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Abstract As a widely consumed vegetable, whether cucumbers can achieve stable and high yields has always been a key concern
in production. To address this issue, this paper reviews the recent research progress on cucumber high-yield cultivation from multiple
perspectives, covering both basic understandings of growth, development, and yield formation, as well as practical measures such as
environmental conditions, variety selection, seed treatment, water and fertilizer management, and facility and cover cultivation.
Additionally, it combines the application of green pest and disease control and intelligent technologies, and illustrates through typical
production models in specific regions. Based on comprehensive analysis, the current technical effects are evaluated, shortcomings are
pointed out, and future development trends are predicted. Overall, the coordinated application of various technologies helps to
simultaneously enhance cucumber yields and quality.
Keywords High-yield cucumber; Cultivation technology; Green control; Smart agriculture; Facility cultivation

1 Introduction
In daily vegetable production, cucumbers are often regarded as "common crops", but their significance is hard to
be overlooked, whether in protected cultivation or open field conditions. Taking 2020 as an example, the planting
area of cucumbers in China has reached 1.27 million hectares, accounting for more than half of the global total,
with a production of approximately 73.36 million tons, which even exceeds 80% of the world's total (Wang et al.,
2024; Li et al., 2024). Such a scale is no accident and also reflects the weight of cucumbers in China's vegetable
system from the side. Coupled with their refreshing taste, stable nutrition, high market acceptance, and the ability
to be cultivated throughout the year, they have played a substantial role in stabilizing vegetable supply and
increasing farmers' income.

Over the past few years, the approaches taken by different regions to increase and stabilize cucumber yields have
not been exactly the same. However, research and practice have not ceased. Many domestic production areas have
started by improving water, fertilizer, and environmental conditions first, and as yields gradually increased, they
also began to pay attention to the application of new varieties with disease resistance and high yield. Grafting and
hydroponic cultivation have been used more and more, aiming to enhance stability (Samba et al., 2025; Gianco et
al., 2019). In the foreign context, countries with mature facility conditions have already achieved a high level in
greenhouse cucumber production, with large investment and meticulous management being their common
characteristics. In comparison, our overall level still has room for improvement. However, with the gradual
popularization of drip irrigation and intelligent greenhouses, this gap is being narrowed. Overall, the combination
of various technologies has led to significant achievements in high-yield cucumber production.

This article focuses on how cucumbers can achieve stable and high yields. It systematically reviews the relevant
research conducted in recent years and thereby clarifies the research and overall plan. Starting from the issues
commonly concerned in cultivation practices, the article first introduces the biological and ecological basis on
which high yield of cucumbers relies, and then combines variety selection and seed treatment to outline key
cultivation measures and green control technologies for pests and diseases. At the same time, it also pays attention
to the application of intelligent and information-based means in production， and through case studies of
high-yield models in typical regions, demonstrates the actual effects of the collaborative application of multiple
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technologies (Maeda et al., 2022; Kang et al., 2024). Based on this, it evaluates the existing technologies, analyzes
their shortcomings, and makes an outlook on future development directions, with the aim of providing a reference
for increasing cucumber yields.

2. Biological and Ecological Basis for High-Yield Cultivation of Cucumbers
2.1 Growth and development characteristics of cucumbers and mechanism of yield formation
In actual production, people often first notice the issue of the flower shape of cucumbers. Cucumbers are
hermaphroditic plants, but only the female flowers can actually produce fruits. This is not complicated but very
crucial. Sometimes, even with good management conditions, there are still few female flowers, and the yield still
cannot increase; conversely, if there are too many female flowers, there will be a foundation for fruiting. Therefore,
when discussing high yield, promoting the formation of female flowers and increasing the fruit setting rate are
often unavoidable topics (Figure 1) (Pan et al., 2018; Yamasaki et al., 2003).

Figure 1 Sex expression, flower, and fruit morphology of NILs. Flower organs showed different morphology between G12
(FFMMAA), M12 (ffMMAA), and H34 (FFmmAA). (A1–C1) Flowers before antheses. Bars = 0.5 cm, (A2–C2) Floral organ
without petal and sepal. Bars = 0.2 cm, (A3–C3) Floral organ with petal. Bars = 0.2 cm, (A4–C4) Mature fruit. Bars = 4 cm. P, pistil;
St, stamen (Adopted from Pan et al., 2018)
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It should be noted that the growth of cucumbers does not stop quickly. It will continuously produce vines, flowers,
and fruits. The final yield depends on how many cucumbers a plant can produce and how well the cucumbers
grow. More leaves and better growth mean that the nutrient supply can keep up, and a strong root system means
stable water and fertilizer absorption. Considering that cucumber roots are shallow, growth is fast, and the harvest
period is long, if not adjusted through pruning and controlling the number of remaining cucumbers, it is very easy
to cause imbalance in growth, affecting the continuous fruiting and stable yield in the later stage.

2.2 Effects of environmental factors (temperature, light, water) on yield
Many growers will find that before they can even discuss management, the environmental conditions have already
created a significant difference in yields. Cucumbers prefer a warmer environment, with optimal growth occurring
when the temperature is between 25–30°C during the day and close to 16°C at night. Once the temperature drops
below 12°C, growth slows down, and in severe cases, they may even be damaged by frost. However, too high a
temperature is also not suitable; exceeding 35°C can lead to abnormal flowering and fruit drop (Zhang et al., 2022;
Wang et al., 2025). Light is often overlooked. Insufficient sunlight duration and insufficient photosynthesis can
affect flowering and fruit setting. Generally, 8–10 hours of sunlight per day is more appropriate. In terms of water,
there are also specific requirements. Cucumbers have a high water requirement but are afraid of waterlogging. If
the soil is too dry, young cucumbers cannot grow well. Waterlogging can easily damage the roots and cause
diseases. Therefore, it is necessary to keep the soil moist but not waterlogged, and pay attention to ventilation to
prevent excessive humidity from affecting yield.

2.3 Relationship between soil physical and chemical properties and root development
Most of the time, the growth of cucumbers depends on the "conditions" beneath the ground. If the soil layer is
deep and loose, with sufficient nutrients and smooth drainage, the plants tend to have more vitality. Especially in
neutral or slightly alkaline soil, the roots grow deeper and there are more lateral roots, making it easier for them to
absorb water and nutrients. If the soil is compacted and has poor fertility, the root system cannot expand, and the
above-ground part cannot grow vigorously. The yield will also be difficult to improve. In facility cultivation, there
is another common problem - continuous cropping over the years. Over time, it is prone to accumulate salts,
become acidic, and have more pathogens. In mild cases, the growth will weaken; in severe cases, even seedlings
may die. Therefore, to achieve stable and high yields, one cannot only focus on the above-ground management;
efforts must also be made to improve the soil by increasing organic fertilizer application, rotating crops, or
necessary soil treatment, to first cultivate a good root environment (Zhou et al., 2018; Li et al., 2020).

3 Breeding of High-yield and Drought-resistant Cucumber Varieties and Seed Treatment
Techniques
3.1 Progress in selecting new high-yield and drought-resistant cucumber varieties
In actual production, many people start by focusing on management, but eventually they will realize that the
choice of variety is crucial. In recent years, breeding units across various regions have continuously introduced
new varieties. Some focus more on high yield, while others have obvious advantages in disease resistance and
stress tolerance. For instance, the "Jingyan" series developed by the Vegetable Research Institute of Beijing
Academy of Agricultural Sciences has dozens of varieties, maintaining stable yields while having reliable disease
resistance; in regions with high pressure from southern blight disease, such as the "Yueshou 3" variety selected by
the Agricultural Science Institute of Guangdong, it can still ensure harvest under adverse conditions. After
introducing methods such as molecular markers during the breeding process, the selection efficiency has
significantly improved. Coupled with the promotion of all-female and parthenocarpy types, more nutrients are
used for fruiting, resulting in an increase in the number of fruits (Pan et al., 2017; Li et al., 2019). Overall, the
continuous update of varieties has laid a foundation for achieving high yields of cucumbers.

3.2 Application of hybrid advantage in high-yield cucumber breeding
In actual production, many people start by focusing on management, but eventually they will realize that the
choice of variety is crucial. In recent years, breeding units across various regions have continuously introduced
new varieties. Some focus more on high yield, while others have obvious advantages in disease resistance and
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stress tolerance. For instance, the "Jingyan" series developed by the Vegetable Research Institute of Beijing
Academy of Agricultural Sciences has dozens of varieties, maintaining stable yields while having reliable disease
resistance; in regions with high pressure from southern blight disease, such as the "Yueshou 3" variety selected by
the Agricultural Science Institute of Guangdong, it can still ensure harvest under adverse conditions. After
introducing methods such as molecular markers during the breeding process, the selection efficiency has
significantly improved. Coupled with the promotion of all-female and parthenocarpy types, more nutrients are
used for fruiting, resulting in an increase in the number of fruits (Pan et al., 2017; Li et al., 2019). Overall, the
continuous update of varieties has laid a foundation for achieving high yields of cucumbers.

3.3 Seed treatment techniques
Many people only start to pay attention to yield during the seedling stage. In fact, the gap has gradually widened
even before sowing. If the seeds are properly treated, the seedlings tend to emerge more uniformly and the
seedlings themselves are healthier. The subsequent management will naturally be more convenient. Among the
common methods, soaking the seeds in warm water is used most frequently. Place the seeds in 55–60℃ warm
water and stir while soaking for about ten minutes, which can reduce the risk of various diseases; some people
also soak the seeds in a 0.1% carbendazim solution for one hour, wash them clean before sowing, and the effect is
also good. However, not all seeds need to be treated in this way. Nowadays, many commercial seeds have been
coated, containing bacteriostatic components and trace elements, and can be directly sown. In recent years, some
people have also tried to add chitosan and other biological stimulants to make the germination faster and the root
system stronger, laying a foundation for stable yield in the later stage (Paparella et al., 2015; Hidangmayum et al.,
2019).

4 Key Technical Measures for High-Yield Cultivation of Cucumbers
4.1 Appropriate plant spacing and pruning techniques
In actual cultivation, many people tend to be confused about whether to plant the plants densely or sparsely at the
beginning. In fact, this is closely related to how to manage the branches later. If the plants are planted too densely
in the greenhouse, they will crowd together, resulting in poor ventilation and light penetration, and flower drop
and diseases will follow. However, if the spacing is too wide, it will waste light and space, and the yield per area
will not increase. Therefore, the density cannot be generalized; it needs to be adjusted according to the variety and
season. The common practice in greenhouses is to plant in rows of different sizes. The large row spacing is
approximately 80 centimeters, and the small row spacing is 60 centimeters. The plant spacing is around 30
centimeters. About 4,000 plants per mu is relatively appropriate. After the density is determined, pruning and
topping of branches are also very important. In early-maturing greenhouse cucumbers, there are many lateral
branches, which consume nutrients. Generally, the lateral branches are pinched when they grow to 2–3 leaves, and
then the lower 8–10 leaves of the main vine are gradually removed, and the old leaves, excessive male flowers and
tendrils are also cleared. This way, the greenhouse becomes more transparent, and the nutrients are more
concentrated on the fruiting (Qian et al., 2016; Marcelis et al., 2018).

4.2 Integrated water and fertilizer management and precision fertilization technology
For many farmers, they believe that as long as water and fertilizer are continuously provided, the crop will grow
well. However, what really makes a difference is whether the water and fertilizer are applied accurately. Now,
some production areas have started to adopt integrated water and fertilizer management, using drip irrigation to
directly deliver water and nutrients to the roots. This significantly reduces water usage. Compared to the previous
method of flooding irrigation, this approach not only saves water but also has the potential to increase yield. The
fertilizer application strategy is also changing. Instead of blindly pursuing large quantities, it now takes into
account the soil conditions and the actual needs of the cucumbers. In some places, by conducting soil tests or
using fertilizer plans, the amount of chemical fertilizers is appropriately reduced, yet the yield does not decrease
and the cost even goes down. Research has also found that in greenhouse cucumber production, when the usage of
nitrogen, phosphorus, and potassium is reduced, the yield remains stable while the profits are higher (Zhang et al.,
2020; Wang et al., 2021). Considering all these factors, proper water and fertilizer combination is more conducive
to stable production and increased efficiency than simply increasing the amount of fertilizer.
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4.3 Film mulching, substrate cultivation and facility cultivation techniques
In many cases, the inability to increase production is not due to poor management, but rather to the inappropriate
choice of cultivation methods. In open-field conditions, mulching with plastic film is widely used. When the ridge
surface is covered, the temperature and moisture are relatively stable, and there are fewer weeds, allowing the
seedlings to grow faster. The effect is particularly noticeable when spring cultivation is carried out earlier. When it
comes to facilities, the situation is different. In many places, substrate soilless cultivation is being used, such as
rock wool and coconut coir combined with nutrient solutions. This not only avoids diseases caused by continuous
cropping but also makes it convenient to precisely control water and fertilizer, allowing the plants to grow more
evenly. In addition, greenhouses and sheds can regulate temperature and light, enabling cucumbers to be produced
out of season and some even harvested throughout the year. The combination of multiple methods often breaks the
limitations of natural conditions and increases the yield per unit area (Lamont et al., 2005; Savvas et al., 2018).

5 Green Pest and Disease Control and High-yield Stable-yield Technology
5.1 Occurrence patterns of main pests and diseases in cucumber
Throughout the entire growth process of cucumbers, pests and diseases are almost inevitable issues, and they
occur rapidly and in various forms. If the seedlings are exposed to low temperatures and high humidity during the
seedling stage, sudden blight and damping-off diseases are likely to occur in concentrated form, and in severe
cases, the seedlings will collapse in large numbers. As the plants grow, new problems arise. Downy mildew is
most likely to break out when the humidity is high, the temperature is low, or there is continuous rainy weather.
The leaf function is quickly affected; powdery mildew is more common in the middle and later stages, especially
in situations with poor ventilation and dense growth. With prolonged consecutive cropping, soil-borne diseases
such as wilt disease will gradually worsen. Once the roots are infected, the plants will quickly wilt. In terms of
pests, in greenhouses and warm seasons, aphids and mealybugs reproduce rapidly and can also carry viruses. In
dry and hot conditions, the number of thrips and red spiders increases significantly. The striped tent caterpillar
often feeds at night. Only by understanding the favorable environments and periods for the occurrence of these
pests and diseases, and taking preventive measures in advance, can the losses be reduced and the yield be
guaranteed (Lebeda et al., 2011; Savory et al., 2011).

5.2 Biological control and physical control technologies
In actual production, if one wants to keep pests and diseases under control without using too much pesticide, a
single method alone is often not sufficient. In many cases, choosing the right variety or using grafted healthy
seedlings from the very beginning has already significantly reduced risks. In greenhouse management, some
people start from the details, installing insect-proof nets at ventilation openings and entrances, which significantly
reduces the chances of pests entering the greenhouse. The yellow and blue boards commonly hung in the fields,
although simple to look at, can continuously reduce the numbers of aphids, mealybugs, and thrips, and when
combined with insect traps at night, they also help control nocturnal moth pests. In addition, biological control is
also increasingly used. By releasing ladybugs, lacewings, or parasitic wasps, it can maintain long-term control of
the pest population density. Combined with biological organic fertilizers and biological pesticides, it is also
effective against soil-borne diseases. The use of multiple measures in combination can reduce pesticide usage
while ensuring stable cucumber yields (Bale et al., 2008; van Lenteren et al., 2018).

5.3 Chemical control reduction and safe drug use strategies
In cucumber cultivation, many growers are well aware that pesticides are not the preferred method; rather, they
are more like a last resort. If pesticides are used too frequently, not only will there be residue, but pests will also
develop resistance, and the ecological balance in the field will be affected. Therefore, in high-yield cultivation, it
is often emphasized that pesticides should be used sparingly if possible. Only when the disease and pest problems
become severe and the previous measures are ineffective, will chemical control be considered. At this time,
low-toxicity and short-lasting pesticides should be selected and used according to the recommended concentration
and safe interval period. When applying pesticides, the focus areas are targeted, and the entire field is not sprayed.
At the same time, different pesticides should be rotated. For example, when controlling bacterial spot disease,
streptomycin and copper-containing preparations can be alternated. By controlling the dosage and timing well,
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chemical control can serve as a safeguard, stabilizing the yield while also taking into account environmental and
food safety (Gisi et al., 2018; Sparks et al., 2020).

6 Application of Intelligence and Informationization in High-Yield Cucumber Cultivation
6.1 Smart greenhouses and automatic environmental control technology
Over the past few years, with the continuous improvement of facilities, the methods of cucumber production have
been quietly changing. Entering the smart greenhouse, you will find sensors everywhere in the greenhouse.
Temperature, humidity, light, carbon dioxide and other data are collected at any time and then transmitted to the
control system. When the temperature rises, the fans and wet curtains start working. At night when it gets cold, it
automatically keeps warm. The shading, heating, water and fertilizer supply all operate according to the set
program. Managers can operate these systems using computers or mobile phones. As a result, the crops are kept in
a relatively stable environment for a long time, and the effects of high or low temperatures are significantly
reduced. In practical applications, such systems not only save labor but also improve the efficiency of water,
fertilizer and energy utilization, making cucumber yields more stable and providing support for continuous high
production (Figure 2) (Shamshiri et al., 2018; Kang et al., 2024).

Figure 2 General components of a greenhouse environmental monitoring based in wireless sensor network and IoT concept (Adopted
from Shamshiri et al., 2018)

6.2 Application of sensors and big data in cultivation management
In the past, when growing cucumbers, judgment was mostly based on experience and intuition. But now, the
situation has gradually changed. Sensors installed in greenhouses or fields can continuously monitor changes in
soil moisture and nutrients, and record temperature, humidity, and light conditions. In some places, cameras are
also used to observe the growth of plants. After these data are centralized on a platform, they are used to arrange
watering, fertilization, and environmental regulation. Over time, the historical data accumulates more and more.
Which conditions are more conducive to high yield gradually become clearer, and the management plan can also
be adjusted accordingly. Continuous monitoring has another advantage. Once an anomaly occurs, it can often be
detected in advance, reducing losses. With the continuous improvement of data analysis capabilities, cucumber
management is shifting from "based on intuition" to "based on data", with more controllable investment and more
stable yields (Wolfert et al., 2017; Liakos et al., 2018).

6.3 Trends of artificial intelligence and precision agriculture
Looking ahead, the topic of high-yield cucumber cultivation cannot help but involve artificial intelligence and
precision agriculture. With an increasing amount of production data, AI models are starting to identify patterns
from this data to assist in regulating greenhouse environments, scheduling fertilization, and even participating in
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pest control. Some experiments have found that when environmental parameters are automatically adjusted by
algorithms, there is still potential for an increase in yield. On the other hand, image recognition is also gradually
being used. It can detect pests, diseases, or nutrient abnormalities in greenhouses or fields in advance, reducing
the need for manual inspections. Harvesting robots, automatic pruning equipment, and drone pest control are still
in the experimental stage, but they already show potential to alleviate the pressure on labor. Combined with
precise seeding and variable fertilization, different plots can be managed more "appropriately". The use of
multiple technologies in combination is pushing cucumber cultivation towards a more labor-saving and stable
development direction (Liakos et al., 2018; Shamshiri et al., 2021).

7 Case Study: Analysis of High-Yield Cultivation Model for Cucumbers in Typical Areas
7.1 Overview of natural conditions and cultivation model in the case area
When it comes to high yield of cucumbers, many people immediately think of Shouguang in Shandong Province.
This is no coincidence. The local terrain is flat, the water supply conditions are good, and the soil is suitable for
high-density planting. However, the winters are cold, and open-field production is not advantageous. For this
reason, Shouguang has long focused on solar greenhouses and gradually developed a strategy of off-season
production in winter. Currently, the city's annual vegetable planting area remains above 600,000 acres, with
greenhouses and sheds basically supporting the year-round supply. In cucumber production, most adopt a rotation
method of winter and spring greenhouses and summer and autumn open fields. In winter, they are mainly sold in
bulk, and in summer, they adjust the crop schedule or rest the greenhouses for land rest. Coupled with the
experienced farmers and the fast promotion of new technologies, Shouguang has gradually become a typical area
for high-yield and efficient cultivation of cucumbers (Zhang et al., 2019; Li et al., 2021).

7.2 Key high-yield technology integration and application effects
The reason why Shouguang cucumbers can consistently achieve high yields is not usually due to a single strategy.
In production, many aspects work together. For example, in variety selection, in greenhouses, mostly all-female
hybrid varieties are used, combined with grafting seedling cultivation, which gives the root system more vitality
and stronger disease resistance. The greenhouses themselves have been continuously improved over the years,
with heat collection plates, insulation covers, and automatic ventilation equipment gradually being adopted.
Winter insulation and environmental regulation have become more stable. In terms of water and fertilizer
management, integrated drip irrigation and fertilization is very common, providing more uniform water and
fertilizer supply, and reducing human errors. In terms of pests and diseases, prevention-oriented measures are
favored, with more physical and biological methods used, and the use of chemical pesticides has significantly
decreased. It is the combination of these technologies that enables Shouguang cucumbers to maintain advantages
in both yield and quality, forming a mature and stable high-yield model (Savvas et al., 2013; Zhang et al., 2019).

7.3 Economic benefits and promotion value assessment
If we only consider the economic benefits, the advantages of the Shouguang high-yield model are quite obvious.
Seasonal production combined with high yields naturally leads to higher income per unit area compared to
traditional farming. Although the initial investment is considerable, many farmers can recover their costs within a
few years. This approach is not only applicable to Shouguang but also shows effectiveness when local experience
is promoted externally. For instance, after introducing relevant technologies in Kaizhou, Chongqing, the per-plot
output and net income of facility vegetables have significantly increased. In Shouguang, the vegetable industry
has formed a relatively complete chain. Not only have the incomes of vegetable farmers increased, but it has also
driven the development of related industries. As technology and management experience are continuously
exported, the application scope of the "Shouguang model" is expanding. It shows good promotion potential both
domestically and internationally (Li et al., 2020; Zhang et al., 2022).

8 Conclusion and Outlook
Looking back at this method for achieving high yields of cucumbers, it is no longer supported solely by a single
technology. Instead, it has gradually formed a complete set of combinations. In production, from variety renewal,
adjustment of cultivation methods, to disease and pest control and improvement of facility conditions, many
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aspects are working simultaneously, resulting in a unit area yield that is much higher than the traditional method.
Superior varieties and grafting raise the potential of the crops first, while dense planting, water and fertilizer
management, and environmental management further release the production capacity. Green control measures
combined with intelligent equipment make the production more stable and management more effortless. While
increasing yields, the utilization rate of resources and product quality have also improved. Of course, these
technologies cannot be used randomly. They require higher operational skills and management capabilities from
growers, and training and services need to keep up as well. Overall, this technical system is changing the
production methods of cucumbers, and has practical significance for stable supply and increased income.

Although cucumber high-yield technologies are being used more and more, problems have not completely
disappeared during the promotion process. When continuous cropping occurs in facilities for a long time, the soil
is prone to accumulate salt and become acidic, beneficial microorganisms decrease, and the problem of continuous
cropping remains a long-standing challenge. Pest and disease control is also not easy. With the reduction in
pesticide usage, there is still room for improvement in the effectiveness of biological control. Viral diseases and
resistance issues often cause pressure. Looking at the investment aspect, the costs of intelligent equipment and
automation technologies are not low. Many small and medium-sized growers find it difficult to accept them at first,
and the promotion is thus limited. In production, the pruning and harvesting stages still highly rely on manual
labor. When there is a shortage of labor, it will get stuck. In addition, with the increase in extreme weather and
insufficient understanding of the high-yield mechanism, these have brought new challenges to continuous yield
increase. These still require continuous exploration and improvement through practice and research.

Looking ahead, the path for high-yield cucumber cultivation is gradually becoming clearer and is increasingly in
line with actual production. In terms of breeding, genetic research is deepening, and some new methods are being
used to directly improve plant shape, female flower characteristics, and stress resistance. While increasing yields,
quality is also taken into consideration. In production, high-intensity chemical inputs will gradually be replaced,
and organic fertilizers, biological control, and recycling will become more common. Smart agriculture is no
longer just a demonstration. The Internet of Things and artificial intelligence are entering ordinary greenhouses,
and automatic harvesting and pest control equipment will become increasingly mature. Coupled with the
development of urban agriculture, vertical planting, and low-carbon greenhouses, high-yield cucumbers are
expected to find a more suitable balance between increased production, environmental protection, and economic
benefits.
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