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Abstract: This study evaluated the effects of soil and hydroponic cultivation on the 
growth, yield, and quality parameters of Hana strawberry plants (Fragaria vesca L.). In the 
hydroponics method, four nutrient solutions were used: an inorganic Hydro Umat F 
solution, two types of organic solutions (fish-based soluble fertilizer and Vermicompost 
soluble fertilizer), and a combination of organic and inorganic nutrients (Hydro Umat F 
solution and Banana soluble fertilizer in a 1:1 ratio). TN1 substrate was combined with 
additional fertilization of fish- based soluble fertilizer, which was used in the experiment of 
growing plants in soil. The results showed that hydroponic cultivation using the Hydro 
Umat F solution promoted better growth than the other three nutrient solutions, and soil. 
Specifically, strawberry plants grown in the Hydro Umat F solution had the highest number 
of leaves per plant, stolons per plant and the largest leaflet size in the experimental groups. 
Conversely, soil cultivation resulted in higher yield and quality of Hana strawberries, as 
indicated by parameters such as the number of flowers per plant (29.67) flowers, the 
number of fruits per plant (20.08) fruits, fruiting rate (67.69)%, fresh weight of fruit (16.25 
g), vitamin C content (66.7) mg.100g-1 fresh weigh, total organic acid content (159.31) 
mg.100g-1 fresh weight and sweetness index (11.08) oBrix. The results also showed that 
hydroponic cultivation with organic solutions reduced the growth and yield of Hana 
strawberry plants compared to inorganic solutions. 
Keywords: Crop productivity, Hydro Umat F, Nutrient solution, Organic fertilizer, Plant growth. 

Introduction 

Strawberries are nutritious fruits containing 
high concentrations of antioxidant and health-
promoting bioactive compounds. They are 
rich in vitamins (such as vitamin C, B6, B9, 
K, E, ...), fiber, and minerals (K, Mn, Fe, Cu, 
P, Mg, ...) (Newerli-Guz et al., 2023).  The 
consumption of strawberries has several 
health benefits, including lowering 
cholesterol, improving vascular endothelial 
function, reducing anti-inflammatory 

biomarkers, and decreasing the risk of 
oxidative stress-mediated diseases such as 
cancer (Giampieri et al., 2012). In addition to 
their nutritional and medical significance, 
strawberries also have significat economic 
potential. Developing this type of plant can 
lead to higher economic efficiency compared 
to other crop-growing models (Liu et al., 
2016). Strawberries can be propagated 
through both sexual and asexual methods. 
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Among these, asexual propagation by in vitro 
tissue culture is considered the most effective 
method for producing commercial disease-
free seedlings, especially those free from viral 
diseases (Kadhim & Abdulhussein, 2021). 

Growing plants without soil, or hydroponics 
is a farming technique applicable in high-tech 
plant-growing models, facilitating the 
production of safe vegetable crops due to no 
requirement of pesticides and less water 
requirement. A few are climate change, 
urbanization, increased use of fertilizers, and 
natural calamities that can’t be prevented. The 
hydroponic farming system doesn’t need to 
face factors such as climate change, 
urbanization, increased use of fertilizers and 
natural calamities that can’t be prevented as 
this farming system can also be a multi-story 
farming system only by grounding the stands 
(Kannan et al., 2022). Compared  to soil 
cultivation, hydroponic system has several 
advantages such as water conservation, saving 
spaces, not depending much on climate, year-
round production, and higher yields (Upendri 
& Karunarathna, 2021). Furthermore, this 
cultivation is becoming more and more well-
liked worldwide, in both developed and 
developing nations, and it is economical, 
disease-free, and environmentally friendly 
(Jan et al., 2020).  

In hydroponics techniques, nutrient solution is 
an important factor that directly affects the 
yield and quality of hydroponic plants. 
Besides, the optimal nutrient solution depends 
on the plant species, growth stage, sensitivity 
to nutritional disorders, and other climatic 
factors... (Le et al., 2021). Therefore, to 
successfully apply hydroponic techniques to 
any plant, it is extremely crucial to determine 
the appropriate nutrient solution for high yield 
and ensure plant quality. Currently, most 
nutrient solutions used in hydroponic systems 
are inorganic. However, the heavy use of 

chemical or inorganic fertilizers in 
agricultural fields, including hydroponics has 
raised concerns about environmental and 
human health issues (Upendri & 
Karunarathna, 2021).  In reality, there are 
some different organic nutrient sources used 
in hydroponic systems including a wide range 
of materials derived from animals, plants, and 
algae. In addition, their effects on plant 
growth compared to conventional fertilizers 
are also a topic of research interest (Park & 
Williams, 2024). Specifically, vermicompost 
leachate and extract from animal wastes such 
as fish, chicken, and turkey manure have been 
used for the cultivation of stevia, lettuce, 
tomato, and kale in suitable hydroponic 
system (Bidabadi et al., 2016; Arancon et al., 
2019; Tikasz et al., 2019; Ahmed et al., 
2021). 

Strawberry plants generally thrive in mild 
temperature and low humidity. According to  
Nishizawa (2021), strawberry production in 
East and Southeast Asian countries is quite 
difficult due to rainy climate. This difficulty 
has been resolved, and high-quality 
strawberry fruit has been grown utilizing 
greenhouse techniques and cultivars that are 
appropriate for production even in such 
humid climates. In Vietnam, strawberries are 
often grown in areas such as Moc Chau (Son 
La province), Da Lat (Lam Dong province). 
Ha Noi the capital of Vietnam, has a humid 
subtropical climate so it is not easy to grow 
strawberry plants here. However, selecting 
suitable strawberry varieties and cultivation 
condition may provide a good solution to this 
problem. 

Strawberry plants often require quite specific 
growing conditions, such as growing on clean 
substrates, using little chemical fertilizer to 
ensure the quality and food safety of fresh 
fruit (Nguyen Thuy Quy Tu et al., 2016). 
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Strawberry plants can be grown both in soil 
and hydroponically (Treftz & Omaye, 2015).  

In addition to the environmental benefits, due 
to the market demand for organic products, 
the desirable taste of some organic products 
as well as other health benefits, the interest in 
organic hydroponics is increasing (Park & 
Williams, 2024). We hypothesize that organic 
solutions can be used as a nutrient solution in 
hydroponic strawberry cultivation or as a soil 
fertilizer.  

Therefore, this study was conducted with the 
aim of comparing the efficiency of 
hydroponic strawberry cultivation and soil-
grown method based on the use of organic 
nutrient solutions and inorganic solutions.  

Materials & Methods 

Study area  

The experiments were carried out from 
September 2023 to April 2024 in the 
greenhouse of the Experimental Garden, 
Faculty of Biology, Hanoi National 
University of Education, Hanoi, Vietnam. 

The parameters of strawberry plants were 
determined in the laboratory of the 
Department of Plant Physiology and 
Applications within same faculty. 

Materials 

This study used the plant materials, in vitro 
three-week-old Hana strawberry plants, 
provided by Thai Thinh Binh trading 
company limited, Vietnam.                  

Four nutrient solution formulas were used in 
the hydroponic experiment including: Hydro 
Umat F inorganic nutrient solution; two types 
of organic nutrient solutions (fish-based 
soluble fertilizer and Vermicompost solution); 
one type of organic and inorganic mixed 
solution (Hydro Umat F and Banana soluble 

fertilizer at 1:1 ratio). The specific ingredients 
of the nutrient solutions are as follows: 

- Hydro Umat F inorganic nutrient solution  

(MTV Gia Vien Hydroponics Co., Ltd, 
Vietnam) includes 2 parts. Part A: NO3

- 
(21.17 g.L-1), Ca (32.13 g.L-1), K2O (43.98 
g.L-1), Fe (EDTA – 0.6 g.L-1). Part B: P2O5 
(15.10 g.L-1), K2O (21.99 g.L-1), NO3

- (13.09 
g.L-1), S (13.31 g.L-1), Mg (10.00 g.L-1), Mn 
(190 ppm), B (90 ppm), Zn (29 ppm), Cu (21 
ppm), Mo (18 ppm).  

- Fish-based soluble fertilizer (APC Co., Ltd, 
Vietnam) contains organic compounds (20%), 
total nitrogen (2%), P2O5 (1%), K2O (1%), Bo 
(60 ppm), Cu (50 ppm), Zn (60 ppm), Mn (50 
ppm).  

- Vermicompost solution (Hiryo Co., Ltd, 
Vietnam) contains cellulolytic 
microorganisms (Bacillus sp., Streptomyces 
sp., Trichoderma spp., Azotobater spp.), 
natural organic, amino acids, essential macro 
and micro elements for plants.  

- Banana soluble fertilizer (OEM company, 
Vietnam) contains banana juice (80%), 
soybeans (20%), chicken eggs, Humic and 
microorganisms (Bacillus sp., Trichoderma 
spp.,  Saccharomyces sp.). 

All growing solutions were prepared 
according to the manufacturer's instructions 
based on dilution from stock solutions.  

The study used a static hydroponic system, 
with nutrient solution stored in styrofoam 
containers (40 liter capacity), and coconut 
fiber the growing medium. While in the soil 
growing experiment, TN1 substrate (Minh 
Duc Co., Ltd, Vietnam) and nursery pots to 
grow strawberry plants were used. 
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Methods 

Experimental layout method 

Experiment of growing plant in soil Each in 
vitro three-week-old Hana strawberry plant 
was grown in a plastic pot containing  two 
kilograms of TN1 substrate (Fig. 1A). The 
substrate was kept moist by watering daily, 
with the addition Fish-based soluble fertilizer 
once a week (30 mL time-1). This method 
made use of sixteen plants. Three times the 
experiment was conducted. 

Experiment of growing plant in hydroponic 
systems 

Three-week-old in vitro strawberry plants 
were planted in net pots (Fig. 1B) in a static 
hydroponic system using four different 
solution formulations: Hydro Umat F 
solution, a mixture of Hydro Umat F solution 
and banana soluble fertilizer (1:1 ratio), Fish-
based soluble fertilizer, and Vermicompost 
solution.  

 

Fig. (1): (A) The in vitro three-week-old 

Hana strawberry plant was grown in a 

plastic pot containing TN1 substrate and 

(B) in net pots, (C) Four plants were placed 

in a box containing nutrient solution.  

Each experiment formulation was designed in 
four boxes, there were four plants in each box 
(Fig. 1C). The experiment was repeated three 

times. The pH level of all nutrient solutions 
was maintained in the range of 6.0 to 6.5. 

Research methods 

Analytical methods of physiological and 
growth parameters 

Number of leaves per plant, number of 
stolons per plant: Count the number of leaves 
and   

stolons on each plant 

Leaflet size: Use a ruler (with accuracy to 
0.1cm) to measure the leaflets. The length 
was measured from the base of the petiole to 
the top of the leaflet, and the width was 
measured at the widest point. 

Chlorophyll content: Use the handheld 
chlorophyll meter SPAD – 502 (Konica 
Minolta, Japan). 

The total chlorophyll content is converted 
from SPAD units to mg.dm-2 according to 
Richardson A.D. 

Total chlorophyll content is calculated 
according to the formula: 

Y (mg.dm-2) = (5.52×10-4 + 4.04×10-4 + 1.25× 

10-5 × x2) ×100  

Where: 

Y is the Chlorophyll content (mg.dm-2) 

x is the SPAD value 

All growth parameters were determined 45 
days after growing Hana strawberry plants in 
soil and hydroponic systems. 

Analytical methods for yield parameters 

Number of flowers per plant: Count the 
number of flowers per plant within 2 months 
after the first flower appeared. 

Number of fruits per plant: Count the number 
of fruits per plant within 2 months after the 
first fruit appeared. 
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Fresh weight of fruit (g): Weight each fruit on 
an analytical scale with a precision of 10-4 g. 
This parameter was determined at the 
harvested stage. 

Fruit size (cm): Use a ruler (with accuracy to 
0.1cm) to measure the distance between two 
fruit edges in length and width. This 
parameter was also determined when the fruit 
was ripe, and harvested with at least ¾ of the 
surface showing a red color. 

Analytical methods for quality parameters 

Sweetness index (Brix): use the Brix meter 
(DeltaTrak, China) to determine the 
sweetness index of fruit. 

Vitamin C content (mg.100g-1 fresh weight): 
determine by the iodine titration method as 
described by (Thuy et al., 2021). 

Total organic acid content (mg.100g-1 fresh 
weight): use Ermacov method described by 
(Thuy et al., 2021). 

Nitrate content (mg.kg-1 fresh weight): 
determine by the spectrophotometric method 
using salicylic acid reagent mentioned in 
(Nguyen Thi Thu Phuong et al., 2020). 

Statistical analysis 

The data were statistically processed using 
Microsoft Excel and SPSS 16.0 software. The 
data were processed using one-way ANOVA 
analysis (Turkey’s HSD test) at a significance 
level of α = 0.05.    

Results & Discussion 

Effect of cultivation conditions on some 
physiological and growth parameters of 
strawberry plant         

The findings in Table 1 demonstrated that 
strawberry plants produced in hydroponic 
systems grew more effectively than those 
grown in soil systems when the effects of 
several experimental formulations were 

compared on three growth-related parameters. 
Strawberry plants grew least in 
Vermicompost solution and most in Hydro 
Umat F solution in hydroponic systems. 

Specifically, the number of leaves per plant 
was highest in the hydroponic groups using 
Hydro Umat F solution and Hydro Umat F 
solution mixed with Banana soluble fertilizer, 
with results ranging from 12.92 to 12.58 
leaves. This result was higher than the soil 
growing group (12.33 leaves) and the 
hydroponic growing using Fish-based soluble 
fertilizer solution (12.17 leaves). The lowest 
average number of leaves was measured on 
strawberry plants grown in Vermicompost 
solution with an average result of 11.67 
leaves, 1.25 leaves lower than the formula 
using Hydro Umat F solution.  

Similar to the number of leaves, the statistical 
results in Table 1 showed that the number of 
stolons per plant was divided into 3 groups, 
the group with the highest number of stolons 
was still the hydroponic growing formula 
using Hydro Umat F solution mixed Banana 
soluble fertilizer and Hydro Umat F solution, 
with the result ranging from 6.92 to 7.08 
stolons. This data was higher than the second 
group, the formula groups using Fish-based 
soluble fertilizer and Vermicompost solution, 
about 4.75 to 4.17 stolons. The number of 
stolons per plant was lowest in the soil 
growing formula, with 2.75 stolons. This 
result was 4.33 stolons lower than formula 
using Hydro Umat F solution.  

Base on analyzing the results of two 
parameters including the number of leaves 
and stolons per plant, using inorganic 
hydroponic solution helped strawberry plants 
grow significantly better than using 
organic     hydroponic solution such as Fish-
based soluble fertilizer and Vermicompost 
solution. Particularly for the number of 
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stolons, hydroponic growing strongly 
promoted the breeding process in strawberry 
plants, creating 2.5 times more stolons than 
strawberry plants grown in soil. This result 
suggests suitable cultivation conditions for 
the purpose of propagating strawberry plant 
from stolons. 

Regarding leaflets size, strawberry plants   

grown hydroponically had longer leaflets size 
than strawberry plants grown in soil. In 
hydroponic systems, strawberry plants grown 
in Hydro Umat F solution had the longest 
leaflets, with an average of 12.33 cm length 
and 7.08 cm width. The shortest size was 
strawberry plants grown in soil, with an 
average of leaflets of 9.58 cm in length and 
6.53 cm in width. Strawberry plants grown in 
the mixed solution showed no significant 
difference in results compared to strawberry 
plants grown in Hydro Umat F solution. 
Strawberry plants grown in Vermicompost 
solution and Fish-based soluble fertilizer had 
nearly results, with leaflet lengths ranging 
from 10.11 to 10.33 cm and widths from 6.81 
to 7.35 cm. 

Besides the three growth parameters 
mentioned above, this study also evaluated 

the influence of cultivation conditions on the 
total chlorophyll content of strawberry leaves. 

Table 1 pointed out that the chlorophyll 
content of strawberry plants grown in soil was  

higher results than plants grown in the four 
experimental formulas of hydroponic systems. 
In hydroponic systems, the chlorophyll 
content of strawberry plants grown in Fish-
based soluble fertilizer was the highest, with 
an average result of 2.72 mg.dm-2. This result 
was 0.5 mg.dm-2 lower than the result of 
strawberry plants grown in soil. While the 
leaves’ chlorophyll content of strawberry 
plants grown in Hydro Umat F solution had 
the lowest result (2.05 mg.dm-2). Compared to 
the results obtained by Fernandez-Cabanas et 
al., (2022), the chlorophyll content of 
strawberry leaves in this study is between the 
measured value of new and old leaves in 
converted from the SPAD value. 

According to the statistical results, strawberry 
plants grown in inorganic solutions have 
longer leaves than those produced in organic 
solutions, but the color of their leaves is paler 
than that of plants grown in soil or in organic 
solutions. 

 

Table (1): Effect of cultivation conditions on the number of leaves, number of stolons, 
leaflet size and chlorophyll content in strawberry plants. 

 

System Nutrient Number of 
leaves. plant-1 

Number of 
stolons. plant-1 

Leaflet size (cm) Chlorophyll 
content 

(mg.dm-2) Length Width 

Hydroponic 
system 

Hydro Umat F solution 12.92  
± 1.68a 

7.08  
± 0.79a 

12.33  
± 0.59a 

7.80  
± 0.49a 

2.05  
± 0.26c 

Hydro Umat F solution + 
Banana soluble fertilizer 

12.58  
± 1.51a 

6.92  
± 0.90a 

11.31 
 ± 0.45a 

7.71  
± 0.36a 

 
2.17  

± 0.24c 
Fish-based soluble 

fertilizer 
12.17  
± 1.80b 

4.75  
± 0.87b 

10.33  
± 0.49b 

7.35  
± 0.33b 

2.72  
± 0.19a 

Vermicompost solution 11.67  
± 1.92c 

4.17  
± 0.94b 

10.11  
± 0.57b 

6.81  
± 0.34c 

2.67  
± 0.21b 

Soil system Adding Fish-based soluble 
fertilizer 

12.33  
± 2.19b 

2.75  
± 1.14c 

9.58 
 ± 0.56b 

6.53  
± 0.31c 

2.76  
± 0.20a 

 (Values with the same letter in the same column are not statistically significantly different (α = 0.05)) 
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Effect of cultivation conditions on some 
yield parameters of strawberry plants          
Number of flowers and fruits of strawberry 
plant 

The results shown in Table 2 demonstrated 
that strawberry plants grown in soil had more 
flowers and fruits than those grown 
hydroponically. In hydroponic systems, 
strawberry plants grown in Hydro Umat F 
solution had the most number of flowers and 
fruits, approximately 25.2 flowers and 17.08 
fruits, respectively. In contrast, plants grown 
in Vermicompost solution had the fewest 

flowers and fruits, with about 6.2 flowers, 
3.17 fruits, respectively. This result was 1/6 
of the result of strawberry plants grown in 
Hydro Umat F solution and is significantly 
lower than the 51.08 fruits.plant-1 results 
obtained in the study by (Satin et al., 2020).  

The statistics in Table 2 has showed that the 
fruiting rate of strawberry plant grown in soil 
and Hydro Umat F solution were the highest, 
reaching 67.69%, and 67.21%, respectively. 
Strawberry plants grown in Vermicompost 
had the lowest fruiting rate, about 49.35%.  

Table (2): Effect of cultivation conditions on the number of flowers and fruits of strawberry 
plants. 

System Nutrient 
Number of flowers. 

plant-1 
Number of fruits. 

plant-1 
Fruiting rate 

(%) 

Hydroponic 
system 

Hydro Umat F solution 25.42 ± 1.51b 17.08 ± 1.92b 67.21 

Hydro Umat F solution + 

Banana soluble fertilizer 
25.08 ± 1.92b 16.17 ± 1.36b 64.45 

Fish-based soluble fertilizer 17.42 ± 1.85c 11.92 ± 1.93c 68.42 

Vermicompost solution 6.42 ± 0.82d 3.17 ± 0.69d 49.35 

Soil system 
Adding Fish-based soluble 

fertilizer 
29.67 ± 1.67a 20.08 ± 1.90a 67.69 

(Values with the same letter in the same column are not statistically significantly different (α = 0.05)) 

Fresh weight of fruit 

According to the statistical data in Table 3, 
strawberry plants grown in soil had the 
heaviest average fresh weight of fruits, with 
16.25 g. In contrast, strawberry plants grown  

in hydroponic systems using Vermicompost 
solution had the lowest fresh weight of fruits, 
with 5.14 g and nearly one-third of those 
grown in soil. Furthermore, in hydroponic 
systems, strawberry plants grown in Hydro 
Umat F solution had the heaviest fresh weight 

of fruits, about 13.08 g and approximately 2,5 
g time as heavy as those grown in 
Vermicompost solution. 

In the study of (Mohammad et al., 2016), the  

fresh weight of strawberries sold at local 
markets in Indonesia was divided into three 
groups, type A had a weight ranging from 
(12-20) g, type B had a weight of (7-11) g and 
type C was from (4-7) g. According to the 
result mentioned in (Satin et al., 2020), when 
growing strawberries on soil using plastic 
cover, the average fresh weight of fruit was 
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14.10 g. Compared to the results of this study, 
it was found that strawberries obtained from 
soil growing formulas and hydroponic 
formulas using Hydro Umat F solution and 
Hydro Umat F mixed with Banana soluble 
fertilizer reached average to good weight. 
However, this result is lower than the average 
weight of strawberries grown in soil (18.20 
g.fruit-1) using mulching and drip irrigation 
systems (Antunes et al., 2010). 

Fruits size of strawberry plants 

The result presented in Table 3 showed that 
strawberry plants grown in soil had the 
highest fruit length and fruit width, measuring 
4.12 cm and 3.82 cm, respectively. This result 
was higher than all experimental solution 
formulas in hydroponic systems. In 
hydroponic systems,  

similar to number of fruits and fresh weight of 
fruit, the fruit size of strawberry plants grown 
in Vermicompost solution was still the 
lowest, with the length and width of 2.67 cm 
and 2.23 cm, respectively. While the fruits of 
plants grown in Hydro Umat F solution were 
the highest in the hydroponic formula group 
and there was no statistical difference 
compared to the fruit size of plants grown in 
soil. Comparing the fruit size of three 
strawberry varieties, Praratchatan 60, 72 and 
80, (Boonyakia et al., 2016) found that the 
length of the fruit ranged from 3.95 to 4.40 
cm, while fruit width ranges from 3.43 to 3.51 
cm. Thus, it can be seen that the size of Hana 
strawberries grown in soil in our study is 
equivalent to the results of this study, while 
the size of hydroponic strawberries is lower.  

Table (3): Effect of cultivation conditions on fruit size and fresh weight at harvest stage. 

System Nutrient 
Fruit size (cm) 

Fresh weight of fruit (g) 
Fruit length Fruit width 

Hydroponic system 

Hydro Umat F solution 3.93 ± 0.62a 3.05 ± 0.39b 13.08 ± 1.07b 

Hydro Umat F solution + 

Banana soluble fertilizer 
3.64 ± 0.49b 3.18 ± 0.37b 12.39 ± 0.96b 

Fish-based soluble fertilizer 3.52 ± 0.30b 3.02 ± 0.46b 10.21 ± 1.0c 

Vermicompost solution 2.67 ± 0.37c 2.23 ± 0.31c 5.14 ± 0.75d 

Soil system 
Adding Fish-based soluble 

fertilizer 
4.12 ± 0.35a 3.82 ± 0.23a 16.25 ± 1.09a 

(Values with the same letter in the same column are not statistically significantly different (α = 0.05)) 

Effect of cultivation conditions on some 
quality parameters of strawberry plants   

In this study, we conducted an assessment of 
some of the basic parameters related to the  

 

 

quality of strawberry plants, including 
vitamin C content, total organic acid content, 
sweetness index and nitrate content. The 
results are presented in Figure 2 and Table 4.  
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Table (4): Effect of cultivation conditions on sweetness index and nitrate content of fruit at the 
harvest stage. 

System Nutrient Sweetness index (oBrix) Nitrate content (mg.kg-1 FW ) 

Hydroponic 
system 

Hydro Umat F solution 9.92 ± 0.89b 65.39 ± 2.59b 

Hydro Umat F solution + 

Banana soluble fertilizer 
10.08 ± 0.90b 62.13 ± 3.62c 

Fish-based soluble fertilizer 10.17 ± 0.72b 66.62 ± 2.96b 

Vermicompost solution 9.25 ± 0.97c 55.98  ± 1.05d 

Soil system 
Adding Fish-based soluble 

fertilizer 
11.08 ± 0.51a 67.86 ± 1.29a 

(Values with the same letter in the same column are not statistically significantly different (α = 0.05)) 

 

Fig. (2): Effect of cultivation conditions on vitamin C content and total organic acid content of 
ripe strawberries.

Vitamin C content 

The vitamins found in the largest amount in 
strawberry fruits include vitamin C. The 
vitamin C content in strawberries ranges 
widely from 23.16 to 112.34 mg.100g-1 fresh 
weight influenced by many factors, such as 
climatic and soil factors, fertilizers, 

strawberry varieties, cultivation methods and 
post-harvest storage conditions (Newerli-Guz 
et al., 2023). Based on the data in Figure 2, 
the vitamin C content of strawberries grown 
in three formulas, including growing in soil, 
growing hydroponically using Hydro Umat F 
solution and Fished-based soluble fertilizer 
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was all equivalent, ranging from 66.15 to 
66.70 mg.100g-1. This result was not 
significantly higher than the result measured 
in the formula using Hydro Umat F solution 
mixed with Banana soluble fertilizer (nearly 
65.04 mg.100g-1). The vitamin C content of 
strawberries harvested from strawberry plants 
grown in Vermicompost solution also reached 
61.68, and 5.02 mg.100g-1 lower than those 
grown in soil. This vitamin C content of 
strawberries grown in soil was higher than 
vitamin C content of strawberries 
(supermarket and farmers’ market) in the 
study of (Sabolová & Kouřimská, 2020). 

Total organic acid content 

The results in Figure 2 showed that 
strawberry plants grown in soil had the 
highest total organic acid content of fruits 
among the five experimental formulas, with 
an average of 159.31 mg.100g-1.  In 
hydroponic systems, similar to the sweetness 
index and vitamin C content of strawberries, 
strawberry plants grown in Vermicompost 
solution had the lowest total organic acid 
content of fruits, nearly 45.27 mg.100g-1. 
While strawberry plants grown in Hydro 
Umat F solution had the highest total organic 
acid content of strawberries, with the an 
average of 154.58 mg.100g-1, and three times 
higher than that of strawberry plants grown in 
Vermicompost solution. 

Sweetness index of strawberry 

The data in Table 4 illustrated that strawberry 
plants grown in soil had the highest sweetness 
index of fruits among the five experimental 
formulas, with an average value of 11.08 
Brix. In hydroponic systems, strawberry 
plants grown in Fish-based soluble fertilizer 
had the highest sweetness index of 
strawberries, nearly 10.17 oBrix and 0.91 
oBrix less than those grown in soil. While 
strawberry plants grown in Vermicompost 

solution had the lowest sweetness index of 
fruits, 9.25 Brix. This result is higher than 
those described in the report of (Fernandez-
Cabanas et al., 2022), when analyzed the 
sweetness of strawberries grown in an 
aquaponic system (with an average sweetness 
of 8.4  Brix). 

The study of Medeiros et al. (2015) also 
showed that the sweetness index of Oso 
Grande strawberry fruit was 8 Brix. This 
result is lower than the results for both 
strawberry plants grown hydroponically and 
grown in soil in our study. In another study, 
when evaluating the quality of 13 strawberry 
varieties grown in winter, Paparozzi et al. 
(2018) showed that the sweetness index of 
strawberries ranged from 4.16 to 12.94 Brix. 
Among them, there were 9 varieties with a 
sweetness index lower than 9.25 Brix, similar 
to the lowest sweetness index we measured in 
this study. Differences in climate (especially 
temperature and light) as well as soil and 
fertilizer conditions of the experimental area 
may be responsible for differences in yield 
and quality of strawberries (Satin et al., 
2020). 

Nitrate content of strawberry 

The experimental results in Table 4 clearly 
demonstrated that strawberry plants grown in 
soil had the highest nitrate content of fruits 
among five experimental formulas, with an 
average content of 67.86 mg.kg-1. In 
hydroponic systems, strawberry plants grown 
in Fish-based soluble fertilizer had the highest 
nitrate content of strawberries, nearly 66.62 
mg.kg-1. While strawberry plants grown in 
Vermicompost solution had the lowest nitrate 
content of fruits, with an average result of 
55.98 mg.kg-1, and 10.64 mg.kg-1 less than the 
nitrate content of strawberry plants grown in 
Fish-based soluble fertilizer. 
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The nitrate concentration in our study is only 
around half of that Sabolová & Kouśimská 
(2020) measured in strawberries from 
supermarkets (122.39 mg.kg-1) and farmer's 
market (116.63 mg.kg-1). Reducing nitrate 
accumulation in leaf tissue, which is harmful 
to human health when consumed at high 
levels, is a potential advantage of using 
organic nutrients instead of conventional 
fertilizers high in nitrate (Karwowska & 
Kononiuk, 2020). Based on research findings, 
our study's nitrate concentration was at a low 
level. In light of the nitrate concentration 
signal, strawberries in our investigation are 
therefore safe to eat.   

Among the nutrient solutions used in this 
study, the inorganic Hydro Umat F solution 
contains 12 macro and trace mineral elements 
in high concentrations, facilitating easy 
nutrient absorption by the plants.  In contrast, 
the other organic solutions (including 
Vermicompost solution and Fish-based 
soluble fertilizer) have diverse nutritional 
composition, but the nutritional content of 
elements is low.  Additionally, in solution 
form, they tend to create a scum layer on the 
surface that hinders oxygen dissolution of the 
solution. Beneficial microorganisms 
(including some fungi and bacteria as 
indicated in the material section above) that 
participate  in decomposing organic matter in 
the original vermicompost solution may not 
have been effective in the growing solution. 
Supplementing this solution into the growing 
soil may be more effective than using it 
directly as a nutrient solution in the 
hydroponic system. This may explain the 
results obtained in this study, where 
strawberry plants grown in organic solutions 
grew slowly and had lower yields than those 
grown in inorganic solutions and soil. 

Growing plants in soil and providing nutrients 
in an organic form tends to increase the 

quality of strawberry's fruits compared to 
using inorganic solutions alone. Ezziddine et 
al. (2020) used an organic solution from 
sludge treatment in aquaculture to grow 
lettuce. The results showed that the organic 
solutions reduced the average fresh weight of 
plants by 16% compared to the inorganic 
solution. However, foliar analysis revealed a 
similar or higher content of all nutrients, 
except for magnesium and molybdenum in 
the leaves of lettuce grown in the organic 
solution compared to those grown in the 
inorganic solution. This result is quite similar 
to the results in our study. 

Conclusion 

Hydroponic growing using Hydro Umat F 
solution helped Hana strawberry plants grow 
better compared to three other nutrient 
solutions, Hydro Umat F solution mixed with 
Banana soluble fertilizer, Fish-based soluble 
fertilizer and Vermicompost solution, as well 
as compared to soil cultivation. Specifically, 
strawberry plant had an average of 19.92 
leaves, 7.08 stolons and the largest leaf size 
(12.33 × 7.8 cm). 

Growing Hana strawberry plants in soil 
increased the number of flowers and fruits per 
plant, as well as the fruiting rate compared to 
the hydroponic growing method. Strawberries 
harvested from plants grown in soil also had 
better quality and was shown by the following 
parameters: vitamin C content (66.70 
mg.100g-1), total organic acid content (159.31 
mg.100g-1), and sweetness index (11.08 Brix). 

In hydroponic system, using solely organic 
solutions including Fish-based soluble 
fertilizer and Vermicompost solution made 
strawberry plants grow slowly and have low 
productivity (number of fruits per plant 
ranged from 3.1 to 11.9 fruits; fruit weight 
ranged from 5.14 g to 10.21 g). However, this 
did not significantly different impact fruit 
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quality compared to using inorganic solutions 
or mixed organic and inorganic solutions. 

Acknowledgements 

This study did not receive any specific grant 
from funding agencies in the public, 
commercial, or not-for-profit sectors. This 
study was approved by the Department of 
Plant Physiology and Applications, Faculty of 
Biology, Hanoi National University of 
Education, Viet Nam. 

Contributions of authors 

L.T.T: Planned study design, advised on 
sample collection, designed methodology, 
laboratory analysis, reviewed and revised the 
manuscript. 

N.T.O: Collected sample, conducted 
laboratory analysis, prepared draft 
manuscript. 

N.P.T: Conducted laboratory analysis. 

ORCID 

L.T.T.: https://orcid.org/0009-0009-0772-6537   

Conflicts of interest 

The authors declare that they have no conflict 
of interests. 

Ethical approval 

All ethical guidelines related to Fish and care 
issued by national and international 
organizations were implemented in this 
report. 

References 
Ahmed, Z.F.R.; Alnuaimi, A.K.H.; Askri, A. & 

Tzortzakis, N. (2021). Evaluation of lettuce 
(Lactuca sativa L.) production under hydroponic 
system: Nutrient solution derived from fish waste 
vs. inorganic nutrient solution. Horticulturae, 7 (9): 
292. https://doi.org/10.3390/horticulturae7090292  

Antunes, L. E. C., Ristow, N. C., Krolo w, A. C. R., 
Carpenedo, S., & Reisser Júnior, C. (2010). Yield 
and quality of strawberry cultivars. Horticultura 
Brasileira, 28(2): 222-226. 
https://doi.org/10.1590/S0102-05362010000200015 

Arancon, N. Q., Owens, J. D., & Converse, C. (2019). 
The effects of vermicompost tea on the growth and 
yield of lettuce and tomato in a non-circulating 
hydroponics system. Journal of Plant Nutrition, 
42(19): 2447–2458. 
https://doi.org/10.1080/01904167.2019.1655049 

Bidabadi, S.S., Afazel, M. & Poodeh, S.D. (2016). The 
effect of vermicompost leachate on morphological, 
physiological and biochemical indices of Stevia 
rebaudiana Bertoni in a soilless culture system. 
International Journal of Recycling of Organic 
Waste in Agriculture, 5(3): 251-262.   
https://doi.org/10.1007/s40093-016-0135-5 

Boonyakiat, D., Chuamuangphan, C., Maniwara, P., & 
Seehanam, P. (2016). Comparison of physico-
chemical quality of different strawberry cultivars at 
three maturity stages. International Food Research 
Journal, 23(6): 2405–2412.  

Ezziddine, M., Liltved, H., & Seljåsen, R. (2021). 
Hydroponic lettuce cultivation using organic 
nutrient solution from aerobic digested aquacultural 
sludge. Agronomy, 11: 1484. 
http://doi.org/10.3390/agronomy11081484 

Fernandez-Cabanas, V., Delgado, A., Lobillo-Eguíbar, 
J., & Perez U., L.. (2022). Early production of 
strawberry in aquaponic systems using commercial 
hydroponic bands. Aquacultural Engineering, 97: 
102242. 
https://doi.org/10.1016/j.aquaeng.2022.102242 

Giampieri, F., Tulipani, S., Alvarez-Suarez, J.M., 
Quiles, J.L., Mezzetti, B., & Battino, M. (2012). 
The strawberry: composition, nutritional quality, 
and impact on human health. Nutrition, 28(1): 9-19. 
https://doi.org/10.1016/j.nut.2011.08.009 

Jan, S., Rashid, Z., Ahngar, T.A., Iqbal, S., Naikoo, 
M.A., Majeed, S., Bhat, T.A., Gul, R. & Nazir, I., 
(2020). Hydroponics – A Review. International 
Journal of Current Microbiology and Applied 
Sciences, 9(8): 1779-1787. 
https://doi.org/10.20546/ijcmas.2020.908.206 

Kannan, M., Elavarasan, G., Balamurugan, A., 
Dhanusiya, B., Freedon, D. (2022). Hydroponic 
farming – A state of art for the future 
agriculture.  Materials Today: Proceedings, 68(6): 
2163-2166. 
https://doi.org/10.1016/j.matpr.2022.08.416 

Kadhim, Z. K. ., & Abdulhussein, M. A. A. . (2021). 
Minimal media strength for in vitro conservation of 
strawberry (Fragaria ananassa) cultures. Basrah 
Journal of Agricultural Sciences, 34(2): 1–9. 
https://doi.org/10.37077/25200860.2021.34.2.01 

Karwowska, M., Kononiuk, A. (2020). Nitrates/Nitrites 
in food-fisk for nitrosative Stress and Benefits. 
Antioxidants (Basel), 9(3): 241. 
https://doi.org/10.3390/antiox9030241  

Le, T.T., Nguyen, T.M., Nguyen , P.T. & Pham, T.V. 
(2021). Effects of different nutrient solutions on 
growth and flower quality of gerbera (Gerbera 
jamesonii) grown in hydroponic close system. Hue 
University Journal of Science: Natural Science. 
130(1D): 47-54. 
https://doi.org/10.26459/hueunijns.v130i1D.6434  



Thuy et al. / Basrah J. Agric. Sci., 37(2), 296-309, 2024 

308 
 

Liu, L., Ji, M.-L., Chen, M., Sun, M.-y., Fu, X.-l., Li, 
L., Gao, D.-S., & Zhu, C.-Y. (2016). The flavor and 
nutritional characteristic of four strawberry 
varieties cultured in soilless system. Food Science 
and Nutrition, 4: 858-
868.  https://doi.org/10.1002%2Ffsn3.346  

Medeiros, R.F., Pereira, W., Rodrigues, R., 
Nascimento, R., Suassuna, J., & Dantas, T. (2015). 
Growth and yield of strawberry plants fertilized 
with nitrogen and phosphorus. Revista Brasileira de 
Engenharia Agrícola e Ambiental, 19: 865-870. 
https://doi.org/10.1590/1807-
1929/agriambi.v19n9p865-870  

Mohammad, A.F.F., Husna, H., Dewi, A., & Jumeri 
(2016). Quality evaluation of fresh strawberry 
(Fragaria sp. cv. Earlybrite) during storage in a 
tropical environment. AIP Conference Proceeding, 
1755: 130003-1–130003-6. 
https://doi.org/10.1063/1.4958547                          

Newerli-Guz, J., Śmiechowska, M., Drzewiecka, A., & 
Tylingo, R. (2023). Bioactive ingredients with 
health-promoting properties of strawberry fruit 
(Fragaria x ananassa Duchesne). Molecules, 28(6): 
2711. https://doi.org/10.3390/molecules28062711 

Nguyen Thi Thu Phuong, Dao Thu Ha, & Tran Thi 
Yen (2020). Determining the content of nitrate in 
some vegetables by the spectrophotometric method 
using salisylic acid reagent. Journal of Science and 
Technology – Hanoi university of industry, 56(3): 
128-131. 
https://vjol.info.vn/index.php/dhcnhn/article/view/5
1632 

Nguyen Thuy Quy Tu, Nguyen Thuy Huong, & Pham 
S (2016). Effects of waterholding Biopolyter-
Azotobacter and fertilizer ongrowth and 
development of strawberries incoco mulch substrate 
in Dalat. Journal of Vietnam Agricultural Science 
and Technology, 5(66): 16-21 (in Vietnamese).  

Nishizawa, T. (2021). Current status and future 
prospect of strawberry production in East Asia and 
Southeast Asia. Acta Horticulturae, 1309: 395-402. 
https://doi.org/10.17660/ActaHortic.2021.1309.57  

Paparozzi, E., Meyer, G., Schlegel, V., Blankenship, 
E., Adams, S., Conley, M., Loseke, B., & Read, P. 

(2018). Strawberry cultivars vary in productivity, 
sugars and phytonutrient content when grown in a 
greenhouse during the winter. Scientia 
Horticulturae, 227: 1-9. 
https://doi.org/10.1016/j.scienta.2017.07.048 

Park, Y., Williams, Kimberly A. (2024). Organic 
hydroponics: A review. Scientia Horticulturae, 
324: 112604. 
https://doi.org/10.1016/j.scienta.2023.112604 

Sabolová, M., & Kouřimská, L. (2020). Vitamin C and 
nitrates contents in fruit and vegetables from 
farmers' markets and supermarkets. Potravinarstvo 
Slovak Journal of Food Sciences, 14: 1124-1130. 
http://doi.org/10.5219/1347 

Santin, A., Villa, F., Paulus, D., Santin, J., Piva, A., 
Mezzalira, E., & Ritter, G. (2020). Plastic soil 
covers in vegetative development, production and 
quality of strawberries. Revista Ceres, 67: 272-28. 
http://doi.org/10.1590/0034-737x202067040004 

Thuy, T. Le, Trong, V. Le, Hang, T.K. Doan, Khanh, 
N. Nguyen (2021). Physiological and biochemical 
changes during the growth of custard apple 
(Annona squamosa L.) fruit cultivated in Vietnam. 
Journal of Horticultural Research, 29(2): 75–84. 
https://doi.org/10.2478/johr-2021-0021  

Tikasz, P., MacPherson, S., Adamchuk, V., & Lefsrud, 
M. (2019). Aerated chicken, cow, and turkey 
manure extracts differentially affect lettuce and 
kale yield in hydroponics. International Journal of 
Recycling of Organic Waste in Agriculture, 8(3): 
241-252. https://doi.org/10.1007/s40093-019-0261-
y 

Treftz C., & Omaye S.T. (2015). Comparision between 
hydroponic and soil systems for growing 
strawberries in a greenhouse. International Journal 
of Argricultural Extension, 03(03): 195-200. 
https://journals.esciencepress.net/index.php/IJAE/ar
ticle/view/1236/676 

Upendri, H.F.L., Karunarathna, B. (2021). Organic 
nutrient solution for hydroponic system. Academia 
Letters, Article 1893. 
https://doi.org/10.20935/AL1893  

 
 
 
 
 
 

 



Thuy et al. / Basrah J. Agric. Sci., 37(2), 296-309, 2024 

309 
 

 

 مائً�ا  المزروعة (.Fragaria vesca L) الفراولة ن�اتات �النمو  والانتاج�ة وجودة  المتعلقة المعاییر  دراسة
 التر�ة  وفي

 ثاو  فونج ونغو�ن أوانه ثي ونغو�ن ثوي، ثي لي

 ، فیتنام للتعل�م الوطن�ة هانوي  جامعة البیولوج�ا، كل�ة وتطب�قاتها،  الن�ات فسیولوج�ا قسم

 الفراولـة  ن�ـات�عـض صـفات النمـو ل علـى المائ�ـة والزراعـة تـأثیر الزراعـة فـي التر�ـةلمعرفـة الحال�ـة  اجر�ـت الدراسـة  المسـتخلص: 
 Hydro Umat محلول ،  مغذ�ة محالیل أر�عة استخدام تم المائ�ة، الزراعة طر�قة �استخدام  (.Fragaria vesca L) اهانصنف 

F مـن ومـز�ج ،الـدود مـن للـذو�ان قابـل وسـماد الأسـماك مـن للـذو�ان قابـل سـمادالعضـو�ة ( المحالیـل مـن ونوعـان العضـوي، غیـر 
 مع TN1 ر�یزة دمج تم (1:1 بنس�ة الموز من للذو�ان قابل وسماد Hydro Umat F محلول) العضو�ة وغیر العضو�ة المغذ�ات
 �استخدام المائ�ة الزراعة أن النتائج أظهرت .التر�ة في الن�اتات زراعة تجر�ة في للذو�ان القابل الأسماك سماد من الإضافي التسمید
 الفراولـة ن�اتـات سـجلت  والتر�ـة الأخـرى  الثلاثـة المغذ�ـة �المحالیـل مقارنـة أفضـل �شـكل النمـو حسـنت Hydro Umat F محلـول

ق�اسـا �المعـاملات  لـلأوراق حجـم وأكبـر ،اكبـر عـدد مـن الاوراق والسـ�قان لكـل ن�ـات  Hydro Umat F محلـول فـي المزروعـة
 الأزهار عدد مثل الصفات المدروسة وحسب هانا، صنف فراولة من أعلى وجودة إنتاج�ة إلى التر�ةفي  الزراعة   أدت ، �ما الاخرى 

 للثمـار الطـازج والـوزن  %،) 67.69(الإثمـار ومعـدل ثمـرة، (20.08) ن�ـات لكـل الثمـار وعـدد ،زهـرة (29.67) ن�ـات لكـل
ملغـم  )159.31( القابلـة للتعـادل والحموضـة الكل�ـة  طـازج، وزن   1-غـم 100)ملغـم  66.7(  C  فیتـامین ومحتـوى  ،غـم)16.25(

 المحالیـل �اسـتخدام المائ�ـة الزراعـة أن النتـائج أظهـرت كمـا .سكبـر� درجـة 11.08)( الحـلاوة ومؤشـر طـازج، وزن  1-غـم 100
 .العضو�ة غیر �استخدام المحالیلمقارنة  هانا صنف الفراولة ن�اتات و�نتاج�ة نمو من قللت العضو�ة

 .الن�ات نمو عضوي،  سماد المغذ�ات،  محلول ، Hydro Umat F المحاصیل،  إنتاج�ة :المفتاح�ة الكلمات

 

 
 

 

 


