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ABSTRACT

The study aims to use modern technologies based on ultrasound to increase
production of vegetables in greenhouses. The experiment was carried out using hydroponic
Nutrient Film Technique system (NFT) with three levels (A shape) in Giza governorate,
through four productive periods during the agricultural seasons of 2016/2017 under
greenhouse growing conditions. Ultrasound device designed and assembled locally to
generate different frequencies, sound pressure levels (SPLs), exposure periods, and distances
from the source of generator and plant in vertical and horizontal level. The present study
investigates the influence of ultrasound wave exposure on growth of lettuce (Lactuca sativa
L.) and strawberry (Festival). The experiment include of: two types of ultrasound electronic
circuit: first circuit applied at 40 kHz and adjustable power 18W. The second circuit applied
at 20, 30 and 40 kHz and adjustable power 40 W, each group was exposed to various
ultrasound interval times range from (0, 60, 300 and 600 sec), at different source (0-30-60
cm) in vertical level; It found that the used of ultrasound waves was suitable to improve in
plant growth for lettuce in most growth characters especially when used at time 60sec,
distance zero cm (horizontal) of device and frequency 30kHz second circuit -100dB - 40W
which gave the increased of about 3.60, 14.16, 21.27, 23.87, 20.49, 10.17, 0.49, 15.41,
16.10, 4.8, 3.60% for the properties of number of leaves, plant height, fresh weight of shoot
and root, shoot dry weight, root dry weight, stem diameter, stem length, root length,
chlorophyll ratio and leaves area of lettuce at harvest, respectively. While decreased stem
firmness at 12.84%. And found that parameters all of fruits number, flowers number and
yield distribution increase comparison control with 20, 36.1, 50%, respectively, while
number of leaves, plant height, fruit thickness and fruit firmness same control with 4, 9.36,
25.36, 2.30% on other hand total soluble solids decrease comparison control with 13.89%
for strawberry plants at frequency 20kHz second circuit -100dB - 40W and time 60sec,
distance zero cm. The results showed that the emphasize specific value variations of the
analyzed indicators according to the species and the experimental conditions. Ultrasonic
treatment significantly influence the growth of plants and the ultrasound treatment
influences positively the chlorophyll pigment synthesis the best effect being obtained when
the time of exposure was short.
Key words: Biophysics methods, ultrasound, hydroponic, greenhouse, lettuce plants,

strawberry plants.




CONTENTS

INTRODUCTION ...,
REVIEW OF LITERATURE......................................
1. Biophysics methods .......................................
2.50UNd. ...

3. Hydropomic................ooooii

4. GreenoUSe. ...

5. Scientific explanation of phenomenon effect
ultrasound on plants...

MATERIALS AND METHODS .......................................
1. Materials ...
2. Devices and instruments. ...
3. Measurements. ...
4. Methods ...
RESULTS AND DISCUSSION ...,

1.Effects of different daily exposure periods at frequency
to first circuit 40 kHz -70dB — 18W and second circuit
20, 30 and40 kHz-100dB - 40W at a constant
ultrasound waves on morphological characters of
lettuce plants.....................
2.Effects of different daily exposure periods at frequency
to first circuit 40 kHz -70dB — 18W and second circuit
20,30,40 kHz-100dB — 40W at a constant ultrasound
waves on morphological characters of strawberry
Plants. ...
3. Effects of ultrasonic on insects..........................................
4. Costevaluation ...,
CONCLUSION. ..o,
SUMMARY ...
REFERENCES. ...,
APPENDICES. ...,
ARABIC SUMMARY ...,

34

37
38
55
57
61
67

67

108
156
157
159
160
171
181



No.

LIST OF TABLES

Title

1. Technical Data of ultrasonic S€nSor...............coovveeeeveeiinnn,

Technical Data of Kemo M033N Universal Mono Amplifier

Technical Data of Loudspeaker L002 ultrasound..............

5. Technical Data of ultrasonic generator designed..............

Y =N

10.

11.
12.

13.

14.

15.

Element concentrations in the used nutrient solution.........
The assumed lifetime for system materials......................
The dilution ratio of the solution......................o

Air temperature from October 2015 to May 2016............
Average Air temperature from September 2016 to May

Average relative humidity..................coooi

Effect of different daily exposure periods at frequencies
at a constant ultrasound waves on number of leaves at
stage of growth.................ccoiii

Effect of different daily exposure periods at frequencies
at a constant ultrasound waves on plant height at stage
of growth. ...,

Effect of different daily exposure periods at frequencies
at a constant ultrasound waves on number of leaves at
stage of growth................co

Effect of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20, 30
and 40 kHz-100dB — 40W and different vertical
distances (0, 30 and 60cm) at a constant ultrasound
waves on plant height for lettuce after harvesting...........

II

45
48

54
60
64
68

68
68

69

71

73

76



16.

17.

18.

19.

20.

21.

22.

23.

LIST OF TABLES (continued)

Effect of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20, 30
and 40 kHz-100dB — 40W and different vertical
distances (0, 30 and 60cm) at a constant ultrasound
waves on shoot fresh weight for lettuce after
RATVESTING. ..o

Effect of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20, 30
and 40 kHz-100dB - 40W and different vertical
distances (0, 30 and 60cm) at a constant ultrasound
waves on root fresh weight for lettuce after
harvVesting..........oooiiiiiiii i,

Effect of different daily exposure periods at frequencies
at a constant ultrasound waves on different test
parameters for lettuce after harvesting.............................

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at 600sec,
distance zero cm horizontal and frequency 40kHz,c1........

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at 300sec,
distance zero cm horizontal and frequency 20kHz,c,.........

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at 60 sec,
distance zero cm  horizontal and frequency
30kHZ,C2 ..............................................................................

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at 60sec,
distance zero cm  horizontal and  frequency

I1I

78

81

95

96

98

99



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

LIST OF TABLES (continued)

Concentrate of elements Mn, Zn, Cu, B, Fe and P of
leaves lettuce plants at 40KHz,Cq.........coooveiiiiiiiiii

Concentration of hormones (Gibberellin (GA) and
Abscisic acid (ABA)) at40 kHz,cq....................ccoo

Effect of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20, 30
and 40 kHz-100dB — 40W and different vertical
distances Ocm at a constant ultrasound waves on total
leaves number at different distances for strawberry plants
after harvesting.................ccoooooii

Effect of different daily exposure periods at frequencies
at a constant ultrasound waves on total plant height at
stage of growth (180 day)............cccocooiiiiiiiiii

Effect of daily exposure periods at different frequencies
at a constant ultrasound waves on parameters in the end
SCASOIL. ...ttt

Effect of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20, 30
and 40 kHz-100dB - 40W and different wvertical
distances Ocm at a constant ultrasound waves on total
1€AVES AT, I\ oo

Effect of daily exposure periods at different frequencies
at a constant ultrasound waves on total number of
FLOW LS. .o

Effect of daily exposure periods at different frequencies
and different vertical distances at a constant ultrasound
waves on total number of fruits............coooovviiiiii e

Effect of daily exposure periods at different frequencies
and different vertical distances at a constant ultrasound
waves on total yield distribution.............................cc

Effect of daily exposure periods at different frequencies
and different vertical distances at a constant ultrasound
waves on number of leaves. ...,

110

112

113

115

115

116

117



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44,

LIST OF TABLES (continued)

Effect of daily exposure periods at different frequencies
and different vertical distances at a constant ultrasound
waves on frults NUMDbET............oooi e

Effect of daily exposure periods at different frequencies
and different vertical distances at a constant ultrasound
waves on yield distribution (g/plant)................................

Effect of daily exposure periods at different frequencies
and different vertical distances at a constant ultrasound
waves on different test parameters....................c....ooois

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at 60sec,
distance zero cm  horizontal and frequency

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at second time
60sec, distance zero cm horizontal and frequency

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at 60sec,
distance zero cm horizontal and frequency 30kHz,c,........

Growth characteristic and chemical properties recorded
when plants exposed to ultrasound waves at 60sec,
distance zero cm horizontal and frequency 40kHz,c;.......

Color analyzer (Lab) of fruits strawberry at 40kHz,c,

Effect of ultrasonic waves on quality (color analyzer) of
fruits strawberry at frequency 40kHz,c............................

Color analyzer (Lab) of fruits strawberry at 20kHz,c,.......

Effect of ultrasonic waves on quality (color analyzer) of
fruits strawberry at frequency 20kHz,cp............cccccoo.

122

124

127

134

134

135

136
137

137
142

142



45.
46.

47.

48.

LIST OF TABLES (continued)

Color analyzer (Lab) of fruits strawberry at 30kHz,c........ 147
Effect of ultrasonic waves on quality (color analyzer) of
fruits strawberry at frequency 30kHz,cp............cccoooin. 148
Color analyzer (Lab) of fruits strawberry at
QOKHZ,Co. oo 152

Effect of ultrasonic waves on quality (color analyzer) of
fruits strawberry at frequency 40kHz,c............cc...oooo.. 153

VI



No

AN

10.
11.
12.
13.
14.
15.

16.
17.

LIST OF FIGURES

Title

The identity between the longitudinal characterization of
a sound wave in air and the pressure-time
fluctuations. ...,

The distance between two peaks is the wavelength (a)
Low-frequency sinus wave; (b) high-frequency sinus
WAVE. ..ottt
The piezo-electric phenomenon........................oooei
Thickness of a crystal determines vibration Frequency.....
Magneto-striction generator or oscillator........................
Scanning Electron Micrographs (a) the plant treated with
Sonic Bloom (b) untreated plant ...................................

Schematic representation to circuit of piezo ultrasound
40 kHz components a) B214 and b) B197-080260P......
Circuit ultrasonic generator translator............................
Schematic  representation of MO71N ultrasonic
GENETATOT . .....utiitii i
MO71N ultrasonic generator device................................
Ultrasonic generator translator circuit designed...............
Ultrasonic generator device designed .............................
Main fram of hydroponic unit............................ccoooin
Layout of NFT System............ccccooiiiviiiiiiii,
Schematic representation of hydroponic units in
GIEENNOUSE. ... ..ottt
Hydroponic system constructer......................cccccvvenn

Hydroponic system constructer with devices...................

VII

Page

10

11
12
12
13

24

39
42

43
44

48
50
51

52
53
53



18.

19.

20.

21.

22.

23.

24.

25.

LIST OF FIGURES (continued)

Effect of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20, 30
and 40kHz-100dB — 40W of ultrasound waves on
number of leaves at at stage of growth..........................

Effect of daily exposure periods at frequency to first
circuit 40kHz-70dB — 18W and second circuit 20, 30
and 40kHz-100dB — 40W at a constant ultrasound
waves on plant height at stage growth...........................

Effects of daily exposure periods at at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20,30,40
kHz-100dB —40W  at a constant ultrasound waves on
number of leaves for lettuce after harvesting..................

Effect of different daily exposure periods at frequencies
to first circuit 40 kHz -70dB — 18W and second circuit
20,30,40 kHz-100dB — 40W at a constant ultrasound
waves on plant height for lettuce after harvesting...........

Effects of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20,30,40
kHz-100dB — 40W at a constant ultrasound waves on
shoot fresh weight for lettuce after harvesting.................

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30,40 kHz-
100dB — 40W at a constant ultrasound waves on root
fresh weight for lettuce after harvesting..............cccooccooov....

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30,40 kHz-
100dB — 40W at a constant ultrasound waves on shoot
dry weight for lettuce after harvesting..........................

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W at a constant ultrasound waves on
root dry weight for lettuce after harvesting.....................

VIII

70

72

74

77

79

82

85

86



26.

27.

28.

29.

30.

31.

32.

33.

34.

LIST OF FIGURES (continued)

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W at a constant ultrasound waves on
stem diameter for lettuce after harvesting.......................

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W at a constant ultrasound waves on
stem firmness for lettuce after harvesting.......................

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30,40 kHz-
100dB — 40W at a constant ultrasound waves on stem
length for lettuce after harvesting...................oocoivine.

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30,40 kHz-
100dB — 40W at a constant ultrasound waves on root
length for lettuce after harvesting.................cccoovcicri.

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20, 30 and 40
kHz-100dB — 40W at a constant ultrasound waves on
leaf area for lettuce after harvesting............cccccooovoericvrrieennenn.

Effects of ultrasound waves at frequency to first circuit

40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W at a constant ultrasound waves on
chlorophyll ratio for lettuce after harvesting..................

Concentrate of elements (Mn, Zn, Cu, B, Fe and P) at
frequency 40 KHZ,C1.....ooooviiiiiiiii
Concentrate of elements (N, K, Ca and Mg) at frequency

Hormones concentrate Gibberellin acid (GA)...............

IX

87

88

89

90

92

93

102

104



35.
36.

37.

38.

39.

40.

41.

42.

LIST OF FIGURES (continued)

Hormones concentrate Abscisic acid (ABA)....................

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20, 30 and 40
kHz-100dB — 40W at a constant ultrasound waves on
total number of fruits for strawberry after
RATVESTING.......oooiiii e

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W at a constant ultrasound waves on
total plant height for strawberry after harvesting.................

Effects of ultrasound waves on parameters at end season
(A) Shoot fresh weight (B) Shoot dry weight (C) Root
fresh weight (D) Root dry weight...................c.ooo

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W on total leaves area for strawberry
after harvesting...............cooooiiiiiii

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W a constant ultrasound waves on total
number of flowers for strawberry after harvesting............

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W on total number of fruits for
strawberry after harvesting........................ccoooooi

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W on total yield distribution for
strawberry after harvesting.............cccoe oo,

111

112

114

115

116

117

118



43.

44,

45.

46.

47.

48.

49.

LIST OF FIGURES (continued)

Effect of daily exposure periods at frequency to first
circuit 40 kHz -70dB — 18W and second circuit 20,30
and 40 kHz-100dB — 40W and different vertical
distances (0,30 and 60cm) at a constant ultrasound waves
on number of leaves for strawberry after
RATVESTING.......oooiiiii i

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W  on fruits number for strawberry
after harvesting..................coooooi

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W on yield distribution for strawberry
after harvesting..................ccoooooii

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W on plant height for strawberry after
RATVeStING.........oooii i,

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W  on flowers number for strawberry
after harvesting..................ccooooiiii

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40

kHz-100dB - 40W on total soluble solids for
strawberry after harvesting...........................cccooeiii

Effects of ultrasound waves at frequency to first circuit
40 kHz -70dB — 18W and second circuit 20,30 and 40
kHz-100dB — 40W  on fruit thickness for strawberry
after harvesting.................coocciiiiiii

XI

120

123

125

128

129

130



63.

64.

65.

66.

67.

68.

69.

70.

LIST OF FIGURES (continued)
Effect of ultrasonic waves on Chroma of fruits
strawberry at frequency 30kHz,cp...............oooooii,

Effect of ultrasonic waves on hue angle of fruits
strawberry at frequency 30kHz,cp.............ooooiiiiiii

Effect of ultrasonic waves on values of fruits strawberry
at frequency 40kHz,Co.........oooooiiiiiii

Effect of ultrasonic waves on quality (color analyzer) of
fruits strawberry at frequency 40kHz,cp.....................

Effect of ultrasonic waves on total color differences of
fruits strawberry at frequency 40kHz,cy..........................

Effect of ultrasonic waves on Chroma of fruits
strawberry at frequency 40kHz,cp.................ooooii,

Effect of ultrasonic waves on hue angle of fruits
strawberry at frequency 40kHz,cp.................ooooii,

Effect of ultrasonic waves on values of fruits strawberry
at frequency 40kHz,Cp.......oooooviiiii

XIII

149

150

151

153

154

155

156

156





