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Abstract

:

It is intriguing to understand the influence of the watering volume and growing design on the growth, yield, and quality of cherry tomatoes. This study sought to identify the most effective watering volume and growing design treatment for the production and quality of the cherry tomato cultivar Ruby. This study was an exploration using a factorial experiment with an RCBD design. The treatment factors included the growing design (greenhouse, rain shelter, and screen house) and the watering volume (100% ETc, 75% ETc, and 50% ETc). The results showed that the root dry weight and root–shoot ratio were higher in the screen house design, while the fruit firmness was higher in the rain shelter design. Considering the effect of the watering volume, a higher fruit diameter, heavier fruits, more fruits per plant, higher ultimate fruit and biological yield per plant, higher root and shoot biomass, better root–shoot ratio, higher leaf chlorophyll content, greater fruit skin firmness, and greater elasticity were noted for the 100% ETc treatment. In contrast, the growth rate was higher for the 50% ETc treatment. Cultivating cherry tomatoes in a greenhouse using a watering volume of 100% ETc is recommended based on the results. These conditions led to better growth, higher fruit yield, and improved fruit quality, making them favorable options for successful cherry tomato production.
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1. Introduction


The cherry tomato is considered to likely be an ancestor of the cultivated tomato based on its widespread occurrence in Central America and the shorter length of its flowers [1]. It originated in the Andes region, most likely in Ecuador and Peru, in South America, and spread worldwide after Spain’s settlement of the Americas. It has gained popularity as a cash crop in several Asian countries. However, India and Kashmir are still new growing regions, where its production and productivity are yet to be documented [2]. Tomatoes are among the most-essential basic fruits grown worldwide. In total, 18.73 million ton of tomatoes were produced in India, representing 10.44% of the world’s production, in 2016. Tomatoes are rich in essential and beneficial bioactive components and have become vital members of the so-called “functional food” group [2]. The cherry tomato is one of the world’s major fruit crops and is an excellent nutritional source. It is rich in vitamin C and minerals (phosphorus, iron, and calcium). Consumer demand and market-driven competition require a high standard of nutritional value for cherry tomatoes [2]. Cherry tomatoes are a warm-season crop and usually have higher dry matter and soluble solid content than traditional fresh tomato varieties. Malic acid contributes most to the sweetness, sourness, and overall flavor intensity [3]. This crop is a perennial in its natural habitat, but often grows annually in temperate climates. Its growth is typically indeterminate and can range up to 3 m in height [4,5].



Dyring is one of the most influential and proven means of food preservation. Reducing the water content in food by removing moisture inactivates or prevents the growth and proliferation of potentially pathogenic microorganisms, reduces enzymatic activity, and minimizes many adverse moisture-related reactions [6]. Although drying is effective in prolonging the shelf life of produce, conventional drying inevitably leads to a loss of organoleptic and nutritional qualities due to undesired changes in the structure and biochemical properties of the produce [7]. The lack of public information about cherry tomatoes, the small number of producers, and the lower productivity in Indonesia have led to a higher price for cherry tomatoes. Currently, cherry tomatoes are common in modern marketplaces, but remain uncommon in traditional markets [8]. Therefore, there is a need to increase and expand their production.



Droughts present a challenge to food production. During droughts, the soil water content is minimized, which has an adverse effect on crop production due to the shortage of water available in their environment. Droughts may lead to a water deficit in the plant root zone [9].



A high water volume reduces the oxygen level in the soil and creates an environment that is very harmful to plant development [10]. A lack of oxygen adversely affects aerobic respiration, which causes a reduction in plant growth by disturbing the uptake of nutrients, disturbing hormonal balance and photosynthesis; this halts growth, and this lack of oxygen, thus, reduces yield [11]. Flooding also induces stomatal closure, limiting the availability of CO2 for photosynthetic carbon metabolism and, consequently, increasing oxidative stress through the accumulation of photosynthetic free radicals. Programmed cell death is also associated with waterlogging, which leads to the formation of tissues for airflow and ethylene production. Flooding also induces changes in the developmental programs through adaptive mechanisms such as the regulation of gene expression and random mutations [12,13,14], as well as the modulation of ion uptake to mitigate the flood-induced stress [10].



Tomatoes planted in the field are frequently subjected to unfavorable environmental conditions, including salt and drought, and tomato plants may become inundated by excessive rainfall from storms and extreme rains. In total, 16% of the tomato-producing areas in India are vulnerable to flooding and deforestation [13]. In the coming years, it is anticipated that adverse environmental conditions, such as waterlogging stress, will impact the production of crops such as tomatoes. Therefore, a greater understanding of the numerous physiological, biochemical, and molecular mechanisms occurring in tomatoes during waterlogging stress is required to create management strategies to ensure plant survival and preserve yields.



The effective management of environmental control systems, such as evaporative cooling and shade, can prevent the physiological stresses that impact the production quality and final yield. Numerous studies have demonstrated that modifying the microclimate in greenhouses to lower transpiration enhances plants’ physiological resiliency to stress and ameliorates unfavorable external climatic conditions [15].



The VOSviewer bibliometric analysis of this research is described in the following (Figure 1).



To visualize previous research related to this topic, VOSviewer was used with the following keywords: tomato, cherry tomato, quality, cultivation, watering, and growing design. The results revealed a significant number of research works related to cherry tomatoes. However, relatively few studies have examined the specific area of cherry tomatoes. The results of the VOSviewer analysis suggested that there is a need for further research into cherry tomatoes.



Cherry tomatoes are commonly grown in polyhouse conditions, but developing high-yielding, high-quality varieties suitable for outdoor cultivation has become essential to increasing the profitability of marginal outdoor growers [16]. This study’s objective was to ascertain the main effect and interaction between watering volume and growing house on the growth and yield of the cherry tomatoes cultivar Ruby.




2. Materials and Methods


This research was conducted at the Green House and Field Laboratory of the Faculty of Agriculture, University of Padjadjaran, from November 2022 to July 2023.



2.1. Sampling Procedure and Data Source and Collection


The seed of the cherry tomato cultivar Ruby was prepared on germination pot trays. The germination medium was a mixture of compost and fertile soil. The pot tray was chosen according to the experimental design. Pot tray germination was stored in the germination room or greenhouse of agronomy, in the Agricultural Faculty. Universitas Padjadjaran. Once the seed germinates three or four foliar, it is called a seedling. The seedlings were planted in a greenhouse, screen house, and open field to grow as treatments in the experiment design.



Data were sourced and collected from both primary ann secondary data. The primary data were collected from expository treatments of watering volume and growing house factors, with 3 levels and replications each. The secondary data were collected from published books, journals, reports, and either government or private institutions. Texture measurement refers to the method of using a texture analyzer (Stable Micro Systems, Model: TA.TXT. Plus). Measurements were made at three points: the fruit’s top, middle, and bottom. The hardness value of tomatoes was calculated in units of g/force or Newtons [17].



The leaf chlorophyll content was measured using a SPAD meter, a non-destructive method that provides an indirect measurement of total chlorophyll content. The SPAD meter measures a combination of chlorophyll a and chlorophyll b levels without distinguishing between the two pigments. This approach provides a rapid assessment of overall leaf chlorophyll content.




2.2. Experiment Design


The research instruments were the cherry tomato Cultivar Ruby, as the introduction plant planted with different growing designs (GDs), in greenhouses, rain shelters, and screen houses with different watering volumes (WVs), such as 100% ETC, 75% ETC, and 50% ETC, based on evapotranspiration and field capacity. There were 9 treatments, with 3 replications, leading to a total of 27 treatments. Each treatment consisted of 4 plants. The total number of plants was 108.



All treatments were replicated three times. Therefore, there were 27 treatments. An experiment design using Factorial Randomized Complete Block Design was constructed using the mathematical linear model equation, as follows:


Yijk = u + Wi + Pj + (Wi Pj) + rk + εijk



(1)








	
u = mean.



	
Wi = the effect of watering volume factor.



	
Pj = the effect of growing house.



	
rk = replication.



	
Wi Pj = the effect of the interaction between watering volume and growing house.








Once ANOVA reveals a significant effect, it will continue to find the best treatment using partial Post Hoc and the Tukey multiple-range comparison test. LSD (Latin Square Design) has a limitation in that it cannot accommodate the testing of all possible treatment combinations. [18]. The Tukey procedure (HSD) is as follows:




	-

	
Treatments are ordered according to mean.




	-

	
The formula used is as follows:


  ω =   q   ∝   ( p , v )    S   r     



(2)








	-

	
Test criteria are determined as follows.









Compare the absolute value of two different means to distinguish the differences in the HSD score.



If |µi − µj| > HSD005, this means the test result is significant.



If |µi − µj| < HSD005, this means the test result is not significant.



Parameter measurements were taken of the growth rate, plant height/shoot length, caulis (stem) diameter, amount of leaves on the main stem, fruit water content, root–shoot ratio, and root length.



2.2.1. Preparation, Nursery and Transplanting


Planting was carried out in three places: a greenhouse, rain shelter, and screen house. The greenhouse measured 24 m long, 17 m wide, and 6 m high. The greenhouse roof comprised 200 microns of UV plastic material, while the greenhouse walls used a screen net with a density of 50 mesh. The rain shelter consisted of 200 microns of UV plastic roof with a building size of 18.5 × 5 × 3.5 m (length × width × height). As for the screen house, only the roof was covered with a screen net with a density of 50 mesh. The screen house measured 15 × 3.5 × 2.8 m (length × width × height).



Seeding was carried out by preparing the seedling media, namely husk charcoal. The husk charcoal was doused with water until it feels moist. The seedbed media were put into the seed tray until complete. Each hole was filled with one Ruby cultivar cherry tomato seed. The planting hole was closed with the seedling medium and watered until the medium was moist. The planted seed tray was stored in the greenhouse.



Seedlings were transported from seed trays to polybags four weeks after sowing (WAS). The planting medium was saturated first. Then, the seeds were planted and covered again with the media. After planting, the seedlings were watered. Polybags were arranged in double rows with a distance of 50 × 30 cm.




2.2.2. Watering Volume Application


Watering was carried out daily using a nutrient solution AB, mixed with composition Solution A consisting of potassium nitrate, calcium nitrate, and Fe in the form of ferrous sulfate. In contrast, Solution B consists of (NH4)3PO4, CuSO4, KNO3, MnSO4, ZnSO4, MgSO4, boric acid, KH2PO4, N in the form of NH4NO3, and Mo in the form of Na2MoO4. A total of 2 L each of Solution A and B was dissolved in 96 L of water. The nutrient solution was sprinkled on the surface of the planting medium. The difference in the volume of watering was determined when plants were 2 WAP. The watering volume was based on plant evapotranspiration (ETc), which was calculated by the soil–water balance equation [19].


ETc = P + I − R − D − (Wn−1 − Wn)



(3)







Information:



ETc: Evapotranspiration (mm).



P: Precipitation (mm).



I: Irrigation (volume of water given) (mm).



R: Runoff (Surface flow) (mm).



D: Drainage (Percolation) (mm).



Wn−1: Media weight on day n − 1 (g).



Wn: Weight of media on the nth day (g).



Because the experiment was carried out on polybags and watering was carried out manually, the equation can be simplified as follows:


Etc = P + I − D − (Wn−1 − Wn)



(4)







At each location, the plant samples were used to measure total evapotranspiration (ETc). Each plant sample was equipped with a water storage container under the polybag to calculate the amount of percolation (D) resulting from watering. Rainfall (P) was calculated by measuring the volume of water accommodated in the water storage container provided after rain. Then, rainfall can be measured by the formula:


H = VL × 1000



(5)







Information:



H: Rainfall height (mm).



V: Volume of water accummulated (mL).



L: Area of rainwater catchment (mm2).



The weight of the planting medium (W) was calculated by weighing the planting medium and the plants.






3. Results


3.1. Observation of Weather within Research


The weather was a secondary observation in this research. Considering weather conditions when designing and conducting experimental research could potentially impact the results. Several environmental factors could impact the results, including temperature, humidity, wind speed, and light intensity. Here is how each factor could affect the plant, along with the research.



Temperature plays a crucial role in the growth and development of cherry tomatoes. Cherry tomatoes need warm conditions to grow healthy and produce heavy sweet tomatoes. However, the temperature is higher in greenhouses, with an average of 28.72 °C, than in rain shelters (27.40 °C) and screen houses (27.13 °C). Both high and low temperature regimes can lead to smaller fruits and lower yields [20]. Optimal temperatures are necessary for various stages of growth and development [21]. The moderate and ideal temperature would be conducive to with cherry tomato growth (Figure 2). The temperature should be around 21 °C when planting seedlings, and 21–29 °C is the ideal daytime temperature for growth.



The average humidity during the research was higher in the greenhouse (58.17%), followed by the rain shelter (51.68%) and screen house (48.05%). All are in moderate categories, because rain was frequent (Figure 3). Specific research on the effect of humidity on cherry tomato yield is limited, although it is known that environmental conditions have some influence. Nevertheless, including humidity can influence the yield and fruit quality parameters of tomatoes [19].



Wind has direct and indirect effects on plant growth. Specific studies on the effect of wind speed on cherry tomato yield are not readily available. The wind in greenhouses is relatively stagnant or has a very slow-moving speed. There was a bit of open space for wind to move in the screen house. The wind speed was much higher in the screen house (average 0.46 m/s) than the greenhouse, but the highest wind speed was found in the rain shelter that had more open space for the wind to move faster (average 0.52 m/s) (Figure 4). A slow wind of less than 5 miles/hour is good for many plants, leading to a stronger and thicker plant [22].



Light intensity significantly impacts the yield and quality of cherry tomatoes. A lower light transmittance in certain cultivation systems can lead to lower fruit quality and yield [19]. Cherry tomatoes are light-loving plants and need strong light during the growth process. They require at least 6–8 h of full, direct sun per day. However, growing cherry tomatoes indoors requires a bit shiny, around 10–12 h. The net photosynthetic rate of tomato leaves increased rapidly with the increase in light intensity. Figure 5 shows that light intensity was ideal in the screen house (27,000 Lux), along with the research results. The light requirements for growing tomatoes indoors are 400–500 umole/m2/s, which is considered an ideal state indoors [23], or 21,600–27,000 Lux.



The weather conditions often interact with each other in complex ways to influence plant growth and yield. Therefore, the optimal growing conditions for cherry tomatoes would involve a careful balance of all these types of weather.




3.2. Growth Rate


The data analysis found that the growing design significantly influenced the growth rate of cherry tomatoes, while the watering volume did not have a significant effect, as shown in Figure 1. However, the interaction between the growing design and watering volume was significant for the cherry tomato’s growth rate, as shown in Figure 6. Among the different growing designs, the greenhouse recorded the highest growth rate of 61.39 g/week/plant, indicating that this environment was particularly conducive to the growth of cherry tomatoes. The rain shelter had a slightly lower growth rate of 53.39 g/week/plant, followed by the screen house, which showed a minimum growth rate of 50.94 g/week/plant.




3.3. Fruit Diameter (mm)


The data analysis revealed that the growing design and watering volume significantly affected the fruit diameter of cherry tomatoes, as shown in Figure 7. In contrast, the interaction between growing design and watering volume did not significantly affect fruit diameter. The greenhouse exhibited the highest fruit diameter among the different growing designs, measuring 22.156 mm, followed by the rain shelter, which had a slightly lower fruit diameter of 21.532 mm. The screen house recorded a minimum fruit diameter of 20.430 mm. Regarding watering volume, the application of 100% ETC resulted in a higher fruit diameter of 22.262 mm, indicating that providing the full watering requirements significantly impacted cherry tomato fruit diameter. The watering volume of 75% ETC produced a slightly lower fruit diameter of 21.351 mm. On the other hand, the watering volume of 50% ETC resulted in a lower fruit diameter of 20.504 mm.




3.4. Single Fruit Weight


The data analysis indicated that both the growing design, watering volume, and their interactions significantly affect the single-fruit weight of cherry tomatoes, Figure 8. Among the different growing designs, the greenhouse exhibited the highest single-fruit weight, measuring 6.4 g. This was followed by the rain shelter, which had a slightly lower single-fruit weight of 6.1 g. The screen house recorded the minimum single-fruit weight of 5.4 g. Regarding the watering volume, applying 100% ETC resulted in a maximum single-fruit weight of 6.4 g. The watering volume of 75% ETC produced a slightly lower single-fruit weight of 5.9 g. The watering volume of 50% ETC resulted in a lower single-fruit weight of 5.46 g. These findings highlight the significance of both the growing design and the watering volume in determining the single-fruit weight of cherry tomatoes. The greenhouse design, combined with a watering volume that meets or exceeds the ETC, is the most favorable combination for achieving a higher single-fruit weight.




3.5. Fruits per Plant


The data analysis reveals that the growing design and watering volume significantly influenced the number of fruits per plant in cherry tomatoes, as shown in Figure 9. In contrast, the interaction between growing design and watering volume did not show a significant effect. Among the different growing designs, the greenhouse exhibited the highest number of fruits per plant, averaging 50.05. This value was statistically similar to the number of fruits per plant recorded in the rain shelter, which was 49.41. On the other hand, the screen house had fewer fruits per plant, with an average of 47.08. Regarding the watering volume, applying 100% ETC resulted in a higher number of fruits per plant, with an average of 51.7. The watering volume of 75% ETC followed closely behind, with an average of 49.86 fruits per plant. However, when the watering volume was reduced to 50% ETC, the number of fruits per plant decreased to an average of 44.94.




3.6. Fruit Yield per Plant


The data analysis highlights the significant impact of growing design and watering volume on the fruit yield per plant of cherry tomatoes, as shown in Figure 10. The greenhouse design emerged as the most productive, with an average fruit yield per plant of 335.2. Following closely behind, the rain shelter demonstrated a slightly lower fruit yield per plant, averaging 303. In contrast, the screen house recorded the lowest fruit yield per plant, averaging 281.7. Regarding watering volume, providing 100% ETC resulted in a higher fruit yield per plant, averaging 324.3. Similarly, a watering volume of 75% ETC exhibited a favorable impact, with an average fruit yield per plant of 308.5. However, a reduced watering volume of 50% ETC resulted in a lower fruit yield per plant, averaging 287.




3.7. Root Dry Weight


The study’s findings demonstrated that the watering volume significantly impacted the root dry weight of cherry tomatoes, as shown in Figure 11. The highest root dry weight of 23.69 g was observed when the plants received 100% of the estimated total water requirement (ETC), followed by 75% ETC, while the lowest root dry weight of 19.47 g was recorded when the plants were subjected to 50% ETC. On the other hand, the specific growing design used in the experiment did not significantly affect the cherry tomato’s root dry weight. Furthermore, the interaction between these factors was also insignificant when considering the combined influence of watering volume and growing design.




3.8. Shoot Dry Weight


The study showed that the watering volume, growing strategy, and their interaction significantly affected the dry weight of cherry tomato shoots, as shown in Figure 12. When cherry tomatoes received 100% of the estimated total water requirement (ETC), they exhibited the highest shoot dry weight of 128.31 g, which is statistically similar to the shoot dry weight of 126.97 g observed at 75% ETC. However, the lowest shoot dry weight of 122.47 g was recorded when the plants received 50% ETC. Regarding growing design, cherry tomatoes grown in a greenhouse displayed the maximum shoot dry weight of 131.11 g, followed by 123.86 g in a rain shelter, statistically similar to the shoot dry weight of 122.78 g observed in a screen house.




3.9. Root–Shoot Ratio


The data analysis reveals that the growing design and watering volume significantly influenced the root–shoot ratio of cherry tomatoes, as shown in Figure 13. In contrast, the interaction between growing design and watering volume did not show a significant effect. The screen house demonstrated the highest root–shoot ratio, with an average of 0.175, statistically similar to the ratio observed in the rain shelter at 0.173. In contrast, the greenhouse had the lowest root–shoot ratio, averaging 0.162. Regarding watering volume, applying 100% ETC resulted in a higher root–shoot ratio of 0.185, indicating a relatively greater proportion of root mass to shoot mass. The watering volume of 75% ETC exhibited a slightly lower root–shoot ratio, with an average of 0.165. Conversely, by reducing the watering volume to 50%, ETC decreased the root–shoot ratio to an average of 0.160.




3.10. Biological Yield per Plant


The data analysis reveals that the growing design and watering volume significantly influenced cherry tomatoes’ biological yield per plant, as shown in Figure 14. In contrast, the interaction between growing design and watering volume did not have a significant effect. Among the different growing designs, the greenhouse exhibited the highest biological yield per plant, averaging 992 g. This was followed by the rain shelter, which had a slightly lower biological yield per plant of 937 g. The screen house showed a biological yield per plant that was statistically similar to the rain shelter’s, with an average of 905 g. Regarding the watering volume, applying 100% Evapotranspiration Coefficient (ETC) resulted in a higher biological yield per plant, with an average of 963 g. The watering volume of 75% ETC showed a similar biological yield per plant, averaging 960 g. However, when the watering volume was reduced to 50% ETC, the biological yield per plant decreased to an average of 911 g.




3.11. Chlorophyl Content (SPAD)


The data analysis reveals that both the growing design and watering volume significantly influenced the chlorophyll content of cherry tomatoes, as shown in Figure 15. In contrast, the interaction between the growing design and watering volume did not have a significant effect. The greenhouse exhibited the highest chlorophyll content, with an average of 42.74, followed by the rain shelter, with a slightly lower average of 41.81. Conversely, the screen house had the lowest chlorophyll content, measuring an average of 40.97. In terms of watering volume, applying 100% ETC resulted in a higher chlorophyll content, with an average of 43.50, while 75% ETC showed a slightly lower average of 41.822. However, by reducing the watering volume to 50%, ETC decreased the chlorophyll content to an average of 40.19. These findings emphasize the importance of both the growing design and appropriate watering volume in influencing the chlorophyll content of cherry tomatoes. The greenhouse design, combined with adequate watering according to or exceeding the ETC, is the most favorable combination for achieving higher chlorophyll content.




3.12. Fruit Texture (Firmness and Elasticity)


Concerning fruit firmness, the growing design significantly affected fruit firmness, as shown in Figure 16. The greenhouse exhibited the highest fruit firmness of 5.64 N, followed by the screen house, with 4.93 N, which was statistically similar to the rain shelter with a strength of 4.82 N. Like the other samples, watering volume and the interaction between growing design and watering volume did not significantly affect fruit firmness.



The greenhouse exhibits the highest elasticity of 36.73 mm, followed by 19.66 mm in the screen house, while rain shelter produced a lower elasticity of 17.77 mm, Figure 17. Regarding watering volume, the maximum elasticity of 33.4 mm was observed with 100% ETc, followed by 20 mm with 75% ETC, which was statistically similar to the elasticity of 18.60 mm with 50% ETc.





4. Discussion


4.1. Growth Rate


As tomatoes have evolved strategies for water conservation during dry spells and effective water use during wet periods, cherry tomatoes are noted for their ability to handle changes in the water supply to some extent. In contrast, ref. [24] showed a significant effect of watering on cherry tomato growth. Additionally, given the experimental conditions, the influence of the watering amount may have been overshadowed by other environmental factors like soil composition, light exposure, and temperature variations that may have had a more significant impact on cherry tomato growth [25,26]. According to the current findings, earlier research has shown that deficits in irrigation regimes reduced vegetative growth and fruit output [27]. The flexibility of cherry tomato plants may have prevented a direct effect on growth rate from being statistically significant in the study, even though adequate watering is necessary for optimal growth [28,29].




4.2. Fruit Diameter


The spacing, trellising, and support structures made up the growing design determined how cherry tomato plants develop and spread. The better availability of sunlight, enhanced air circulation, and effective fertilizer distribution provided by an optimized growing system encourage healthier and more robust plant growth, resulting in a greater fruit diameter [30]. The amount of watering directly affects the amount of water and nutrients available to the cherry tomato plants [31]. Adequate watering ensures a steady supply of vital plant nutrients, promoting photosynthesis and nutrient uptake. Optimal soil moisture levels also shield plants from wilting driven by stress and allow them to focus more energy on fruit development, which leads to larger leaf area and increased fruit diameters [32], with similar findings reported by [33] for cherry tomato.




4.3. Single Fruit Weight


Different levels of environmental control are provided by growing systems, controlling temperature, humidity, and light exposure [34]. Every technique can produce different growing conditions, affecting the plant’s metabolism and, eventually, the fruit’s size and weight [35,36]. The increase in temperature in the polyhouse was due to the greenhouse effect [16,37]. Additionally, the watering volume significantly impacts nutrient uptake and transport, as well as plant turgor pressure and cell expansion, which immediately affect fruit weight [38]. Because several growing strategies may maximize water distribution while others may inhibit it, the interaction between growing systems and watering volume can accentuate or decrease each element’s impact, influencing general plant health and fruit development [39].




4.4. Fruits per Plant


A consistent moisture supply, necessary for ideal growth and fruit development, is ensured by adequate watering [13]. Different growing strategies can improve space usage, light exposure, and air circulation, which results in healthier plants and more fruit sets. Additionally, vigilant water management, particularly growth patterns, aids in avoiding overwatering or drought stress, which can negatively impact fruit yield [39]. The irrigation effect on processing tomatoes is complex; first, it increases the number of fruits per plant through the number of flowers and the percentage of fruit that is set, and then enlarges the size of fruits [40,41]. The number of fruits and fruit size of tomatoes are affected by water stress during different growing stages [42]. The improvement in yield as irrigation frequency increased in our experiment was mainly due to the increase in fruit number [43].




4.5. Fruit Yield per Plant


Different growing methods affect the availability of nutrients, the health of the roots, airflow, and light exposure, all of which support healthier plants and greater fruit output [44]. Maintaining root health, controlling stress, and fostering optimum pollination and flowering all depend on the right amount of irrigation [45,46]. With the efficient use of space in various designs, cherry tomato plants can benefit from sunshine and devote more energy to fruit growth [47]. Greenhouses led to vigorous growth and a higher yield of better quality compared with field production, which suggested the superiority of greenhouse cultivation compared to traditional open-field production [48,49]. Ref. [50] resulted in there being more fruits in the greenhouse method.




4.6. Biological Yield per Plant


Growing environments like greenhouses provide controlled conditions, optimizing temperature, humidity, and excessive rainfall, preventing waterlogging, and potential diseases, and protecting from pests while allowing for adequate airflow and protecting from adverse weather, enhancing overall plant health and productivity [25,51,52]. Varying watering volumes influence plant hydration, affecting nutrient uptake and photosynthesis [53]. Correctly matching growing designs with appropriate watering levels can create optimal conditions for cherry tomato plants, resulting in an increased biological yield per plant [27]. Growing tomato plants under shade nets eliminated “sun scald” compared to plants grown without shading, enhancing biomass productivity [32]. Regular irrigation in all growth stages resulted in optimal performance [54]. Because of the high water requirements, the tomato plant is sensitive to deficits in irrigation, so any stress can reduce the plant growth and yield [55].




4.7. Root Dry Weight


Growing environments that are well thought-out can offer the perfect conditions for root growth, resulting in longer and healthier roots. The choice of support structures and growing strategies strongly impacts the space available for growing roots and the availability of nutrients. Inadequate watering prevents nutrient intake and limits root growth [56]. In contrast, over-watering can cause soggy soil, which restricts the roots’ access to oxygen and leads to damage [57]. The roots can grow deeper into the ground to acquire more nutrients and water by finding the ideal balance between watering quantities [58]. By expanding their root architecture, plants strive to obtain water from deeper soil layers when there is a water shortage [59]. Also, roots are the primary sensors of water availability, regulating how they function and growth traits such as root length and spread, and the quantity and length of lateral roots [60,61].




4.8. Shoot Dry Weight


Adequate watering is essential to deliver nutrients and hydration to promote shoot growth. The cherry tomato cultivar Ruby’s lower shoot dry weight was under 100% ETC watering, compared to 75% ETC and 50%, which may result from overwatering, limiting soil oxygen availability and impairing root activity. In contrast to a greenhouse or a rain shelter, a screen house is subject to harsh environmental conditions like rainfall, leading to a slower rate of shoot productivity. Inadequate watering might reduce shoot growth, whereas proper watering promotes healthy shoot elongation [26,35]. A well-designed growing house can assure adequate access to sunshine and space for shoot extension, allowing for cherry tomato plants to grow higher and become more potent [62]. These elements interact optimally when effectively balanced, providing the perfect conditions for cherry tomato plants to thrive [63]. Each cherry tomato plant has appropriate access to sunlight and can utilize an efficient growing strategy, providing optimum photosynthesis and energy production [64]. This sufficient energy fosters the formation of robust, extended stems and aggressive shoot growth [60]. Due to the limited soil moisture during a drought, plants cannot absorb as many nutrients, which results in shorter stem lengths [65].




4.9. Root–Shoot Ratio


The balance between the plant’s above-ground shoot system and its root system is called the root–shoot ratio. A higher root–shoot ratio indicates a more robust allocation of resources and energy toward root growth. In contrast, a lower root–shoot ratio encourages shoot development. A reduced root–shoot ratio results from the plant allocating more resources to the above-ground sections due to the water stress brought on by inadequate irrigation [46]. In contrast, regular, appropriate watering promotes healthy root growth and increases the root–shoot ratio because the roots can absorb more water and nutrients [38]. The root–shoot ratio of cherry tomato plants is directly impacted by growing design, which also significantly influences the spatial distribution of resources available to those plants [32]. An ideal growing arrangement contains sufficient area for root growth, enabling the roots to explore more soil and access a larger water supply and more nutrients. This encourages strong root growth, which increases the root–shoot ratio [25,66].




4.10. Chlorophyl Content


Different growing techniques could affect the availability of nutrients and the growth of the roots, directly affecting chlorophyll synthesis [37,47]. Water is a crucial component of photosynthesis [30,32,67]. Therefore, varying watering amounts impact the overall water stress that the plants feel, which leads to changes in chlorophyll production [68]. A lower chlorophyll content and lower photosynthetic activity can result from insufficient watering [69]. On the other hand, excessive watering might restrict the amount of oxygen available to the roots, preventing the creation of chlorophyll [70]. Additionally, chlorophyll production could be impacted by the quality of the water, particularly its pH and nutritional content [71].




4.11. Fruit Texture (Firmness and Elasticity)


Growing designs provide controlled environments with regulated temperature, humidity, and light, promoting optimal growth conditions for cherry tomato plants [3]. This controlled environment can lead to fruits with stronger cell structures, resulting in increased firmness. This protection enhances the overall health of the plants, leading to more elastic and resilient cherry tomato fruits [17,32]. The water supplied to cherry tomato plants directly influences their hydration and nutrient uptake [46]. Adequate watering ensures sufficient water availability, leading to well-hydrated and turgid plant cells. Proper hydration supports the development of strong and elastic fruit tissues [56]. Conversely, overwatering can lead to waterlogged roots and reduced oxygen availability, negatively impacting fruit quality [26]. By carefully managing watering volume, growers can enhance the strength and elasticity of cherry tomato fruits [63].





5. Conclusions


The study revealed that the greenhouse approach demonstrated the most favorable outcomes for cherry tomato cultivation among the different growing designs. The greenhouse-grown cherry tomatoes exhibited higher growth rates, maximum fruit diameter, an increase in fruits per plant, and superior fruit and biological yield. Additionally, the greenhouse design resulted in greater shoot biomass, elevated leaf chlorophyll content, and higher fruit elasticity. Regarding watering volume, the 100% ETc treatment was the most beneficial, leading to a larger fruit size, heavier fruits, increased fruit yield, and enhanced root and shoot biomass. The combination of greenhouse growing design with 100% ETc watering volume is recommended for successful and improved cherry tomato production in the Jatinangor region, providing better growth, higher yield, and superior fruit quality, and thereby supporting the increasing demand for cherry tomatoes in Indonesia.
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Figure 1. VOSviewer bibliometric of cherry tomato research update. 
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Figure 2. Temperature (°C) at experimental sites during research phase. Note: GH = greenhouse, SH = screen house, RS = rain shelter. 
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Figure 3. Humidity (%) at experimental sites during research phase. Note: GH = greenhouse, SH = screen house, RS = rain shelter. 
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Figure 4. Wind speed (m/s) at experimental sites during research phase. Note: GH = greenhouse, SH = screen house, RS = rain shelter. 
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Figure 5. Light intensity (lux) at experimental sites during research phase. Note: GH = greenhouse, SH = screen house, RS = rain shelter. 
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Figure 6. Main effect of growing designs and watering volume on growth rate (gram/week/plant) of cherry tomato cultivar Ruby. 
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Figure 7. Main effect of growing designs and watering volume on fruit diameter (mm) of cherry tomato cultivar Ruby. 
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Figure 8. Main effect of growing designs and watering volume on single fruit weight (g) of cherry tomato cultivar Ruby. 
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Figure 9. Main effect of growing designs and watering volume on fruits per plant of cherry tomato cultivar Ruby. 
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Figure 10. Main effect of growing designs and watering volume on fruit yield per plant (g) of cherry tomato cultivar Ruby. 
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Figure 11. Main effect of growing designs and watering volume on root dry weight (g) of cherry tomato cultivar Ruby. 






Figure 11. Main effect of growing designs and watering volume on root dry weight (g) of cherry tomato cultivar Ruby.



[image: Agronomy 13 02417 g011]







[image: Agronomy 13 02417 g012] 





Figure 12. Main effect of growing designs and watering volume on shoot dry weight (g) of cherry tomato cultivar Ruby. 
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Figure 13. Main effect of growing designs and watering volume on root-shoot ratio of cherry tomato cultivar Ruby. 
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Figure 14. Main effect of growing designs and watering volume on biological yield per plant (g) of cherry tomato cultivar Ruby. 
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Figure 15. Main effect of growing designs and watering volume on leaf chlorophyll content (SPAD) of cherry tomato cultivar Ruby. 
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Figure 16. Main effect of growing designs and watering volume on fruit firmness (N) of cherry tomato cultivar Ruby. 
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Figure 17. Main effect of growing designs and watering volume on fruit elasticity (mm) of cherry tomato cultivar Ruby. 
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