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 The bioeffects of electromagnetic frequencies were of special interest among scientists, 
especially microwave and radiofrequencies of different sources from which the mobile 
communication. The current research study aims to evaluate and assess the effect of 
seed pre-sowing exposure to microwave radiations of 2.45 GHz on various germination 
and growth parameters of six common wheat cultivars in Egypt. Irradiation were 
carried out using NGM-2001 Microwave oven, seeds of the six selected wheat cultivars 
were irradiated with different exposure time from 1 to 240 seconds. Experiments were 
performed in vitro and seeds were cultivated on petri-dishes with special hydrogel. 
Germination percent, relative germination coefficient, and germination rate were 
assessed, in addition to various growth parameters. A full strength germination (100%) 
were recorded after in cultivars Giza-168, Gemmiza-9, Sakha-93 and Sakha-94 after 
seed pre-sowing irradiation with 1, 3, 5, 60, 120, and 240 seconds. In cultivars Giza-
168 seed irradiation with 1, 3, and 5 seconds were enough to stimulated early and full 
strength seed germination, while, Sids-1 required 240 seconds on Microwave radiations 
to generate full strength germination. Significant variations among the six studied 
wheat cultivars were statistically recorded; in addition to significant variation among 
various exposure times and the control were also statistically assessed using two-way 
analysis of variance. The current data gives account about the positive and negative 
impacts of microwave on seed germination of wheat cultivars in Egypt. It can be 
recommended to limiting the exposure time to environmental microwave 
radiofrequency to ensure the recovering ability of biological systems. However, the 
stimulatory effects of microwave radiofrequency are of considerable importance and to 
be applied in fields of agriculture and biotechnology 
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INTRODUCTION 

 
 The Impact of electromagnetic radiations on various biological and life processes were investigated during 
the last century. Studies concerning electromagnetic radiations included different frequency ranges e.g. 
microwave radiofrequency that comprises an interesting part of electromagnetic radiations [1]. The biological 
effects of microwave radiofrequencies and different electromagnetic radiations have been of increasing interest. 
Microwave are a part of electromagnetic radiations spectrum and comprising frequencies ranging from 300 
MHz to 300 GHz corresponding to a wavelength from 1 m to 1 mm. Radiofrequencies as a non-ionizing 
electromagnetic radiations, acting through absorption on the molecular level manifesting as vibrational energy 
or heat or cause to biological effects including various genetic changes [2-4]. Identification, evaluation and 
assessment of the bio-effects of microwaves radiofrequency have been complicated and controversial, due to the 
absence of a clear mechanism of the impact and interaction of microwave radiofrequencies and biosystems, 
from the biophysics and engineering sciences point of view, the microwave radiofrequencies are unable of 
stimulating any biological effects other than by heating [1]. In recent times, non-thermal bio-effects of 
microwaves on tissue responses were being acknowledged [1,5,6]. 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 [7]. Previously, microwave radiofrequencies included 
a few radio and televisions transmitter located in remote area or high places. A massive increase in 
electromagnetic pollution since the introduction of telecommunication in the 1990’s [8,9].  
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 Microwave radiofrequencies were limited to few radio and television transmitters, located in specific 
remote areas and/or elevated places. Since the introduction of wireless telecommunication the rollout of phone 
networks has triggered a massive expansion in electromagnetic pollution in cities and the countryside [7,8,10]. 
Various research data have offered convincing evidence of non-thermal microwave effects and have also 
indicated various consistencies in these effects: dependency of frequency within specific frequency windows of 
“resonance-type”; dependency on modulation and polarisation; dependency on intensity in definite intensity 
interfaces, comprising the super-low-power densities comparable with centre stations/masts intensities [11-15]. 
Several studies have identified the influence of microwave based on wavelength in the range of millimetre, 
centimetres or meters [16,17]. Duration of irradiation may be as important as power density. The Bioeffects of 
electromagnetic radiation might be depending on the irradiation dose, which denotes long-term cumulative 
effects [10,13,18]. Modulated and pulsed microwave radiofrequencies appear to be more efficient in stimulating 
effects [11,13]. Low frequency modulations employ greater biological activity [7]. An important observation 
because cell phone radiation is pulsed microwave radiofrequency modulated at low frequencies [12,13]. 
 Electromagnetic radiation spectrum has become of major interest of study especially on plant germination 
and growth, various electromagnetic wavelengths were investigated e.g. laser, infrared, polarized light and other 
wavelengths [19-21]. Most of the studies were interested in the possible bioeffects of electromagnetic radiations 
from phone masts and microwave radiofrequencies has been focused on animal and human health [7,22,23]. The 
effects of electromagnetic spectrum pollution on wildlife have been rarely studied [24-27]. The biochemical 
processes by which microwaves radiofrequency affect the function of biological system of living organisms are 
not very fully understood and the mechanism of action could vary according to the frequency, amplitude of the 
field and the irradiation duty cycle [28,29]. Microwave is one of the biophysical procedures for seed presowing 
electromagnetic irradiation that need special attention [30].  The frequencies of the cell plasma membrane 
vibrations of bio-objects lie in the mm-wave range that range are thought to be essential to any living organism. 
Microwave radiofrequency irradiation of biological systems induce resonant phenomena within the living cells 
and has an possible overall encouraging effects on biological systems [30,31].  
 Several research experiments concluded that microwave could affect plant growth and development and the 
extended exposure to microwave radiofrequency affects the seed germination [15,28,29,32-35]. Variations in 
catalase and peroxidase enzyme activities in Brassica napus were reported dependent on microwave irradiation 
time, plant age and seed condition either germinated or not [36]. Low intensity microwave radiations were 
reported not to affect the plant growth and development but the increased irradiation doses of microwave has 
decreased and slowed seed germination [36]. Germination of cereals were studied by Ponomarev et al. [37] 
under the direct effect of microwave electromagnetic radiations (wavelength λ= 1 cm, irradiation dose up to 40 
min) including wheat, barley and oats, increased germination rate were established in all seeds and reached 
optimum stimulation effect after 20 min irradiation time [37]. In addition, High power microwave seed 
irradiation was evaluated and a stimulation effect of microwave was reported on various germination and 
growth rate parameters on different vegetable plant species [35]. 
 The present study is an attempt to assess the germination, morphological and growth effects of 2.45 GHz 
microwave radiofrequencies on six common wheat (Triticum aestivum L.) cultivars in Egypt. 
 

MATERIAL AND METHODS 
 
2.1. Plant materials:  
 Seeds of wheat Triticum aestivum L. cultivars were obtained from the Crop Research Institute, Agricultural 
Research Centre (ARC), Giza, Egypt. The six common wheat cultivars are: Triticum aestivum L. cv. Gemmiz-9, 
T. aestivum L. cv. Giza-168, T. aestivum L. cv. Sakha-93, T. aestivum L. cv. Sakha-94, T. aestivum L. cv. 
Sakha-95 and T. aestivum L. cv. Sids-1. Names of selected cultivars and other experimental conditions were 
presented in Table (1). 
 
2.2. Radiofrequency irradiation treatment: 
 Microwave radiofrequency of frequency, 2.45 GHz using NGM-2001 Microwave oven with a maximum 
output power of 900 W, maximum intensity of were estimated to be 51.5 kW.m-3 by dividing the output power 
to the working volume m-3. Names of cultivars and other experimental details were presented in Table (1). Seeds 
were first soaked in distilled water for 1 hour recommended by Aladjadjian and Svetleva [38] to enhance the 
absorption of microwave energy. Seeds of each the six selected wheat cultivar were divided into 10 variants, 
each variant containing 30 seeds of (three replicas of ten seeds). The first group represent the untreated control 
and remaining nine variants were irradiated with microwave for 1, 3, 5, 10, 20, 40, 60, 120 and 240 seconds. 
 Various germination parameters were monitored during the experiment. Germination percent of control 
(untreated) and treated wheat cultivars were recorded after 3, 5 and 7 days of cultivation.  Based on the obtained 
results, the percentage of germinated seeds Nk, germination rate Sk (seed.h-1), maximum number of germinated 
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seeds, relative germination coefficient (Wk) were calculated with the using germination formulas by Ciupak et 
al. [39].  
 
2.3. Biomass and biomass allocation: 
 Shoot and root biomass were determined for Triticum aestivum plants irradiated with 2.45 GHz 
radiofrequency and the untreated control. Biomass allocation within plants was calculated in g per g (S/R 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 statistically in plants irradiated with microwave radiofrequency 
versus the control ones to evaluate the change in biomass allocation pattern. 
 
Table 1: Microwave radiofrequency radiation details, exposure doses, radiation density, output power and list of cultivars treated. 

Irradiation characteristics Details 
Radiation type Microwave radiofrequency 
Frequency 2.45 GHz 
Maximum density of irradiation 51.5 kW.m-3 
Working volume 0.33 x 0.25 x 0.20 m-3 
Maximum output Power 900 kW 
Microwave irradiation (exposure) doses 0 (control); 1, 3, 5, 10, 20, 40, 60, 120, 240 s 
Cultivars treated Triticum aestivum L. cv. Gemmiz-9, 

Triticum aestivum L. cv. Giza-168, 
Triticum aestivum L. cv. Sakha-93, 
Triticum aestivum L. cv. Sakha-94, 
Triticum aestivum L. cv. Sakha-95, 
Triticum aestivum L. cv. Sids-1. 

 
2.4. Statistical analyses: 
 Statistical analyses including multivariate analyses based on F-test (ANOVA) were performed in addition 
to correlation and regression analyses. Statistics were carried out using SPSS statistical software ver. 22 and 
Microsoft Excel package 2016. 
 
Results: 
 The germination and various morphological parameters were monitored for six different cultivars of 
Triticum aestivum L. namely: Triticum aestivum L. cvs. Gemmiz-9, Giza-168, Sakha-93, Sakha-94, Sakha-95 
and Sids-1. Generally, microwave radiofrequency had and inverse negative effect on most of studied parameters 
including germination and growth parameters. Influence of microwave radiofrequencies on different 
germination rate, maximum number of germinated seeds, germination percent, number of germinated seeds, 
shoot length, shoot biomass, root biomass, biomass allocation, vigour index were presented in (Table 2). 
Spearman’s rank correlation was presented also on table (2). Microwave radiofrequencies induced a decrease in 
various germination parameters after 5, 7, and 9 days from seed sowing including number of germinated seeds, 
germination percent, germination rate, and maximum of germinated seeds. Enhanced exposure doses of 
microwave radiofrequency induced a significant decrease in maximum number of germinated seeds (r7days=-
0.33, p=0.011*; r9days= -0.38*, p=0.003*) and germinated rate (r7days=-0.33, p=0.011*; r9days= -0.38*, p=0.003*)) 
after 7 and 9 days; respectively. 
 The impact of microwave radiofrequency on maximum number of germinated seeds (nmax) was assessed to 
be significant using multivariate analysis. Radiofrequency doses induced a significant difference between the six 
studied wheat cultivars (Table, 4). Spearman’s rank correlation revealed that there were an inverse proportion 
between the increased doses of radiofrequency and number of germinated seeds at 5, 7 and 9 days of seed 
sowing (Table, 2). Pillai’s trace statistical test based on multivariate analysis for the effect of microwave 
radiofrequency confirmed the same trend that there was a significant difference in cultivars and microwave 
irradiation doses (Table, 3). Low irradiation doses of radiofrequency significantly increased the germination 
parameters of different wheat cultivar after 72 hours of seed sowing e.g. doses of 1, 3, 120 s in Gemmiza-9; 5, 
240 s in Giza-168; 1, 3, 5, 10 and 60 in Sakha-93 and all doses in Sakha-95 (Table, 4).  
 Maximum germination of 100% was recorded in cultivar Giza-168 after 72 h following seed sowing in 
seeds irradiated with 5 seconds of microwave radiofrequency (Table, 5). Two-way analysis of variance test 
statistic was also presented in table (5) revealing the significant differences in germination percent between 
various irradiation doses, between the six studied wheat cultivars, and significant interaction between both 
factors. T. aestivum cv. Sakha-95 showed an interesting trend after pretreatment with microwave 
radiofrequency. Various germination parameters were enhanced significantly after irradiation with all doses of 
radiofrequency from 1 to 240 seconds. T. aestivum cv. Gemmiza-9 and giza-168 and sakha-93 showed the same 
germination stimulation after specific irradiation doses especially 1, 3,5, 10, 40, 120 seconds (Table 5, 6). 
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Table 2: Effect of microwave radiofrequencies on different germination rate, maximum number of germinated seeds, germination percent, 
number of germinated seeds, shoot length, shoot biomass, root biomass, biomass allocation, vigour index. Data were subjected to 
Spearman rank correlation 

Measured parameters Time point 
(h) 

Cultivars Microwave 
R Significance (2-tailed) R Significance (2-tailed) 

Number of germinated seeds (nK) 120 -0.05 0.706 -0.24 0.067 
168 -0.21 0.100 -0.07 0.619 
216 -0.23 0.083 -0.07 0.587 

Germination (%) 120 -0.05 0.706 -0.24 0.067 
168 -0.21 0.100 -0.07 0.619 
216 -0.23 0.083 -0.07 0.587 

Shoot length (cm) 120 -0.12 0.362 -0.03 0.836 
168 -0.23 0.071 -0.07 0.603 
216 -0.44 0.001* -0.07 0.597 

Shoot biomass (g-FW) 168 -0.03 0.799 -0.52 0.000* 
216 -0.20 0.133 0.02 0.886 

Root biomass (g-FW) 216 0.06 0.627 -0.39 0.002* 
Vigour index (VI) 216 -0.43 0.001* -0.08 0.530 
Biomass allocation 216 -0.03 0.816 0.09 0.520 
Max no of germinated seeds 
(nmax) 

120 -0.19 0.148 -0.16 0.233 
168 -0.33 0.011* -0.06 0.659 
216 -0.38 0.003* 0.04 0.742 

Germination rate 
(seed.h-1) 

120 -0.19 0.148 -0.16 0.233 
168 -0.33 0.011* -0.06 0.659 
216 -0.38 0.003* 0.04 0.742 

* Significant at p<0.05 assessed by two-tailed significant test. 
 
 Germination percent of 100% were recorded in various T. aestivum cultivars after pre-sowing irradiation 
with microwave radiofrequency with; 120 s in Gemmiza-9; 1, 3, 5 s in Giza-168; 5 s in Sakha-93; 60 s in Sakha-
94, and 240 s in Sids-1 (Table, 7). Differences between each irradiation dose and untreated control were 
checked using least significant post-hoc statistical analysis and found to be significant in several irradiation 
doses after 72, 120, and 168 hours following seed sowing, post-hoc statistical data were presented in tables 
(5,6,7); respectively. Figures (1a-f) shows the relative germination coefficient (Wk) of the six wheat cultivars 
after pretreatment with 2.45 GHz microwave radiofrequency. Relative germination coefficient represents 
germination in ratio to the control sample. In which the value of 1 means equal germination energy with control, 
and over 1 means that the pretreated seeds give higher germination more than the control group, if the value of 
Wk is lower than 1 that means the treated plants showed decreased germination than the control.  
 Data presented in Figures (1a-f) showed that radiofrequency decreased the germination energy at different 
irradiation doses, while, enhanced significantly the germination of several cultivars and irradiation doses. Shoot 
lengths (cm) were recorded after 120, 168, and 216 h from seed sowing at different doses and for different 
wheat cultivars. Results revealed that there was a first increase in the shoot lengths at low doses of 2.45 GHz 
microwave radiofrequency. Significant different between cultivars in shoot lengths data in response to elevated 
levels of microwave radiofrequency (Table, 4). An overall trend shoot length was increasing with time even 
under the effect of microwave radiations, however, low irradiation dose of microwave induced accelerated 
growth and shoot length especially dose of 1 and 5 seconds. While some irradiation doses showed delayed 
growth and decreased shoot length (Figure 2). 
 Vigour index is a vital quality measure and is mainly essential to be evaluated and monitored to supplement 
germination to gain insight into the performance of different wheat cultivars under microwave radiofrequency. 
The vigour index is found to deteriorate and decrease significantly with the increasing level of radiofrequency 
(r=-0.43, p=0.001*), the relationship between radiofrequency irradiation doses and vigour index was assessed 
using Spearman’s rank correlation (Table 2, Figure 3). Vigour index were assessed to be significantly different 
among irradiated cultivars, giving in that the response of vigour index to various microwave irradiation doses 
were significantly different. Moreover, vigour index showed varying responses to microwave irradiation doses 
(F=3.1, p=0.005**). 
 Shoot biomass were found to be decreasing slightly with increasing exposure doses of radiofrequency white 
the root system were not affected. Biomass allocation as a measure of the amount of nutrient allocated shoot 
versus root systems were also found to be not much responding to the microwave radiofrequency.  
 Biomass allocation within plants was calculated in g per g (S/R; 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 statistically in plants irradiated with microwave radiofrequency versus the control ones to evaluate the 
change in biomass allocation pattern (Figure, 4). 
 Table (4) represents the biomass allocation (S/R, g.g-1) pattern in the six-studied wheat T. aestivum 
cultivars. Data of biomass allocation revealed that nutrient was being significantly allocated toward the root 
system in wheat cultivars; Sakha-94 and Sakha-95 under the effect all tested microwave irradiation doses 
(Figure 4). However, the wheat cultivar Sakha-93 showed different pattern in allocating nutrients toward the 
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shoot system after irradiation of microwave radiation doses (Figure 4). Other wheat cultivars had an irradiation-
dose-dependent significant effect of microwave radiation e.g. in T. aestivum cv. gemmiza-9, giza-168 and Sids-
1. Sids-1 doses of 3, 5 and 240 s microwave radiations significantly decreased the shoot/root ratio and nutrients 
were being allocated toward the root system, while microwave irradiation doses of 1, 10, 20 and 40 s had strong 
significant allocation toward shoot system. Moreover, RF-irradiation-doses of 60 and 120 s had no change in the 
biomass allocation pattern in wheat cultivar Sids-1 (Figure 4). 
 
Table 3:  Effect of wheat seed pretreatment with microwave radiofrequencies on various recorded parameters of different wheat cultivars. 

Multivariate analysis (ANOVA, Pillai’s Trace test) performed to 10 exposure time doses of microwave radiations and six different 
common wheat cultivars against 20 measured germination and growth parameters at three different time points (5, 7, 9 days after 
seed sowing).  

Effect Value F Error df Sig. 
Multivariate Pillai's Trace 

Intercept 1 11782.4b 32 0.000*** 
Cultivars 2.322 2.229 180 0.000*** 
Microwave (RF) exposure 2.714 1.234 360 0.069 

Source of Variation / 2-Way-ANOVA SS df F-ratio P-value 
1. Germination 120 h after seed sowing 

Among exposure doses (s) 2324.4 9 2.3 0.024* 
Among cultivars 2275.6 5 4.1 0.002** 
Interaction 7924.4 45 1.6 0.045* 

2. Germination 168 h after seed sowing 
Among Exposure doses (s) 2480.0 9 3.3 0.002** 
Among cultivars 2004.4 5 4.7 0.001*** 
Interaction 7662.2 45 2.0 0.005** 

3. Germination 216 h after seed sowing 
Among exposure doses (s) 1470.0 9 1.9 0.062 
Among cultivars 1292.2 5 3.1 0.015* 
Interaction 6341.1 45 1.7 0.030* 

 *Significant at p<0.05, **Highly significant at p<0.01, ***Very high significant at p<0.001 
 

 
 
Fig. 1: Relative germination coefficient of six common wheat cultivars after seed pretreatment with 2.45 GHz 

microwave radiofrequencies; Triticum aestivum L. cvs. Gemmiza-9, Sakha-93, Sakha-94, Sakha-95, 
Giza164 
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Fig. 2: (a-f). Shoot lengths after seed irradiation with 2.45 GHz microwave radiofrequency after nine days of 

seed sowing of wheat cultivars gemmiza-9, Giza-168, Sakha-93, Sakha-94, Sakha-95 and Sids-1; 
respectively. Microwave irradiation doses on X-axis from 0 - 240 s irradiation doses, and shoot length 
(cm) on Y-axis. 

 
Table 4:  Effect of wheat seed pretreatment with microwave radiofrequencies on various recorded parameters of different wheat cultivars. 

Results of Multivariate analysis (ANOVA) of the effect of microwave and different cultivars on; (1) total no. of germinated seeds 
(Nk), (2) germination percent (%), (3) Maximum no. of germinated seeds (nmax), (4) Germination rate (Sk), (5) Vigour index (VI), 
(6) Shoot length (cm), (7) Shoot biomass (g fresh weight), (8) Root biomass (g-FW), (9) Biomass allocation (Shoot/root ratio, S/R, 
g.g-1).  

 
Parameters 

Time 
point 
(days) 

Corrected Model Intercept Cultivars Microwave 
radiations does df 

df F Sig. d
f F Sign. d

f F Sign. df F Sign. Error Total 

1- Total number of germinated 
seeds (Nk) 

120 14 1.9 0.058 1 3598 0.000* 5 2.6 0.039* 9 1.5 0.190 45 60 
168 14 1.9 0.055 1 5012 0.000* 5 2.4 0.056 9 1.6 0.139 45 60 
216 14 1.4 0.188 1 6419 0.000* 5 1.9 0.122 9 1.2 0.341 45 60 

2- Germination percent (%) 120 14 1.9 0.058 1 3598 0.000* 5 2.6 0.039* 9 1.5 0.190 45 60 
168 14 1.9 0.055 1 5012 0.000* 5 2.4 0.056 9 1.6 0.139 45 60 
216 14 1.4 0.188 1 6419 0.000* 5 1.9 0.122 9 1.2 0.341 45 60 

3- Maximum no. of germinated 
seeds (nmax) 

120 14 1.6 0.113 1 4288 0.000* 5 2.8 0.029* 9 1.0 0.480 45 60 
168 14 1.9 0.059 1 6584 0.000* 5 2.2 0.068 9 1.6 0.130 45 60 
216 14 1.4 0.212 1 7563 0.000* 5 2.1 0.087 9 1.0 0.481 45 60 

4- Germination rate (Skseed.h-1) 120 14 1.6 0.113 1 4660 0.000* 5 2.8 0.029* 9 1.0 0.480 45 60 
168 14 1.9 0.059 1 7083 0.000* 5 2.2 0.068 9 1.6 0.130 45 60 
216 14 1.4 0.212 1 8120 0.000* 5 2.1 0.087 9 1.0 0.481 45 60 

5- Vigour index (VI) 216 14 3.7 0.000* 1 1514 0.000* 5 4.8 0.001* 9 3.1 0.005* 45 60 
6- Shoot length (cm) 120 14 5.0 0.000* 1 1719 0.000* 5 8.9 0.000* 9 2.8 0.011* 45 60 

168 14 3.6 0.000* 1 2591 0.000* 5 4.7 0.001* 9 3.0 0.007* 45 60 
216 14 4.5 0.000* 1 2909 0.000* 5 5.9 0.000* 9 3.7 0.002* 45 60 

7- Shoot biomass (g-FW) 168 14 5.5 0.000* 1 2622 0.000* 5 5.1 0.001* 9 5.7 0.000* 45 60 
216 14 1.3 0.271 1 168 0.000* 5 1.8 0.142 9 1.0 0.468 45 60 

8- Root biomass (g-FW) 216 14 1.9 0.059 1 915 0.000* 5 1.6 0.168 9 2.0 0.066 45 60 
9- Biomass allocation(S/R ratio, g.g-1) 216 14 1.4 0.203 1 3040 0.000* 5 2.8 0.028* 9 0.6 0.792 45 60 

* Significant at p<0.05, ** highly significant difference at p-vale<0.01, *** very high significant at p-value<0.001. 
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Discussion: 
 The germination and various morphological parameters were monitored for six different cultivars of 
Triticum aestivum L. namely: Triticum aestivum L. cvs. Gemmiz-9, Giza-168, Sakha-93, Sakha-94, Sakha-95 
and Sids-1. Generally, microwave radiofrequency had and inverse negative effect on most of studied parameters 
including germination and growth parameters. Influence of microwave radiofrequencies on different 
germination rate, maximum number of germinated seeds, germination percent, number of germinated seeds, 
shoot length, shoot biomass, root biomass, biomass allocation, vigour index were presented in the results part. 
Microwave radiofrequency significantly affect the germination of wheat cultivars either by significantly 
increasing the germination to 100 % (e.g. doses 1, 3, and 5 s in Giza-168), or by decreasing the germination 
below that of the control (e.g. dose of 240s in Gemmiza-9). Various growth parameters showed the same 
significant effect ranging from no-effect, to significantly increasing or decreasing these parameters.  
 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 information about the effect of 
microwave radiofrequency on germination of seeds. Decreased germination was reported previously by 
Monteiro et al. [28]. Moreover, 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 the data from ongoing experimentations conveyed statistically expressive results [28]. 
Though, Ragha and others [34] proposed that high-frequency microwave induced seed germination of most of 
examined samples when compared to control.  
 
Table 5: Effect of wheat seed pretreatment with different radiofrequency doses on the germination percent of wheat cultivars after 5 days of 

seed sowing. Data represent mean germination percent, standard error for mean, two-way-analysis-of-variance and least 
significant test statistics.  

 
* Significant at p<0.05, ** highly significant difference at p-vale<0.01, *** very high significant at p-value<0.001. 
 
Table 6: Effect of wheat seed pretreatment with different radiofrequency doses on the germination percent of wheat cultivars after 7 days of 

seed sowing. Data represent mean germination percent, standard error for mean; two-way-analysis-of-variance and least 
significant test statistics. 

 
* Significant at p<0.05, ** highly significant difference at p-vale<0.01, *** very high significant at p-value<0.001. 
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Fig. 3: Vigour index of wheat cultivars after seed irradiation with 2.45 GHz microwave radiofrequency. 

Microwave irradiation doses on X-axis from 0-240 s irradiation dose, and Vigour index (VI) on Y-axis. 
 
 The decrease in seed viability and germination of some cultivars were in accordance with results of Brodie 
et al. [40] that Microwave treatment of paddy melon reduced seed viability by between 60% and 70. This is also 
consistent with other studies [15,31,34,41,42,43,44,45], which showed that plants are more susceptible to 
microwave damage than seeds [40]. Similar result were observed by Grundler et al. [46,47,48] that the yeast 
growth rate could be increased or decreased after irradiation with certain microwave frequencies of within the 
frequency range 41.8–42.0 GHz. Dardanoni et al. [3] also detected the frequency and modulation dependent 
consequences on the growth rate of Candida albicans. Pakhomov et al. [4] revealed that exposure to specific 
microwave radiofrequency wavelength enhanced growth of Spirulina platensis by about 50%. Microwaves 
radiofrequency can reduces the trans-membranous protein channel-opening possibly because microwaves 
induce the modification of intracellular enzymatic processes e.g. protein kinase activation [49]. 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 [50]. Possible microwave effect 
in a research carried out on case of radish seedlings, through reducing the water passage across cell membrane, 
closing the aquaporins and resulting in reduction of growth in a turgor-dependent manner [15].  
 
Table 7: Effect of wheat seed pretreatment with different radiofrequency doses on the germination percent of wheat cultivars after 9 days of 

seed sowing. Data represent mean germination percent, standard error for mean; two-way-analysis-of-variance and least 
significant test statistics.  

 
* Significant at p-value <0.05, ** highly significant difference at p-value <0.01, *** very high significant at p-value <0.001. 
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Fig. 4: Biomass allocation pattern (S/R ratio, g.g-1) in wheat cultivars after seed irradiation with 2450 MHz 

microwave radiofrequency. Microwave irradiation doses on X-axis from 0-240 s irradiation dose, and 
biomass allocation on Y-axis. 

 
 The enhanced plant growth rate after microwave irradiation reveals that during elongation growth cells can 
partly repair the membranes-level-damages [15]. Various opinions assume the thermal effect of microwave 
radiofrequency over biological system, which is avoided, in the current research by pre-soaking of seeds and 
monitoring temperature that showed a slight rise in temperature. So, assuming the current effect in wheat 
germination and growth were induced by the low-power-microwave-radiofrequency irradiation is mostly non-
thermal that induced germination and growth increase [14,15]. The Non-thermal Microwave impact on seeds, 
seed germination and biological systems are due to the direct interface of the microwaves radiofrequency on 
biomolecules and/or tissue constituents, particles seek to be orientated themselves in the electric field and 
decreased the potential energy [14].  The deteriorated germination and retarded wheat growth after seed 
irradiation with certain doses of microwave radiofrequency ensure the importance of being concerned about the 
serious causes toward the influence of time-dependent exposure to environmental microwave fields. It can be 
recommended to limiting the exposure time to environmental microwave radiofrequency to ensure the 
recovering ability of biological systems.  
 
Conclusion:  
 The germination and growth of six different cultivars of Triticum aestivum L. namely: Triticum aestivum L. 
cvs. Gemmiz-9, Giza-168, Sakha-93, Sakha-94, Sakha-95 and Sids-1 responded to microwave radiofrequency as 
a dose-dependent. Generally, microwave radiofrequency had and inverse negative effect on most of studied 
parameters including germination and growth parameters. Influence of microwave radiofrequencies on different 
germination rate, maximum number of germinated seeds, germination percent, number of germinated seeds, 
shoot length, shoot biomass, root biomass, biomass allocation, vigour index were found to vary from stimulating 
effect in certain doses and cultivars to a negative effect. Microwave radiofrequency significantly affect the 
germination of wheat cultivars either by significantly increasing the germination to 100 % (e.g. doses 1, 3, and 5 
s in Giza-168), or by decreasing the germination below that of the control. (e.g. dose of 240 s in Gemmiza-9). 
Various growth parameters showed the same significant effect ranging from no-effect, to significantly 
increasing or decreasing these parameters. The effect of Microwave radiofrequency irradiation is thought to be a 
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dose-dependent effect that is significantly differing from irradiation dose to another. It can be recommended to 
limiting the exposure time to environmental microwave radiofrequency to ensure the recovering ability of 
biological systems and the stimulatory effects of microwave radiofrequency are of significant potential and can 
be further studied to be applied in agriculture and biotechnology.  
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