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ABSTRACT 
The introduction of telecommunication instruments, especially microwave, leads to a massive increase in 

electromagnetic pollution. The current research intends to assess the physiological effects of microwave 

radiations on barley (Hordeum vulgare L.). Barley seeds were exposed to eight different exposure 

periods of microwave from 0 to 600 seconds. Germination parameters were dose-dependents, the 

percentage of germinated seeds increased after short exposure periods to microwave recording 100% 

germination. Further the germination rate, relative germination coefficient were also increased after short 

exposure periods to microwave. Longer exposure periods reduced the percentage of germination, 

germination rates, and various germination indices. Morphological and growth traits showed a similar 

trend and were significantly decreased after longer exposure periods to microwave. Chlorophyll contents 

were significantly decreased with increasing exposure periods of microwave. Microwave-induced 

electrolyte leakage (%) was significantly increased (r=0.92*, p<0.001) following pretreatment with 

different exposure periods of microwave. Current research data gives spotlight on possible positive and 

negative effects of microwave on barley and recommended to minimize the exposure time to 

environmental microwave to safeguard recovering ability of biological systems. However, the positive 

effects of microwave are of considerable importance for improving crops. 

Keywords: Agricultural practices, Coleopterans, Ground fauna, Habitats, Hymenoptera, Macro 

invertebrates, Urbanization, Pitfall traps, Suez Canal region. 

 

 

INTRODUCTION 

 

The Development of life was influenced by two 

ubiquitous forces; the gravity and electromagnetism, the 

two forces expected to have essential role in the 

functional activities of biological systems and 

organisms (Balmori, 2009). A massive increase in 

electromagnetic pollution since the introduction of 

telecommunication instruments in the 1990’s led to 

increased exposure to radio and microwave frequency 

fields (Ragha et al., 2011). These electromagnetic fields 

can have a deleterious and damaging effects depending 

on the exposure doses, power level, frequencies, pulsed 

or continuous wave and the dielectric properties of 

exposed tissue (Banik et al., 2003). Microwave are a 

part of electromagnetic radiations spectrum comprising 

frequencies ranging from 300 MHz to 300 GHz, further, 

it acts through absorption on molecular level manif-

esting as vibrational energy or heat and a biological 

effects (Pakhomov et al., 1998). Relevant research 

suggests that microwaves may have long-term health 

effects (Lin, 2004). Identification, evaluation and 

assessment of the bio-effects of microwaves have been 

complex and controversial, because of the absence of a 

clear mechanism of the impact of microwave radio-

frequencies and biological systems, there has been a 

persistent view in biophysical and engineering sciences, 

that microwave fields are incapable of inducing bio-

effects other than by heating (Banik et al., 2003).  

In recent times, non-thermal bio-effects of micro-

waves on tissue responses were being acknowledged 

(Banik et al., 2003). Various research data have offered  

 

 

convincing evidence of non-thermal microwave effects 

and have also indicated various consistencies in these 

influences including: dependence of frequency, polari-

zation, modulation and intensity, wavelength, duration 

of irradiation, radiation exposure dose representing a 

long-term cumulative influence (Kemerov et al., 1999; 

Kositsky et al., 2001; Belyaev, 2005; Lai, 2005; Abu-

Elsaoud, 2015; Williams, 2016).  

Microwave irradiation could affect plant growth, 

development and seed germination (Ragha et al., 2011; 

Radzevičius et al., 2013; Abu-Elsaoud, 2015). Low 

intensity microwave were reported not to affect the 

plant growth and development but the increased irradi-

ation doses of microwave has decreased and slowed 

seed germination (Oprica, 2008). The direct effects of 

microwave on germination of cereals were studied by 

Ponomarev et al. (1996) where, a wavelength λ= 1 cm 

and irradiation exposure dose of up to 40 minutes were 

applied to barley, oats, and wheat seeds leading to 

improved germination rate with optimum effect after 20 

minutes of microwave exposure (Ponomarev et al., 

1996). A study of irradiating vegetable seeds with high 

power microwave radiations reported a stimulation 

influence of various germination and growth rate 

parameters by microwave (Radzevičius et al., 2013).  

The effect of microwave irradiation with a different 

power on various seed germination consequences of 

four different ornamental crop species has been studied 

by Aladjadjiyan (2002) where, increase in various germ-

ination consequences were observed. A comparative 

effect of microwave radiations on germination and 

growth of six different Egyptian genotypes were asse-
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ssed using different exposure times, Abu-Elsaoud 

(2015) supported a dose dependent possible stimulation 

effect of microwave on growth and germination. 

Crețescu et al. (2013) studied the effect of microwave 

radiations of 2.45 GHz after exposure to 0, 10, and 20 

seconds on the chlorophyll contents of four barley 

genotypes, results revealed that a dose-dependent chan-

ge in chlorophyll contents was observed ranging from 

reduction of chlorophyll in sensitive genotypes to 

increases in tolerant ones (Crețescu et al., 2013). Micro-

wave irradiations induce resonant phenomena within 

biological system and have a stimulatory effect on 

biological organisms (Aladjadjiyan, 2002). Most micro-

wave irradiation studies focused on possible biological 

effects from phone masts and microwave radiofreq-

uencies on animal and human health (Hutter et al., 

2006; Balmori, 2009). The biochemical mechanism by 

which microwave radiations affect biological systems of 

living organisms is not fully comprehended and the 

mechanism could vary according to the amplitude, 

frequency and the irradiation duty cycle (Monteiro et 

al., 2008; Aladjadjiyan, 2010; Abu-Elsaoud, 2015; 

Williams, 2016). The present study was conducted to 

study the effect of seed irradiation with different doses 

of microwave radiations on the membrane electrolyte 

leakage, germination and growth of Egyptian barley 

Hordeum vulgare L seedlings. 

 

MATERIALS AND METHODS 

 

Plant materials  

Seeds of selected Barely (Hordeum vulgare L.) 

genotype Giza-129 were acquired from Agricultural 

Research Station at Ismailia and Agricultural Research 

Centre (ARC), Giza, Egypt in the months of November-

December, 2016. The cereal lot of seeds was cleaned 

removing unwanted matter and damaged seeds, all seeds 

were surface sterilised by immersion in freshly prepared 

10% sodium hypochlorite (NaOCl) for 2 minutes prior 

to use. 

 

Microwave irradiation treatment 

Microwave irradiation were carried out using a 

Magnetron with frequency of 2.45 GHz, wavelength of 

12 cm, a maximum output power of 800 W, maximum 

intensity were estimated to be 51.5 kW.m
-3

 by dividing 

the output power to the working volume m
-3

. Experi-

mental details were presented in figure (1). Seeds were 

first soaked in distilled water for 1 hour as recom-

mended by Aladjadjian and Svetleva (1997) to enhance 

the absorption of microwave energy. Seeds of selected 

barley genotype (Hordeum vulgare) cv. Giza-129 were 

divided into eight groups, each group containing 30 

seeds of (three replicas of ten seeds). The first group 

represents the untreated control and remaining seven 

groups were irradiated with different exposure periods 

to microwave (1, 5, 10, 30, 60, 300 and 600 seconds). 

 

Growth conditions 

Seeds of the eight barley groups (untreated and 

treated with microwave radiations) were transferred to a 

12 cm diameter 10 cm height plastic pots 10-seeds were 

sown per pot. Pots were filled with hydrogel, which is a 

good absorbent of macromolecule compound that can 

effectively bind water that is very important in case of 

seedlings growing in unfavourable drought conditions 

(Boczoń et al., 2009; Mazen et al., 2015). Pots were 

maintained in a controlled growth room at 25 
°
C (±2

°
C), 

14h daylength, and 200±5 μmole.m
-2

.S
-1

 PPFD (Photo-

synthetic Photon Flux Density). 

 

Effect of microwave radiations on germination  

Various germination traits were estimated and mon-

itored during the experiment at different time-points; 3, 

5, 7, 9 and 12 days after sowing (DAS). Based on the 

obtained results, the percentage of germinated seeds Nk, 

germination rate Sk (seed.h
-1

), maximum number of 

germinated seeds (nmax), relative germination coefficient 

(Wk) were calculated with the using germination form-

ulas by Ciupak et al. (2007) presented in table (1). 

 

Effect of microwave radiations on growth 

Shoot and root biomass were determined for Hord-

eum vulgare L. plants irradiated with 2.45 GHz radio-

frequency and the untreated control. Biomass allocation 

within plants was calculated in g per g (shoot /root ratio, 

g.g
-1

) of total seedling biomass to avoid size effects, and 

calculated as a mean of three replicas. Data of Biomass 

allocation and shoot-to-root ratios were assessed statist-

ically in plants irradiated with microwave radiofreq-

uency versus the control ones to evaluate the change in 

biomass allocation pattern. 

 

Quantification of leaked ions 

Electrolyte leakage technique was used to evaluate 

cell membrane stability after seed exposure to 

microwave radiations. Leaves of Hordeum vulgare L. 

were collected from both microwave-treated and un-

treated plants. The leaves were cleaned, washed in tap 

water then weighed and rinsed 3 times for 2-3 minutes 

in deionised water to remove the dusts and electrolytes 

adhering to the surfaces and lightly cleaned with tissue 

papers. Leaf discs of 0.5 cm
2
 were subsequently floated 

in 10 mL of deionised water. Electrolyte leakage in the 

solution was determined after 22 h at room temperature 

using Chemitrix type 700 portable conductivity meters 

according to method described by Campos et al. (2003). 

 

Chlorophyll content  

Leaf chlorophyll contents were estimated by using 

the LEAF+ by FT Green LLC. (Wilmington, USA). 

Portable chlorophyll meter is a non-destructive, hand-

held portable sensor that estimates chlorophyll content 

of leaves (Novichonok et al., 2016). The device can 

measure leaves that are up to 0.1 in (2.5 mm) in thick-
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ness. Two LEDs emit light from the upper part of the 

aperture at two wavelengths, 660 nm and 940 nm. Chlo-

rophyll meter estimate chlorophyll contents in relative 

units the chlorophyll index (Novichonok et al., 2016).

 

 
 

Figure (1): Microwave irradiation Scheme and experimental conditions including magnetron, exposure doses, radiation density and 

output power. 

 
Table (1): Germination formulas and time points of various estimated germination traits of barley under the effect of microwave. 

 

Germination parameter Formula 

Time 

points 

(days) 

Reference 

Percentage of Germinated seeds (%) 

   
  

  

     

Where: 
nk - number of germinated seeds, 

nc - total number of sown seeds 

3, 5, 7, 9, 
12 

(Ciupak et al., 2007) 

Number of germinated seeds Nk Number of germinated seeds 
3, 5, 7, 9, 

12 
(Ciupak et al., 2007) 

Germination rate Sk 

   
    

  
 

Where: 
nmax – maximum number of germinated seeds recorded 

during the count, 

∆t  time interval between two successive counts 

3, 5, 7, 9, 
12 

(Ciupak et al., 2007) 

Relative germination coefficient Wk 

   
     

        

 

Where: 

n(t)– number of seeds germinated in time t, 
ncontrol – number of control group seeds germinated in given 

time t 

3, 5, 7, 9, 
12 

(Ciupak et al., 2007) 

Mean germination time MGT 

    
∑  

∑ 
 

where; 

n is the number of germinated seeds on day D 
D is the number of days counted from the beginning of 

germination 

3, 5, 7, 9, 

12 

(Ellis and Roberts, 

1981)  

Germination index (GI) 

   
                      

                   
     

 
                      

                   
 

  (AOSA, 1983) 

Seedling vigour index (SVI) 
   

 ∑
                                            

   
 

 

(Abdul-Baki and 

Anderson, 1973; 
Noghondar & Azizi, 

2013) 

 

Statistical analyses 

Analysis of variance test (ANOVA) followed by 

Duncan’s multiple range comparisons were employed to  

 

analyse the results of barley after seed irradiation with 

microwave radiations. Further, correlation and simple 

linear regression analyses were also performed using 
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SPSS statistical software ver. 22 and Microsoft Excel 

package 2016 at a confidence level of 95%.  

 

RESULTS 
 

Effect of microwave on germination consequences  
The influence of microwave radiations on various 

germination dynamics were assessed intensively during 

the first twelve days after seeds sowings (DAS) in 

Hordeum vulgare L. plant. Barley seeds were subjected 

to different exposure doses of microwave radiation from 

magnetron with 2.45 GHz and 800 Watts. Germination 

indices monitored and assessed are; number of germ-

inated seeds (nk), percentage of germinated seeds (%), 

germination rate (Sk; seed.h
-1

), germination index (GI), 

and the relative germination coefficient (Wk) at different 

time points 3, 5, 7, 9, and 12 DAS. The percentages of 

germinated seeds were presented in figs. (2A-E) for 

different time points (3, 5, 7, 9 and 12 DAS; days after 

sowing). A significant change in the percentage of 

germinated seeds were observed after seed irradiation 

with microwave assessed by one-way analysis of 

variance (ANOVA) followed by Duncan’s multiple 

range comparisons. Significant variations were observed 

versus the untreated control plant group. The maximum 

germination percentage observed were 100% recorded 

at MW dose of 5 seconds for the 5
th

 DAS as well as 1, 5 

seconds dose for the 7
th

, 9
th

 and 12
th

 DAS. MW radia-

tions observed to have a positive effect on germination 

at low doses of 1, and 5 seconds (Fig. 2). The general 

trend of MW radiations on seeds germination percen-

tage was strong negative and significant relationship 

(Figures. 4A-E; Table 3) revealed by both regression 

and Spearman’s correlation i.e. increasing levels of MW 

radiations caused decrease in germination parameters 

especially high doses of microwave radiations. Other 

germination indices e.g. germination rate (Sk; seed.h
-1

) 

were also recorded at different MW doses and time 

points (3, 5, 7, 9, 12). Germination rate in the untreated 

control 0.19 seed.h
-1

 5 and 7 days after seed sowing 

while in seeds treated with 1 and 5 seconds of MW the 

germination rate increased from 0.19 to 0.21 seed.h
-1

 

revealing that not only the germination percentage 

increased but also the germination rate and speed 

(Figures. 3A-D). Further, early germination was record-

ed after 1 and 5. Figures (4F-I) represent linear regres-

sion trend-line for the effect of MW radiation on 

germination rate, which had a strong inverse significant 

effect (Table 3). Relative germination coefficient (Wk) 

were calculated and normalized to the control germin-

ation. Data of relative germination coefficient were 

presented in figures (3E-H) at different time points (3, 

5, 7, 9); respectively. The relative germination coeffi-

cient increased after MW irradiation of 1 and 5 seconds 

(Figures. 3E-H), while, Wk decreased after irradiation 

with higher doses of MW radiations. Linear regression 

trend-lines presented in figures. (3K-N) represent the 

linear relationship between MW radiation doses and 

relative germination coefficient (Wk) after 3, 5, 7, 9 

days after seed sowing. Inverse strong significant relat-

ionship between increasing doses of MW radiations and 

Wk. The germination index (GI) followed the same 

trend with increasing levels of microwave radiations 

(Table 3; Figures 2 and 4-O). 

 

 
 

Figure (2): Germination percentage (%) of barley after pretreatment with microwave radiations recorded after (A) 3, (B) 5, (C) 7, (D) 9, and (E) 12 DAS 

(days after seed sowing) and (F) germination index. Bars represent mean±SEM (standard error for mean) of triplicate treatment. Means with different 

letters within the same figure are significantly different at p<0.05, n=3 using Duncan’s multiple range test. 
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Figure (3): The germination rate (Sk; seed.h-1) of H. vulgare following pretreatment with microwave radiations recorded after (A) 3, 

(B) 5, (C) 7, and (D) 9 DAS. Relative germination index (Wk) recorded after (E) 3 (F) 5, (G) 7, (H) 9 DAS. Bars represent mean ± 

SEM of triplicate treatment.  Means with different letters within the same figure are significantly different at p<0.05,  n=3 using 

Duncan’s multiple range test. 
 

 

Microwave effects on growth and photosynthetic 

pigments  

Shoot and root biomasses were estimated in Hordeum 

vulgare L. plants after irradiation to MW radiations. 

Shoot biomass ranged from 0.03 to 0.42 g/plant-FW 

where the maximum shoot fresh weight recorded after 

MW irradiation of 1-second dose and minimum in 600 

seconds. Microwave radiations only at the highest dura-

tion severely decreased the shoot biomass in barley 

(Table 2 and Fig. 5A). Root biomass, on the other hand, 

ranged from 0.03 to 36 g/plant-FW. The highest root 

fresh weight was recorded at 300 s MW irradiation 

dose. While minimum root fresh weight were recorded 

after 600 seconds MW dose (Fig. 5B). Whole plant 

fresh weight ranged from 0.06 to 0.67 g/plant-FW. 

Shoot, root, and whole plant biomass showed a negative 

trend with increasing levels of MW radiations revealed 

by simple linear regression analysis and Spearman’s 

correlation (Figures 6A, B and C). Microwave irradi-

ation induced a significant decrease in shoot, root, and 

plant biomass in barley plants (Figures. 6A, B and C). 

The behaviour or nutrient allocation was assessed in 

terms of shoot and root biomass as shoot: root ration 

(g.g
-1

) after seed irradiation with MW. Biomass behave-

iour was allocated toward barely shoot system after 

irradiation with 1 second of MW radiations. While, 

higher doses of MW induced nutrients to be allocated 

toward root system (Figures 5D and. 4O). Leaf chloro-

phyll contents increased significantly after 1 and 5 

seconds of MW irradiations compared to the control 

(Table 3 and Fig. 5E), however, MW doses from 300 

and 600 seconds decreased significantly from the 

untreated control. Plant height was monitored after 

various MW irradiations doses and showed a significant 

decrease in response to MW (Table 3 and Fig. 5F) 

revealed by Duncan’s multiple range comparisons 

versus untreated control plants. Root volumes did not 

change significantly with MW radiations except for the 

600 seconds dose which showed a significant decrease 

versus control (Table 3 and Fig. 6D). 

 

Microwave effects on membrane Ion leakage (%) 

Microwave radiations with exposure dose of 1 and 60 

seconds did not induce change in electrolyte leakage; 

however, doses of 5, 10, 30, 300 and 600 seconds signi-

ficantly increased the membrane electrolyte leakage 

compared to the control (Figures 5H and 6F). A strong 

inverse highly significant relationship between micro-

wave radiation doses and ion leakage (R
2
= 0.84; r= 

0.61; p<0.002*). 
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Table (2): Growth and germination variables of H. vulgare L. seedlings after seed irradiation with various doses of MW radiations at different time points. Data represented as mean of 

three replicas±SEM. Different letters in a row indicate statistically significant differences based on Duncan’s multiple range comparisons.  

 

Variables 
MW irradiation doses (seconds) 

F-ratio 
0 1 5 10 30 60 300 600 

Plant biomass (FW, g) 0.68±0.07
a
 0.64±0.02

a
 0.65±0.09

a
 0.51±0.03

a
 0.63±0.11

a
 0.57±0.08

a
 0.67±0.10

a
 0.06±0.0

b
 7.5*** 

Shoot biomass (FW, g) 0.41±0.03
a
 0.42±0.04

a
 0.32±0.04

a
 0.30±0.01

a
 0.3±0.06

a
 0.30±0.06

a
 0.31±0.05

a
 0.03±0.0

b
 7.6*** 

Root biomass (FW, g) 0.27±0.04
ab

 0.22±0.02
b
 0.33±0.05

ab
 0.21±0.03

b
 0.33±0.05

ab
 0.26±0.02

ab
 0.36±0.05

b
 0.03±0.0

c
 7.0*** 

Biomass allocation (g.g
-1

) 1.56±0.17
ab

 1.96±0.33
b
 1.03±0.14

ac
 1.56±0.33

ab
 0.86±0.06

c
 1.13±0.14

ac
 0.86±0.03

c
 1.00±0.0

ac
 4.3** 

Shoot dry weight (DW, g) 0.07±0.01
a
 0.04±0.01

a
 0.06±0.08

a
 0.09±0.05

a
 0.03±0.06

a
 0.07±0.09

a
 0.05±0.10

a
 0.03±0.0

a
 0.1NS 

Root dry weight (DW, g) 0.16±0.03
a
 0.11±0.01

ab
 0.13±0.01

a
 0.15±0.06

a
 0.12±0.01

ab
 0.12±0.01

ab
 0.17±0.01

a
 0.05±0.0

b
 2.3NS 

nK 3 DAS  7.33±1.20
ab

 7.00±0.00
ab

 8.00±0.00
a
 5.33±1.66

ab
 5.66±1.20

ab
 5.33±1.66

ab
 3.66±0.66

bc
 1.00±0.0

c
 4.1** 

nk 5 DAS  9.00±0.00
a
 9.60±0.33

a
 10.00±0.0

a
 6.66±2.03

a
 7.66±1.85

a
 6.00±2.08

a
 6.66±0.66

a
 1.00±0.0

b
 5.3** 

nk 7 DAS  9.00±0.00
a
 10.0±0.00

a
 10.00±0.0

a
 7.00±2.08

a
 7.66±1.85

a
 6.66±2.33

a
 6.66±0.66

a
 1.00±0.0

b
 4.9** 

nk 9 DAS  9.33±0.33
a
 10.0±0.00

a
 10.00±0.0

a
 6.66±2.40

a
 7.66±1.85

a
 7.00±2.52

a
 7.00±1.00

a
 1.00±0.0

b
 4.1** 

nk 12 DAS 9.33±0.33
a
 10.0±0.00

a
 10.00±0.0

a
 6.66±2.40

a
 7.66±1.85

a
 7.00±2.52

a
 7.00±1.00

a
 1.00±0.0

b
 4.1** 

VI 3 DAS 145.9± 23
ab

 139.3±19
ab

 159.2±0.0
b
 106.1±33

ab
 112.7±23

ab
 106.1±33

ab
 72.9±13.3

b
 1.99±0.0

c
 5.1** 

VI 5 DAS 179.1±0.0
a
 192.4±6.0

a
 199.0±0.0

a
 132.6±40

a
 152.5±36

a
 119.4±41

a
 132.6±13

a
 19.9±0.0

b
 5.3** 

GI 3 DAS 2.44±0.40
ab

 2.33±0.33
ab

 2.66±0.00
b
 1.77±0.55

ab
 1.88±0.40

ab
 1.77±0.55

ab
 1.22±0.22

b
 0.00±0.0

c
 5.2** 

GI 5 DAS 1.80±0.00
a
 1.93±0.06

a
 2.00±0.00

a
 1.33±0.40

a
 1.53±0.37

a
 1.2±0.416

a
 1.33±0.13

a
 0.20±0.0

b
 5.3** 

GI 7 DAS 1.28±0.00
a
 1.42±0.00

a
 1.42±0.00

a
 1.00±0.29

a
 1.09±0.26

a
 0.95±0.33

a
 0.95±0.09

a
 0.14±0.0

b
 4.9** 

GI 9 DAS 1.03±0.04
a
 1.11±0.00

a
 1.11±0.00

a
 0.74±0.26

a
 0.85±0.20

a
 0.77±0.28

a
 0.77±0.11

a
 0.11±0.0

b
 4.1** 

GI 12 DAS 0.77±0.03
a
 0.83±0.00

a
 0.83±0.00

a
 0.55±0.20

a
 0.63±0.15

a
 0.58±0.21

a
 0.58±0.08

a
 0.08±0.0

b
 4.1** 

GI 7.34±0.45
a
 7.63±0.40

a
 8.03±0.00

a
 5.40±1.70

a
 6.00±1.33

a
 5.29±1.77

a
 4.86±0.17

a
 0.53±0.0

b
 5.5** 

MGT 3 DAS 2.44±0.40
ab

 2.33±0.33
ab

 2.66±0.00
b
 1.77±0.55

ab
 1.88±0.40

ab
 1.77±0.55

ab
 1.22±0.22

b
 0.00±0.0

c
 5.2** 

MGT 5 DAS 1.80±0.00
a
 1.93±0.06

a
 2.00±0.00

a
 1.33±0.40

a
 1.53±0.37

a
 1.20±0.42

a
 1.33±0.13

a
 0.20±0.0

b
 5.3** 

MGT 7 DAS 1.28±0.00
a
 1.42±0.00

a
 1.42±0.00

a
 1.00±0.29

a
 1.09±0.26

a
 0.95±0.33

a
 0.95±0.09

a
 0.14±0.0

b
 4.9** 

MGT 9 DAS 1.03±0.04
a
 1.11±0.00

a
 1.11±0.00

a
 0.74±0.26

a
 0.85±0.20

a
 0.77±0.28

a
 0.77±0.11

a
 0.11±0.0

b
 4.1** 

MGT 12 DAS 0.77±0.03
a
 0.83±0.00

a
 0.83±0.00

a
 0.55±0.20

a
 0.63±0.15

a
 0.58±0.21

a
 0.58±0.08

a
 0.08±0.0

b
 4.1** 

 

 

DISCUSSION 

 

Microwave irradiation with different exposure doses induced changes in various 

parameters of barley (H. vulgare genotype Giza-129). Germination parameters 

were dose-dependent and were stimulated by several exposure doses of microw- 

ave radiations. The percentage of germinated grains (Figures 2A-E), germin-

ation rate (Figures 3A-D), relative germination coefficient (Figures 3E-H) and 

germination index (Fig. 2F) at different time points were increased by short exp- 

 

 

 

osure to microwave radiations, however, high exposure doses of microwave ind-

uced a significant decrease in germination consequences. Further, various grow-

th parameters of barley (H. vulgare genotype Giza-129) were increased by one 

or more low doses of microwave radiations and were significantly decreased by 

higher exposure doses. These results were found to be in agreement with Ragha 

et al. (2011), Crețescu et al. (2013), and Abu-Elsaoud (2015). The low power 

microwave irradiation reduces the rate and percentage of germination in radish 

seeds and increases germination mean time, thus impairing seed germination. 
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Figure (4 A-O): Regression trendline showing the relationship between microwave exposure doses and various germination indices 

of H. vulgare L., correlations were tested statistically using Simple linear regression, Spearman’s correlation and 2-tailed 

significance test at p<0.05. 
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Figure (5 A-H): Shoot biomass, (B) root biomass, (C) plant biomass (g-FW/plant), (D) biomass allocation (shoot:root ratio; g.g-1), 

(E) Chlorophyll content, (F) Plant height (cm), (G) Root volume (cm3), and (H) Membrane electrolyte leakage (%) of H. vulgare 

irradiated with microwave. Bars represent mean±SEM of triplicate treatment. Means with different letters within the same figures 

are significantly different at p≤0.05, n=3 using Duncan’s multiple range test. 

 
Table (3): Spearman’s correlation coefficient (R) and two-tailed significance at p<0.05 for barley seedling measured variables after 

pretreatment with MW radiations. 
 

Variables correlation to microwave irradiation doses Correlation coefficient Sig.2-tailed 

Chlorophyll contents -0.38 0.070 n.s. 

Plant height (cm) -0.79 0.000 *** 

Plant Root volume (cm3) -0.39 0.057 n.s. 

Plant biomass (g-FW/plant) -0.72 0.000 *** 

Shoot biomass (g-FW/plant) -0.68 0.000 *** 

Root biomass (g-FW/plant) -0.69 0.001 *** 

Biomass allocation (g.g-1) -0.69 0.000 *** 

Shoot dry weight (g.DW/plant) -0.23 0.276 n.s. 

Root dry weight (g.DW/plant) -0.26 0.224 n.s. 

Ion Leakage (%) -0.57 0.003 ** 

nK 3 DAS -0.74 0.000 *** 

nk 5 DAS -0.69 0.000 *** 

nk 7 DAS -0.69 0.000 *** 

nk 9 DAS -0.66 0.000 *** 

nk 12 DAS -0.66 0.000 *** 

VI 3 DAS  -0.73 0.000 *** 

VI 5 DAS  -0.69 0.000 *** 

GI 3 DAS  -0.73 0.000 *** 

GI 5 DAS  -0.68 0.000 *** 

GI 7 DAS  -0.69 0.000 *** 

GI 9 DAS  -0.66 0.000 *** 

GI 12 DAS -0.66 0.000 *** 

Germination index (GI) -0.69 0.000 *** 

MGT 3 days after sowing -0.73 0.000 *** 

MGT 5 days after sowing -0.69 0.000 *** 

MGT 7 days after sowing -0.69 0.000 *** 

MGT 9 days after sowing -0.66 0.000 *** 

MGT 12 days after sowing -0.66 0.000 *** 
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Figure (6 A-G): Regression trend-line showing the relationship between microwave exposure doses versus shoot and root growth, 

chlorophyll contents, and membrane ion leakage (%). Correlations were tested statistically using simple linear regression, 

Spearman’s correlation and 2-tailed significance test at p≤0.05. 

 

The germination reduction is linearly dependent on 

the MW power intensity incident on the seed. These 

findings support the simplified hypothesis that the pow-

er density on a plane perpendicular to wave direction 

decreases with the inverse square of distance from the 

source (Scialabba and Tamburello, 2002). The effect of 

Microwave radiofrequency irradiation is thought to be a 

dose-dependent effect that is significantly differing from  

 

irradiation dose to another. There is contradictory infor-

mation about the effect of microwave radiofrequency on 

germination of seeds; decreased germination was 

reported previously by Monteiro et al. (2008). More-

over, the effect of microwave on various growth e.g. 

germination rate and shoot growth rate showed that 

microwave radiofrequencies possibly retard germination 

but the consequence on tubule  growth is  uncertain  and  
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the data from ongoing experimentations conveyed 

statistically expressive results (Monteiro et al., 2008). 

The decrease in seed viability and germination with 

microwave were in accordance with results of Brodie et 

al. (2012) that microwave treatment of paddy melon 

reduced seed viability by 60-70 %. This is also consist-

ent with other studies (Aladjadjiyan, 2002; Scialabba 

and Tamburello, 2002; Chen et al., 2005; Velázquez-

Martí et al., 2006; Tkalec et al., 2007; Khalafallah et al., 

2009; Fuangfoong et al., 2013; Abu-Elsaoud, 2015). 

Additional advantages of microwave treatment such as 

increase in seed germination have been recorded by 

current study and were consistent with patterns reported 

by (Aladjadjian and Svetleva, 1997; Reddy et al., 1998; 

Aladjadjiyan, 2007).  

The effect of microwave on germination could be due 

to thermal effect of microwave and hence, low moisture 

content (Manickavasagan et al., 2007) and is also relat-

ed to initial moisture contents of grains (Campana et al., 

1993). These can be explained in terms of absorbed 

energy, higher output power of the radiation, as well as 

longer exposure time, lead to absorption of more energy 

by the object. Higher energies cause heating. The accel-

erated germination and improved germinating energy of 

certain doses in current study (1, 5 s) could be due to the 

eventual disturbance of the seed coat under the influ-

ence of the microwave treatment, which facilitated 

water penetration into the seeds and the start of the 

initial development stages (Iuliana et al., 2013). Aladja-

diyan (2007) suggests that the energy introduced into 

the plant cells microwaves creates conditions for 

molecular transformations which may have resulted in 

providing necessary substances for the cell, thus impro-

ving seed quality parameters. However, a tendency for 

an increase in the percentage of morphologically abnor-

mal seedlings was observed with the prolonged treat-

ment. This may indicate a risk of inducing some 

deleterious effects in the seed subjected to microwaves 

which was shown by Reddy et al. (2000) for soybean 

seeds treated with microwaves longer than 30 s and in 

accordance with decreased barley germination with high 

doses of microwave in current studies. 

Various growth parameters of barley (H. vulgare 

genotype Giza-129) e.g. shoot and root biomasses, bio-

mass allocation, chlorophyll contents showed a slight 

increase at low microwave exposure doses and decree-

sed growth at high doses (600s). The increase of growth 

rate upon irradiation removal shows that during the 

elongation growth, the cell can partially repair damages 

occurred at the membrane level. There is a general cons-

ensus of opinion about the fact that MW induces a 

thermal detrimental effect over biological system (Scial-

abba and Tamburello, 2002). In the present case we 

assume that the damage induced by the low-power 

microwave exposure is non-thermal because a slight 

temperature increase (up to 25 °C) over radish seeds has 

been demonstrated to induce germination and growth 

increase (Scialabba and Tamburello, 2002). The reduced 

germination percentage and the delayed seedling growth 

confirm the importance of a serious cause of concern 

about the influence of exposure to environmental MW 

fields. It can be stressed the importance of limiting in 

time the exposure to MW as suggested by the recov-

ering ability of the biological system considered in the 

present research.  

Chlorophyll contents increased in barley after irradia-

tions with low doses of microwave (1, 5, 10, and 60s) 

and decreased in other exposure doses (30, 300, and 600 

s). A possible explanation by Aladjadjiyan (2002) that 

suggests a hypothesis about the absorption of the 

microwave radiation energy by the hydrogen or magn-

esium atom’s electrons in the chlorophyll molecule. The 

energy absorbed is redistributed and it causes changes in 

the chlorophyll molecule.  

The exposure to specific microwave radiofrequency 

wavelength enhanced growth of Spirulina platensis by 

about 50% (Pakhomov et al., 1998). Microwaves radio-

frequency can reduces the trans-membranous protein 

channel-opening possibly because microwaves induce 

the modification of intracellular enzymatic processes 

e.g. protein kinase activation (D’Inzeo et al., 1988). 

Aquaporin are a plant cell water channel proteins of 

cellular and vacuole membranes that are involved in 

water movement’s dynamic regulation throughout plant 

growth, development and stress responses (Maurel, 

1997). Possible microwave effect in a research carried 

out on case of radish seedlings, through reducing the 

water passage across cell membrane, closing the aquap-

orins and resulting in reduction of growth in a turgor-

dependent manner (Scialabba and Tamburello, 2002). 

Vibration of water molecule dipoles induced by micro-

wave radiation gives thermal effect, which according to 

van’t Hoff’s rule and Arrhenius law affects reaction rate 

in biological processes. Increase in the rate of bio-

chemical changes in may result in accelerated or 

intensified production of auxins and glutathione, which 

are growth activators (Jakubowski, 2008). Additional 

factors affecting germs biomass growth may include 

circulation and supplying buds with spare substances 

necessary to commence germination process, also 

connected with the rate of biochemical changes (Jakub-

owski, 2008). If seed potato germination process accele-

rates due to microwave radiation (Jakubowski, 2008 and 

2010), this effect will have influence on successive 

plant ontogenesis stages, including vegetation period 

reduction or cropping size. It is also possible that 

microwave radiation energy received by seeds during 

stimulation will be converted into other energy forms 

similar to those acquired by tuber through organic 

substances combustion (Jakubowski, 2010). This mech-

anism would directly translate into processes involved 

in the conversion and carrying spare substances from 

mother tuber into other parts of the plant. This phenol-

menon may also affect intensity of some photo-

synthesis stages, supply of assimilates, the size and nat-

ure of energy conversions, and broadly understood 

action of enzymatic systems in a plant (Jakubowski, 

2010). In previous research involved the impact of 
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physical methods on potato plants such effect was 

explained by thermal and athermal action of microwave 

radiation on seed potatoes (Jakubowski, 2015). The 

microwaves penetrating the seed potato cause oscilla-

tion of ions in the electrolytes and of molecules in 

polarized dielectrics (Banik et al., 2003), as a result of 

which the waterlogged tuber can become heated. A 

thermal effect takes place when as a result of absorption 

of electromagnetic radiation energy the object tempera-

ture increases by more than 0.2°C (Jakubowski, 2015). 

The thermal effects depend also on the ratio of the size 

of the irradiated object to the wavelength and the object 

placement in relation to the direction of magnetic eld 

vector. Jethon and Gryzybowski (2000) claim that 

microwaves can cause changes in the organisms’ 

adaptation systems and the effects on these systems can 

include bioelectric, metabolic and structural changes.  

Variations in plant growth with fixed power intens-

ities and varied exposure times in current study could be 

explained that there is certain specific micro-wave 

power density that is suitable for plant growth 

(Fuangfoong et al., 2013). 

Membrane electrolyte leakage accompanies the plant 

response to stresses were monitored at different micro-

wave exposure doses. Microwave radiations induced a 

significant increase in membrane ion leakage in barley 

(Hordeum vulgare L.) leaves except for doses 1 and 60 

seconds, which were not changed significantly from 

control (Figures 5H and 6F). Electrolyte leakage is 

widely used as a measure of stress induced injury in 

plants (Lee and Zhu, 2010). According to our results 

microwave radiation with dose 1 and 60 seconds did not 

induce change in electrolyte leakage. The rising trend of 

electrolyte leakage may be ascribed to the acceleration 

of material exchange inside and outside the cells 

induced by the microwave irradiation due to the loss of 

enzyme activity within the cell membrane. Hence, the 

metal ions were excluded through the membrane, 

leading to a significant increase of electrolyte leakage 

(Woo et al., 2000). Cojocaru et al. (2005) proposed 

another explanation for the increase in electrical 

conductivity induced by high-intensity microwave 

irradiation: the activation of lipid peroxidation by metal 

ions led to the damage of the phospholipid membrane. 

Additionally, the cell membrane blockage caused by the 

aggregation and denaturation of the intracellular biom-

acromolecules resulted in a slight decrease of electrolyte 

leakage 1 and 60s, which has been confirmed by another 

study the microwave effect on Aspergillus (Fang et al., 

2011).  

In current research microwave doses from 5 to 600 

seconds significantly increased membrane electrolyte 

leakage compared to the control. These results are in 

agreement with previous results of Aladjadjiyan (2002) 

and Demidchik et al. (2014). By increasing the radiation 

power used for the treatment of the samples, the amount 

of free ions in the extract decreases and hence its 

electroconductivity (Aladjadjiyan, 2002). Microwave 

exposure reduces trans-membrane protein channels ope-

ning in cultured chick myotubes probably through alter-

ation of intracellular enzymatic processes e.g. protein 

kinase activation (D’Inzeo et al., 1988). In plant cells, 

protein of water channels namely aquaporins of vac-

uolar membranes and plasma membranes are involved 

in the regulation of water movement dynamics in grow-

th and development of plant cell and in stress responses 

(Maurel, 1997). In case of radish seedlings, microwaves 

may reduce water passage across cell membrane bloc-

king aquaporins and causing reduction of growth in a 

turgor-dependent manner (Scialabba and Tamburello, 

2002).  

Membrane Electrolyte leakage is an essential measure 

of the plants’ responses to various stresses. It is mostly 

associated with the K
+
 efflux, which is a common 

response in plant cells (Demidchik et al., 2014). The 

stress-induced electrolyte leakage is always accom-

panied by reactive oxygen species (ROS) generation 

and hence, leads to programmed cell death. Recent 

results exhibited that reactive oxygen species (ROS; 

H2O2 and hydroxyl radicals) activates annexins, SKOR 

and GORK genes that catalyses K
+
 efflux from plant 

cells (Demidchik et al., 2014). Further, GORK-genes 

mediated potassium ion (K
+
) cause programmed cell 

death under oxidative stress. The intracellular endonu-

cleases and proteases seem to be blocked by potassium 

ions; consequently, the efflux of these K
+
 to the extra-

cellular stimulates the intracellular nucleases and prote-

ases hydrolytic enzymes causing programmed cell death 

(PCD). Potassium ions could play a “metabolic switch” 

role under moderate stress conditions decreasing the 

anabolic reactions rate and stimulating catabolic react-

ions, leading to the release ofenergy required for 

repairing and adaptation needs (Demidchik et al., 2014). 

In current study microwave doses of 5 and 60 showed 

increased and decreased ion leakage which may be 

related to certain exposure doses to have positive and 

other negative effects that is consistent with Grundler et 

al. (1982) that the yeast growth rate could be increased 

or decreased pattern after irradiation with certain 

microwave frequencies. 

The effect of microwaves on plants was the main 

purpose of the current study. Since it is a known prob-

lem, many other researches were done on this topic. 

Having seen and observed other projects, we noticed 

that the major conflict was between whether micro-

waves affect plants germination or not. Our hypothesis 

was that they do affect it and, of course, it is well known 

that they do but it still made a challenge trying to prove 

it and it was found that every single step affected the 

results. Since it is likely that other people who did 

similar projects have done some errors through their 

study, the results were not reliable and could not be 

considered accurate enough.  

 

CONCLUSION 
 

Microwave had both positive and negative effects on 

plants growth and germination. However it induced 
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membrane ion leakage especially at high microwave 

exposure doses. Various germination and growth 

parameters showed a dose-dependent effect, where, low 

doses stimulated germination and growth, however, 

higher microwave doses inhibited germination and 

decreased growth. Current research data offered a 

spotlight on both positive and negative effects of 

microwave radiations on barley. The effect of Micro-

wave radiation could have positive effect by controlling 

doses and minimizing the exposure time of seeds to 

microwave radiations.  
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 في نبات الشعير المصري الناجم عن اشعة الميكروييف اإلنباتالنمو واإلرتشاح اإللكتروليتي و
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 قسى انُثاخ ، كهٛح انعهٕو ، جايعح قُاج انسٕٚس ، اإلسًاعٛهٛح ، يصز
2

 سعٕدٚحقسى األحٛاء ، كهٛح جايعح انجًٛع ، جايعح أو انقزٖ ، انًًهكح انعزتٛح ان
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ذٓذف انذراسح انحانٛح  نذا. اد٘ اَرشار االذصاالخ ٔأجٓشذٓا انٙ سٚادج انرهٕز تاألشعح انكٓزٔيغُاغٛسٛح خاصح اشعح انًٛكزٔٔٚف

، انٙ ذقٛٛى ذأشٛز انجزعاخ انًخرهفح يٍ أشعح انًٛكزٔٚٛف عهٙ يخرهف انعٕايم انفسٕٛنٕجٛح نُثاخ انشعٛز. يٍ ْذِ انعٕايم األَثاخ

انٙ جزعاخ يخرهفح يٍ اشعح  ٩2١-انًُٕ، انكهٕرٔفٛم ٔاإلرذشاح اإلنكرزٔنٛرٙ ٔيٕخ انخهٛح. ذى ذعزٚط حثٕب َثاخ انشعٛز جٛشج

شاَٛح جزعح ذعزض، ٔذى سراعح انُثاذاخ فٙ اغثاق ترز٘ يخصصح نهشراعح انًعًهٛح عهٙ  ٠٦٦انٙ  ٩انًٛكزٔٔٚف يعًهٛاً يٍ 

ذٚذ يٍ انعٕايم انفسٕٛنٕجٛح نهُثاخ خالل يزاحم ًَٕ انثادراخ االٔنٙ خالل اسثٕعٍٛ يٍ حثٛثاخ انٓٛذرٔجٛم. ذى ذسجٛم انع

انُرائج فٗ ْذِ انذراسح انٗ اٌ جزعاخ انرعزض انًخرهفح يٍ ذزدداخ انًٛكزٔٔٚف قذ احذشد تعط  انشراعح. ٔقذ أظحد

اظٓزخ انُرائج أٌ جزعاخ انرعزض انًُخفعح يٍ  .انرغٛزاخ انسهثٛح خاصح فٙ اإلرذشاح اإلنكرزٔنٛرٙ ٔاٚعاً االَثاخ ٔ انًُٕ

٪ تعذ انرعزض  ٩٦٦انًٛكزٔٔٚف ذؤشز اٚجاتٛاً عهٗ ًَٕ ٔإَثاخ َثاخ انشعٛز ذحد انذراسح، حٛس ذى ذسجٛم اَثاخ تُسثح 

عهٙ انعكس انجزعاخ انعانٛح يٍ انًٛكزٔٔٚف اشزخ سهثٛاً ٔادخ انٙ ذذَٙ َسة اإلَثاخ ٔانًُٕ فٙ َثاخ انشعٛز ذحد نهًٛكزٔٚٛف ٔ

ذعزض انُثاخ الشعح انًٛكزٔٔٚف تجزعاخ يخرهفح ٚقهم يحرٕ٘ انُثاخ يٍ انكهٕرٔفٛم  .انذراسح ٔسٚادج اإلرذشاح اإلنكرزٔنٛرٙ

عُٕٚاً يع سٚادج جزعاخ انرعزض ألشعح انًٛكزٔٚٛف. حٛس اٌ انُرائج انحانٛح ذؤكذ ٔجٕد يعُٕٚاً. ٔسٚادج اإلرذشاح اإلنكرزٔنٛرٙ ي

ذأشٛزاخ إٚجاتٛح نهًٛكزٔٚٛف عهٙ اإلَثاخ ٔانًُٕ ٔانعٕايم انفسٕٛنٕجٛح نُثاخ انشعٛز تجزعاخ ذعزض يُخفعح فٙ حٍٛ اٌ 

 ألشز فٙ ذحسٍٛ انًحاصٛم ٔخصائصٓا.انرأشٛزاخ انسهثٛح ذكٌٕ نجزعاخ انرعزض انعانٛح. يًا ًٚكٍ اٌ ٚكٌٕ نّ ا


