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ABSTRACT

This study aimed to investigate the effects of pruning period and intensity on the growth and yield of Rosa roxburghii Tratt, a shrub fruit
species with significant economic value, to inform optimized pruning practices for its cultivation and management. The experiment
was conducted in a 7year old R. roxburghii orchard in southwest China. A randomized block design with two factors, pruning period
(maturity period, dormancy period, and germination period) and pruning intensity (no pruning, light pruning, moderate pruning,
and severe pruning), was employed. Growth indicators such as the number, diameter, and length of new shoots, as well as single fruit
weight and yield per tree, were measured to assess the effects of pruning. Data were statistically processed using two-factor analysis of
variance and principal component analysis. Both pruning period and intensity significantly affected the number of new shoots, new
shoot diameter, new shoot length, single fruit weight, and yield of R. roxburghii trees. Moderate pruning during the dormancy period
was most effective in increasing the number and diameter of new shoots, while light pruning during the germination period also
showed positive effects. An increase in pruning intensity led to higher single fruit weight across all pruning periods, with no significant
effect of the pruning period. There was a significant interaction between pruning intensity and period on yield per tree, with moderate
pruning during the dormancy period being the most effective in enhancing yield. Moderate pruning, particularly during the dormancy
period, is an effective strategy for improving the growth and yield of R. roxburghii. This approach not only controls tree height and
crown width effectively but also significantly promotes yield. The study recommends “moderate pruning during the dormancy period”
as the optimal practice for the production and management of R. roxburghii, especially in biogeographically suitable areas.

1 | Introduction medicinal values (Li et al. 2023; Tang et al. 2023; Xu et al. 2019;

Yan et al. 2022). The economic significance of R. roxburghii

Rosa roxburghii Tratt, a deciduous shrub native to the Rosa
genus, is prominently cultivated in the ecologically diverse re-
gions of Guizhou, Yunnan, and Sichuan in southwest China
(Hou et al. 2020; Yang et al. 2020). This species has been the
subject of considerable research and commercial interest due
to its multifaceted utility, encompassing both nutritional and

is underscored by its status as a key agricultural product in
Guizhou province, where it has been extensively cultivated for
its high market demand and potential health benefits. The lead-
ership of Guizhou province in the cultivation of R. roxburghii
is exemplified by the vast expanse of its orchards, which cover
140,000 ha within the province (Li et al. 2022).
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Significant advancements have been made in various re-
search fields regarding R. roxburghii in recent years. It has
been shown that the fruit of the rose hip is not only rich in
vitamin C but also contains a variety of bioactive substances,
such as polysaccharides, organic acids, flavonoid compounds,
triterpenoid compounds, and possesses high superoxide dis-
mutase activity (Li, Wang, et al. 2024). These components
endow the rose hip with multiple pharmacological effects,
including antioxidant, anti-inflammatory, antidiabetic, and
anticancer effects (Liu et al. 2024; Zhang et al. 2024; Zhou
et al. 2024). Furthermore, genomic research on the rose hip
has revealed key genes that regulate the quality of its fruit,
such as the role of the HD-Zip gene family in the formation of
trichomes on the rose hip's epidermis (Qin et al. 2024), and key
genes regulating the synthesis of quercetin derivatives identi-
fied through transcriptomic and metabolomic approaches (Su
et al. 2024). In the field of food science, the quality assessment
and sorting technology of rose hip fruits have also been de-
veloped. Through image processing technology, researchers
have been able to estimate the mass and volume of the fruit
based on its size and projected area, thus achieving automated
grading (Xie et al. 2024). In addition, research on packaging
materials for rose hip fruits has also made progress, with the
development of composite films based on polyethylene, coated
with carboxymethyl chitosan, sodium alginate, and lactic
acid streptococcal to extend the shelf life of the fruit (Cheng
etal. 2024). In terms of environmental adaptability, the growth
status and nutrient cycling mechanisms of rose hips in karst
desertification areas have also attracted attention. It has been
found that the stoichiometric coupling relationships of C, N,
P, and K in the litter and soil of rose hip forests are influenced
by the degree of desertification and seasonal changes (Li, Du,
et al. 2024). These research results provide important infor-
mation for understanding the ecological adaptability and nu-
trient management of rose hips under different environmental
stresses. In summary, the research achievements of rose hips
not only cover the identification and functional research of its
bioactive components but also include the assessment of fruit
quality, improvement of packaging technology, and research
on ecological adaptability in specific habitats.

The expansion of R. roxburghii cultivation has been accompa-
nied by a critical need for sophisticated agronomic practices
to maintain and enhance the productivity of these orchards.
Among these practices, pruning has emerged as a pivotal
technique for manipulating tree growth and development,
with the dual objectives of improving yield and ensuring
the longevity of the fruiting cycle (Fan et al. 2001a, 2001b).
Despite the well-documented benefits of pruning in horti-
culture, its adoption among R. roxburghii growers has been
less than universal, resulting in suboptimal tree health and
reduced economic returns. Neglected pruning can lead to a
myriad of issues, including stunted growth, sparse branch-
ing, excessive flowering without corresponding fruit set, and
a decline in both yield and the quality of the fruit produced.
These phenomena not only shorten the productive life of the
orchards but also diminish the financial viability of the culti-
vation enterprise.

The scientific literature is replete with evidence supporting the
role of pruning in enhancing the yield and vigor of fruit trees

(Kumar et al. 2010; Lazare et al. 2021; Sharma et al. 2018; Tosto
et al. 2022; Zahid et al. 2021). The impact of pruning on growth
and production is multifaceted, with effects that are contin-
gent upon the method and timing of the intervention (Cronje
et al. 2021; Nowakowski et al. 2018; Zhang et al. 2022). The
selection of an appropriate pruning strategy must consider the
unique characteristics of the tree species, including branch
architecture, growth patterns, and physiological responses to
pruning stimuli. The overarching aim of such strategies is to
enhance fruit yield, improve fruit quality, and bolster economic
efficiency (He et al. 2022; Ou et al. 2023; Westling et al. 2021).

A multitude of global research efforts has been dedicated to
examining the impact of pruning on the growth, development,
photosynthetic capabilities, physiological traits, productivity,
and quality of commercially significant forests (Betz 2019; du
Toit et al. 2020; Shashi et al. 2022; Zare 2021; Zhang et al. 2022).
For example, various studies have demonstrated that well-timed
and fitting pruning practices can optimize the distribution of
branches and foliage, as well as the structure and ratio of branch
components, thereby maximizing the photosynthetic surface
area of the tree canopy and enhancing the accumulation, dis-
persion, and application of nutrients (Cronje et al. 2021; Gokavi
et al. 2021; Sakhidin et al. 2021; Tosto et al. 2022). This equilib-
rium in growth and fruiting processes subsequently translates
into enhanced yields and superior quality (Albarracin et al. 2019;
Gokavi et al. 2021; Lazare et al. 2021; Vosnjak et al. 2022). In the
case of R. roxburghii, it has similarly been observed that pruning
can boost its yield (Fan et al. 2001a, 2001b; Zhang et al. 2022).
However, prior research, while suggesting appropriate pruning
techniques for R. roxburghii, has not pinpointed the most ad-
vantageous timing for pruning within this species. In the daily
management of R. roxburghii, fruit growers spend a lot of ineffi-
cient pruning time, resulting in a large amount of workload and
the challenge of labor resource allocation, which hinders the
development of the R. roxburghii industry to varying degrees.

The results of this research are expected to provide empirical
evidence for the optimization of pruning practices in R. rox-
burghii cultivation. By identifying the most effective pruning
period and intensity, this study aims to contribute to the body
of knowledge on horticultural management techniques for this
economically important species. The findings will be instru-
mental in guiding growers in the implementation of targeted
pruning strategies that can enhance the growth, yield, and
economic prospects of R. roxburghii orchards. Furthermore,
this study will explore the potential for these findings to be
extrapolated to other regions and climatic conditions, thereby
broadening the applicability of the recommendations. The ul-
timate goal is to empower the agricultural community with
evidence-based practices that can lead to sustainable and
profitable R. roxburghii cultivation.

2 | Materials and Methods
2.1 | Experimental Location
The research was conducted in Gujiao Town, Longli County,

Guizhou Province, China, which is situated between 26°10’ and
26°49’ N and 106°45" and 107°15’E. This area is a typical karst
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landscape, and experiences a humid subtropical monsoon cli-
mate characterized by a mean annual temperature of 14.8°C.
The lowest recorded temperature is —6°C, and the highest is
32°C. The chillest month has an average temperature of 4.6°C,
whereas the warmest month averages at 23.6°C. Annual pre-
cipitation in the region amounts to approximately 1100mm,
predominantly falling during the summer season. The village
enjoys 1160h of sunshine per year, has a frost-free period span-
ning 283 days, and is underlain by yellow soil with a depth rang-
ing from 50 to 80 cm.

2.2 | Field Trial Arrangement

A 7-year-old R. roxburghii orchard of the “Guinong No. 5” variety,
exhibiting feeble canopy expansion, served as the subject for the
study. The orchard featured trees with an average stature of 1.5m,
a canopy spread of 110cm by 120cm, and a spacing between rows
of 2m by 3m. Individuals for the pruning intervention were cho-
sen at random from the plants present. These trees displayed uni-
form development and were free from infestations or ailments.

The method of crown contraction pruning, which entails
pulling back the upper section of the canopy and trimming a
specific length from the exterior towards the core, was imple-
mented (Fan et al. 2001b). The selection of pruning periods
and intensities was based on the physiological growth cycle
of R. roxburghii, preliminary surveys of local orchard man-
agement practices, and established horticultural principles
for perennial deciduous trees. The three pruning periods cor-
respond to key phenological stages: post-harvest nutrient re-
covery (Maturity), winter dormancy with minimal sap flow
(Dormancy), and the onset of spring growth (Germination).
The pruning intensities were defined to represent a gradient
from mild shaping to severe renewal, reflecting the range of
practices observed in the region and aligning with quantita-
tive intensity classes used in pruning studies for other fruit
species (Kumar et al. 2010). A randomized block design with
two variables, pruning timing and severity, was laid out.
The first factor had three pruning periods: (1) mature period
(September of the current experimental year), (2) dormant
period (December of the current experimental year), and (3)
germination period (March of the following year). Four prun-
ing intensities were set for the second factor: (1) no pruning
(retaining the original state of the tree as a control), (2) mild
pruning (cutting the part of the crown height above 25% and
shrinking the crown diameter from the outside to the inside),
(3) moderate pruning (cutting the part of the crown height
above 33% and shrinking the crown diameter from the outside
to the inside), and (4) severe pruning (cutting the part of the
crown height above 50% and shrinking the crown from the
outside to the inside). A total of 12 distinct treatments, each
replicated three times, resulted in 36 experimental units. Each
plot, spanning an area of 54 square meters, was positioned in
a random pattern, with buffer rows established among them.
Fertilization was administered on two occasions through-
out the study, utilizing a balanced fertilizer (with a ratio of
Nitrogen: Phosphorus: Potassium=15:15:15), in early April
and mid-July. Weed control measures were taken in March,
July, and October. The plots were dependent on natural pre-
cipitation for moisture, and no herbicides were employed.

2.3 | Collection of Growth and Yield Information

In July 2020, a sample of nine R. roxburghii trees from each plot
was chosen to assess growth indicators, such as the quantity,
length, and girth of new growth, focusing on spring shoots ex-
ceeding 3cm in length. During the fruit ripening phase, a subset
of three R. roxburghii plants per plot was selected to ascertain
individual fruit mass and overall yield per tree. The dimensions
of the spring shoots were taken with a measuring tape and a
digital vernier caliper. The mass of the fruit was measured using
an electronic scale, and the yield per tree was quantified with a
digital weighing scale.

2.4 | Data Analysis

The experimental data were systematically arranged with
Microsoft Excel 2016. For evaluating the normalcy of the data-
set, Data Processing System (DPS) software, version 20.05,
was utilized (Tang and Zhang 2013). Data adhering to a nor-
mal distribution underwent analysis of variance (ANOVA),
followed by multiple comparisons, with the Least Significant
Difference (LSD) method applied for significance testing.
Principal component analysis (PCA) was executed on the nor-
malized raw data, also facilitated by DPS 20.05. The overall
score for each principal component was calculated by aggre-
gating the product of its score and the corresponding contribu-
tion rate, ranked by score magnitude, to pinpoint the optimal
pruning period and intensity. For data visualization, Origin
2024b software was deployed.

3 | Results
3.1 | Effect of Pruning on Shoot Growth
3.1.1 | Effect of Pruning on the Number of New Shoots

The quantity of new growth in R. roxburghii fluctuated across
various levels of pruning severity within the same pruning
timeframe (Figure 1a). Typically, there was an initial surge
in the count of new shoots, which then declined as the prun-
ing severity escalated. Pruning that was moderate during
the stages of fruit maturity and dormancy, and light during
the sprouting phase, yielded the most significant boost in
new shoot proliferation. In contrast to the untreated control
group, these pruning strategies corresponded to increases of
39.50%, 70.43%, and 6.56% in new shoot counts, respectively.
Across various pruning timeframes, pruning during the dor-
mancy phase maximized the proliferation of new shoots in R.
roxburghii, with the maturity phase and the sprouting phase
following suit under the remaining three pruning intensities
(Figure 1b). It is noteworthy that intense pruning during the
sprouting phase actually reduced the quantity of new shoots.
A two-way ANOVA (Table 1) substantiated the significant im-
pact of both the pruning period and intensity, as well as their
interactive effect (pruning period X pruning intensity), on
new shoot production. These results underscore the necessity
of fine-tuning the timing and degree of pruning, either inde-
pendently or in tandem, to optimally regulate the number of
new shoots in R. roxburghii.
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FIGURE1 | Effectof pruning practices on new shoot development in R. roxburghii. CK, no pruning; DS, dormancy stage; GS, germination stage;

HP, heavy pruning; LP, light pruning; MP, moderate pruning; MS, maturity stage. n.s., *, **, and *** denote no significant difference, p<0.05, p<0.01,

and p <0.001, respectively.

TABLE 1 | Two-way ANOVA for the effects of pruning periods and
intensity on the number of new R. roxburghii shoots.

Source of variation df Mean square F P
Pruning period 2 558.083 18.100  **
Pruning intensity 3 516.333 16.746  **
Pruning period X 6 97.639 3.167 *

Pruning intensity

Note: * and ** denote significant differences at p<0.05 and p <0.01, respectively.

3.1.2 | Influence of Pruning on New Shoot Diameter

Regarding shoot girth, the girth of new shoots expanded with
escalating pruning intensity within the same pruning period
(Figure 2a). Pruning executed during the maturity and dor-
mancy phases notably augmented the girth of new shoots.
Furthermore, while not reaching statistical significance, mod-
erate to severe pruning during the germination phase also
contributed to an increase in shoot diameter. Across various
pruning periods, pruning during the dormancy phase was most
effective in enhancing the diameter of new shoots, with the ma-
turity phase and germination phase following under the other
three pruning intensities (Figure 2b). It should be noted that
the control group was not subjected to any pruning. A two-way
ANOVA (Table 2) established that both the timing of pruning
and the degree of intensity exerted a highly significant influence
on the shoot diameter of R. roxburghii. However, the interaction

between the pruning period and intensity was not statistically
significant. These findings suggest that adjusting the timing and
intensity of pruning can significantly affect the diameter of R.
roxburghii shoots.

3.1.3 | Impact of Pruning on New Shoot Length

The extension of new shoots grew in response to higher levels
of pruning intensity across all three considered pruning peri-
ods (Figure 3a). However, no statistically significant variations
in shoot length were observed between the severely and mod-
erately pruned groups in contrast to the control group. Despite
this, shoots from plants that underwent severe pruning showed
a tendency to be longer compared to those that were moderately
pruned. When examining the impact of various pruning periods,
new shoot lengths, under the three pruning intensities (light,
moderate, and heavy), followed this sequence: dormant period >
mature period > germination period (Figure 3b). Notably, there
were significant differences in shoot lengths between plants
pruned during the pre-dormant and mature periods compared
to those pruned during the germination period. A two-way
ANOVA (Table 3) confirmed that both the timing of pruning
and the intensity of pruning had a highly significant impact
on the length of R. roxburghii shoots. However, the interaction
between the pruning period and intensity was not statistically
significant. These results indicate that modifying the pruning
period and fine-tuning the pruning intensity can significantly
affect the length of R. roxburghii shoots.

40f 11

Food and Energy Security, 2025

85UB01 T SUOWIWOD SAIIER.D 3(qedldde ay) Aq peusencb a.e 9ol VO ‘88N JO S9INJ 10} ARIq1T8UIIUQ AB]I/ UO (SUOTIPUOD-pUR-SWB)LID" A3 1M AleIq 1 BUl|Uo//Sd1y) SUONIPUOD pue SWIS | 8Y) 88S *[G202/2T/S0] U0 Akeidiauljuo A8|im ‘snysese eAuouuon] Aq TOTOL €S91/200T OT/I0PAW0D A8 1M Ale.q1puluoy/:Sdny woiy pepeojumod ‘9 ‘SZ0Z ‘v69E8Y0Z



(@) * *k ok 1n.S.
o4 [ 1 ‘*| ‘*|
1] | |
k% Hok ok n.s
s [ ] [ ]
,é\ * k% * % N.S. n.Sn.sn.s
Sl
5
Q —_
£°
z
1N |:
z 4
710 TR 1T
2 -
0

¥hEE ¥H55E ¥ESE
MS DS Gs

(b)ns * sz n.s
8_
Il_n._S. n.s. * n.s.k* n.s. *
=
g
b5y
k5 i
E
w —
Z 4 -
@]
=
2
5 .
Z.
2_
""2rz 238 232 247
CK LP MP HP

FIGURE 2 | Effect of pruning on the expansion of new shoot diameter in R. roxburghii. CK, no pruning; DS, dormancy stage; GS, germination

stage; HP, heavy pruning; LP, light pruning; MP, moderate pruning; MS, maturity stage. n.s., *, **, and *** denote no significant difference, p <0.05,

p<0.01, and p<0.001, respectively.

TABLE 2 | Two-way ANOVA for the effects of pruning periods and
intensity on the diameter of new R. roxburghii shoots.

Source of variation df Mean square F P

Pruning period 2 3.070 9.018  **
Pruning intensity 3 5.080 14.922  **
Pruning period X 6 0.741 2.175 *

Pruning intensity

Note: * and ** denote significant differences at p <0.05 and p <0.01, respectively.

3.2 | Impact of Pruning on Fruit Production
3.2.1 | Influence of Pruning on Individual Fruit Mass

The individual fruit mass of R. roxburghii escalated with
heightened pruning intensity across the three pruning peri-
ods (Figure 4a). Significantly, the mass of individual fruits of
R. roxburghii was notably affected by varying pruning intensi-
ties throughout all periods, with the exception of light pruning
during the maturity phase. The individual fruit mass peaked
during the dormancy period under moderate to severe prun-
ing intensities (Figure 4b). However, the variation in individual
fruit mass across the three pruning periods was not statistically
significant, irrespective of the pruning intensity applied. The
two-way ANOVA (Table 4) revealed that it was solely the prun-
ing intensity that exerted a significant impact on the individual
fruit mass of R. roxburghii, whereas the effect of the pruning
period and the interaction between pruning period and intensity
were not significant. This indicates that adjusting the pruning

intensity has a substantial influence on the individual fruit mass
of R. roxburghii.

3.2.2 | Influence of Pruning on Per-Tree Fruit Yield
of R. roxburghii

The production of fruit per R. roxburghii tree rose to a peak
with moderate pruning and then diminished as the intensity
of pruning increased during the three distinct pruning periods
(Figure 5a). It is particularly noteworthy that the highest per-
tree yield was realized with moderate pruning efforts. Pruning
executed during the tree's dormancy phase was most impactful
for yield, with the maturity and germination phases following
in effectiveness across all pruning intensities, excluding the
non-pruned control group (Figure 5b). The most beneficial yield
enhancement for R. roxburghii was observed with moderate
dormancy pruning. A two-way ANOVA analysis (Table 5) con-
firmed that both the timing of the pruning and the degree of
its intensity, as well as their combined interaction, significantly
influenced the per-tree yield. This finding underscores the sub-
stantial influence that the strategic alteration of the pruning pe-
riod and intensity, either independently or in tandem, can exert
on the per-tree yield of R. roxburghii.

3.3 | Identification of Optimal Pruning Timing
and Severity

In this study, parameters such as the quantity, girth, and length
of new shoots, the mass of individual fruits, and the fruit yield
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FIGURE 3 | Impact of pruning on new shoot length of R. roxburghii. CK, no pruning; DS, dormancy stage; GS, germination stage; HP, heavy
pruning; LP, light pruning; MP, moderate pruning; MS: maturity stage. n.s., * ** and *** denote no significant difference, p <0.05, p<0.01, and

p <0.001, respectively.

TABLE 3 | Two-way analysis of variance assessing the impact of
pruning timing and severity on new shoot length in R. roxburghii.

Source of variation df Mean square F P
Pruning period 2 413.631 15.865  **
Pruning intensity 3 5113.165 196.118  **
Pruning period X 6 66.458 2.549 *

Pruning intensity

Note: * and ** denote significant differences at p<0.05 and p <0.01, respectively.

per tree were employed as key performance indicators. Data
manipulation was conducted using the PCA feature within DPS
software, version 20.05. The PCA's computation of the charac-
teristic roots, along with the individual and cumulative contri-
bution rates from the correlation matrix of these five indicators,
disclosed that the initial two characteristic roots amassed a sub-
stantial 94.22% of the cumulative contribution. Table 6 presents
a comprehensive view of the characteristic vectors and their re-
spective contribution rates for each index. The foremost prin-
cipal component boasted a contribution rate of 76.85%, with
the eigenvector for tree yield being the most pronounced pos-
itive, signifying its substantial influence on this component.
Meanwhile, the second principal component held a contribu-
tion rate of 17.36%, with the eigenvector for the number of new
shoots being the most significant positive, denoting its consid-
erable impact on the second principal component. This analysis
underscores the pivotal role of tree yield and new shoot count in
shaping the principal components.

Employing the principal component analysis formula, a com-
posite score encompassing five key indicators was formulated.
This analysis allowed for the derivation of a comprehensive
score for 12 different combinations of pruning periods and
intensities (Table 7). The “moderate pruning during the dor-
mancy period” achieved the highest score, indicating its superi-
ority. It was followed by “heavy pruning during the dormancy
period”, “light pruning during the dormancy period”, and so
forth, with the “heavy pruning during the germination period”
receiving a lower score. The least effective, in terms of score,
were the “no pruning” options for each stage. The principle
guiding these results is that a higher composite score for R. rox-
burghii pruning treatments correlates with greater benefits for
the tree's growth and yield. Consequently, “moderate pruning
during the dormancy period” was identified as the most ef-
fective, providing the optimal conditions for growth and yield
enhancement. In contrast, “heavy pruning during the germina-
tion period”, excluding the “no pruning” scenarios, was found
to be the least effective. This comprehensive scoring system of-
fers valuable insights for developing pruning strategies that can
significantly enhance the productivity and overall health of R.
roxburghii trees.

4 | Discussion

The aim of this study was to explore the impact of pruning pe-
riod and intensity on the growth and yield of R. roxburghii, in
order to verify the previous hypothesis that pruning is a key
technique for improving the productivity of fruit trees. Through
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FIGURE 4 | Impactof pruning on the individual fruit weight of R. roxburghii. CK, no pruning; DS, dormancy stage; GS, germination stage; HP,
heavy pruning; LP, light pruning; MP, moderate pruning; MS, maturity stage. n.s., *, ** and *** denote no significant difference, p <0.05, p<0.01,

and p <0.001, respectively.

TABLE4 | Two-way ANOVA assessing the impact of pruning period
and intensity on individual fruit weight of R. roxburghii.

Source of variation df Mean square F D
Pruning period 2 1.300 0930  **
Pruning intensity 3 27.869 19.942  **
Pruning period X 6 0.519 0.371 *

Pruning intensity

Note: * and ** denote significant differences at p <0.05 and p <0.01, respectively.

the implementation of different pruning strategies on 7year old
R. roxburghii in the southwestern region of China, it was found
that pruning has a significant positive effect on the growth of
new shoots and fruit yield. Particularly, moderate pruning car-
ried out during the dormancy period significantly increased the
number and diameter of new shoots, while also enhancing the
weight of individual fruits and the yield per tree. These results
are similar to the research on olive tree pruning conducted by
Lodolini et al. (2023), who found that winter pruning helps to
promote the growth of new shoots. However, this study further
reveals the importance of pruning intensity in regulating the
growth and production of fruit trees, providing more specific
guidance for the orchard management of R. roxburghii. In ad-
dition, the findings of this study contrast with the research on
peach tree pruning from Conesa et al. (2019), who found that
summer pruning has a positive impact on yield. This difference
may be related to the biological characteristics of the tree species
and their response to environmental conditions, emphasizing
the variability of pruning strategies between different regions

and tree species (Poni et al. 2023; Santos, Dalzot, et al. 2023;
Santos, Pereira, et al. 2023).

By comparing and analyzing the results from different prun-
ing periods, it was revealed that pruning during the dormancy
period has superiority in enhancing the growth and yield of R.
roxburghii. This finding holds significant practical implications
for orchard management as it provides a clear time window
during which pruning can maximize production benefits (Doke
et al. 2024). Additionally, the results of the study emphasized the
role of pruning intensity in regulating the growth and produc-
tion of fruit trees, indicating that moderate pruning can promote
the growth of new shoots and the development of fruits. The opti-
mization of this pruning strategy can not only improve the yield
and fruit quality of R. roxburghii but also enhance the economic
benefits and sustainability of orchards. However, the findings of
this study differ from the research on walnut pruning by Chen
et al. (2018), who found that spring pruning is more conducive
to the growth of “Lvling” walnuts (Juglans regia). This discrep-
ancy in optimal pruning periods can be attributed to variations
in tree species and climatic conditions. Furthermore, for some
fruit trees, spring pruning may be suitable, although it is im-
portant to consider the risk of bleeding during the dormancy
period, which can lead to nutritional deficiencies or imbalances,
especially when excessive (Bai et al. 2019; Cinosi et al. 2024).
This difference may be related to the biological characteristics of
the tree species and their response to environmental conditions.
Therefore, the results of this study underscore the importance of
considering the characteristics of the tree species and regional
climatic conditions when implementing pruning strategies in
orchard management (Morgani et al. 2023).
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FIGURE 5 | Impact of pruning on fruit yield per tree of R. roxburghii. CK, no pruning; DS, dormancy stage; GS, germination stage; HP, heavy
pruning; LP, light pruning; MP, moderate pruning; MS, maturity stage. n.s., * ** and *** denote no significant difference, p <0.05, p<0.01, and

p <0.001, respectively.

TABLE 5 | Two-way ANOVA for the effects of pruning period and
intensity on fruit yield per tree of R. roxburghii.

Source of variation df Mean square F P

Pruning period 2 3.581 11.037  **
Pruning intensity 3 6.301 19.421  **
Pruning period X 6 1.026 3.162 *

Pruning intensity

Note: * and ** denote significant differences at p <0.05 and p <0.01, respectively.

The results of this study not only provide practical guidance for
the orchard management of R. roxburghii but also enrich the
theoretical framework of fruit tree pruning, particularly build-
ing upon the need for species-specific protocols as emphasized
by Matias et al. (2023). Our research extends this foundational
view by demonstrating that for R. roxburghii, the superiority of
dormancy pruning is mechanistically linked to carbohydrate
reallocation and improved canopy light environment, thereby
operationalizing the source-sink balance theory. Our findings
elucidate that moderate dormancy pruning promotes new shoot
growth and fruit development primarily through these mech-
anisms, complementing and extending the general principles
of pruning effects reported in other species, such as guava
(Gomasta et al. 2024), by providing a species-specific physio-
logical explanation. Moreover, we advance the methodology of
pruning science by employing PCA, which provides a quantita-
tive, multi-criteria tool for identifying optimal strategies, mov-
ing beyond the qualitative frameworks that often dominate the

field. This methodological innovation enables orchard managers
to holistically assess pruning effects beyond single metrics and
supports evidence-based decisions applicable to other fruit tree
systems. The study also reinforces the need to tailor pruning
strategies to species-specific traits and regional climatic con-
ditions, a view consistent with existing literature but strongly
supported by our empirical data (Al-Saif et al. 2023). For in-
stance, the superiority of dormancy pruning in R. roxburghii
may be attributed to its deciduous habit and local cold tolerance,
contrasting with evergreen species or those in Mediterranean
climates. Collectively, these insights enhance our understand-
ing of how pruning influences fruit tree growth and productiv-
ity, enabling more scientific and precise orchard management
(Goke et al. 2020).

In this study, an in-depth exploration was conducted on the im-
pact of pruning period and intensity on the growth and yield
of R. roxburghii, providing new insights for orchard manage-
ment. However, the study also has some limitations. Firstly,
the experiments were conducted at only one location, which
may not fully represent the environmental conditions of other
regions. Secondly, the findings are based on data from a single
annual cycle. As a perennial crop, the growth and yield of Rosa
roxburghii are subject to inter-annual climatic fluctuations and
potential alternate bearing tendencies; thus, while our design is
robust for comparing the relative efficacy of treatments within
a season (Kumar et al. 2010; Lazare et al. 2021), the long-term
sustainability and stability of the identified optimal practice re-
quire further validation. Thirdly, the study primarily focused on
mid-aged fruit trees, and the pruning response of young trees or
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TABLE 6 | Standardized indicator vectors and their principal component (PC) contributions.
Index PC1 PC2 PC3 PC4 PCs5
Number of new shoots 0.361 0.737 0.258 0.502 —0.085
New shoot diameter 0.472 0.043 —0.769 0.065 0.424
Length of new shoots 0.480 —0.339 —0.151 0.095 —0.789
Single fruit weight 0.421 —0.542 0.493 0.313 0.432
Yield per tree 0.488 0.214 0.276 —0.798 0.056
Eigenvalue 3.843 0.868 0.235 0.041 0.013
Contribution rate (%) 76.854 17.364 4.693 0.824 0.265
Cumulative contribution rate (%) 76.854 94.217 98.911 99.735 100.000
TABLE 7 | Rankings of pruning period and intensity pairings according to principal component scores.
Principal component analysis score
Treatment Y, Y, Y, Y, Y, Comprehensive score Rank
NPMP —2.741 0.539 —0.148 —0.054 —0.040 -2.020 11
LPMP -0.122 0.745 -0.174 0.360 —0.164 0.030
MPMP 1.975 0.428 —0.660 0.136 0.035 1.562
HPMP 1.149 —0.906 0.076 —0.281 —0.248 0.726
NPDP —2.811 0.533 —0.335 —0.162 —0.015 —2.085
LPDP 0.949 0.715 0.360 0.189 0.004 0.872
MPDP 3.066 1.117 0.214 —0.104 0.044 2.560
HPDP 2.180 —0.463 —0.408 -0.221 0.141 1.575
NPGP —2.344 0.549 —0.090 —0.158 0.110 -1.711 10
LPGP —0.843 —0.388 0.986 0.121 0.121 —0.667 8
MPGP 0.128 —0.776 0.654 —0.066 —0.048 —0.006 7
HPGP —0.587 —2.095 —0.474 0.241 0.060 —0.835 9

Note: Colors are employed for visualization purposes only to make the data stand
significance.

out. The color hues themselves should not be interpreted as having statistical

Abbreviations: HPDP, heavy pruning in dormancy period; HPGP, heavy pruning in germination period; HPMP, heavy pruning in mature period; LPDP, light pruning
in dormancy period; LPGP, light pruning in germination period; LPMP, light pruning in mature period; MPDP, moderate pruning in dormancy period; MPGP,
moderate pruning in germination period; MPMP, moderate pruning in mature period; NPDP, no pruning in dormancy period; NPGP, no pruning in germination

period; NPMP, no pruning in mature period.

trees at different age stages has not been fully explored. Future
studies should therefore be directed towards addressing these
limitations. Specifically, research should consider: (1) repeating
the experiments in different geographical locations and climatic
conditions to verify the universality and adaptability of prun-
ing strategies; (2) implementing multi-year trials to confirm
the long-term stability of the optimal pruning strategy under
varying climatic conditions and to account for biennial bearing
cycles; and (3) investigating the pruning response of trees at dif-
ferent developmental stages to understand its impact over the
entire life cycle. Moreover, long-term tracking of the effects of
pruning on soil health, nutrient cycles, and the ecosystem ser-
vices of orchards is also necessary. Through such targeted stud-
ies, a more comprehensive understanding of the role of pruning
in orchard management can be achieved, providing a scientific
basis for the realization of sustainable fruit tree production.

5 | Conclusion

Pruning is essential for boosting the growth and productivity of
R. roxburghii trees. Our study, through a systematic single-year
comparison of various pruning strategies, concluded that moder-
ate pruning during the dormancy period is optimal for enhanc-
ing fruit yield. This method not only modulates tree height and
crown spread but also stimulates the growth of new shoots, which
significantly amplifies the fruit yield. We recommend “moderate
(33%) pruning during the dormancy period” as the best practice
for cultivating and managing R. roxburghii, especially in regions
with favorable biogeographical conditions. This approach not only
fine-tunes tree vigor but also serves as a yield-boosting strategy.
Moreover, by managing tree dimensions, it facilitates orchard op-
erations such as harvesting and maintenance, thereby increasing
overall efficiency. Adopting the right pruning techniques allows
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growers to regulate tree vigor, augment yields, and improve the
productivity of R. roxburghii orchards.

Author Contributions

Yangzhou Xiang: writing - review and editing, formal analysis, con-
ceptualization, visualization, investigation. Jun Luo: writing - re-
view and editing, formal analysis, conceptualization. Yawen Zhang:
writing - review and editing, conceptualization. Ying Liu: software,
investigation, data curation. Jing Fan: writing — review and editing,
conceptualization, investigation, funding acquisition. Yuan Li: writing
- review and editing, conceptualization, investigation.

Acknowledgments

This research was funded by the Fundamental Research Funds for
the Guizhou Provincial Science and Technology Projects (QKHJC-ZK
[2022] YB335), Fundamental Research Funds for Central Non-profit
Research Institutes (CAFYBB2023ZA009-03), Guizhou Science and
Technology Development Project ([2018]2772), Forestry Science and
Research Program of Guizhou Province (GZFSTC [2015] NO. 6),
Guizhou Education University Scientific Research Fund Project
(2024YB002; 2024BSKQ003), and the WoodVALOR project. Open
access publishing facilitated by Luonnonvarakeskus, as part of the
Wiley - FinELib agreement.

Funding

This work was supported by Fundamental Research Funds for the
Guizhou Provincial Science and Technology Projects, QKHJC-ZK
[2022] YB335, Fundamental Research Funds for Central Non-profit
Research Institutes, CAFYBB2023ZA009-03, Guizhou Science and
Technology Development Project, [2018]2772, Forestry Science and
Research Program of Guizhou Province, GZFSTC [2015] NO. 6, Guizhou
Education University Scientific Research Fund Project, 2024YB002;
2024BSKQ003, HORIZON EUROPE European Innovation Ecosystems,
WoodVALOR.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Albarracin, V., A. J. Hall, P. S. Searles, and M. C. Rousseaux. 2019.
“Responses of Shoot Growth, Return Flowering, and Fruit Yield to Post-
Pruning Practices and Growth Regulator Application in Olive Trees.”
Scientia Horticulturae 254: 163-171.

Al-Saif, A. M., H. F. Abdel-Aziz, S. M. Khalifa, et al. 2023. “Pruning
Boosts Growth, Yield, and Fruit Quality of Old Valencia Orange Trees:
A Field Study.” Agriculture 13, no. 9: 1720.

Bai, G., R. Gu, and Y. Liu. 2019. “Effects of Pruning Period on Xylem
Exudation and Tree Growth of Walnut.” China Fruits 57, no. 4: 39-42.

Betz, M. 2019. “Pruning the Community Orchard: Methods for
Navigating Human-Fruit Tree Relations.” Geographical Review 110, no.
1-2:224-237.

Chen, L., L. Dong, X. Zhang, et al. 2018. “Effect of Different Pruning
Periods on Branch Growth and Branch Nutrients Contents of Precocious
Walnut (Juglans Regia L.).” Forestry and Ecological Sciences 33, no. 2:
178-183.

Cheng, L., X. Li, S. An, Z. Liu, Y. Liu, and D. Ren. 2024. “Preparation
and Characterization of Polyethylene-Based Composite Films Coated
With Carboxymethyl Chitosan/Sodium Alginate/Nisin and Application
in the Packaging of Rosa roxburghii Tratt.” Food Packaging and Shelf
Life 43: 101295.

Cinosi, N., F. Moriconi, D. Farinelli, et al. 2024. “Effects of Summer
Pruning on the Water Status and Physiology of Olive Trees and on Fruit
Characteristics and Oil Quality.” Scientia Horticulturae 324: 112612.

Conesa, M. R., L. Martinez-Lopez, W. Conejero, J. Vera, and M. C. Ruiz-
Sanchez. 2019. “Summer Pruning of Early-Maturing Prunus persica:
Water Implications.” Scientia Horticulturae 256: 108539.

Cronje, R., C. Human, and I. Ratlapane. 2021. “Pruning Strategies for
Young ‘Nadorcott’ Mandarin Trees Planted in High Density Orchards in
South Africa.” International Journal of Fruit Science 21, no. 1: 921-931.

Doke, A., V. D. Kakade, R. A. Patil, et al. 2024. “Enhancing Plant
Growth and Yield in Dragon Fruit (Hylocereus undatus) Through
Strategic Pruning: A Comprehensive Approach for Sunburn and
Disease Management.” Scientia Horticulturae 337: 113562.

du Toit, E. S., J. Sithole, and J. Vorster. 2020. “Pruning Intensity
Influences Growth, Flower and Fruit Development of Moringa oleif-
era Lam. Under Sub-Optimal Growing Conditions in Gauteng, South
Africa.” South African Journal of Botany 129: 448-456.

Fan, W., J. Liu, and L. Xiang. 2001a. “Effects of Hedgerow Retracting
Renewal Pruning on Shoot Growth, Yield and Quality of Rosa rox-
burghii Tratt.” Journal of Fruit Science 18, no. 2: 122-123.

Fan, W., J. Liu, and L. Xiang. 2001b. “Effects of Renewal Pruning on
Plant Nutrient Status Growth and Bearing of Rosa roxburghii Tratt.”
Southwest China Journal of Agricultural Sciences 14, no. 3: 52-55.

Gokavi, N., K. Mote, M. Jayakumar, Y. Raghuramulu, and U. Surendran.
2021. “The Effect of Modified Pruning and Planting Systems on Growth,
Yield, Labour Use Efficiency and Economics of Arabica Coffee.” Scientia
Horticulturae 276: 109764.

Goke, A., S. Serra, and S. Musacchi. 2020. “Manipulation of Fruit Dry
Matter via Seasonal Pruning and Its Relationship to D'anjou Pear Yield
and Fruit Quality.” Agronomy 10, no. 6: 897.

Gomasta, J., B. C. Sarker, M. A. Haque, A. Anwari, S. Mondal, and M.
S. Uddin. 2024. “Pruning Techniques Affect Flowering, Fruiting, Yield
and Fruit Biochemical Traits in Guava Under Transitory Sub-Tropical
Conditions.” Heliyon 10, no. 9: €30064.

He, L., W. Fang, G. Zhao, et al. 2022. “Fruit Yield Prediction and
Estimation in Orchards: A State-of-The-Art Comprehensive Review
for Both Direct and Indirect Methods.” Computers and Electronics in
Agriculture 195: 106812.

Hou, Z., H. Yang, Y. Zhao, et al. 2020. “Chemical Characterization and
Comparison of Two Chestnut Rose Cultivars From Different Regions.”
Food Chemistry 323: 126806.

Kumar, M., V. Rawat, J. M. S. Rawat, and Y. K. Tomar. 2010. “Effect
of Pruning Intensity on Peach Yield and Fruit Quality.” Scientia
Horticulturae 125, no. 3: 218-221.

Lazare, S., I. Zipori, Y. Cohen, et al. 2021. “Jojoba Pruning: New
Practices to Rejuvenate the Plant, Improve Yield and Reduce Alternate
Bearing.” Scientia Horticulturae 277: 109793.

Li, M., M. Du, H. Chen, et al. 2024. “Stoichiometric Coupling of C, N, P,
and K in the Litter and Soil of Rosa roxburghii Tratt Woodlands Across
Rocky Desertification Grades and Seasons.” Forests 15, no. 8: 1415.

Li, N, L. Jiang, Y. Liu, S. Zou, M. Lu, and H. An. 2022. “Metabolomics
Combined With Transcriptomics Analysis Revealed the Amino Acids,
Phenolic Acids, and Flavonol Derivatives Biosynthesis Network in
Developing Rosa roxburghii Fruit.” Food 11, no. 11: 1639.

Li, P, C. Li, X. Fu, Q. Huang, and Q. Chen. 2023. “Physicochemical,
Functional and Biological Properties of Soluble Dietary Fibers Obtained

10 of 11

Food and Energy Security, 2025

85UB01 T SUOWIWOD SAIIER.D 3(qedldde ay) Aq peusencb a.e 9ol VO ‘88N JO S9INJ 10} ARIq1T8UIIUQ AB]I/ UO (SUOTIPUOD-pUR-SWB)LID" A3 1M AleIq 1 BUl|Uo//Sd1y) SUONIPUOD pue SWIS | 8Y) 88S *[G202/2T/S0] U0 Akeidiauljuo A8|im ‘snysese eAuouuon] Aq TOTOL €S91/200T OT/I0PAW0D A8 1M Ale.q1puluoy/:Sdny woiy pepeojumod ‘9 ‘SZ0Z ‘v69E8Y0Z



From Rosa roxburghii Tratt Pomace Using Different Extraction
Methods.” Process Biochemistry 128: 40-48.

Li, X., Q. Wang, F. Wang, et al. 2024. “Rosa roxburghii Tratt (Cili) Has a
More Effective Capacity in Alleviating DSS-Induced Colitis Compared
to Vitamin C Through B Cell Receptor Pathway.” Food Research
International 195: 114950.

Liu, W.,, N. Li, J. Hou, et al. 2024. “Structure and Antitumor Activity
of a Polysaccharide From Rosa roxburghii.” International Journal of
Biological Macromolecules 273, no. Pt 2: 132807.

Lodolini, E. M., S. Polverigiani, V. Giorgi, F. Famiani, and D. Neri. 2023.
“Time and Type of Pruning Affect Tree Growth and Yield in High-
Density Olive Orchards.” Scientia Horticulturae 311: 111831.

Matias, P., I. Barrote, G. Azinheira, A. Continella, and A. Duarte. 2023.
“Citrus Pruning in the Mediterranean Climate: A Review.” Plants 12,
no. 19: 3360.

Morgani, M. B., M. Fanzone, J. E. P. Peiia, et al. 2023. “Late Pruning
Modifies Leaf to Fruit Ratio and Shifts Maturity Period, Affecting Berry
and Wine Composition in Vitis vinifera L. cv. ‘Malbec’ in Mendoza,
Argentina.” Scientia Horticulturae 313: 111861.

Nowakowski, T., M. Dabrowska, M. Syputa, and A. Struzyk. 2018.
“A Method for Evaluating the Size of Damages to Fruit Trees During
Pruning Using Different Devices.” Scientia Horticulturae 242: 30-35.

Ou, L., Y. Zhang, Z. Zhang, et al. 2023. “The Relationship Between
Canopy Microclimate, Fruit and Seed Yield, and Quality in Xanthoceras
sorbifolium.” Journal of Plant Physiology 284: 153975.

Poni, S., T. Frioni, and M. Gatti. 2023. “Summer Pruning in
Mediterranean Vineyards: Is Climate Change Affecting Its Perception,
Modalities, and Effects?” Frontiers in Plant Science 14: 1227628.

Qin, J., H. Nan, W. Ma, et al. 2024. “Genome Wide Characterization and
Identification of Candidate HD-Zip Genes Involved in Prickle Density
in Rosa roxburghii.” Scientia Horticulturae 330: 113046.

Sakhidin, A.S.D.Purwantono,andS. R. Suparto. 2021. “Effectof Pruning
Intensity and Doses of Fertilization on Content of Macronutrients and
Hormones in Leaves of Rewatered Citrus Trees.” IOP Conference Series:
Earth and Environmental Science 653, no. 1: 012148.

Santos, A. S. d., J. C. T. Dalzot, G. A. Pereira, et al. 2023. “Pruning
and Fruit Thinning of Psidium guajava cv. Paluma Under a Seasonal
Tropical Climate.” Agriculture 13, no. 8: 1537.

Santos, A. S.d., G. A. Pereira, W. L. Fonseca, et al. 2023. “Photosynthetic
Assimilation of the Guava (Psidium guajava) cv. Paluma Under Different
Pruning and Fruit Thinning Intensities.” Agronomy 13, no. 6: 1610.

Sharma, S., K. Barman, M. W. Siddiqui, et al. 2018. “Chapter 10—
Training and Pruning for Improved Postharvest Fruit Quality.” In
Preharvest Modulation of Postharvest Fruit and Vegetable Quality, edited
by M. W. Siddiqui, 257-276. Academic Press.

Shashi, O. P. Garhwal, M. R. Choudhary, et al. 2022. “Effects of Time of
Pruning and Plant Bio-Regulators on the Growth, Yield, Fruit Quality,
and Post-Harvest Losses of Ber (Ziziphus mauritiana).” Horticulturae
8, no. 9: 809.

Su, L., M. Wu, T.Zhang, Y. Zhong, and Z. M. Cheng. 2024. “Identification
of Key Genes Regulating the Synthesis of Quercetin Derivatives in Rosa
roxburghii Through Integrated Transcriptomics and Metabolomics.”
Journal of Integrative Agriculture 23, no. 3: 876-887.

Tang, L., S. Zhang, M. Zhang, P. J. Wang, G. Y. Liang, and X. L. Gao.
2023. “Integrated Proteomics and Metabolomics Analysis to Explore the
Amelioration Mechanisms of Rosa roxburghii Tratt Fruit Polyphenols
on Lipopolysaccharide-Induced Acute Lung Injury Mice.” Journal of
Agricultural and Food Chemistry 71, no. 6: 3079-3092.

Tang, Q. Y., and C. X. Zhang. 2013. “Data Processing System (DPS)
Software With Experimental Design, Statistical Analysis and Data

Mining Developed for Use in Entomological Research.” Insect Science
20, no. 2: 254-260.

Tosto, A., P. A. Zuidema, E. Goudsmit, J. B. Evers, and N. P. R. Anten.
2022. “The Effect of Pruning on Yield of Cocoa Trees Is Mediated by
Tree Size and Tree Competition.” Scientia Horticulturae 304: 111275.

Vosnjak, M., D. Mrzlic, and V. Usenik. 2022. “Summer Pruning of Sweet
Cherry: A Way to Control Sugar Content in Different Organs.” Journal
of the Science of Food and Agriculture 102, no. 3: 1216-1224.

Westling, F., J. Underwood, and M. Bryson. 2021. “A Procedure for
Automated Tree Pruning Suggestion Using LiDAR Scans of Fruit
Trees.” Computers and Electronics in Agriculture 187: 106274.

Xie, Z., J. Wang, Y. Yang, P. Mao, J. Guo, and M. Sun. 2024. “Image
Processing Based Modeling for Rosa roxburghii Fruits Mass and Volume
Estimation.” Scientific Reports 14, no. 1: 15507.

Xu, J.,, S. K. Vidyarthi, W. Bai, and Z. Pan. 2019. “Nutritional
Constituents, Health Benefits and Processing of Rosa Roxburghii: A
Review.” Journal of Functional Foods 60: 103456.

Yan, Y., Y. Liu, M. Lu, et al. 2022. “Gene Expression Profiling in Rosa
roxburghii Fruit and Overexpressing RrGGP2 in Tobacco and Tomato
Indicates the Key Control Point of AsA Biosynthesis.” Frontiers in Plant
Science 13: 1096493.

Yang, Q.-Q., D. Zhang, A. K. Farha, et al. 2020. “Phytochemicals,
Essential Oils, and Bioactivities of an Underutilized Wild Fruit Cili
(Rosa roxburghii).” Industrial Crops and Products 143: 111928.

Zahid, A., M. S. Mahmud, L. He, P. Heinemann, D. Choi, and J. Schupp.
2021. “Technological Advancements Towards Developing a Robotic
Pruner for Apple Trees: A Review.” Computers and Electronics in
Agriculture 189: 106383.

Zare, H. 2021. “Effects of Different Methods of Pruning Intensity on
Old Fig (Sabz Cultivar) Trees Under Rainfed Conditions.” International
Journal of Fruit Science 21, no. 1: 379-391.

Zhang, C., K. Yan, L. Z. Lin, et al. 2022. “Effects of Source-Sink
Alteration by Pruning on Physiological Parameters and Fruit Production
of Rosa roxburghii Tratt. On the Yunnan-Guizhou Plateau in China.”
Photosynthetica 60, no. 2: 190-199.

Zhang, S., L. J. Xiang, X. X. Long, et al. 2024. “Anti-Inflammatory
and Alpha-Glucosidase Inhibitory Triterpenoid With Diverse Carbon
Skeletons From the Fruits of Rosa roxburghii.” Journal of Agricultural
and Food Chemistry 72, no. 20: 11503-11514.

Zhou, X., Y. Qin, Y. Wang, Y. Wang, and Z. Qin. 2024. “Phytochemical
Profile and Antioxidant Characteristics of Bound and Free Phenolics
From Rosa roxburghii Tratt.” Food Bioscience 57: 103576.

Food and Energy Security, 2025

11 0f 11

85UB01 T SUOWIWOD SAIIER.D 3(qedldde ay) Aq peusencb a.e 9ol VO ‘88N JO S9INJ 10} ARIq1T8UIIUQ AB]I/ UO (SUOTIPUOD-pUR-SWB)LID" A3 1M AleIq 1 BUl|Uo//Sd1y) SUONIPUOD pue SWIS | 8Y) 88S *[G202/2T/S0] U0 Akeidiauljuo A8|im ‘snysese eAuouuon] Aq TOTOL €S91/200T OT/I0PAW0D A8 1M Ale.q1puluoy/:Sdny woiy pepeojumod ‘9 ‘SZ0Z ‘v69E8Y0Z



	Impact of Pruning Period and Intensity on the Growth and Yield of Rosa roxburghii: A Sustainable Approach for Enhanced Agricultural Productivity
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Experimental Location
	2.2   |   Field Trial Arrangement
	2.3   |   Collection of Growth and Yield Information
	2.4   |   Data Analysis

	3   |   Results
	3.1   |   Effect of Pruning on Shoot Growth
	3.1.1   |   Effect of Pruning on the Number of New Shoots
	3.1.2   |   Influence of Pruning on New Shoot Diameter
	3.1.3   |   Impact of Pruning on New Shoot Length

	3.2   |   Impact of Pruning on Fruit Production
	3.2.1   |   Influence of Pruning on Individual Fruit Mass
	3.2.2   |   Influence of Pruning on Per-Tree Fruit Yield of R. roxburghii

	3.3   |   Identification of Optimal Pruning Timing and Severity

	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


