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Abstract This study focuses on the green control strategies and techniques for the main diseases and pests of Sapindus mukorossi,
with the aim of enhancing the ability to resist diseases and pests and supporting sustainable development. Sapindus mukorossi is not
only an economic crop but also an ecological resource, often used in landscaping, traditional medicine and bioenergy production. The
risks are equally obvious: it is highly vulnerable to pests and diseases, and the output and quality will decline accordingly. To this end,
the research will evaluate the effects of biological control and natural pesticides, and explore feasible paths to enhance resistance by
combining molecular markers, gene editing and other means. It is worth noting that saponin extracts have strong insecticidal and
antibacterial activities, can effectively control pests such as melon fruit flies, and have a relatively small impact on beneficial
organisms. The significance of green prevention and control goes beyond this: it not only helps maintain ecological balance but also
enhances the commercial value of Sapindus mukorossi products. Certain progress has been made at present, but further verification
and expansion are still needed, especially in evaluating the wide application and stability of natural products such as saponins under
different environmental conditions.
Keywords Sapindus mukorossi; Green control; Biological control; Saponins; Gene editing

1 Introduction
Sapindus mukorossi, also called the Sapindus tree, is a species with both economic and ecological value. It is
native to southern China and now grows across tropical and subtropical regions, especially in Asia (Zhao et al.,
2019). The tree has many uses: landscaping, traditional medicine, and bioenergy. Its fruit matters most because
saponins can be extracted from it-a natural surfactant used in soaps, shampoos, and cosmetics (Liu et al., 2021).
The seed oil can also serve as a potential biodiesel feedstock, which makes the species a good target for forestry
bioenergy (Sun et al., 2017). It is also highly adaptable to local conditions, a trait that favors large-scale planting
and breeding improvement (Sun et al., 2017; Liu et al., 2021).

Despite these advantages, Sapindus mukorossi is vulnerable to many pests and diseases, which reduces yield and
quality. The cucurbitae (Bactrocera cucurbitae) is a major pest; it attacks the fruit and causes notable damage.
Such pressure cuts economic returns and challenges long-term cultivation. Effective control strategies are
therefore needed to protect the species and keep its contributions to bioenergy and related industries (Samiksha et
al., 2019).

This study focuses on green control and adopts sustainable and environmentally friendly methods for the main
pests of Sapindus mukorossi. The objective is to enhance its resistance to biological stress without sacrificing
economic or ecological value. The research work includes the identification of bioactive compounds in plants,
such as trypsin inhibitors. These seeds show potential in combating melon flies. This study will also assess the
relationship between environmental factors and phenotypic traits to determine conditions conducive to growth and
pest resistance. These measures aim to support the sustainable management and cultivation of Sapindus mukorossi
and maintain its feasibility as a long-term resource.

2 Major Pests and Diseases of Sapindus mukorossi
2.1 The main pests and fungal, bacterial diseases affecting Sapindus mukorossi
Sapindus mukorossi, often referred to as Sapindus, is susceptible to various fungal diseases, among which the
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genus Diaporthe is the most common. The confirmed major pathogens include Diaporthe biconispora, Diaporthe
sapindicola, Diaporthe eres and Diaporthe unshiuensis. They were identified as important pathogenic factors of
leaf spot disease in China (Si et al., 2020; Si et al., 2021; Si et al., 2022. These fungi can form conidia, which are
often identified by morphology combined with phylogenetic analysis and confirmed by pathogenicity assay (Si et
al., 2021; Si et al., 2022.

In addition to fungi, there are also insect hazards. The melon fly (Bactrocera cucurbitae) is one of the important
pests and causes significant damage. Sapindus mukorossi seeds contain bioactive trypsin inhibitors, which can
inhibit their growth and development and have potential control effects (Samiksha et al., 2019). Meanwhile, the
extract of Sapindus mukorossi has molluscidal activity against Pomacea canaliculata, showing application
prospects in pest management (Huang et al., 2003).

2.2 Symptoms and damage caused by pests and diseases in Sapindus mukorossi
Leaf spot disease often starts with the appearance of small yellow spots on the leaves. Subsequently, the spots
gradually darken to a dark brown color, with clear or irregular edges. Such symptoms suggest that the plants have
been infected by the Diaporthe pathogen, which not only affects the health of the plants but also damages their
ornamental value (Figure 1) (Si et al., 2020; Si et al., 2021; Si et al., 2022. The related lesions not only have
impaired appearance, but also have decreased medicinal value (Si et al., 2020).

Figure 1 Symptoms on diseased leaves infected naturally (Adopted from Si et al., 2022)
Image caption: A and B, Diseased leaves of Sapindus mukorossi infected naturally; C, pycnidia on the leaf lesion (Adopted from Si et
al., 2022)

In terms of pests, the larvae of the melon fly feed, causing tissue damage, making the fruit or tender parts
vulnerable to damage. Studies have shown that trypsin inhibitors in Sapindus mukorossi seeds can down-regulate
key digestive enzymes in pests, thereby reducing damage. In addition, saponins contained in plants can effectively
control mollusks such as golden-threaded snails; otherwise, they may cause serious damage to crops (Huang et al.,
2003; Samiksha et al., 2019.

2.3 The impact on yield and quality of Sapindus mukorossi
Leaf spot disease caused by the genus Diaporthe significantly weakens photosynthetic efficiency, resulting in
growth restriction, reduced yield, and thereby affecting commercial quality (Si et al., 2020; Si et al., 2021; Si et
al., 2022. The ornamental value and medicinal value decreased simultaneously, thus the commercial feasibility
was frustrated (Si et al., 2020).

Pest infestation, especially the damage caused by fruit flies in pumpkins, will further amplify the yield reduction
effect. The feeding of larvae reduces the vitality of the plant and damages the overall health of the plant. The
utilization of bioactive components in Sapindus nutans, such as trypsin inhibitors and saponins, is expected to
achieve effective control, thereby maintaining quality and alleviating yield loss (Huang et al., 2003; Samiksha et
al., 2019.
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3 Challenges in Pest and Disease Management of Sapindus mukorossi
3.1 The risks of over-reliance on chemical pesticides in Sapindus mukorossi
For a long time, chemical pesticides have been a commonly used method in the production of Sapindus mukorossi.
Excessive reliance brings multiple risks: environmental degradation, damage to non-target organisms, and even
poisoning in humans and animals (Eddaya et al., 2013). Once the use of pesticides is too high, the biodiversity of
the surrounding ecosystem will also decline. Relevant studies have pointed out that similar hidden dangers are
widespread in agricultural pest and disease management (Saha et al., 2010; Li et al., 2024). Another issue is
bioaccumulation. Chemical components can be amplified step by step along the food chain, resulting in long-term
toxic effects. Excessive pesticide application on other crops has shown this phenomenon, so its wide application
in the Sapindus nutans ecosystem is also worthy of vigilance (Badoni et al., 2019).

3.2 Pest resistance issues in Sapindus mukorossi
Resistance is the main problem in control work today. When pesticides are used often—especially the same active
ingredient again and again-pests adapt faster. Their genes change, and the products work less and less. Studies
also show that “natural” options are not exempt. Even plant-based agents, like Sapindus mukorossi extracts, can
face resistance in melon flies (Samiksha et al., 2019). In addition, chemical pesticides may lead to
bioaccumulation, thereby causing long-term toxicity problems in the food chain. The excessive use of pesticides
in other crops has shown this effect, which has also raised concerns about their wide application in the Sapindus
mukorossi ecosystem (Badoni et al., 2019).

3.3 The difficulties in implementing green control strategies for Sapindus mukorossi
One of the main challenges in the pest and disease control of Sapindus mukorossi is the formation of pest
resistance, which is usually caused by the frequent use of pesticides. The repeated use of pesticides with the same
active ingredients will accelerate the genetic resistance of pests and reduce the control effect. Studies have shown
that insect pests such as the Bactrocera cucurbitae can develop resistance even when using bioactive substances
derived from natural sources (such as Sapindus mukorossi) (Samiksha et al., 2019). Environmental conditions can
make this uncertainty bigger. Temperature and soil type both change how well a product works. Saponin solutions
do inhibit pests like Thysanoplusia orichalcea, but stable results need careful mixing and strict application rules.
That makes field work more complex (Saha et al., 2010).

4 Green Control Strategies for Sapindus mukorossi
4.1 The application of biological control and natural enemies in Sapindus mukorossi
Biological control uses natural enemies to keep pests and diseases down. It is a sustainable alternative to chemical
pesticides. For Sapindus mukorossi, many studies point out that saponins can naturally repel insects. Peel extracts
show insecticidal and antifungal activity and can lower numbers of pests such as Bactrocera cucurbitae, with
relatively small effects on beneficial species (Samiksha et al., 2019). In controlled trials, saponin preparations also
interfered with insect growth and reproduction. These findings support their use in Integrated Pest Management
(IPM) systems (Saha et al., 2010). Enhanced biological control, such as the large-scale breeding and regular
release of natural enemies, is also considered to have application potential. This method has achieved results in
crops such as orchards and vineyards, but its promotion in Sapindus mukorossi is still limited by logistics and
costs (Lenteren, 2012).

4.2 Agronomic practices such as crop rotation and resistant varieties in Sapindus mukorossi
Using crop rotation and choosing or breeding resistant varieties can greatly cut disease and pest pressure in
plantations. Work on related crops shows that diverse rotations break pest life cycles and lower the need for
chemicals. Direct data for Sapindus mukorossi are limited, but these steps have been shown to reduce soil-borne
diseases and improve overall plant health (Eddaya et al., 2013). Breeding varieties that resist pests and diseases is
just as important. The phenotypic differences in Sapindus mukorossi suggest clear room for breeding gains.
Features such as a thicker fruit peel and higher saponin levels can raise natural resistance, so less external control
is needed (Table 1) (Sun et al., 2017).
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Table 1 CCA results for seed and fruit traits of Sapindus mukorossi with environmental factors

- CCA1 CCA2

Statistics

Pr(>F) 0.001*** 0.001***

Eigenvalue 0.008 084 0.003 012

Proportion Explained 0.281 59 0.104 93

Cumulative Proportion 0.281 59 0.386 51

Total inertia (variance explained %) 0.028 57(47.22%)

Intraset correlation coefficients between the CCA axes andthe environmental variables Terms

Latitude -0.569 85 0.166 12

Longitude -0.545 17 0.375 94

Sunshineduration 0.095 48 0.077 66

Prec 0.444 16 0.283 78

Relativehumidity -0.416 86 -0.104 82

Minimumrelativehumidity 0.487 33 0.122 37

Temp 0.855 13 0.191 68

maximumTemp -0.163 58 0.540 29

lowestTemp 0.906 8 -0.100 21
Altitude 0.065 66 -0.755 4

Notes: *** extremely significant correlation at the P<0.01 level

4.3 The use of natural and plant-based pesticides in Sapindus mukorossi
Natural and plant-based pesticides - especially formulations derived from Sapindus mukorossi - have performed
outstandingly in control. Saponin extracts have significant antibacterial and insecticidal effects. They can
effectively control pests such as Thysanoplusia orichalcea and reduce fungal infections, such as apple black spot
disease. Its main mechanism is to destroy the cell membranes of pests and pathogens, providing a degradable and
environmentally friendly alternative for the synthesis of chemicals.

At the same time, the combination of saponin treatment with other plant-based pesticides (such as neem
formulations or pyrethroids) can enhance the control effect and reduce the environmental burden. This approach
conforms to the IPM principle, helps promote sustainable agriculture, and reduces chemical residues in the
ecosystem (Yang et al., 2020).

5 Technological Innovations in Pest and Disease Control for Sapindus mukorossi
5.1 Molecular markers and gene editing technologies in Sapindus mukorossi
SSR, SNP, and similar markers offer a quick way to find resistant lines. They help screen genotypes and speed
breeding. Molecular markers and gene editing are now key tools to raise disease and pest resistance in Sapindus
mukorossi. Studies in related species have mapped variants tied to resistance, giving a clear path for use in this
tree (Sun et al., 2017). When markers are built into the breeding pipeline, it becomes easier to pick plants with
higher saponin levels and stronger natural repellent traits. This keeps selection simple and moves progress faster.

Technologies such as CRISPR-Cas9 offer higher accuracy. It can directly and precisely modify key resistance
genes without introducing exogenous DNA, taking into account both effectiveness and social acceptance (Zhao et
al., 2019). Although the direct application on Sapindus mukorossi is still limited, studies on materials of the same
family have shown clear potential for enhancing disease and pest resistance.

5.2 Integrated pest management (IPM) practices in Sapindus mukorossi
IPM uses several tools together to keep pests down in a lasting way. It relies on biological control, farm practices,
and only the chemicals that are needed. In Sapindus mukorossi fields, using natural enemies, planting resistant
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lines, and applying plant-based pesticides with saponins all show promise. Take saponin extract as an example:
adding it to an IPM plan can control pests such as pumpkin fruit flies while keeping harm to non-target species
low (Samiksha et al., 2019).

Farm practices matter just as much. Crop rotation, proper planting density, and careful canopy management can
cut places where pests live and breed, and they can lift plant health. Studies on canopy light in Sapindus
mukorossi show that tuning the scaffold and branch layout raises photosynthesis and lowers disease risk, which
underlines the value of agronomic techniques inside the IPM framework (Yuan et al., 2018).

5.3 The application of monitoring and early warning systems in Sapindus mukorossi
Monitoring and early warning are the foundation for the proactive prevention and control of Sapindus mukorossi.
Remote sensing and Internet of Things (IoT) devices can capture in real time the dynamic occurrence and
symptom changes of pests and diseases, facilitating timely intervention. Such technologies have been successfully
applied in the monitoring and early detection of tree canopy health in relevant agricultural systems, providing a
reference for the research on the cultivation adaptability of Sapindus sapindus (Lenteren, 2012).

Prediction models that use environmental data-such as temperature and humidity-can flag outbreak risks early and
guide management choices. When these tools are paired with routine field checks, accuracy and cost-effectiveness
improve, reliance on chemicals drops, and long-term sustainability is strengthened (Zhao et al., 2019).

6 Environmental and Economic Impacts of Green Control for Sapindus mukorossi
6.1 Environmental benefits of green control methods for Sapindus mukorossi
Green control for Sapindus mukorossi aims to cut the use of chemical pesticides, which lowers the environmental
load of pest and disease management. Using saponins extracted from Sapindus mukorossi as pesticides helps
because they are biodegradable and reduce chemical residues in soil and water. At the same time, they are less
toxic to non-target organisms, which supports biodiversity and keeps ecosystems in balance (Samiksha et al.,
2019). Studies also show that the natural traits of saponins can suppress pests without harming beneficial species,
which fits well with sustainable farming practices (Eddaya et al., 2013).

In addition, the combined application of biological control agents and natural enemies can help reduce greenhouse
gas emissions related to the production and application of synthetic chemicals. In the cultivation system of
Sapindus mukorossi, the adoption of enhanced biological control strategies can not only reduce the disturbance to
the surrounding ecology, but also further amplify the above-mentioned environmental benefits (Lenteren, 2012).

6.2 Cost-effectiveness and market potential of green control in Sapindus mukorossi
The green control of Sapindus mukorossi is economically feasible because this plant has dual value of "medicine
and application". Extracting saponins from fruit peels to replace some purchased pesticides can reduce chemical
input and at the same time form value-added products. Studies have shown that saponins are effective against
various types of pests and diseases, can reduce the need for additional intervention, and thereby compress the
overall production cost.

With the rising demand for organic and eco-friendly agricultural products, the market prospects for Sapindus
mukorossi are also expanding. Saponin biopesticides align with global sustainable and green label trends, creating
opportunities to enter high-value markets. If the relevant practices are incorporated into the certification organic
system, its economic attractiveness is expected to continue to increase (Yang et al., 2020).

6.3 Economic impacts of green control strategies for Sapindus mukorossi
Pushing green prevention and control in Sapindus mukorossi fields can raise farmers’ income and lift the local
economy. Cutting back on costly synthetic pesticides lowers inputs. Using the plant’s own bioactive compounds
helps too, so profit margins grow. Economic assessments of saponin extraction also point to value-chain uses,
opening new income streams for producers (Sun et al., 2017).

At the same time, green control supports more sustainable production and adds diverse ways to earn. Making and
selling saponin products, together with higher healthy yields, can strengthen the economic resilience of farming
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communities. These practices meet environmental goals and also deliver clear social and economic gains
(Lenteren, 2012).

7 Future Developments and Research Needs for Sapindus mukorossi
7.1 Research gaps in green control methods for Sapindus mukorossi
Green control shows strong promise, but real-world use in Sapindus mukorossi still has clear gaps. Earlier studies
show that saponins have insecticidal and antibacterial effects, yet full field trials are still limited, which holds back
wider rollout. For example, saponin-based treatments work in labs and can suppress pumpkin fruit flies and some
fungal pathogens (Samiksha et al., 2019). Even so, their long-term environmental impacts and overall economic
fit are not well assessed.

There is also limited understanding of how the environment changes biopesticide performance. Climate shifts, soil
conditions, and pest population cycles can all affect how natural products work. Studies in related plant systems
show these factors can greatly change control outcomes (Eddaya et al., 2013). This highlights the need for local,
flexible programs that adjust to site conditions.

7.2 The need for interdisciplinary research
To deal with the pests and diseases of Sapindus mukorossi, the collaborative efforts of agriculture, molecular
biology, ecology and economics are needed. Molecular tools such as gene editing have great potential in
enhancing resistance, but their combination with ecological assessment is indispensable to ensure the
sustainability of technological pathways at the environmental level (Zhao et al., 2019).

Similarly, a timely economic review is needed to compare the costs and benefits of green control with those of
traditional chemical methods. Evidence from other crops shows that higher upfront spending on sustainable
practices can lead to gains over the long term. However, for Sapindus nutans pests and diseases, such quantitative
analysis is still largely missing (Sun et al., 2017). Filling these gaps will require coordinated work from teams in
different fields.

7.3 Future research directions and challenges
Subsequent research should focus on the development of highly efficient biopesticides derived from Sapindus
mukorossi. The activity and cost can be enhanced and reduced by improving the extraction and formulation
process of saponins (Sochacki and Vogt, 2022; Zhang, 2024). Meanwhile, exploring the synergistic effects of
Sapindus mukorossi extract with other natural products may hold the hope of forming a broader combination for
prevention and control.

Even so, getting these methods into use still runs into many hurdles. Approval rules are slow and complex. Public
trust in bioengineering tools is mixed. Large-scale rollout also needs strong infrastructure, which is often not in
place. To break these bottlenecks, policymakers, research teams, and industry should act together and coordinate
their efforts (Lenteren, 2012).

8 Concluding Remarks
Green control strategies are central to the sustainable management of pests and diseases in Sapindus mukorossi.
This tree supplies natural saponins, biodiesel, and other bioactive compounds, yet it is easily harmed by pests and
pathogens, which lowers yield and affects cultivation. Using eco-friendly tools-such as biological control and
plant-based pesticides-can cut environmental risk and bring down management costs. Studies also show that
saponin extracts from Sapindus mukorossi have strong insecticidal and antibacterial effects, so they fit well as a
core part of integrated pest management (IPM).

Putting green control into practice helps more than the field itself. It supports ecological balance and raises the
market value of Sapindus mukorossi products. Demand for sustainably sourced inputs is growing in cosmetics,
pharmaceuticals, and biodiesel, and this species plays a key role. To keep up, planting methods need to stay
sustainable, and chemical pesticide residues should be kept as low as possible. There has been solid progress, but
more work is needed to unlock the full potential of Sapindus mukorossi in sustainable agriculture. Molecular
markers and gene editing can speed the study and use of resistance traits, which helps breed resistant lines faster.
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Research on population genetic diversity already offers a base for targeted breeding, but it still needs deeper
testing and wider application.

Better monitoring and early warning are also vital for proactive management. Pairing remote sensing with
predictive models can change how plantations are watched, allow earlier action, and reduce reliance on chemicals.
Future studies should also refine green formulations-such as saponin-based pesticides-so they work well across
different farming climates and conditions.

Acknowledgments
We would like to thank Dr.Fang continuous support throughout the development of this study.

Conflict of Interest Disclosure
The authors affirm that this research was conducted without any commercial or financial relationships that could be construed as a
potential conflict of interest.

References
Badoni P., Singh Y., Kumar V., and Uniyal K., 2019, Preliminary screening of Sapindus mukorossi extracts from different sources against forest fungi, SSR

Institute of International Journal of Life Sciences, 5(2): 2244-2258.
https://doi.org/10.21276/ssr-iijls.2019.5.2.7

Eddaya T., Boughdad A., Sibille E., Chaimbault P., Zaid A., and Amechrouq A., 2013, Biological activity of Sapindus mukorossi Gaertn. (Sapindaceae)
aqueous extract against Thysanoplusia orichalcea (Lepidoptera: Noctuidae), Industrial Crops and Products, 50: 325-332.
https://doi.org/10.1016/j.indcrop.2013.07.045

Huang H., Liao S., Chang F., Kuo Y., and Wu Y., 2003, Molluscicidal saponins from Sapindus mukorossi, inhibitory agents of golden apple snails Pomacea
canaliculata, Journal of Agricultural and Food Chemistry, 51(17): 4916-4919.
https://doi.org/10.1021/jf0301910

Li Y.W., Dong W.B., Liang L.Y., Liu F.P., Li H.L., Liao H.H., and Wang X., 2024, Application of multi-gene stacking strategies in citrus pest resistance
breeding: from theory to practice, Molecular Plant Breeding, 15(5): 209-219.
https://doi.org/10.5376/mpb.2024.15.0021

Lenteren J., 2012, The state of commercial augmentative biological control: plenty of natural enemies, but a frustrating lack of uptake, BioControl, 57: 1-20.
https://doi.org/10.1007/s10526-011-9395-1

Liu J., Sun C., Gao Y., Chen Z., Zheng Y., Weng X., and Jia L., 2021, Sapindus cultivar ‘Yue Shuo Bodhi’, HortScience, 56(6): 730-731.
https://doi.org/10.21273/hortsci15735-21

Saha S., Walia S., Kumar J., Dhingra S., and Parmar B., 2010, Screening for feeding deterrent and insect growth regulatory activity of triterpenic saponins from
Diploknema butyracea and Sapindus mukorossi, Journal of Agricultural and Food Chemistry, 58(1): 434-440.
https://doi.org/10.1021/jf902439m

Singh D., Kesavan A.K., and Sohal S.K., 2019, Exploration of anti-insect potential of trypsin inhibitor purified from seeds of Sapindus mukorossi against
Bactrocera cucurbitae, Scientific Reports, 9: 17025.
https://doi.org/10.1038/s41598-019-53495-6

Shi Y., Yan H., Wu L., Xie J., and Chen H., 2022, Effects of different irradiation treatments on total saponins content of Sapindus mukorossi, Dose-Response,
20: 15593258211062781.
https://doi.org/10.1177/15593258211062781

Si Y., Li D., and Zhu L., 2022, First report of Diaporthe eres and D. unshiuensis causing leaf spots on Sapindus mukorossi in China, Plant Disease, 107: 4.
https://doi.org/10.1094/pdis-05-22-1176-pdn

Si Y., Li D., Zhong J., Huang L., and Zhu L., 2021, Diaporthe sapindicola sp. nov. causes leaf spots of Sapindus mukorossi in China, Plant Disease, 106: 4.
https://doi.org/10.1094/pdis-04-21-0777-re

Si Y., Sun J., Li D., Huang L., and Ju Y., 2020, Leaf spot of Sapindus mukorossi caused by Diaporthe biconispora in China, Australasian Plant Pathology, 50:
193-202.
https://doi.org/10.1007/s13313-020-00762-0

Sochacki M., and Vogt O., 2022, Triterpenoid saponins from washnut (Sapindus mukorossi Gaertn.)-a source of natural surfactants and other active components,
Plants, 11(18): 2355.
https://doi.org/10.3390/plants11182355

Sun C., Wang J., Duan J., Zhao G., Weng X., and Jia L., 2017, Association of fruit and seed traits of Sapindus mukorossi germplasm with environmental factors
in southern China, Forests, 8(12): 491.
https://doi.org/10.3390/f8120491

Yang C., Huang Y., Chen Y., and Chang M., 2020, Foam properties, detergent abilities and long-term preservative efficacy of the saponins from Sapindus
mukorossi, Journal of Food and Drug Analysis, 18: 155-160.
https://doi.org/10.38212/2224-6614.2270

https://doi.org/10.21276/ssr-iijls.2019.5.2.7
https://doi.org/10.1016/j.indcrop.2013.07.045
https://doi.org/10.1021/jf0301910
https://doi.org/10.5376/mpb.2024.15.0021
https://doi.org/10.1007/s10526-011-9395-1
https://doi.org/10.21273/hortsci15735-21
https://doi.org/10.1021/jf902439m
https://doi.org/10.1038/s41598-019-53495-6
https://doi.org/10.1177/15593258211062781
https://doi.org/10.1094/pdis-05-22-1176-pdn
https://doi.org/10.1094/pdis-04-21-0777-re
https://doi.org/10.1007/s13313-020-00762-0
https://doi.org/10.3390/plants11182355
https://doi.org/10.3390/f8120491
https://doi.org/10.38212/2224-6614.2270


International Journal of Molecular Ecology and Conservation, 2025, Vol.15, No.2, 91-100
http://ecoevopublisher.com/index.php/ijmec

100

Yuan G., Gao S., Jia L., Dai T., Wang X., Duan J., Liu S., and Weng X., 2018, Canopy characteristics and light distribution in Sapindus mukorossi Gaertn. are
influenced by crown architecture manipulation in the hilly terrain of Southeast China, Scientia Horticulturae, 240(20): 11-22.
https://doi.org/10.1016/j.scienta.2018.05.034

Zhao G., Gao Y., Gao S., Xu Y., Liu J., Sun C., Gao Y., Liu S., Chen Z., and Jia L., 2019, The phenological growth stages of Sapindus mukorossi according to
BBCH scale, Forests, 10(6): 462.
https://doi.org/10.3390/f10060462

Zhang W.F., 2024, CRISPR-based gene editing in Bt for improved insecticidal properties, Bioscience Methods, 15(5): 216-225.
https://doi.org/10.5376/bm.2024.15.0022

https://doi.org/10.1016/j.scienta.2018.05.034
https://doi.org/10.3390/f10060462
https://doi.org/10.5376/bm.2024.15.0022

