plants at Lanxi, Zhejiang, China. Pruning
treatments were imposed in 2020, followed by spring-shoot observations in 2021 (Lu et al., 2022). A third study
examined summer pruning of mature ‘Jin Guan Yin’ plants in a system harvesting spring tea and using two
pruning operations annually (Zhang et al., 2021). These are different cultivars and production environments, not
replicate observations of a common treatment.
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The analytical framework separates intervention, immediate plant response, later harvest performance, and the
duration actually observed. For harvesting, the questions concern removal selectivity and the condition of
subsequent shoot populations. For restoration, they concern the timing and structure of regrowth. Quality evidence
is considered only where a study measured relevant constituents or product attributes. This arrangement allows a
shared management question to be examined without pooling incompatible yields. It also prevents an important
interpretive error: using favorable outcomes from separate experiments to claim that their combined treatments
have already been shown to interact positively.

5.2 Comparison of harvesting and canopy-restoration practices

In the Sri Lankan experiment, three motorized systems were compared with selective hand plucking. The
machines included a picking-arm design and two reciprocating-blade designs. Crucially, machine harvesting
occurred at fourteen-day intervals, whereas manual harvesting occurred at seven-day intervals (Pathiranage et al.,
2023). The contrast therefore includes harvesting schedule as well as mechanism and selectivity. Randomized
blocking strengthens the comparison between treatment packages, but it does not remove this built-in difference
between their components.

This matters when interpreting restoration needs. A poorer subsequent crop could reflect damage to developing
shoots, loss of maintenance foliage, altered shoot age at collection, or their combined effects. The trial can
establish the performance of the tested packages; it cannot isolate a pure machinery effect at an identical interval.
A factorial experiment with matched intervals would be needed for that narrower question. Treating this limitation
explicitly preserves the practical importance of the study without giving its results a broader causal meaning than
the design permits.

The Zhejiang study compared heavy pruning in mid-April, early May, and late May, included light and deep
pruning in early May, and tested an additional autumn light cut after early-May heavy pruning (Lu et al., 2022). It
was not a complete factorial crossing of every severity and date. In the summer-pruning study, one favorable
treatment cut 30 cm above the preceding spring-pruning surface on July 25 (Zhang et al., 2021). This was not a
cut 30 cm above ground. Together, these designs show why treatment names and numerical heights need
operational definitions before studies are compared or recommendations are transferred.

5.3 Evaluation of yield, quality, and production stability

Pathiranage et al. (2023) reported annual made-tea yield estimates of 4296.2 kg/ha under manual harvesting and
1974.9-2297.2 kg/ha across the three motorized treatments, corresponding to reported reductions of approximately
46%-54%. These were calculated using a specified 21.5% processing outturn, rather than independently measured
factory output. Changes in branch development and root starch accompanied the yield differences. The result is
strong evidence against the tested continuous machine-harvesting packages under those conditions, not against
every possible form of mechanization.

Lu et al. (2022) found that heavy pruning in mid-April or early May advanced subsequent spring-shoot
development. Pruned treatments generally had higher median hundred-shoot weights at a comparable
two-leaves-and-one-bud stage than the unpruned control. These observations establish changes in phenology and
shoot characteristics. They do not establish greater cumulative annual harvest, recovery of all foregone production,
or higher profit. Those outcomes would require additional measurements beyond a promising spring flush.

The summer-pruning study adds evidence that later cutting can restrict subsequent performance: the August 15
treatment reduced the following spring crop, while other treatment differences were not uniformly significant
(Zhang et al., 2021). Quality must also remain a separate outcome. Zhang et al. (2023) observed growth and yield
improvements after pruning in Wuyi rock tea alongside reductions in several measured quality constituents. A
credible assessment would therefore retain distinct conclusions for yield, maturity, composition, and sensory
performance. None of these case studies, considered alone, demonstrates that an integrated harvesting-restoration
strategy maintains an advantage across multiple complete pruning cycles.
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A further comparison should distinguish the quality of selected surviving shoots from the quality distribution of
the whole harvest. Sampling only undamaged, uniform shoots after a severe treatment could miss an economically
important increase in rejected material. The proposed evaluation would sample representative harvested batches,
report the discarded fraction separately, and retain the same processing protocol across treatments. This would
connect laboratory composition more directly with marketable plantation output.

5.4 Implications for tea plantation management

The central practical implication is to diagnose the source of production loss before choosing a restoration
measure. When a harvesting operation repeatedly removes immature shoots, improving selectivity is a more direct
response than assuming that heavier pruning will solve the problem. When the existing framework limits canopy
renewal or access, changing harvesting interval alone may be insufficient. These are management deductions from
the comparative evidence, not treatment combinations experimentally validated by the case studies.

Economic comparison also requires a realistic alternative (Figure 1). An experimental hand-plucked control
represents the labor and timing actually provided in that trial. On a labor-constrained farm, the available
alternative might involve delayed manual harvesting rather than the same timely selective service. An appropriate
adoption trial would compare these feasible options and measure saleable output, working time, sorting
requirements, and subsequent recovery. A machine can cover an area rapidly yet perform poorly per unit of
acceptable product; a biologically favorable system can be impractical when labor is unavailable. Neither
possibility should be resolved by assuming local prices or inventing a cost-benefit estimate.

Set realistic management options

Manual plucking Delayed manual plucking Mechanical harvestin
(timely selective harvest) (a feasible option under :
labor shortages)

Figure 1 Schematic illustration of alternative harvesting management options under practical tea plantation conditions

Image caption: Three harvesting management options are illustrated according to labor availability and harvesting requirements: (1)
Manual plucking, which involves timely and selective harvesting of shoots that meet the required standards to control harvesting
positions and product quality; (2) Delayed manual plucking, which allows harvesting to be postponed under labor shortages but may
affect shoot maturity and product quality; (3) Mechanical harvesting, which uses machinery to improve harvesting efficiency,
although harvesting selectivity and subsequent sorting requirements still need evaluation. The suitability of these options should be
assessed by considering marketable yield, working time, sorting requirements, and canopy recovery

Transfer between regions should therefore begin with small, monitored comparisons. The relevant checks include
cultivar response, canopy geometry, shoot synchrony, soil moisture, the next harvest window, and the intended
product. Earlier bud development may be valuable in an early-season market, but that value remains conditional
on actual quality, collection capacity, and price. Likewise, protecting foliage during one round should be evaluated
through the following rounds rather than credited automatically as a long-term benefit. The cases support adaptive
coordination of harvesting and recovery. They do not identify one universally superior combination of harvesting
frequency, cutting height, and restoration intensity.
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6 Optimization Strategies for Sustained Tea Plantation Production

6.1 Coordination of harvesting intensity and canopy recovery

Coordination should begin with a shared record of canopy condition and recent operations. Before adjusting
harvest intensity, managers need to know whether the limiting factor is a shortage of suitable shoots, damage to
immature cohorts, inadequate functional foliage, or an unsuitable branch framework. The review proposes
recording these conditions immediately before and after representative harvests. Observations should distinguish
the upper harvesting surface from the maintenance layer beneath it. Without that distinction, a visually even
canopy can conceal unwanted removal of the tissues expected to support the next crop.

The resulting decision rules should be tested locally. A decline in acceptable shoot density accompanied by
repeated damage to younger shoots would justify examining selectivity and cutting position. Poor canopy
rebuilding after structural pruning would justify reviewing the timing of renewed harvesting and the supply of
water and nutrients. These responses should not be framed as fixed numerical thresholds derived from the present
literature. The available studies differ too much in cultivar, environment, and treatment definition to support one
universal trigger. Maintaining untreated or conventionally managed comparison strips would help distinguish an
intervention response from seasonal change.

Monitoring technologies can improve the spatial coverage of these assessments. Liu et al. (2025a) integrated UAV
and Sentinel-2 information to estimate seasonal tea yields at field scale. Such approaches can help identify uneven
performance and prioritize field inspection. They do not reveal automatically whether a decline was caused by
pruning, nutrition, drought, or harvest damage. Models developed under one canopy condition should be checked
after substantial architectural change. For management, the strongest use of remote information is therefore a
sequence of screening, field diagnosis, intervention, and follow-up measurement. Technology should strengthen
that sequence rather than replace direct observation of the tissues removed and retained.

Recovery also needs a stopping rule for experimental evaluation. Rather than declaring restoration complete when
the canopy looks closed, a trial should specify the functional and production conditions required for renewed
harvesting. The rule should be established before outcomes are known and applied consistently across treatments.
Otherwise, treatments may be compared after different degrees of recovery, making apparent advantages partly
dependent on when investigators chose to resume picking.

6.2 Adaptive management across plantation development stages

Plantation stage changes the balance between building a productive framework and using an established one. For
young stands, the proposed priority is to assess whether harvesting competes with formation of the intended
canopy. For mature stands, attention shifts toward maintaining productive structure and matching harvesting
operations to shoot development. For aging stands, chronological age should not be used as the sole justification
for severe renewal. Uneven growth may reflect several constraints, and cutting harder without diagnosis could add
recovery costs without addressing the original limitation.

Cultivar evaluation should be incorporated into these decisions. Wang et al. (2022) developed a comprehensive
assessment of machine-harvested tea cultivars using multiple traits, illustrating the value of evaluating suitability
beyond yield alone. Kan et al. (2024) identified ‘Zhongcha302’ and ‘EmeiWenchun’ as strongly contrasting
varieties in their pruning-response evaluation. Together, these studies support screening architecture, regrowth,
and harvest-related traits under the intended management system. However, cultivar rankings under one treatment
are not equivalent to a demonstrated genotype-by-management interaction. Establishing that interaction requires
cultivars to be compared across management treatments with an appropriate statistical design.

Stress responses add another dimension. Parmar et al. (2019) identified contrasting drought-responsive
transcriptional patterns and candidate sequence variation among tea genotypes. These resources are relevant to
future breeding, but they do not establish validated markers for sustained production after pruning. A cultivar with
vigorous regrowth under favorable water supply may still perform differently during a dry recovery period.
Breeding-oriented evaluation should therefore connect candidate traits with repeated field performance, retention
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of product quality, and recovery under realistic resource constraints. The objective is not simply rapid shoot
growth after cutting. It is reliable production from a canopy that remains manageable, physiologically functional,
and suitable for the chosen harvesting method throughout its productive cycle.

6.3 Integrated evaluation of productivity and sustainability

An integrated assessment should keep biological, economic, and environmental outcomes visible rather than
collapsing them immediately into a single score. Cumulative acceptable yield and quality describe what the
plantation produces. Recovery duration and canopy condition describe its capacity to continue. Labor, machinery,
and sorting requirements describe whether the system is feasible. A weighted index may help compare alternatives,
but its weights represent priorities and should be reported transparently. Otherwise, an apparent improvement may
simply result from assigning little importance to a deteriorating outcome.

Soil evidence shows why canopy management cannot be judged aboveground alone. Bora et al. (2022) reported
lower microbial abundance and richness in their long-term pruned plot, although some potentially important
bacterial groups had higher relative representation. Jiang et al. (2023) reported favorable soil and ecosystem
responses to an umbrella-shaped canopy relative to the comparison architecture in their study. These findings
should not be read as a universal ranking based on microbial diversity or canopy shape. Site conditions and
treatment histories matter, while changes in microbial composition require links to measured soil functions and
crop performance before they can guide firm recommendations.

Input costs also extend beyond expenditure. Jiang et al. (2025) examined nitrous oxide emissions and yield in a
tea fertilization experiment with a twelve-year treatment history. Their study links production assessment with
environmental consequences; the treatment history should not be mistaken for twelve years of continuous gas
measurements. For integrated management, fertilizer demand, soil acidity, and emission intensity should be
considered alongside the harvested crop. A practice that appears productive only because additional inputs
compensate for repeated damage may be less attractive than its yield suggests. The preferred strategy should
demonstrate acceptable output, manageable recovery costs, and efficient resource use over a clearly specified
period, with uncertainties reported rather than hidden by a single favorable indicator.

7 Conclusions and Future Perspectives

Harvesting and canopy restoration should be treated as connected decisions within the recurring production cycle
of tea plants. The value of a harvest depends not only on the shoots collected but also on the tissues retained for
subsequent growth. Harvesting frequency, plucking standards, selectivity, and cutting severity represent distinct
management factors whose effects should be evaluated separately. Functional leaf retention supports recovery, but
more foliage does not necessarily mean greater photosynthetic capacity. Leaf condition, position, and contribution
to new growth must also be considered. Canopy restoration may involve selective shoot retention, structural
pruning, or temporarily reduced harvesting. Its effectiveness should be assessed through renewed marketable
production and plant condition rather than canopy appearance or bud numbers alone.

Pruning can promote shoot development and modify harvest timing, but these benefits depend on cultivar, cutting
position, season, and resource availability. The reviewed cases demonstrate that favorable short-term responses do
not necessarily translate into higher annual yields. Comparisons between mechanical and manual harvesting must
also account for differences in harvesting intervals and selectivity. Quality remains an independent production
objective because increased shoot biomass or individual biochemical constituents cannot establish improved
commercial value. The main conclusion is therefore conditional: coordinated harvesting and canopy recovery can
support sustained production when management decisions consider cumulative yield, recovery costs, product
quality, and realistic production constraints. No universal harvesting interval or pruning intensity can be
recommended from the available evidence.

Future research should examine harvesting and restoration through coordinated field experiments covering
complete pruning cycles. Harvesting intervals, selectivity, and restoration intensity should be compared across
cultivars and environments using replicated designs and consistent measurement standards. Physiological
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investigations should connect functional leaf area, photosynthesis, carbohydrate reserves, nutrient status, and
subsequent shoot development. Carbon and nitrogen tracing could clarify the contributions of current assimilation
and stored resources during recovery. Following marked buds through successive developmental stages would
help distinguish successful regeneration from temporary growth responses. Molecular studies should test proposed
regulatory mechanisms experimentally rather than relying solely on associations between gene expression and
shoot development.

Breeding and management research should evaluate recovery as a combination of regrowth capacity, canopy
architecture, quality retention, and performance under resource limitations. Multi-environment trials are needed to
determine whether cultivar responses remain stable across harvesting systems. Remote sensing and yield
prediction should be validated under different canopy conditions, with uncertainty clearly reported. Economic
assessments should include labor requirements, missed harvests, sorting costs, and recovery duration, while
environmental evaluations should consider resource use and associated impacts. Farmer-scale trials and shared
research protocols would improve practical relevance and comparability. Future progress should focus on
demonstrating how harvesting and recovery can be coordinated to maintain acceptable production throughout
successive management cycles, rather than identifying isolated treatments that improve growth under favorable
conditions.
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