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Abstract 

 
This research aim is study the effect of ultrasound waves on the some marketing properties of lettuce plant. The experiment was carried out 

using hydroponic Nutrient Film Technique system (NFT) A- shape, in Giza governorate, through three economic period during the 

agricultural seasons of 2016/2017 under greenhouse growing conditions. Ultrasound device designed and assembled locally to generate 

different frequencies, with constant power ≈ 40 W. The present study seeks to the impact of ultrasound wave with different frequencies "F" 

of 20, 30 and 40 kHz, and exposure periods "EP" of 0, 60, 300 and 600 sec, on some marketing properties for  lettuce (Lactuca sativa L.) i.e., 

fresh vegetative mass "Vm" (g), average leaves number "Ln", average leaf area "La" (mm2), stem firmness " SF" (kg cm-2), and chorophyll 

ratio "Cr" using randomize complete block design (RCB). Results affirmed that, using ultrasound frequency 30 kHz, with "EP" 60 sec 

recorded max. values of marketing properties of Vm (555.25g), Ln (27.75), and La (417.06 mm2). Meanwhile, SF, recorded max. value of 7.01 

kg cm-2 and Cr of 30.73% at zero sec. 
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Introduction 

Application of biophysical methods i.e., microwave and 

laser radiation, magnetic field and ultrasound treatments, 

increased root mass up 24%, vegetative mass from 10 to 

45%, yield from 10 to 50%, and increased resistance to pests 

and diseases, better qualitative characteristics of products 

(protein, sugar, vitamins etc), decreasing mineral fertilizers 

from 10 to 15%, decreasing application of pesticides 

(Vasilevski, 2003). Schulze et al. (2005) explained that stress 

factors on plant (stressors) can shared to two classes: biotic 

and/or abiotic factors. The abiotic stressors embrace the 

physical face as; wind, radiation, electrical, magnetic, water, 

temperature, soil movement, mineral salts, pollutants 

submergence, and gaseous toxins. Sound is a mechanical 

wave that travels in a medium, longitudinal and straight line 

fashion. There are three types of sound; A) Infrasound 

(frequencies less than 20 Hz), is not hearable by human ears, 

B) Acoustic or audible sound (frequency ranged between 20 

Hz and 20kHz) is what human beings hear, C) Ultrasound or 

ultrasonic (frequencies higher than 20 kHz) cannot be heard 

by humans also. Sound and ultrasound can interact with 

biological tissues by thermal and mechanical processes 

(O’Brien, 2007; Whittingham et al., 2007; Rokhina et al., 

2009; Hassanen et al., 2013; Abuhamade et al., 2014; and  

El- Nokrashy, 2015). Ultrasonic could be generate by; Piezo-

electric generator and/or Magneto-striction generator (Don, 

2010). It can affect the growth and developmental functions 

of plants at different levels by their characteristics i.e., 

frequency, period, amplitude, power, intensity, wavelength, 

propagation speed (Teixeira and Dobranszki, 2014). 

Ultrasonic application on plant had enhanced effects, where, 

on rice (Oryza sativa L.) cell number ml-1., increased by 14 

and 34.2 %, and the fresh weight by 28 and 55.5 %, and 

cultures were enhanced when exposed by ultrasound about 

28 kHz, for 2 and 5 sec, (Liu et al., 2003). Meanwhile, 

production yield of a secondary metabolite, and valepotriate, 

could be doubled in liquid culture, after sonicated by 

ultrasound 40 kHz, for 180 to 300 sec, (Stratuet et al., 2012; 

and Russowski et al., 2013). Soilless culture, including 

hydroponics, aquaponics, and aeroponics, is considered one 

of the more innovative agricultural strategies to produce 

more from less, (Lal, 2016). Hydroponics offer many 

advantages for commercial agriculture. Where, arid lands, 

such as deserts, can be transformed into productive lands in 

greenhouses using limited amounts of water (reused and less 

is lost through evaporation and run-off), by allowing it and 

nutrient application directly in appropriate levels to the crop 

growth, to each plant roots. Likewise, the control over the 

wind, rain and sunlight, as well as, decrease the losses in 

yield and increase the quality (Furlani et al., 1999, and 

Sorenson et al., 2009). There are several design in 

greenhouse lettuce production i.e., Nutrient Film Technique 

(NFT), floating raft method, vertical tower method, and a 

final model is the ground/landscape pot or upright plastic bag 

model (Natalie et al., 2018). Lettuce is a member of the 

Compositae (sunflower or daisy family). It is one of the 

oldest known vegetables. It is rich in minerals contents like 

potassium (very necessary to maintain appropriate levels of 

liquids in the body), manganese, magnesium, iron (required 

for the formation of red blood cells and the transportation of 

oxygen to different parts of the body), calcium and  

phosphorus together (for the correct well-being of the bones). 

These nutritional benefits of lettuce can help prevent anemia 

and aid in protecting the body from indigestive agents. 

Lettuce is an excellent source of vitamins A (which helps 

protect the eye), K, E, C, B6 and thiamine (Bunning and 

Kendall, 2012). Also, it contains an antioxidant that has a 

medicinal property to prevent of certain type of (cancers, 

colon, prostrate and lungs). It contains amino acids 

(necessary for the construction of muscular and nervous 

tissues) (Romani et al., 2002). 

The aim of research was to study the effect of 

ultrasound waves on the some marketing properties of lettuce 

plant i.e., vegetative fresh mass "Vm", leaves No., leaf surface 

area "La", stem firmness "SF" and chorophyll ratio "Cr".  

Materials and Methods 

The research experiment was carried out using 

hydroponic Nutrient Film Technique system (NFT). The 

experiments include three economic periods in the 
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agricultural seasons of 2016/2017 under greenhouse growing 

conditions, using the following materials; 

Ultrasonic generator circuit, It was designed and assembled 

locally have different frequencies "F" of 20, 30 and 40kHz, 

(± 15%), with adjustable power 40W. Their components 

were shown in Fig. 1. 

Greenhouse, The greenhouse dimensions were 9×3×2m for 

length, width, and height respectively. It covered with white 

cloth "seran" (200 µm, thickness, and 0.96 g.cm-3, density), 

used in the experimental to increase height temperature in 

summer. 

Hydroponic unit: The NFT system ‘‘A-shape system’’ 

structure as illustrated in Figs. 2 and 3 mainly consists of; 

triangle steel frame has forming 60°, with dimensions of 100 

× 100 × 3 cm for length, height and thickness, respectively. 

PVC are 6 tubes with 100 cm length, and 10.16 cm, (≈4 inch) 

diameter as  hydroponic unit, fixed on frames at three levels, 

40, 75, and 100cm, from ground. Tank with capacity of 30 L. 

submerged pump with 2.4 m, head, 1800 L. h-1, discharge, 

AC 220-240V, and  50Hz, timer and nutrient solution 

composition was described by (El-Behiary, 2001) as shown 

in Table (1). 

 
C1: Capacitor 1µf., R1: Resistor 450 Ώ., RV1; Resistor covariance 20kHz. 

C2: Capacitor 10 µf.,  R2: Resistor 10K., RV2: Resistor covariance 30kHz. 

U1: Ultrasonic microphones EFROSB40K65 RV3: Resistor covariance 40kHz. 

IC1: NE 555 SW1: key switch. 

Fig. 1 : Ultrasonic generator translator circuit components 

 

 
1: Frame          2: Holder       3: Pipes          4: Tubes 

5: Stylized       6: Elbow        7: Pump         8: Tank 

Fig. 2. : Main parts of hydroponic system. 
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1: Ultrasonic device         2: Frame       3: Tubes         4: Pipes 

Fig. 3 : Hydroponic system and device 

 

Table 1 : Element concentrations in the used nutrient 

solution  

Element 
Concentration  

(ppm) 
Element 

Concentration 

(ppm) 

N 200 Mn 1.0 

P 70 Cu 0.039 

K 300 Zn 0.044 

Ca 190 B 0.17 

Mg 50 Mo 0.1 

Fe 5.0   

 

Soilless media with petmose and perlite with ratios of 

1:3 were used as, artificial media for supporting lettuce plants 

inside the hydroponics net through polyethylene pots (20 and 

20 cm for diameter and length).  

Lettuce plant (Lactuca sativa L), variety Limor Hyp., 

supplied by private company, were allowed to grow till 

maturity.    

Marketing parameters affected by ultrasound in plants 

i.e., fresh vegetative mass "Vm" were recorded by digital 

electrical balance with an accuracy of 0.001g. Leaves No 

"Ln" were counted and recorded. Leaf surface area "La" 

(mm2) was determined using portable digital area meter. 

Penetrometer, ST 308 with accuracy ±1%, was used to 

measuring steam strength (firmness). Chlorophyll meter was 

used to measuring chorophyll ratio"Cr". 

After 70 days from transplanting, samples were 

harvested and collected from each period. Each period 

exposed to different ultrasound frequency individually (20, 

30, 40 kHz), with three exposure periods (0, 30, 300, 600 

sec). The number of lettuce plants used for each the 

experiment was 96 plants which potted in the same day.  

The experimental design is randomize complete block 

design (RCB), with three replicates and two factors. Main 

factor: Effects of exposed frequency (F), and second factor: 

exposed period (EP), and data generated from the 

experiments were subjected separately to the proper 

statistical analyses of variance according to Snedecor and 

Cochran (1976). Mean comparison between treatments and 

their interactions was determined using least significant 

difference (LSD) test at a 0.05 probability significance level. 

Results and Descussion 

From Figs. (4 through 6) it is clearly showed that 

exposed periods "EP" did not have any significant effects on 

"Vm" and "La". Also, it was found that the highest "Ln" (26 

and 25.25) with "EP" (60 and 300) sec. Where results, show 

clearly that increase "EP" only from 0 to 60 sec, significantly 

increased "Ln" by 7.22%. Meanwhile, the largest "La" were 

413.97 and 405.73mm2 were obtained at "EP" 300 and 

600sec. Max and min values of "SF" were 8.93 and 6.93 kg 

cm-2 recorded at "EP" 300sec, and control (0 sec). The best 

"Cr" treatment at 600 sec and max. value was 33.69 and min 

value was 31.21% at zero sec and was non-significant with 

all "EP". 

Generally, it was notable to annotation however, that 

Vm, Ln, and La, followed similar patterns, when treated plants 

with 30 kHz of ultrasonic waves. Where, Vm, Ln, and La has 

direct proportion with "EP" from 0 to 60 sec., thereafter the 

relation has negative proportion till 600 sec. (Figs. 4 through 

6). Their values were improves slightly by increasing "EP" 

from 0 to 60 sec, about 12.62, 5.71, and 3.6%, respectively, 

as well as, their values decline sharply by increasing "EP" 

from 0 to 600 sec about 47.28, 22.53, and 6.83%, with the 

same arrangement. Plants with "EP" 60 sec, ranked last in 

terms of "SF" (6.11 kg cm-2), meanwhile, plants with "EP" 0 

sec has the heights "SF" (7.01 kg cm-2). The best treatment to 

chorophyll ratio zero sec time and max value was 30.73% 

and min value was 29.64% at 60sec and was non-significant 

with all "EP". 

At plants exposed by 40 kHz, plants with "EP" 600 sec., 

ranked last in terms of "Vm" (245.25g), meanwhile, plants 

with "EP" 60 sec., has the heights "Vm" (479.5g). Plants "Vm" 

value was improve slightly from "EP" 0 to 60 sec (0.52%), as 

well as, its value decline sharply about 30.4% from "EP" 60 

to 300 sec, and 26.52%, from "EP" 300 to 600 sec. Although, 

there were negative significant differences in "Vm" between 

control and "EP" 300 and 600 sec. There were negative 
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exponential correlations between "Ln" and "EP", where, Ln = 

29.822 e-0.75Ep, with R2 ≈0.748. "EP" did not have any 

significant effects on "La". Fig. (7) revealed that "SF" ranged 

between 8.23 and 5.20 kg cm-2 "Ep" with control recorded 

the largest "SF" followed by 60, 300, and 600 sec. Fig. (8) 

showed that best treatment to "Cr" zero sec time and max 

value was 32.18% and min value is 26.27% at 600 sec and 

was non-significant with all "EP". 

The above results clear that the best stress on lettuce 

plant were ranging from 60 to 300 sec at 20 to 30 kHz to 

obtain the highest La at 60 sec and Cr at 0 to 60 sec and 20 

kHz, but for highest Vm, La and lowest Sf at 60 sec and 20 kHz 

that may due to the stress revealed that optimum values can be 

attributed to the elimination of cells that have increased the 

rate of growth. These were results agreement with Schulze et 

al. (2005). Then Similar results were demonstrated by Wu and 

Wu, 2007; Stratu et al., 2012; Russowski et al., 2013; 

Hassanen et al., 2013; Jaime et al., 2014; Teixeira and 

Dobranszki, 2014; Cao et al., 2015; Ran et al., 2015; Nazari 

et al., 2017; Ozkurt and Altuntas 2018. 

 

Frequency of ultrasound waves: 

 
Fig. 4 : Effect of exposed period on vegetative mass at different ultrasound waves. 

 

 
Fig. 5 : Effect of exposed period on leaves No at different ultrasound waves. 

 

 
Fig. 6 : Effect of exposed period on leaf area at different ultrasound waves. 

 

 

Frequency of ultrasound waves: 

 
Fig. 7 : Effect of exposed period on firmness at different ultrasound waves. 
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Fig. 8 : Effect of exposed period on chlorophyll ratio at different ultrasound waves. 

 
Conclusions 

          The obtained results showed that the use of ultrasound 

waves is suitable to improve plant growth for lettuce in most 

properties especially when used at time 60sec, and frequency 

20kHz, which gave an increase of fresh vegetative mass "Vm" 

(g), average leaves number "Ln", average leaf area "La" 

(mm2), stem firmness " SF" (kg cm-2), and chorophyll ratio 

using randomize complete block design (RCB). Results 

affirmed that, using ultrasound frequency 30 kHz, with "EP" 

60 sec recorded max. values of marketing properties of Vm 

(555.25g), Ln (27.75), and La (417.06 mm2). Meanwhile, SF, 

recorded max. value at (7.01 kg cm-2), with 0 sec, and Cr 

(30.73%) at zero sec. Ultrasonic treatment significantly 

influence the growth of plants and the ultrasound treatment 

influences positively the chlorophyll pigment synthesis and 

pest the best effect being obtained when the time of exposure 

was short. 
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