
22nd LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service 

of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose – COSTA RICA, July 17 - 19, 2024. 1 

 

Sound waves of classical music optimize the 

performance of hydroponic lettuce cultivation 
 
 

Frida Pardo Salazar, Bachiller3 ,  Axl Mauricio Benavente, Bachiller4 ,  Rita Cabello Torres, Magister2 , Lorgio 

Valdiviezo-Gonzales, Doctor1   
1-3 Universidad César Vallejo, Escuela de Ingeniería Ambiental, Perú, amauriciob@ucvvirtual.edu.pe, fpardos@ucvvirtual.edu.pe, 

rcabellot@hotmail.com  
4Universidad Tecnológica del Perú, Perú, lvaldiviez@utp.edu 

         

 

 
Abstract– It is proposed to evaluate the impact of the application 

of musical sound waves on the development of lettuce crops through 

domestic hydroponics. For this purpose, an experimental method 

was applied to 36 units of common lettuce crops, half were exposed 

to classical music with 70 dB and the other half were exposed to 

environmental noise. Subsequently, the size, weight and growth time 

of the crop were measured. The results recorded that the exposure of 

lettuce to classical music achieved greater development (growth of 

31.90 cm) at 30 days, unlike lettuces with exposure to environmental 

noise (growth of 29.90 cm) at 38 days. Likewise, the weight of the 

cultures exposed to classical music exceeded those of the cultures 

exposed to environmental noise by 98.34 g. Sound waves generated 

a positive effect on the development of lettuce crops. In this sense, it 

is recommended to apply sound waves to other types of crops to 

determine the most appropriate frequency for the maximum 

development of each crop. 

 

Keywords--Domestic hydroponics, sound waves, environmental 

noise, decibels, classical music. 

 

 

I.  INTRODUCTION  

One of the great current challenges is to satisfy the demand 

for food, given the growing world population by 2050, 9 million 

inhabitants are expected [1]. According to [2], the 

disadvantages of the use of agricultural lands are negative 

ecological problems that have economic and social 

repercussions, weaken the soils, and increase the risk of 

contamination of sources in water bodies with fertilizers.  

Agricultural production brings with it negative impacts on 

the environment, and together with other production sectors, 

contributes to global warming. Hydroponics has been 

introduced around the world as a sustainable and efficient 

method for resource conservation and innovative agriculture. 

The system achieves environmental compliance with 

significant savings in water and fertilizer, minimal discharge of 

remaining fertilizer solution to the environment, and no 

discharge of contaminated wastewater, it is economically and 

environmentally efficient  [3]. 

On the other hand, music therapy defines the therapeutic 

use of music to improve the health of a patient and has extended 

to the agricultural sector, with excellent results, it contributes to 

the growth of plants by exposing them to relaxing music; 

contrary to slow growth when exposed to noise [4]. For his part, 

[5]  highlights that classical music and rhythmic rock are 

considered positive music, and the negative effect of non-

rhythmic traffic noise and rock music is considered negative 

music, although both contribute to the growth of plants. [6], 

indicate that the growth, development, and genetic 

characteristics of plants are strongly influenced by various 

environmental factors; however, the mechanisms by which the 

stimulation of sound waves affects the growth and development 

of plants are still unclear.  

Therefore, plants develop an ability to receive sound 

waves, the application in a hydroponic system could improve 

the quality of the plants and reduce the time it usually takes for 

plants to grow. Given this lack of knowledge, the question 

arises: What is the impact of the application of musical sound 

waves on the development of lettuce crops through a domestic 

hydroponic system? 

Reference [7], mentions that hydroponics is a method of 

plant care that allows them to be grown without soil, this is how 

herbs have been grown in large cities, plant maintenance is 

achieved with limited resources in a controlled environment. 

Reference [8] points out the benefits of reducing the healthy 

harvest time since chemicals are not applied for maintenance. 

There are different types of hydroponic farming, such as 

deep-water culture (DWC), where plant roots are suspended 

directly in a nutrient-rich water solution; another is the nutrient 

film technique (NFT) which uses shallow channels. deep to 

circulate a nutrient solution to the roots of the plants through 

recirculation [9].  

There is also the ebb and flow system (Flood and Drain) in 

which the growing system is flooded with a nutrient solution 

that is recirculated by a pump at intervals set by a timer. On the 

other hand, the wick system does not require a pump or timer; 

while another system called "drip" uses micro emitters to obtain 

nutrients and the water flows directly to the roots of the plant 

with the help of a pump [9]. These hydroponic systems generate 

significant water savings, lower energy consumption, and 

pesticides without depending on the soil resources [10]. 

Reference [11], mentions that hydroponics has important 

advantages in the efficient use of resources, in the reuse of 

water, reduces drainage by up to 80%, concentrates the rest of 

the nutrients, avoids pollution of water courses, rivers, 

salinization, and environmental degradation. Reference [12] 
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highlighted the simplicity of the systems and the level of plant 

growth much higher than that achieved in agricultural soils. 

This type of plant cultivation can generate shade in homes 

by reducing solar radiation and improving the quality of life of 

people and the environment [13]. On the other hand, the 

emission of waves allows efficient growth of plants; for the 

industry, this would greatly help the mass production of crops 

that produce more oxygen, thus reducing global warming and 

pollution [14].  

The fact is that the particles of the medium vibrate in the 

same direction as the direction of wave propagation. The 

function and can refer to the variation of pressure [15], its 

application not only contributes to agricultural production, 

generating economic improvements in the agricultural sector 

and making it environmentally sustainable [4].  

Plants can absorb significant amounts of acoustic energy, 

especially when there is soil substrate, which plays an important 

role in sound absorption, substrates absorb up to 80% of the 

incident acoustic energy at frequencies above 1000 Hz and 

plants absorb throughout the tested frequency range [16]. In this 

way, the particles of the medium oscillate in the same direction 

of wave propagation, and the function can be related to the 

change in pressure of the medium causing the longitudinal 

displacement of the waves.  

Reference [17], mentions that under optimal stimulation 

conditions (100 dB and 800 Hz), the sound field promotes plant 

growth and moderate stimulation improves the assimilation of 

tissues and cells, improves physiological activity and promotes 

plant growth. On the other hand, Reference [18] suggests 

musical vibrations between 90 and 130 decibels to achieve a 

positive effect; even harmonious levels of 70 decibels, 

combined with good lighting, also achieve good results.  

Likewise, comparative tests have been carried out using 

different types of electronic music, rock music and classical 

music, these contributed to the growth of lettuce, the yield of 

edible parts was increased, the chlorophyll content in lettuce 

leaves and photosynthesis were promoted  [19].  

Sound waves have been applied for the growth of a variety 

of plants. Reference [20], cultivated mung bean stimulated for 

72 h with audible tones at 1000-1500 Hz, 1500-2000 Hz and 

2000-2500 Hz and intensities [80 dB(A), 90 dB(A), 100 

dB(A)], the growth of mung beans was favored due to the 

regularity of the sound fields. Reference [21], grew water 

spinach (Ipomoea Aquatica) using Plant Harmless Technology 

(PAFT) and a hydroponic system with electronic, classical and 

rock music in soil and under non-immersion and flooding 

conditions.  

The results showed a significant increase in diameter 

average root surface, root surface and total root length. The 

hydroponic system increased spinach biomass in water from 

28.27% to 38.32% and in soil between 43.75% and 63.75% 

without water stress. 

II. METHODOLOGY 

The experimental design was made up of 36 experimental units 

(lettuce) divided into two systems, the first consisting of 18 

units of lettuce was grown in a conventional hydroponic system 

and the second in a hydroponic system with sound waves. To 

develop the design of the NFT hydroponic systems, the 

AutoCAD program was used.  

The systems were separated, the first exposed to noise due 

to its location in an industrial area with high ambient noise and 

the second system was separated from the first and exposed to 

classical music, both with the same surface area of 6 m2. The 

hydroponic systems were built with PVC pipes and were joined 

at each corner to generate recirculation of the nutrient solution 

and activate- feed the roots of the cultivated vegetables. The 

design is seen in the following diagram: 

 

Fig. 1 Hydroponic system design 

Peat (75%) and perlite (25%) were used as a substrate. 

Additionally, a nutrient solution composed of sulfur, iron, 

molybdenum, manganese, boron, zinc, copper and nickel salts 

was used. Considering that plants as living beings feel the 

vibrations of music, it has been reported that sounds close to 

100 decibels in their environment produce positive effects [22]. 

However, it was decided to apply a maximum of 70 dB of 

varied classical music for 24 hours a day. For this, the seeds 

were preliminarily germinated in the substrates (3-4 seeds per 

experimental unit) and then transplanted in the NFT systems, 

this was possible without the seeds having contact with sunlight 

for 7 days under permanent daily irrigation. Subsequently, they 

were subjected to sunlight and irrigation with the nutrient 

solution for two weeks. Once germinated, they were placed 

individually in a seedbed so that the roots could develop [3]. 

Various aromatic plants (rosemary, basil, and wormwood) 

were used to control pests; these act by reducing the 

phytophagous actions of lepidopteran larvae in the crop  [23]. 

Sound waves can also improve the immune system of plants. 

For example, [24]. Red mites on greenhouse tomatoes, aphids, 
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gray mold, late blight, and viral diseases were reduced by 6-

11%, and rice hull mites decreased by 50%. 

 

The measurement parameters considered were: cultivation 

or growth time (days), weight (g), and size (cm) of the lettuce.  

Likewise, the average sound levels in the plants subjected 

to classical music ranged between 59.43 and 50.22 dB 

respectively. Descriptive statistics were applied, using the 

Microsoft Excel program, which allowed the creation of figures 

and tables of the statistical results. 

III. RESULTS AND DISCUSSION 

The sound waves of classical music and environmental 

noise reached average intensities of 59.43 and 50.22 Db 

respectively; while the lettuces were transplanted to hydroponic 

systems after 15 days of germination. Table 1 describes the 

statistical results of the maximum development times reached 

by lettuce in the two hydroponic experimental blocks; subjected 

to environmental noise and classical music respectively.  

Each block had 18 experimental units and it was the culture 

with classical music that achieved greater development eight 

days before (time reduction: 21.7%) than the culture subjected 

to environmental noise, achieving its maximum development 

between 28 to 32 days. Regarding the weight obtained, it can 

be seen that classical music exceeded the weight achieved by 

the crop subjected to environmental noise by 50.4% ±6.5.  

These results achieved a shorter crop development time 

compared to the 35 days reported by [25], who exposed the crop 

to environmental noise and potassium chloride levels. Sonic 

stimulation affects the metabolism of plants at the cellular level 

and increases the size and number of stomata on each leaf, 

which allows the absorption of water and nutrients from the 

soil, favoring rapid root growth and plant growth [26]. 

According to [4], plants grow even faster when they are 

exposed to pleasant music, however, when they are subjected 

to environmental noise their growth is usually slow. 

 
TABLE I 

STATISTICAL DESCRIPTION OF LETTUCE DEVELOPMENT TIMES IN THE TWO 

HYDROPONIC EXPERIMENTAL BLOCKS 

Parameter Min Max Mean ±Standard 
Deviation 

Time 

(days)EN 
36 40 38.2 1.1 

Time 
(days)CM 

28 32 32 1.2 

Decrease in 

cultivation 

time (%) 

- - 21.66 1.7 

Weigth(g)EN 90.5 110 100.4 5.2 

Weigth (g)CM 169.4 250.9 207.8 22.7 

Increase 

Weigth (%) 
- - 50.4 6.5 

 

The Shapiro Wilk test (n ≤ 50) recorded p-values > 0.05 

between the two blocks of hydroponic crops subjected to 

environmental noise and classical music, indicating the 

normality of the data on development time, length, and weight 

of the lettuce. The T-Student test (Table 2) produced a 

significant p-value (p< 0.05) between the two hydroponic 

blocks demonstrating that the application of classical music 

sound waves accelerates the growth time of lettuce crops. That 

is, the Lettuce achieves greater length and weight in a shorter 

hydroponic growing time.  

Various studies at certain audio frequencies facilitate 

germination and plant growth [27]. 

Reference [28], produced lettuce by reducing the use of 

nutrient solution by 50% compared to a conventional system in 

soil [29]. These closed hydroponic systems have important 

advantages because recirculation allows the reuse of nutrients 

in the water, reducing their use in the production process [30].  

Our results also confirm that the automatic use of liquid 

flow is successful and comparable with the application of 

Arduino, speeding up crop growth [31]. The automatic 

application of NFT hydroponic systems is more agile than 

conventional systems with selenoid valves since it is difficult to 

maneuver the appropriate flow according to the age of the crop 

[32]. 

Regarding the weights (mean) reached by the lettuce crops 

with exposure to classical music and exposure to environmental 

noise, they were 207.8 g and 100.4g respectively (Table I).  
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Fig 2. Development of hydroponic lettuce crops: a) growth time (days), 

b) length (cm) and c) weight (g) 

 

Fig. 2 shows the development over time of the two 

hydroponic systems, Fig. 2a refers to the growth time, that is, 

the days of cultivation in which the lettuces were developed. 

Fig. 2b compares the lengths achieved and Fig. 2c compares the 

weights obtained in the cultivation period. 

From these results it is evident that lettuce crops with 

exposure to classical music exceed the weights of crops with 

exposure to environmental noise by 98.34 g (48.86%). These 

results were higher than those reported by [33], who achieved 

weights of up to 150.1 g for lettuce grown hydroponically 

without music, and [34], who similarly obtained a weight of 

115.45 g for the same species.[35] managed to increase the 

weight of three species of lettuce by 44.1% without applying 

music, [36], argues that in addition to the increase in the content 

of indoleacetic acid (IAA), polyamine compounds (PAS) also 

increase, this leads to the division of plant cells and the 

formation of leaves, increasing their weight.  

On the other hand, experiments without the application of 

sounds achieve weights lower than those achieved in this 

research, weights of 70.74 to 112.63g have been reported 30 

days after the transplant was carried out using a NFT 

hydroponic installation [37]; [38]. 

Reference [34] also evaluated variables such as plant 

height, root length, and weight and found that all lettuce 

varieties such as Curly Green (crespa lettuce) had significant 

differences in productive activities. This variety had the best 

performance with an average fresh weight of 203.36 g. 

Furthermore, reference [14], applied a different method to the 

NFT system, this system was the Floating Root system, 

achieving weights of 115.8 to 150.1 g of plants. All this 

indicates that there is a better effect and a great difference 

between both systems, although the season of the year plays an 

important role in the crops. 

Table II, shows the statistical differences found between 

the crops related to the rapid development time, length and 

weight of the lettuces. 
TABLE II 

LETTUCE CROP DEVELOPMENT T-STUDENT TEST 

 

Table III presents the results of progressive growth at 7, 14, 

22, 30 and 38 days. It produced a maximum value of 31.90 cm 

in length for lettuce subjected to classical music in 30 days 

versus environmental noise (average length: 29.90 cm) at 38 

days. It is also important to highlight those cases have been 

reported in which NFT hydroponic lettuce crops were not 

subjected to any sound or noise; [38] reported average heights 

of 16.97 cm 30 days after transplant. This value is lower than 

that reported in this study (Table 3) for crops exposed to 

environmental noise (23.6 cm) and classical music (Maximum 

length: 31.9 cm).  

TABLE III 

LETTUCE LENGTH IN HYDROPONIC EXPERIMENTS 
 

Growth 

time 

 (days) 

Length (cm)EN Length (cm)CM Growth 

Increase 

(EN-CM) 

Min 

(cm) 

Max 

(Max) 

Mean 

(cm) 

Min 

(cm) 

Max 

(Max) 

Mean 

(cm) 
cm % 

7 11.1 11.6 11.35 13.1 14.2 13.65 0.85 7.04 

14 13.1 15.9 14.5 16.1 18.2 17.15 2.35 13.7 

22 17.1 20 18.55 23.1 25.3 24.2 4.05 16.73 

30 22.6 24.6 23.6 30.2 33.6 31.9 8.3 26.02 

38 29.2 30.6 29.9 30.2 33.6 31.9 2 6.27 

 

This maximum length corresponded to an average sound 

pressure application of 59.43 dB; while the crop subjected to 

environmental noise the average sound pressure was 50.22 dB. 

Treatments with classical music improved crop growth by 

2cm (6.27%), however, this value is lower than that reported by 

[21], who applied sound pressure of 80 dB to hydroponic 

spinach (Ipomoea) crops, achieving between 13 and 18.5% 

increase in length. Reference [39] previously demonstrated that 

Mozart's music increased the length of his plants.  

The molecules are initially static, at rest, but then move 

harmoniously, being beneficial for the activation of plant cells 

[21]. Reference [40] investigated the growth of mung bean 

(Vania radiata) subjected to 5 acoustic patterns (soprano, 

classical, nature, rock, and chronic recitation) at a sound 

pressure level of 60 dB ± 10 dB, in which they showed that 

these acoustic patterns promoted growth in different parts of the 

mung bean.  

This situation demonstrates that acoustic frequency could 

stimulate plant IAI secretion and plant growth [41]; [42]; 

as long as it does not reach noise levels which generates 

negative effects on plants [27]. The Fig. 3–5, show the 

process applied in the experiment: 
 

 
Para- 
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n 
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n 
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d 

 Error  
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CI 
/(95%

) 
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CI 
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Fig. 2. Preparation of the germination process of Lettuce 

Seeds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. NFT hydroponic system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Measuring the lettuce: a) Weight (g and b) Length 

(cm) 

 

IV. CONCLUSIONS 

The application of classical music sound waves in 

domestic hydroponic cultivation accelerated the development 

time of lettuce crops, reaching their final size 30 days after 

being transplanted to the NFT system, unlike the system 

exposed to environmental noise. 

The hydroponic culture subjected to environmental noise 

reached a final size after 38 days, because the sound 

stimulation affected the metabolism of the plants at the 

cellular level, despite the increase in height and the number of 

stomata on each leaf. It was shown that the application of 

harmonious sound waves allowed the absorption of water and 

nutrients from the soil, thus promoting rapid growth of roots 

and plants. 

The music provided the vibration of sound waves of a 

certain frequency, causing them to resonate in the cells, the 

lettuce molecules moved harmoniously, which was beneficial 

for the activation of plant cells. 
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The application of sound waves with a level of 59.43 and 

50.22 dB, applied to the cultivation system, increased the mass 

of the lettuce until reaching 250.87 g. On the other hand, the 

lettuce exposed to environmental noise only reached a 

maximum weight of 110 g. 

This is because after sound stimulation, the content of 

indole acetic acid and polyamine compounds increases in 

plants, which caused the division of plant cells and the 

establishment of plant morphology, promoting the formation 

of leaves and the increase in plant weight. 
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