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Abstract. Escomen EO, Jambaro GS. 2026. Impact of vernalization on flowering, fruiting, and yield of strawberry (Fragaria × 

ananassa) cultivars under tropical highland conditions. Asian J Agric 10 (1): g100116. https://doi.org/10.13057/asianjagric/g100116. 

Vernalization is a key physiological process influencing flowering, fruiting, and yield in strawberry, yet its effectiveness varies among 

cultivars, particularly under tropical highland conditions where natural chilling is limited. This study examines the performances of 

vernalization in terms of phenology, productivity, and fruit characteristics of five strawberry cultivars, namely Albion, Snow White, 

Summer Princess, Sweet Charlie, and Sweet Honeoye. The experiment was conducted in the tropical highland environment in Marawi 

City, Philippines, to improve strawberry production in tropical and subtropical areas. A 2x5 split-plot in Randomized Complete Block 

Design (RCBD) with vernalization (3°C for 10 h before planting) as the main plot and cultivar as the subplot. Vernalization significantly 

accelerated flowering, increased flower and fruit numbers, and enhanced total yield across cultivars (p<0.05). Vernalized plants 

produced a higher mean yield (10.83 t ha-¹) compared with non-vernalized plants (7.38 t ha-¹), primarily due to increased reproductive 

output. Sweet Honeoye and Sweet Charlie produced 13.68 t ha-1 and 13.47 t ha-1, respectively. The number of flower formations was 

greater, as Sweet Honeoye generated up to a mean of 40.25 flowers per plant. The fruit yield was also increased, especially in Sweet 

Honeoye and Sweet Charlie. The number of runners was reduced due to vernalization, which was most significant with Albion. Snow 

White experienced an increase in the Total Soluble Solids (TSS) to 15.35°Brix. Each cultivar has a different response to vernalization. 

Significant interaction effects between vernalization and cultivar were observed for key phenological and yield traits, underscoring 

genotype-specific responses. These findings demonstrate that short-duration vernalization can substantially improve strawberry 

productivity in tropical highlands when matched with responsive cultivars, offering a practical strategy for enhancing yield stability 

under warm-climate conditions. 
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INTRODUCTION 

Vernalization is an essential physiological treatment in 

strawberry cultivation, which subjects some plants to low 

temperatures to induce several biological responses that 

promote flowering and fruit production. It is a critical 

process for most strawberry cultivars that transitions them 

to reproductive growth to ensure optimum production. 

Strawberries (Fragaria x ananassa) are one of the most 

produced crops in temperate and subtropical areas, where 

temperature is the key factor in their growth (Ren et al. 

2024). Although vernalization is common in most 

strawberry cultivars, the degrees of vernalization change 

according to the plant type (Hancock 2020). 

Vernalization is dependent on cultivars of strawberries, 

whereas the modern cultivars with "day-neutral" (day-

length-indifferent) flowers require no vernalization in order 

to flower and fruit (da Costa et al. 2014). For example, 

Albion is highly intolerant of low temperatures and does 

not flower or fruit without vernalization (Hancock et al. 

2008). In contrast, newer varieties like Sweet Charlie do 

not need lower temperatures. Nevertheless, the success of 

vernalization is cultivar-specific; as Sweet Honeoye, a 

high-yielding variety, significantly increased flower/fruit 

production with the help of vernalization (Guevara-Matus 

et al. 2023). These differences also manifested when 

Albion showed low yields under controlled chilling 

conditions (Walter et al. 2005). Because of this, growers 

must select specific cultivars that perform reliably under 

certain environmental conditions. They can then tune down 

the vernalization process to take full advantage of the 

available growing area (Diel et al. 2017). 

Vernalization also has an extra effect besides flowering, 

affecting fruit quality. According to Galletta and Himelrick 

(1990), when plants have been subjected to vernalization, 

better-quality fruits are produced. Such desirable traits as 

sweetness, size, and texture indicate this quality. In 

strawberry production, this is important because the quality 

of fruit is a prime determinant of the market. In areas that 

experience poor chilling temperatures in the tropics, where 

the variation in temperatures can result in poor 

vernalization, growers can control the temperature 

conditions to provide vernalization so that their fruit quality 

and yield will improve (Thammasophon et al. 2023). 

Artificial manipulation through chilling has the strong 

feature of vernalization, especially in other regions where 

winters are not experienced. In these regions, natural 

chilling time may be insufficient to achieve adequate 

vernalization, so the artificially affected chilling resulted in 

improved flowering and fruit yield (Krüger et al. 2012). 



 ASIAN JOURNAL OF AGRICULTURE 10 (1): g100116, June 2026 

 

2/11 

For example, regions that do not have adequate exposure to 

low temperatures are assisted through chilling treatments to 

terminate dormancy, induce flowering and fruiting, and 

improve overall productivity (Faedi et al. 2002). 

Temperature and humidity are environmental factors 

critical for vernalization. This process induced flowering in 

warm regions, though too much moisture can enhance 

fungal diseases in plants (Thammasophon et al. 2023). 

Different strawberry cultivars had unique 

characteristics. For example, Albion, a cold-sensitive 

cultivar, yields high-quality fruits but in lower quantities. 

Snow White is known for its sweetness and fruit quality. 

Summer Princess provides a balanced yield and is suitable 

for intercropping. Sweet Honeoye is ideal for large-scale 

production and can survive in warmer environmental 

conditions. 

With unpredictable changes in the temperature level, 

vernalization has been considered as one of the possible 

methods of counteracting the impact of increasing 

temperature on strawberry production. Maskey et al. (2018) 

present the application of machine learning models to 

predict strawberry crop yields based on weather data, 

which considers how the vernalization process can be 

streamlined in coordination with climatic projections to 

maximize outputs in changing climates. Different 

strawberry cultivars require vernalization to ensure yield 

stability, particularly in areas with variable temperatures 

and chilling hours (Thammasophon et al. 2023). 

This research seeks to examine how vernalization 

influences the flowering, fruiting, and yield of five 

strawberry cultivars, namely Albion, Snow White, Summer 

Princess, Sweet Charlie, and Sweet Honeoye, in a 

particular climatic condition of Marawi City, located in 

Lanao del Sur, Philippines. This study hypothesized that 

short-duration vernalization would significantly enhance 

flowering, fruiting, and total yield of strawberry under 

tropical highland conditions, and that the magnitude of 

these responses would vary among cultivars due to 

genotype-specific sensitivity to low-temperature exposure. 

MATERIALS AND METHODS 

Location and duration of study 

This research was carried out in the Agricultural 

Experimental Area of the College of Agriculture, 

Mindanao State University-Main Campus, Marawi, 9700, 

Lanao del Sur, Philippines (8°00'15"N 124°15'41"E) as 

indicated in Figure 1. The experiment started in June 2024 

by the production of planting materials and terminated in 

April 2025. The soil in the experimental site is classified as 

Adtuyon clay loam, Typic Kandiudults, and is typically 

infertile. The soil needed to be fertilized and limed to 

maximize plant growth and development. The area also has 

a Type IV climate according to the Corona classification, 

characterized by evenly distributed rainfall throughout the 

year. The average rainfall was 625.05 mm during the crop 

period, with the relative humidity of 86.07%. The 

temperature variation was not below 19.96°C, nor above 

26.95°C, and averaged 23.46°C. 

Production of planting materials 

Due to the limited availability and high cost of planting 

materials, initial strawberry plants were allowed to produce 

runners for six months. This process adhered to the 

standard cultural management practices for strawberry 

production, as outlined by the Agricultural Training 

Institute-Cordillera Administrative Region (DA-ATI-CAR, 

undated). The experiment used the following varieties: 

Albion (Figure 2.A), Snow White (Figure 2.B), Summer 

Princess (Figure 2.C), Sweet Charlie (Figure 2.D), and 

Sweet Honeoye (Figure 2.E). 

Soil sampling and soil analysis 

Soil samples were collected following the standard 

procedures set by the Department of Agriculture, Bureau of 

Soil and Water Management. The farm was divided into 

sections based on factors such as color, texture, water 

source, topography, and previous management practices. 

Soil samples were collected using a soil auger, following 

the zigzag method of systematic stratified sampling. Each 

sample was placed in labeled cellophane bags, air-dried, 

pulverized, and sieved before being sent to the laboratory 

for analysis. The soil was analyzed for pH, Organic Matter 

(OM), total nitrogen (N), available phosphorus (P), and 

extractable potassium (K). Table 1 outlines the laboratory 

procedures and methods used for each soil test.  

Climate data acquisition 

Climate data, including rainfall, relative humidity, and 

mean temperature, were collected from the National 

Aeronautics and Space Administration (NASA)-Prediction 

of Worldwide Energy Resources (POWER) project 

(https://power.larc.nasa.gov/data-access-viewer/) from 

December 1, 2024 to April 30, 2025. 
 

 

 

 
 

Figure 1. Overview of the experimental field site at Mindanao 

State University Main Campus, Marawi City, Lanao del Sur, 

Philippines 

 

 

 

 

https://power.larc.nasa.gov/data-access-viewer/


ESCOMEN & JAMBARO – Impact of vernalization on strawberry cultivars 

 

3/11 

   

  
 

Figure 2. Different strawberry varieties used in the study. A. Albion, B. Snow White, C. Summer Princess, D. Sweet Charlie, E. Sweet 

Honeoye 

 

 

 

Experimental design 

The experiment used a 2x5 split-plot in a Randomized 

Complete Block Design with four replications (Figure 3). 

The main plot consisted of vernalized (N1) and non-

vernalized (N2) treatments. Subplots were different 

strawberry cultivars, namely Albion (V1), Snow White 

(V2), Summer Princess (V3), Sweet Charlie (V4), and 

Sweet Honeoye (V5). Each replicate included 12 plants per 

plot in a 1×1.80 m plot. The total number of plants in the 

experiment is 480. The total land area utilized for the study 

was 456 m2. 

For the vernalization treatment, the plants in the 

vernalized group were exposed to 3°C for 10 hours in a 

controlled environment prior to planting. This chilling 

treatment was applied once and lasted for a continuous 10-

hour period. The chosen temperature and duration were 

based on preliminary trials with the cultivar Sweet 

Honeoye, which showed that exposure beyond 10 hours did 

not result in significant improvements in fruit quality or 

yield. The short-duration chilling was intended to elicit 

early cold vernalization responses in the strawberry plants. 

Cold treatment of this type rapidly alters the expression of 

cold-responsive genes, activating the ICE-CBF signaling 

pathway and COR transcription factors (Liu et al. 2019). 

No additional low-temperature exposure was applied 

beyond this single chilling session. This experimental 

design enabled a detailed comparison of the effects of 

vernalization across different strawberry cultivars under 

controlled conditions. 

Cultural management practices 

Figure 4 shows the cultural management practices for 

strawberries. Land preparation entailed plowing, 

harrowing, and raising beds to improve drainage and 

prevent plant damage. The use of plastic mulch regulates 

soil moisture and soil temperature. Plants were spaced at a 

distance of 30 cm within a double row. The recommended 

fertilizer rate was 140-140-140 kg N, P2O5, K2O/ha. 

Nitrogen was applied in three splits: at planting, 4 weeks, 

and 8 weeks after the initial application. Phosphorus was 

applied at planting and before flowering, while potassium 

was applied at planting, pre-flowering, mid-flowering, and 

during the fruiting phases. Irrigation was done traditionally 

to sustain the right amount of moisture. Insect pests and 

diseases were controlled using chemical measures, with 

application rates and methods following the manufacturer’s 

recommendations. To avoid pest resistance, various active 

ingredients were used. Common pests observed on the 

strawberry plants included aphids (Aphis gossypii), 

cutworms (Spodoptera litura), tussock moths (Orgyia sp.), 

leaf-feeding beetles (Monolepta sp. and Aulacophora sp.), 

adult beetles (Leucopholis irrorata), curculionid beetles 

(Metapocyrtus sp.), mealybugs (Pseudococcidae), and ants 

(Solenopsis sp.). Weeding was manually done to ensure no 

weeds were present around the plants. Healthy, robust, 

disease-free planting materials with 4-6 healthy leaves 

were selected. The harvesting of the fruits took place at 

three-fourths ripeness, which was signified by the redness 

of the color. 

A B C 

D E 
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Statistical analysis 

Data was analyzed using Analysis of Variance 

(ANOVA) for RCBD. Significant differences were further 

analyzed using Tukey’s Honest Significant Difference 

(HSD). The statistical analyses were performed using the 

STAR 2014 software (International Rice Research Institute 

2014), version 2.0.1. 

 

 

Table 1. Methods of analysis and analytical techniques for soil testing 

 

Parameter Method of analysis 
Analytical technique/ 

Instrumentation 
Results 

pH 1:1 Soil:water pH method Potentiometric 4.65 (Strongly Acidic) 

Organic Matter (OM) Walkley and Black method (Walkley 

and Black 1934) 

Titration 1.20% (Critically Low) 

Total Nitrogen (N) Modified Kjeldahl method (Campbell 

and Hanna 1937) 

Distillation and Titration 50 kg/ha (Critically Low) 

Available Phosphorus (P) Bray 1 (FAO-UN 2021) Visible Spectrophotometer 4.62 kg/ha (Critically Low) 

Extractable Potassium (K) Ammonium acetate method (Chapman 

1965) 

Flame Photometer 93.00 kg/ha (Critically Low) 

 

 

 
 

Figure 3. Experimental layout of the area 

 

 
 

Figure 4. Cultural management practices for strawberries 
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RESULTS AND DISCUSSION 

Climate and soil data 

Strawberries have optimum production at temperatures 

that range between 15 and 24°C. Specific site data records 

an average temperature of 23.46°C, minimum temperature 

of 19.96°C, and maximum temperature of 26.95°C, as 

shown in Figure 5. Temperatures above 30°C may induce 

heat stress, failing to produce flower and fruit set, thus 

causing low yields. In Southeast Queensland, Australia, 

Menzel (2023) reported a 28% reduction in yields 

compared with 1967 data, which is due partly to rising 

mean temperature. 

Relative humidity is a factor affecting the health of the 

strawberries due to turgidity maintenance, and 

photosynthesis is also important. Very high humidity of 

over 85% creates susceptibility to fungus infections such as 

powdery mildew and botrytis. The relative humidity of 

86.07% in this site demands prior prevention in order to 

manage/prevent fungal diseases in a humid environment. 

Kim et al. (2023) also suggest that the combination of pest 

management advice and environmental information to 

reduce liability to fungi. 

Strawberries are well-drained crops that do not tolerate 

water deficit, whereby poor drainage may lead to root rot. 

Appropriate rainfall, more so when there are high levels of 

rain during the fruit development stage, improves fruit size 

and quality. The rainfall experienced throughout the 

cropping season was 625.05 mm, implying that water stress 

is not likely to be of any threat to soil upkeep and drainage. 

Maskey et al. (2018) stressed the efficiencies of weather-

based models to forecast the production of strawberries, 

considering different conditions. 

Since climate change has been erratic, the latest 

developments are in the use of climate-indexed yield- 

prediction models where temperature, precipitation, and 

humidity are taken into consideration. These models 

enhance the precise estimation of yield performances of 

farms with strawberries under varying conditions of nature. 

Brown et al. (2018) emphasized the opportunities in 

making climate projections a part of increasing 

predictability of yields. 

Soil analysis revealed a strongly acidic pH of 4.65. 

Other key indicators were critically low, with organic 

matter at 1.20%, available nitrogen at 50 kg/ha, available 

phosphorus at 4.62 kg/ha, and available potassium at 93.00 

kg/ha. 

Number of days to first flower 

The time to first flower was significantly influenced by 

both cultivar and vernalization treatment, as shown in 

Figure 6. In the non-vernalized treatment, Albion had the 

shortest flowering time, with an average of 25-26th days, 

significantly earlier than the other varieties. Summer 

Princess flowered at 55-56th days, followed by Sweet 

Honeoye at 62-63rd days and Sweet Charlie at 63-64th days, 

the most extended flowering periods among the non-

vernalized plants. 

In the vernalized treatment, the variation in flowering 

times was less pronounced. Albion flowered at 43-44th 

days, followed by Summer Princess at 47-48th days, earlier 

than Snow White at 62-63rd days, the cultivar with the 

latest flowering time under vernalization. Sweet Honeoye 

and Sweet Charlie flowered around the same time at 57.13 

days and 57.05 days, respectively, both flowering slightly 

earlier than Snow White. 

The variations in flowering time of vernalized and non-

vernalized treatments were also significantly different, thus 

supporting the claims of other studies on how vernalization 

regulates the speeding up of flowering. Albion was the 

earliest one to flower in non-vernalized treatment, and this 

was consistent with the evidence of Thammasophon et al. 

(2023), who documented that some strawberry varieties 

flower earlier without vernalization. Conversely, Sweet 

Honeoye, Summer Princess, and Sweet Charlie showed 

later flowering, indicating that they are more sensitive to 

environmental factors like temperature and photoperiod, 

which Kumar et al. (2012) suggest may contribute to 

delayed flowering in specific cultivars. 

In the process of vernalization, Albion and Sweet 

Honeoye flowered earlier than Snow White, having the 

most extended flowering period. Madrid (2021) claimed 

that the vernalization condition usually promotes early 

flowering by breaking dormancy. When comparing 

flowering times between Summer Princess and Sweet 

Charlie under vernalization, this may occur due to the 

similarity in vernalization response between the two 

varieties, as concluded by Prohaska et al. (2024), in that 

some varieties are more strongly affected by vernalization, 

which results in a consistency in the flowering time 

parameter irrespective of environmental conditions.  

Number of runners 

The runner production per plant had been affected by 

the vernalization treatment and the variety of strawberry. 

The variations in runners per plant were recorded in the 

varieties under the non-vernalized treatment. Albion 

produced fewer runners with an average of 0.53 runners per 

plant, while Sweet Honeoye produced the most runners at 

2.83 per plant, and Sweet Charlie, which had 2.65 runners 

per plant. Snow White and Summer Princess had 0.60 and 

2.68 runners per plant, respectively (Figure 7.A). 

When given the vernalized treatment, the production of 

runners was affected negatively in all the varieties, with 

Albion being the least affected at 0.1 runners per plant. 

Sweet Honeoye decreased to 2.50 runners per plant 

compared to 2.83 runners per plant, while Snow White, 

Summer Princess, and Sweet Charlie fell to 0.75 to 2.48 

and 2.50 runners/plant, respectively. These findings are 

consistent with the current research and past findings that 

vernalization alters the assimilation of energy used in 

vegetative growth to reproduce growth and controls the 

number of runners originated (Rozbiany and Taha 2023; 

Intawong et al. 2025). Even though the number of runners 

is reduced in the vernalized conditions, it does not 

necessarily mean an overall reduction in productivity 

because such productivity may be counterbalanced by fruit 

production (Rozbiany and Taha 2023). Thus, the effects of 

vernalization on the production of runners are probably 

genetically and ecologically mediated. 
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As to varietal differences, more runners were produced 

in Sweet Honeoye with a mean of 2.66 runners per plant in 

both treatments, followed by 2.69 and 2.58 runners per 

plant by Summer Princess and Sweet Charlie, respectively 

(Figure 7.B). Such results indicate that the behavior of such 

varieties concerning environmental conditions and 

vernalization is the same, and yields a similar number of 

runners. Walter et al. (2005) found that the variety of 

strawberries is of great importance in maximizing the 

growth and production of fruits. 

In contrast, Albion exhibited the lowest number of 

runners, averaging 0.31 runners per plant, which is 

significantly lower than the other varieties. This indicates 

that Albion could not have good environmental or genetic 

adaptation to the experimental conditions, especially to 

vernalization treatment. 
 

 
 

 
A 

 
B 

 
C 

 

Figure 5. Climate data: A. Temperature, B. Relative humidity, 

and C. Precipitation for the study site, obtained from NASA-

POWER. The average temperature was 23.46°C, with a minimum 

of 19.96°C and a maximum of 26.95°C. Average relative 

humidity was 86.07%, and total precipitation was 625.05 mm 
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Figure 6. Number of days to first flower as affected by 

vernalization status and different strawberry varieties. Treatment 

groups with the same letter do not differ significantly (p=0.0000) 
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Figure 7. A. Number of runners per plant for different varieties 

under vernalized and non-vernalized treatments, B. Varietal 

runner production, showing the average number of runners per 

plant across both treatments. Treatment groups with the same 

letter do not differ significantly (p=0.0000) 
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The same thing was discovered by Hytonen and Elomaa 

(2011), who point out that the ecological or genetic 

parameters may restrain vegetative propagation, thereby 

dwindling the delivery of runners in certain varieties. The 

0.68 runners per plant were produced by Snow White, 

which is a moderate response to the experimental 

conditions. These findings support that the production of 

runners depends on the variety of strawberries and that 

choosing the cultivar is necessary to guarantee the highest 

vegetative growth and yield (Bisht et al. 2024). 

Number of flowers per plant  

The number of strawberry flowers per plant was 

counted within five different varieties of strawberries and 

in two vernalization treatments, as shown in Figure 8. 

Under the non-vernalized treatment, a marked intervarietal 

variation was found. Albion had the fewest flowers, 

producing an average of 3.50 flowers per plant, and Snow 

White produced 6.75 flowers per plant on the lowest end of 

the varieties. Other forms, such as Summer Princess, Sweet 

Charlie, and Sweet Honeoye, had many more flowers with 

their mean value of 27.75, and 28.75, and 31.25 per plant, 

respectively. 

In most varieties, the number of flowers was affected 

positively after application of vernalization treatment. 

Albion increased to 9.80 flowers/ plant, whereas the 

increase in Sweet Honeoye reached the highest overall 

count, increasing to 40.25 flowers/ plant. Snow White and 

Summer Princess improved totals of 30.50 and 39.00 

flowers per plant, respectively, whereas Sweet Charlie 

improved to a total of 39.25 flowers per plant. These 

findings indicate that vernalization induced more flowers in 

most cultivars, yet differences among cultivars. 

The impact of vernalization on flower production was 

different with respect to cultivar. The most significant 

relative increase was found in Snow White, with the flower 

count more than quadrupling after vernalization, 30.50 and 

6.75 flowers per plant, meaning this cultivar responds 

strongly to vernalization. Albion, too, produced an 

unusually high number of flowers relative to its non-

vernalized control, 9.75 and 3.50 flowers per plant, and its 

absolute flower output was low in the absence of 

vernalization (Bond et al. 2011). Sweet Honeoye and Sweet 

Charlie also displayed a favorable increase in the number 

of flowers with 40.25 and 39.25 flowers per plant, 

respectively, but their relative reaction was not as strong as 

that of Snow White. Summer Princess showed a slight 

improvement as flower numbers rose by 11.25 flowers per 

plant (27.75 to 39.00 flowers), which implies that the 

flowering phenotype in Summer Princess is less flexible 

and not easily manipulated by the vernalization process, 

possibly influenced by other environmental conditions 

(Massa et al. 2015). 

Such results support the significance of cultivar choice 

that will tolerate temperature variabilities and respond 

positively to vernalization. Previously identified strategic 

significance that flower induction holds in warm-climate 

production systems due to the necessity to develop cultivar-

specific management practices toward optimizing 

flowering (Sønsteby et al. 2013; Oviedo et al. 2020). 

Number of fruits per plant 

Results of fruit production of strawberry cultivars in the 

non-vernalized and vernalized treatment are shown in 

Figure 9. Under non-vernalization conditions, Sweet 

Charlie and Sweet Honeoye recorded the highest records in 

fruits per plant with averages of 20.50 and 18.50, 

respectively. Summer Princess came in second with 20.00 

fruits per plant, but the Snow White had a fruiting of fewer 

than 4.00 fruits, and Albion bearing only 2.00 fruits per 

plant. Statistical analysis revealed that Sweet Charlie, 

Sweet Honeoye, and Summer Princess were considerably 

larger than Albion and Snow White. 

Following vernalization, there was an improvement in 

the fruit yields in all the cultivars. The Sweet Honeoye and 

Sweet Charlie yielded 28.50 and 24.50 fruits per plant, 

respectively, followed by Summer Princess (25.00), Sweet 

Honeoye (25.25), and Sweet Charlie (24.50). Snow White 

improved significantly, up to 17.50 fruits per plant, and 

Albion had the lowest improvement, at 5.00 fruits per 

plant. 

These findings align with effects of vernalization, 

improving the fruit set and yield in warmer environments 

(Cao 2024). Rivero et al. (2021) also noticed that 

vernalization is associated with stronger flowering and fruit 

production, particularly on tropical and subtropical 

cultivars, supporting the stated findings. 

The environmental conditions through which the 

vernalization process should be considered are essential. In 

areas with winters having curtailed chilling, the effect of 

vernalization can be weak, and the fruit yields can also be 

low, even though it is a variety requiring chilling. Naphrom 

et al. (2025) established that strawberry plants grown in a 

subtropical climate could not show as much vernalization 

assimilation as those grown in temperate climates. 

Therefore, prerequisites of chilling, which are typical of 

specific cultivars, are required during vernalization-related 

procedures, particularly in places where cold is not the 

norm. 

The above observations emphasize the necessity of 

observing the standards of agricultural cultivation to suit 

the needs of cultivars. Although vernalization can be used 

to increase the fruit yield, its use must be incorporated into 

proper irrigation, fertilization, and pest care to get the best 

out of vernalization. This kind of integration is the 

prerequisite for the long-term survival and financial 

sustainability of strawberry farming. 

Total Soluble Solids (TSS) 

Total Soluble Solids (TSS), the leading indicator of 

fruit sweetness, was compared between the different 

cultivars of strawberries under non-vernalized and 

vernalized conditions as depicted in Figure 10.A and B, 

respectively. Generally, Snow White exhibited the most 

significant TSS values of 14.42 and 15.35oBrix in the non-

vernalized and vernalized groups, respectively. This 

implies that Snow White generates sweet fruit irrespective 

of whether vernalization treatment is administered to them. 

Sweet Honeoye exhibited relatively high TSS levels. 

However, it did not show significant changes in sweetness 

under vernalization, as the level rose by 0.2 to 0.30°Brix. 
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Compared to Sweet Charlie, the values of TSS were 

lowest, with 7.93 and 7.73°Brix in the non-vernalized and 

vernalized treatment, respectively. This indicates that 

Sweet Charlie might be genetically shaped to reduce the 

degree of its sweetness relative to the other cultivars. 

Although vernalization appears to have enhanced fruit 

quality even after the treatment, the sweetness of Sweet 

Honeoye was only slightly enhanced, mainly because of 

the subsequent sweetness of plants subjected to the 

treatment. These results highlight the need to pay more 

attention to the choice of cultivars, not only in terms of 

yield, but also in terms of such parameters as fruit 

sweetness, which are gaining more and more popularity in 

the requirements of contemporary strawberry consumers 

(Guevara-Matus et al. 2023; Thammasophon et al. 2023). 

Total yield 

According to the total yield performance, it is clear that 

vernalization is a good factor in enhancing fruit yield, as 

shown in Figure 11.A and B. Vernalized plants yielded the 

fruit significantly more than the non-vernalized plants, at a 

mean of 10.83 and 7.38 t ha-1 respectively, as shown in 

Figures 11. A and B. This increase in fruiting is probably 

because plants are deliberately exposed to cold 

temperatures, stimulating physiological mechanisms that 

encourage growth and reproduction. These results 

corroborate current scientific knowledge, highlighting the 

significance of vernalization to the improvement of plant 

productivity (Staniak et al. 2021; Hüner et al. 2025) and 

thus reaffirm the potential usefulness of vernalization in 

agricultural practice in efforts to maximize the yield of 

crop plants. 

Such variations in strawberry yield in diverse cultivars 

could be explained by several reasons, including the variety 

of plant genetics, growing environment, and cultural 

practices. All the cultivars were significantly different in 

yield, with Sweet Honeoye and Sweet Charlie being the 

highest yielding cultivars, averaging 13.68 and 13.47 t ha-1, 

respectively. Those cultivars proved stable between 

differing growing environments. Conversely, the lowest 

yield was obtained at Albion (2.35 t ha-1), perhaps because 

this plant is susceptible to local environmental factors or 

has specific growth requirements. 

Available research also describes how strawberry 

production is regulated through the vernalization 

procedure, in which a plant is subjected to low 

temperatures. Thammasophon et al. (2023) concluded that 

lower temperatures of vernalization at 2 to 4°C control the 

spring flowering ability of strawberries by extrapolating the 

valuable information of the key flowering genes like 

VRN5, FT, and SOC1. This is particularly useful where the 

temperature changes are mild in subtropical areas. 

Guevara-Matus et al. (2023) added that in comparison 

with four weeks, a duration of two weeks (336 hours at 0-

5°C) leads to such results. This implies that vernalization 

time has an optimum benefit beyond which demerits can 

extend. Results of the present research support the 

importance of selecting appropriate cultivars of strawberry 

and optimized vernalization to achieve maximum 

production of fruits. It has been possible to equilibrate the 

genetic backdrop, the practicing environment, and the local 

cultures to obtain the optimum performance of strawberry 

production in different regions of the world. 

Overall, this research shows that vernalization 

considerably increases the strawberries' yields. Sweet 

Honeoye and Sweet Charlie had the best yields (13.68 t ha-

1 and 13.47 t ha-1, respectively), whereas Albion produced 

the lowest yield at 2.35 t ha-1. Intermediate yields were 

observed in Summer Princess (10.85 t ha-1) and Snow 

White (5.15 t ha-1). Based on statistical significance, 

Summer Princess performed notably better than Snow 

White and Albion, though it did not quite reach the peak 

yields of the Sweet Honeoye and Sweet Charlie varieties. 

These findings underscore the effectiveness of 

vernalization as far as improving strawberry yields, 

especially with strains such as Sweet Honeoye and Sweet 

Charlie; however, they also point out the importance of 

fine-tuning the practice of vernalization as it pertains to 

cultivar type and growing conditions (Guevara-Matus et al. 

2023; Thammasophon et al. 2023). 
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Figure 8. Flower production of different strawberry varieties and 

vernalization status. Treatment groups with the same letter do not 

differ significantly (p=0.0000) 
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Figure 9. Number of fruits per plant as affected by vernalization 

and non-vernalization treatments for different strawberry varieties. 

Treatment groups with the same letter do not differ significantly 

(p=0.0108) 
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Figure 10. A. Total Soluble Solids (°Brix) of different strawberry varieties, B. Total Soluble Solids (°Brix) of different strawberry 

varieties, showing the effects of vernalization. Treatment groups with the same letter do not differ significantly (p=0.0000) 
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Figure 11. A. Total yield of strawberry plants as affected by vernalization status. Treatment groups with the same letter do not differ 

significantly (p=0.0077). B. Total yield of different strawberry varieties. Treatment groups with the same letter do not differ 

significantly (p=0.0000) 

 

 

In conclusion, this study demonstrated that short-

duration vernalization (3°C for 10 h prior to planting) 

significantly enhanced flowering, fruiting, and yield of 

strawberry under tropical highland conditions. Across 

cultivars, vernalized plants produced a higher mean yield 

(10.83 t ha-¹) than non-vernalized plants (7.38 t ha-¹), 

representing an overall yield increase of approximately 

46.7%. Yield improvement was primarily associated with 

increased reproductive output rather than vegetative 

growth, as vernalization reduced runner production in all 

cultivars. Cultivar responses were markedly different. 

Sweet Honeoye and Sweet Charlie showed the strongest 

positive responses, achieving mean yields of 13.68 and 

13.47 t ha-¹, respectively, and producing up to 40.25 

flowers and 28.50 fruits per plant. Summer Princess 

exhibited moderate yield gains, while Snow White 

expressed limited yield improvement but consistently 

produced the sweetest fruits, reaching a maximum total 

soluble solids value of 15.35°Brix. In contrast, Albion 

showed the weakest response to vernalization, with yield 

remaining low (approximately 2.35 t ha-¹) despite increased 

flowering, indicating poor adaptation to the local climatic 

conditions. The significant interaction between 

vernalization treatment and cultivar confirms that 

vernalization effectiveness is genotype-dependent. These 

results highlight the importance of matching appropriate 

cultivars with targeted temperature manipulation to 

optimize strawberry production in warm-climate 

environments. 
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Therefore, the study was conducted over a single 

cropping cycle and used only one vernalization temperature 

and duration, which may limit broader generalization. 

Future research should evaluate multiple chilling durations 

and temperature regimes, assess multi-season yield 

stability, and integrate economic analyses to determine 

cost–benefit feasibility. Further investigation into 

physiological and molecular responses to vernalization 

would also strengthen cultivar selection strategies for 

tropical and subtropical strawberry production systems. 
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