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ABSTRACT 

Peanut seeds were exposed to microwave and X-ray radiation before planting in artificially infested soil with S. 

rolfsii under a greenhouse and natural field conditions. Results showed a high reduction of stem rot and 

improvement of yield and seed oil content of peanut following seeds exposed to X-ray at 45KeV for 5 sec and 

MR or 30 sec compared to the control (non-irradiated seeds). Based on the RAPD-PCR mutagenic analysis of 

DNA peanut plants using eight ten-mer (random primers used for molecular polymorphism analysis) random 

oligonucleotide primers following seed irradiation, six new DNA bands, and no missing bands were detected 

with mutagenic frequency (20%) in plants raised from seeds exposed to MR for 30 sec. In addition, four new 

DNA bands were detected, and only one missing band was detected with mutagenic frequency (18.51%) in 

plants generated from seeds exposed to X-ray at 45 KeV for 5 sec. In contrast, the most noticeable changes were 

the increased number of missing DNA bands by increasing the X-ray exposure dose, where the number of 

missing bands was increased from 1 in 45 KeV to 3 bands in 75 KeV and 6 bands in 95 KeV. Therefore, these 

findings demonstrated that seed exposure to X-rays at the low dose of 45 KeV for 5 sec effectively controlled 

Sclerotium stem rot of peanut but caused more severe plant injuries at high radiation doses. 
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INTRODUCTION 

Peanut (Arachis hypogaea L.), also known as 

groundnut, is a member of the family Fabaceae 

and is produced in more than 82 countries 

worldwide. It is an economically important 

oilseed crop with a high nutritional value of oils, 

proteins, calories, and vitamins. In Egypt, it is 

one of the most exported and locally consumed 

oil crops. The cultivated area in Egypt is 

estimated to be about 170 thousand feddans, 

with an average of 23 ardebs/feddan, with a total 

productivity of about 3.9 million ardebs, equal 

to about 293 thousand tons of peanut pods 

(FAOSTAT, 2021). Unfortunately, the peanut 

crop is subjected to a relatively large number of 

dangerous fungal diseases during its growth, 

causing severe losses in productivity. Among 

the fungal diseases, stem rot caused by 

Sclerotium rolfsii Sacc. is a potential threat to 

peanut production and causes severe damage 

during any stage of crop growth. Yield losses 

caused by S. rolfsii can reach up to 80% due to 

the infections of stems, roots, pegs, and pods of 

groundnut in the soil (Yan et al. 2021). S. rolfsii 

not only reduces the yield of groundnut but also 

degrades the quality of peanut kernels.  

Sclerotium rolfsii Sacc (teleomorph Athelia 

rolfsii), is a soil-borne fungal pathogen, 

commonly occurs in the world's tropics, sub-

tropics, and other warm temperate regions, 

causing root rot, stem rot, wilt, and foot rot on 

more than 500 plant species (Priya et al., 2013). 

Stem rot, also known as white mold, southern 

stem rot, southern blight, and Sclerotium rot, is 

prevalent worldwide in almost all peanut-

growing areas. Control of S. rolfsii is difficult 

due to its host range and survival of sclerotia for 

several years in soil and plant residues (Cilliers 

et al., 2003).  The use of synthetic fungicides 

generally achieves effective management of 

crop diseases. However, these fungicides pollute 

the environment, soil, and water, causing 

deleterious effects on human health and the 

biosphere (Sivaprakasam, 1994). Therefore, 

environmentally safe and economically 

alternative approaches for controlling plant 
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diseases, including seed treatments using 

physical methods such as radiation exposure, are 

essential in agriculture.  

Microwave radiation (MR) is a form of 

electromagnetic radiation, and many conducted 

studies have shown different responses by plants 

exposed to electromagnetic radiation. The MR 

has been used in agriculture since the mid-

twentieth century and is considered one of the 

best non-chemical methods to control plant 

fungal pathogens efficiently (Kalinin et al., 

2005). The MR may directly disrupt microbial 

cells (Yoshida and Kajimoto, 1988), although 

this effect has not been confirmed yet. However, 

it has suppressed pathogens' development and 

growth, using heat to kill plant pathogens 

(Grondeauet al., 1994). On the other hand, the 

affected plants were taller and heavier when 

exposed to radiation (Martínez et al., 2003). 

Moreover, microwave seed treatment 

stimulates early germination and increases 

seedling vigor (Tylkowska et al., 2010). To date, 

there is no data to explain the effects of MR on 

pathogenic fungi colonizing seeds. However, 

due to its ability to generate heat rapidly, a short 

period of radiation exposure is needed for seed 

or pathogen treatment with radiation (Adu et al., 

1995). Also, non-ionizing electromagnetic 

(microwave) radiation affects biological systems 

at the whole organism, tissue, cell, and 

molecular level (Roux et al., 2006 and Hamada, 

2007). Microwaves in a microwave oven cause 

rotation in dielectric molecules such as water 

under an electromagnetic field, which causes the 

system to heat up. This movement destabilized 

biomolecules such as DNA (Pavel et al., 1998 

and Hamada, 2007). Also, Jangid et al. (2010) 

found that microwave seed treatment induced 

mutations and altered gene expression in the 

moth bean (Vigna aconitifolia) plant. 

X-ray radiation is valuable in diagnosing and 

treating many plant injuries and diseases. 

Moreover, radiation treatment is considered an 

excellent tool for sterilization, preservation of 

food, and other different food engineering 

processes, which benefits human society 

(Alariqi et al., 2006). In agriculture, various 

control methods are used to avoid yield losses 

due to infection by soil-borne pathogens, such as 

radiation (Spadaro and Gullino, 2005). In this 

respect, X-ray is commonly used to observe and 

quantify the soil environment, including plant 

root development (Tracy et al., 2012), fungal 

influence (Martin et al., 2012), and the influence 

of microbial activity (Nunan et al., 2006). 

Moreover, X-ray dose influences plant root 

growth, size and weight, and fungal or microbial 

activity. The influence of X-ray doses on plants 

is still under study (Al-Enezi et al., 2012). 

However, ionizing radiation, including X-ray, 

alters plant growth and development by 

inducing genetic and morphological changes 

(De Micco et al., 2011 and Arena et al., 2014). 

Macromolecules, particularly DNA, are critical 

targets of X-ray (Al-Enezi and Al-Khayri, 

2012). The impact of ionizing radiation on DNA 

is well-documented in various plant species 

(Esnault et al., 2010 and Arena et al., 2017). 

The DNA may be directly or indirectly damaged 

due to the overproduction of free radicals, 

resulting in single and double DNA breakage 

(Yokota et al., 2007). These breaks are the 

primary source of chromosomal aberrations, 

which determine alterations in gene expression 

and subsequent changes in plant structure and 

function (Kovalchuk et al.,2004). In many plant 

species, exposure to X-rays leads to gene 

alterations (Kranz et al., 1994 and Naito et al., 

2005) and chromosomal aberrations (Kovalchuk 

et al., 2007 and Watanabe et al., 2009). 

Moreover, X-rays negatively influenced DNA 

synthesis (Evans and Scott, 1964) and RNA and 

protein synthesis (Roy et al., 1972).  

Random amplified polymorphic DNA 

(RAPD)-PCR primers (markers) were used to 

evaluate if ionizing radiation can trigger 

mutagenesis in plant cells (Dhakshanamoorthy 

et al., 2011; El-Sherif et al., 2011; Abdel 

Haliem et al., 2013 and Arena et al., 2017). It 

was reported that the RAPD-PCR analysis has 

the potential to detect various types of DNA 

damage and mutations, even those that do not 

reveal alterations phenotypically (Atienzar and 

Jha, 2006). Different RAPD-PCR profiles are 

proxies of genetic differences between plant 

samples since other DNA profiles are correlated 

to different base compositions in some 

annealing sites of the DNA samples (Al-Enezi 

and Al-Khayri, 2012). Also, Arena et al. (2017) 

irradiated mature tomato plants with different 

doses of X-rays to investigate possible 

variations in leaf morpho-anatomical traits, 

photosynthetic efficiency, and genomic tomato 

DNA. The results of RAPD-PCR analysis 

showed that the X-ray induced mutagenic 

effects in the L2 leaves of dwarf tomato even at 

low doses, despite the absence of severe 

phenotypic alterations. 

Peanuts are considered a self-pollinated 

species, and their embryo is easily exposed to 

mutagens and has 6-8 primordia with buds in its 

axil, making several potential targets available 

(Ashri, 1976), and thus it is suited for 

mutagenesis studies. 
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 The present work's objective was to control 

Sclerotium stem rot of peanut and improve the 

yield by exposing peanut seeds to Microwave 

radiation (MR) and X-ray radiation planting 

under greenhouse and field conditions to induce 

mutations to improve plant characteristics and 

increase the genetic variability of peanuts. 

Another objective was to study the RAPD-PCR 

mutagenic analysis of peanut plants raised from 

seeds exposed to radiation. 

MATERIALS AND METHODS 

Isolation, purification of the associated fungi: 

The causal pathogen of stem rot in peanut, 

was isolated from naturally infected plants 

showing typical stem rot symptoms Fig (1) 

collected from different locations in Assiut 

Governorate, Egypt. Diseased peanut plant 

samples were thoroughly washed with tap water, 

and the root and stem were cut into small pieces. 

Then pieces were surface sterilized with 0.5% 

sodium hypochlorite (SH) solution for 3 min, 

rinsed in three changes of sterile distilled water 

(SDW), and dried between two sterilized filter 

papers. Pieces were then placed in Petri dishes 

(9.0 cm) containing Potato Dextrose Agar 

(PDA) medium supplemented with streptomycin 

sulfate (200 mg L-1). The plates were incubated 

at 28±2°C for 7 days and examined daily for 

promoted fungal growth. Purification of the 

isolated fungi was carried out using the hyphal 

tip technique (Rangas Wamy, 1972). Then the 

obtained fungal isolates were identified based on 

their morphological characteristics described by 

Domsch et al. (2007). All S. rolfsii isolates were 

re-cultured on the PDA slants in test tubes and 

then kept at 5°C for further studies.  

 

Fig. (1): Symptoms of peanut stem rot, stem lesions are formed near the plant's crown, starting 

at points of contact with the soil, and are color brown, may have a canker-like 

appearance and are covered with white mycelium (A). Distinct lesions are formed on 

pods during the early stages of infection, but later pods are wholly consumed with dry 

brown rot, rotted pods are thin and brittle, and seeds may be stained, rotted, or absent 

(B). 

Pathogenicity test: 

The pathogenic capabilities of S. rolfsii 

isolates were determined on the peanut Giza 6 

cultivar under open greenhouse conditions at the 

Experimental Farm of Arab-El-Awamer 

Research Station, Assiut governorate, Egypt.  

The inoculum of each tested isolate of S. 

rolfsii was prepared by placing two equal agar 

disks (0.6 cm) taken from the 7-day-old culture 

into 500 ml glass bottles tightly closed with 

cotton plugs containing autoclaved 200 g 

moistened wheat grains and washed sand 

medium (3:1 weight, respectively), according to 

Rubayet and Bhuiyan (2016). Then bottles were 

incubated at 28±2 °C for 2 weeks. Formalin-

sterilized 30 cm plastic pots were filled with 

formalin-sterilized clay-loam soil (5 kg per pot), 

infested with 3% inoculum (150 g per pot) of 

each tested isolate, and then slightly irrigated 

every other day for a week. Pots treated with the 

same amount of non-inoculated wheat grains 

and washed sand medium were served as 
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control. Seeds of peanut Giza 6 cv. were 

disinfected by dipping in 0.5% sodium 

hypochlorite solution for 3 min, rinsed three 

times in SDW for 3 min, and then sown at a rate 

of 6 seeds per pot. Four pots as replicates of 

each tested fungal isolate in a completely 

randomized experimental design were used. Pots 

were checked daily and irrigated when 

necessary. 

Stem rot symptoms were checked daily. 

After 35 days and up to 2 weeks before 

harvesting, peanut plants were uprooted and 

examined for root and stem colonization by S. 

rolfsii. The percentage of disease incidence (DI) 

of peanut stem rot was calculated according to 

the following formula: 

Disease incidence % =  

 Number of infected plants 
× 100 

 Number of planted seeds 

The peanut's stem rot pathogen, S. rolfsii, 

was also re-isolated from the infected peanut 

root and stem tissues. 

Peanut seed treatment with MR: 

Seeds were exposed to MR after randomly 

sampling 20 peanut Giza 6 cv. in the test tube. 

Then each seed sample was individually 

exposed to a household microwave oven (Type 

Zanussi, 230 V, 50 Hz,2450 MHz, 1100 W, 

China) for 20, 30, and 40 sec. Before starting, 

the seed coat reduction was prevented by 

placing 150 ml water into a glass beaker (Reddy 

et al., 2000). Then the SDW was kept in the 

oven when the sample was introduced to avoid 

increasing temperature through seed exposure. 

Peanut seed treatment with X-ray  

Seeds of peanut Giza 6 cv. were treated with 

X-ray at the Department of Radiation, National 

Cancer Institute, Egypt, according to the method 

described by Kumar and Singh (1996). Each 

seed sample 20 peanut was divided into three 

groups and put in clean Petri dishes. Seed 

samples were exposed to X-rays at 45, 75, and 

95 KeV (Kilo Electron Volts) each for 5 sec at 

room temperature. 

Effect of exposing peanut seeds to MR and X-

ray on control of stem rot disease:  

A- Greenhouse experiment: 

A pot experiment was conducted under open 

greenhouse conditions during 2019 growing 

season at the Experimental Farm of Arab-El-

Awamer Research Station, Assiut governorate, 

Egypt. Peanut seeds of Giza 6 cv. irradiated with 

microwave and X-ray were planted in sterilized 

30 cm plastic pots containing infested soil with 

the aggressive isolate of S. rolfsii inoculum. 

Each pot was sown with 4 seeds, and four pots 

as replicates of each treatment were used. A 

randomized complete block design was used in 

this experiment to arrange every pot on a screen 

house bench, and each pot was given regular 

watering to maintain the required moisture. In 

the control treatment, seeds not exposed to 

radiation were sown in pots containing infested 

soil with S. rolfsii inoculum. After 35 days, the 

percentage of disease incidence (DI) of peanut 

stem rot was calculated, as mentioned before. 

B- Field experiment: 

A field experiment was conducted throughout 

two successive seasons (2019 and 2020) in a 

naturally infested soil with S. rolfsii to 

determine the impact of peanut seed exposure to 

MR and X-ray on controlling stem rot incidence 

and peanut yield as well as some plant growth 

characteristics and seed oil content at the 

Experimental Farm of Arab-El-Awamer 

Research Station, Assiut governorate, Egypt. 

The soil quality was the field soil is sandy loam, 

(Ahmed and Abdel-Gayed, 2017) 

Peanut seeds were exposed to MR and X-ray 

radiation only in the first year of this experiment 

to induce mutations for improving plant 

characteristics and increasing the genetic 

variability of peanuts before planting in 2019 

season. Peanut plants grown in the first year 

from the irradiated seeds were utilized for 

producing seed material used in the experiment 

in the second year of 2020. 

Field plots with dimensions of 4×6 m and 70 

cm between rows and five rows in each plot 

were used. Irradiated Giza 6 cv. seeds were 

sown in hills with 20 cm space between hills in 

the plot rows, and non-irradiated seeds were 

sown as a control. The experiments were set up 

in a randomized complete block design with 3 

replicates and seven treatments. All cultural 

practices recommended for peanut production 

were followed. At 120 days after planting, 

before harvesting, peanut plants were uprooted, 

before harvesting and examined for root and 

stem colonization by S. rolfsii. 

For investigating the effects of exposing 

peanut seeds to MR and X-ray on yield 

components, and seed oil percentage, five plant 

samples from each plot were randomly selected 

at harvest time (after 120 days from planting) to 

examine the following plant characteristics: 

number of pods/plant and seeds/plant, as well as 

weight of 100-pods and 100-seeds (g) and 

percent of seed oil content. Also, any changes in 

the appearance of plant leaves, pods, and seeds 

produced from seeds exposed to MR and X-ray 

were recorded. 
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Random amplified polymorphic DNA 

(RAPD) mutagenic analysis of peanut 

plants following seed exposure to MR and 

X-ray: 

A- DNA extraction: 

Total genomic DNA extracts were isolated 

from peanut plants (28-day-old) generated from 

seeds exposed and not exposed to MR and X-ray 

using the CTAB isolation protocol described by 

Murray and Thompson (1980) and Kumar et al. 

(2003) with some modifications. 

B- RAPD-PCR analysis: 

RAPD-PCR analysis was performed 

according to the protocol described by Williams 

et al. (1990). Eight ten-mer random 

oligonucleotide primers and their sequences 

were used in this study (Table ,1). The 

conditions of the PCR reaction were optimized, 

and mixtures (25 μl total volume) were 

composed of 11 μl dH2O, 3 μl 10X reaction 

buffer, 3 μl dNTP's mix, 2 μl primer, 4 μl 

MgCl2, 0.3 μl Taq DNA polymerase and 1μl 

template DNA (25 ng/μL). Amplification 

conditions were carried out in a TECHNE 

thermocycler (Model FTGEN5D, TECHNE, 

Cam-bridge Ltd, Duxford, and Cambridge, UK) 

with the following specifications: Initial 

denaturation for 5 min at 94ºC (1st step), 40 

cycles of 1 min at 94ºC, 1 min at 34ºC and 2 

min at 72ºC (2nd step), 10 min at 72ºC, and a 

final hold at 4 ºC were applied. The amplified 

products were separated into 1.4% agarose gel. 

Electrophoresis was carried out under a constant 

voltage of around 80V for approx. 3-3.5 h. The 

banding patterns were then visualized on a trans 

illuminator (Ultra-Violet Product, Upland, CA, 

USA). 

Table (1): Primer codes and sequences used 

for the RAPD-PCR analysis in this study. 

Primer code Sequence (5`----3`) 

OPU-7 CCTGCTCATC 

OPAB-4 GGCACGCGTT 

OPE-5 TCAGGGAGGGT 

OPA-3 AGTCAGCCAC 

OPA-2 TGCCGAGCTG 

OPA-15 AGATGCAGCC 

OPC-18 TGGGGGACTC 

OPY-5 GGCTGCGACA 

Statistical analysis: 

We achieved analyses of variance using the 

MSTATC computer program. The least 

significant difference was calculated at P ≤ 0.05, 

according to Gomez and Gomez, (1984).  

RESULTS 

Pathogenicity test: 

The pathogenic capabilities of ten isolates of 

S. rolfsii that were obtained from naturally 

infected peanut plants showing typical stem rot 

symptoms collected from different locations of 

Assiut Governorate and tested in the pot 

experiment on peanut Giza 6 cv.  are shown in 

Table (2). Results show that all tested S. rolfsii 

isolates were pathogenic to peanut plants, 

causing DI% of stem rot ranging from 20.83 to 

87.49%. The highest stem rot was recorded with 

isolate No.8 (87.49%) isolated from Al-Ganaem 

county followed by isolate No. 9 of Abnoub 

county (74.99%). While the lowest DI% was 

recorded with isolate No. 6 (20.83%) of 

AboTeeg county followed by isolate No. 5 

(24.99%) of El-Badari. The more pathogenic 

isolate (No.8) was selected for the greenhouse 

experiment.     

Table (2): Pathogenic capabilities of 10 

isolates of S. rolfsii to cause stem rot on 

peanut Giza 6 cv. collected from Assiut 

governorate under the open greenhouse 

conditions. 

No. S. rolfsii isolate DI% 

1 Dayrout 54.16* 

2 Al-Qosiah 41.66 

3 Manfalout 45.83 

4 Assiut 37.49 

5 El-Badari 24.99 

6 Abo Teeg 20.83 

7 Sahel Seliem 29.16 

8 Al-Ganaem 87.49 

9 Abnoub 74.99 

10 Sedfa 50.00 

Control - 0.00 

L.S.D. at 0.05  1.53 

*Values of stem rot disease incidence are the means 

from 24 plants over four replicates.  

Effect of exposing peanut seeds to MR and X-

ray on control of stem rot disease: 

A- Greenhouse experiment: 

Data in Table (3) and Fig. (2) show a 

significant decrease in the DI% of peanut stem 

rot caused by S. rolfsii was recorded in plants 

that raised from seeds exposed to MR and X-ray 

compared to the control of those that generated 

from not-exposed seeds. The most effective 

treatment for decreasing the DI% of stem rot 
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was recorded in plants grown from seeds 

exposed to X-ray at 45 KeV for 5 sec and MR 

for 30 sec, where the DI% was 12.5 and 18.75%, 

respectively, compared with 81.25% of control . 

On the other hand, seeds exposed to MR for 40 

sec and X-ray at 95 KeV for 5 sec provided the 

least peanut protection against S. rolfsii infection 

(DI% was 31.25 and 37.5%, respectively). At 

the same time, X-ray at 75 KeV for 5 sec and 

MR for 20 sec was moderately efficient for 

reducing infection by S. rolfsii, where DI% was 

25% in both treatments . 

B- Field experiments: 

Under field conditions and natural soil 

infestation with S. rolfsii over the conducted two 

trials in 2019 and 2020, a significant decrease in 

the DI% of peanut stem rot was recorded in the 

plants raised from seeds exposed to MR and X-

ray compared to the control of those developed 

from not exposed seeds, (Table, 4). The results 

indicated that peanut seeds irradiated by X-ray 

at 45 KeV for 5 sec and MR for 30 sec have 

proved to be the most effective treatment in 

controlling the stem rot through 2019 and 2020 

growing seasons, with DI% of (4.10 and 3.70%) 

and (6.96 and 6.04%), respectively compared to 

the control, not exposed seeds in both seasons 

(42.76 and 39.35%). The mean DI% value of 

peanut stem rot over the two seasons of both 

radiation treatments was 3.90 and 6.50%, 

respectively. In contrast, peanut seeds exposed 

to MR for 40 sec and X-ray at 95 KeV for 5 sec 

provided the least protection against S. rolfsii 

infection, where DI% was (11.46 and 10.46%) 

and (19.71 and 18.51%) in both seasons, 

respectively. The mean DI% of peanut stem rot 

over the two seasons of both treatments were 

10.96 and 19.11%, respectively. On the other 

hand, irritated seeds to X-ray at 75 KeV for 5 

sec and MR for 20 sec were moderately efficient 

treatments for controlling infection by S. rolfsii, 

where DI% value of stem rot of both radiation 

treatments in both seasons were (12.77 and 

11.10%) and (9.97 and 8.64%), respectively 

with mean DI% over the two seasons of 11.94 

and 9.31%. 

Table (3): Effect of exposing peanut seeds to 

microwave and X-ray radiation on control 

of stem rot disease caused by S. rolfsii 

under the open greenhouse conditions. 

Time of 

Microwave 

DI% of 

stem rot 

Dose of 

X-ray 

DI% of 

stem rot 

0 sec 81.25 0 KeV 81.25 

20 sec 25.00 45 KeV 12.50 

30 sec 18.75 75 KeV 25.00 

40 sec 31.25 95 KeV 37.50 

L.S.D. at 5% = 27.79  28.88 

*Values of stem rot disease index are the means from 

16 plants over four replicates. 

 

Fig. (2): Effect of exposing peanut seeds to 

microwave and X-ray radiation on 

control of stem rot disease caused by 

S. rolfsii in the open greenhouse: 

Table (4): Effect of exposing peanut seeds to microwave and X-ray radiations on control of stem 

rot disease caused by S. rolfsii in field through the 2019 and 2020 growing seasons. 

Radiation exposure 

 X-ray   Microwave  

Dose of X-ray 
Season 

Mean Time of dose 
Season 

Mean 
2019 2020 2019 2020 

0 KeV 42.76 39.35 41.05 0 sec 42.76 39.35 41.05 

45 KeV 4.10 3.70 3.90 20 sec 9.97 8.64 9.31 

75 KeV 12.77 11.10 11.94 30 sec 6.96 6.04 6.50 

95 KeV 19.71 18.51 19.11 40 sec 11.46 10.46 10.96 

L.S.D. at 5% 3.90 3.60 3.00   4.48 6.63 4.88 
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Effect of exposing peanut seeds to MR and X-

ray on yield components and seed oil 

percentage: 

The effect of exposing peanut seeds to MR 

and X-ray on yield components and seed oil 

content was studied under a naturally infested 

field with S. rolfsii. Results in Table (5 a and b) 

show that yield components (i.e., number of 

peanut pods and seed per plant and weight of 

100-pods and 100-seeds and seed oil content 

were significantly increased when seeds were 

exposed to MR and X-ray compared to the 

control (not exposed seeds). All yield 

components and seed oil percent of peanut 

plants significantly varied between MR and X-

ray and control seed treatments during 2019 and 

2020 seasons and their means over the two 

growing seasons. Moreover, irradiating peanut 

seeds by microwave for 30 sec and X-ray at 45 

KeV for 5 sec before planting increased the 

number of pods and seeds per plant compared to 

non-irradiated seeds (Table 5a). The exception 

was in the height of peanut plants generated 

from seeds exposed to X-ray at 95 KeV for 5 

sec, which was increased compared to those 

generated from not exposed seeds. Data also 

show that irradiating peanut seeds by microwave 

for 30 sec and X-ray at 45 KeV for 5 sec before 

planting significantly increased the weight of 

100-pods and 100-seeds and seed oil percent 

compared to the control of non-irradiated seeds 

(Table 5b). 

 

Fig. (3): A novel fused full leaflet observed as 

a mutant of plant leaf generated from 

peanut seeds exposed to X-ray radiation at 

45 KeV for 5 sec (A) and control leaflet of 

plants generated from not exposed seeds 

(B). 

 

Fig. (4): Control pods (above) and seeds 

(down) of peanut plants generated from 

seeds not exposed to X-ray radiation (A). 

Large pods and seeds observed as mutants 

of peanut plants generated from seeds 

exposed to X-ray radiation at 45 KeV for 5 

sec (B). 

 

Fig. (5): Control seeds of peanut plants 

generated from seeds not exposed to X-ray 

radiation and after harvesting and storing 

at room conditions, showing S. rolfsii rot 

infection (A). Healthy seeds of peanut 

plants generated from seeds exposed to X-

ray radiation at 45 KeV for 5 sec (B). 

Besides observations on plant 

morphometrics, a novel fused full leaflet (Fig. 3) 

of leaves, large pods, and seeds (Fig. 4) as 

mutants have appeared in peanut plants 

generated from seeds exposed to X-ray at 45 

KeV for 5 sec. Also, healthy and uninfected 

seeds by S. rolfsii of peanut plants generated 

from seeds exposed to X-ray at 45 KeV for 5 sec 

were noticed compared to those of control plants 

generated from not exposed seeds, which 

showed S. rolfsii rot infection (Fig. 5) after 

harvesting and storing at room conditions. 
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Table (5a): Effect of exposing peanut seeds to microwave radiation on yield/plant.  

Time of dose 
No. of pods/plant No. of seeds/plant Weight of 100-pods (g) Weight of 100-Seeds (g) Seed oil% 

2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 

0 sec 25.91 2020 26.37 36.08 35.08 35.58 72.23 73.50 72.86 35.20 35.87 35.53 35.31 34.91 35.11 

20 sec 44.41 26.83 44.78 57.33 58.08 57.70 104.50 105.37 104.93 51.93 52.29 52.11 40.58 41.32 40.95 

30 sec 55.66 45.16 56.66 72.00 73.02 72.51 126.33 129.23 127.78 62.82 63.16 62.99 47.21 47.11 47.16 

40 sec 42.66 56.66 43.10 47.25 45.75 46.50 109.14 108.43 108.78 53.70 54.00 53.85 42.77 43.00 42.89 

Mean 42.16 43.54 42.60 53.17 52.98 53.07 103.05 104.13 103.58 50.92 51.33 51.12 41.46 41.58 41.52 

L.S.D. at 5% 1.23 1.81 1.17 4.36 6.56 1.99 4.75 8.83 0.58 2.29 1.62 3.01 2.53 1.12 1.21 

Table (5b): Effect of exposing peanut seeds to X-ray radiation on yield/plant. 

Dose 
No. of pods/plant No. of seeds/plant Weight of 100-pods (g) Weight of 100-Seeds (g) Seed oil% 

2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 

0KeV 25.91 26.83 26.37 36.08 35.08 35.58 72.23 73.50 72.86 35.20 35.87 35.53 35.31 34.91 35.11 

45 KeV 44,41 45.37 44.89 60.10 60.77 60.43 119.73 121.63 120.68 57.24 57.30 57.27 45.27 45.41 45.34 

75KeV 35.58 37.91 36.74 35.91 36.33 36.12 74.17 74.84 74.50 35.61 35.63 35.62 36.66 36.34 36.50 

95KeV 40.50 41.21 40.85 42.41 43.16 42.78 82.93 83.55 83.24 40.20 40.66 40.43 37.23 38.11 37.67 

Mean 36.60 37.83 37.21 43.63 43.84 43.73 87.26 88.38 87.82 42.06 42.36 42.21 38.62 38.69 38.66 

L.S.D.at 5% 4.65 5.33 1.01 4.60 5.21 1.30 3.07 2.62 1.48 1.28 1.33 3.17 1.27 1.05 1.98 
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RAPD-PCR mutagenic analysis of peanut 

plants following seed exposure to MR and 

X-ray: 

A- Polymorphism of peanut plants generated 

from seeds exposed to MR:  

The present study evaluated the effects of 

MR on peanut plants' DNA plants generated 

from irradiated seeds. The DNA samples from 

peanut plants generated from seeds exposed to 

MR for 20, 30, and 40 sec were obtained. Then 

the changes in the DNA bio-molecules were 

investigated by employing 8 RAPD-PCR 

primers to detect any changes in the genetic 

profile (Tables 6 and Fig. 6). Changes in the 

number of amplified bands (fragments) by each 

tested primer in the peanut plants generated 

from seeds exposed to MR compared to those 

arising from not exposed seeds of the control 

could reflect the mutagenic effect of MR 

affecting the DNA sequence in the annealing 

sites of each tested primer. In the present study, 

changes in plant DNA sequences could be 

detected by new or lost DNA bands compared to 

the DNA profile of the control. Thus, five new 

DNA bands at sequence bps of 700OPE-5, 660OPA-

2, 1000OPC-18, 350OPC-18, and 180OPC-18, and no 

missing bands were detected in peanut plants 

generated from seeds exposed to MR for 20 sec. 

Therefore, the irradiating effect resulted in a 

mutagenic frequency of 17.24% (5 out of the 29 

bands). 

On the other hand, six new DNA bands at 

sequence bps of 450OPU-7, 700OPE-5, 820OPA-3, 

350OPC-18, 180OPC-18, and 980OPY-5, and no 

missing bands were also detected in peanut 

plants generated from seeds exposed to MR for 

30 sec. Therefore, the irradiating effect resulted 

in a mutagenic frequency of 20% (6 out of the 

30 bands). In contrast, three new DNA bands 

were detected at sequence bps of 700OPE-5, 

820OPA-3, 420OPA-15, and 2 missing bands at 

sequence bps of 1000OPA-3 and 810OPA-15 in 

peanut plants generated from seeds exposed to 

MR for 40 sec. Therefore, the irradiating effect 

resulted in a high mutagenic frequency of 

21.73% (5 out of the 23 bands). 

 

Fig. (6): Agarose-gel electrophoresis of RAPD-PCR profiles with eight primers. “M” denotes a 

1000 bp ladder DNA size standard. Lanes 1- 7 show RAPD-PCR results from the 

peanut DNA of control plants originated from not exposed seeds to radiation (Lane 1), 

DNA of plants originated from seeds exposed to microwave radiation for 20 sec (Lane 

2), 30 sec (Lane 3), and 40 sec (Lane 4), and X-ray radiation at 45 KeV (Lane 5), 75 

KeV (Lane 6) and 95 KeV (Lane 7) for 5 sec. 
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Table (6): DNA bands (fragments) amplified by 8 RAPD-PCR primers of peanut plants 

generated from exposed seeds to microwave radiation for 0, 20, 30, and 40 seconds. 

Primers 

Exposure time (Seconds) 
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T
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OPU-7 2 - - 2 450 - 3 (1) - - 2 

OPAB-4 4 - - 4 - - 4 - - 4 

OPE-5 3 700 - 4 (1) * 700 - 4 (1) 700 - 4 (1) 

OPA-3 3 - - 3 820 - 4 (1) 820 1000 3 (2) 

OPA-2 4 660 - 5 (1) - - 4 - - 4 

OPA-15 3 - - 3 - - 3 420 810 1 (2) 

OPC-18 2 

1020, 

350, 

180 

- 5 (3) 
350, 

180 
- 4 (2) - - 2 

OPY-5 3 - - 3 980 - 4 (1) - - 3 

Total bands 24 29 (5)  30 (6)  23 (5)  

Mutagenic frequency % 0 17.24 20 21.73 

*Values between brackets are the numbers of new and missing DNA bands (fragments). – means no new or 

missing bands were detected. 

B- Polymorphism following X-ray:  

In this study, DNA profiles of peanut plants 

generated from seeds exposed to X-ray at doses 

of 45, 75, and 95 KeV for 5 sec compared to 

those generated from not exposed seeds (0 KeV) 

were obtained using 8 RAPD-PCR primers 

(Tables 7 and Fig. 6). Results show that four 

new DNA bands at sequence bps of 800OPAB-4, 

500OPE-5, 1000OPC-18, and 700OPE-5, and only one 

missing band at sequence bp of 420OPA-15were 

detected in peanut plants generated from seeds 

exposed to X-ray at 45 KeV for 5 sec. 

Therefore, the irradiating effect resulted in a 

mutagenic frequency of 18.5`% (5 out of the 27 

bands).On the other hand, four new DNA bands 

at sequence bps of 800OPAB-4, 500OPE-5, 700OPE-5, 

350OPC-18, and 3 missing bands at sequence bps 

of 1000OPA-3, 810OPA-15, and 420OPA-15were also 

detected in peanut plants raised from seeds 

exposed to X-ray at a high dose of 75 KeV for 5 

sec. Therefore, the irradiating effect resulted in a 

high % mutagenic frequency of 28% (7 out of 

the 25 bands). In contrast, six new DNA bands 

were detected at sequence bps of 700OPE-5, 

660OPA-2, 1020OPC-18, 710OPC-18, 220OPC-18, and 

180OPC-18and 5 missing bands at sequence bps of 

650OPU-7, 850OPAB-4, 1000OPA-3, 810OPA-15, and 

450OPA-15in peanut plants generated from seeds 

exposed to X-ray at a higher dose of 95 KeV for 

5 sec. Therefore, the irradiating effect resulted in 

a high % mutagenic frequency of 50% (12 out of 

the 24 bands).  
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Table (7): DNA bands (fragments) amplified by 8 RAPD-PCR primers of peanut plants 

generated from exposed seeds to different doses of X-ray radiation for 5 seconds. 

Primers 

Exposure X-ray dose for 5 seconds 

0 KeV 45 KeV 75 KeV  95 KeV  
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OPU-7 2 - - 2 - - 2 - 650 1 (1) 

OPAB-4 4 800 - 5 (1) * 800 - 5 (1) - 850 3 (1) 

OPE-5 3 
500, 

700 
- 5 (2) 

500, 

700 
- 5 (2) 700 - 4 (1) 

OPA-3 3 820 - 4 (1) - 1000 2 (1) - 1000 2 (1) 

OPA-2 4 - - 4 - - 4 660 - 5 (1) 

OPA-15 3 - 420 2 (1) - 
810, 

420 
1 (2) - 

810 

420 
1 (2) 

OPC-18 2 - - 2 350 - 3 (1) 

1020, 

710, 

220, 

180 

- 6 (4) 

OPY-5 3 - - 3 - - 3 - 1300 2 (1) 

Total bands 24 27 (5)  25 (7)  24 (12)  

Mutagenic frequency % 0 18.51 28 50 

*Values between brackets are the numbers of new and missing DNA bands (fragments). – means no new or 

missing bands were detected. 

DISCUSSION 

Alternative eco-friendly approaches include 

seed treatments using physical methods such as 

radiation exposure, especially by planting seeds 

exposed to MR and X-ray are rapidly used 

globally to manage many plant diseases. In this 

study, under greenhouse conditions planting 

peanut seeds exposed to MR for 30 sec and X-

ray at 45 KeV for 5 sec highly decreased 

infection by stem rot caused by S. rolfsii 

compared with those not exposed. Additionally, 

planting seeds exposed to MR for 40 sec and X-

ray at 75 and 95 KeV for 5 sec resulted in the 

least stem rot protection. These findings align 

with Ikram et al. (2010), who demonstrated that 

mungbean seeds irradiated with gamma rays 

(60-cobalt) for 4 min and stored for up to 90 

days showed a significant decrease in the 

infection with R. solani, M. phaseolina, and 

Fusarium spp., causing root-rot diseases. Azzam 

et al., 2007 have selected groundnut mutants for 

resistance against A. flavus infection using 

gamma-rays treated seeds of the local variety 

Giza 5. All mutants showed a very high 

resistance in vitro seed colonization by an 

aflatoxin-producing strain of A. flavus. Khalifa 

et al., (2006) evaluated 10 mutants of peanut 

(selected from previously mutant generations 

using gamma-rays treated seeds) and their 

parental variety (Giza-5) against damping off 

and root-rot diseases caused by R. solani, S. 

rolfsii, M. phaseolina, and F. solani under 
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greenhouse and field conditions and found that 

mutants RT-10, RT-11 and RT-7 were the most 

resistant mutants; however, the parental cultivar 

Giza-5 was the most susceptible to these fungi. 

Azzam et al. (2007) evaluated ten groundnut 

mutants (RT6- RT15) that were selected from 

earlier mutant generations using gamma-rays 

treated seeds of the parental cultivar Giza-5 for 

their response to pod rot fungal pathogens, 

attack by aflatoxigenic fungi and aflatoxin 

contamination in greenhouse and field trails 

throughout the summer seasons 2004 and 2005. 

All groundnut mutants showed a significant 

reduction in the percentages of pod rot diseases, 

the incidence of aflatoxigenic fungi, and 

aflatoxin contamination compared to Giza-5 

cultivar. Results showed that RT-10, RT-12, and 

RT-7 mutants were highly resistant against all 

groups of pod rot diseases. They had the lowest 

levels of aflatoxin B1 and/or B2 after the soil 

inoculation with the aflatoxigenic fungi 

Aspergillus flavus and A. parasiticus, 

individually or in a mixture in the greenhouse by 

which they were free from any contamination 

with aflatoxin in field trails compared to Giza-5 

cultivar and the other tested mutants. In another 

study, infection with Penicillium spp., the cause 

of common bean seedling and seed death, was 

reduced when seeds were subjected to MR for 

45 and 60sec (Tylkowskaet al., 2010). Also, 

cowpea and mungbean seed treatment with X-

ray at 45 and 75 KeV for 5 and 10 sec showed 

complete control of root-rot fungal pathogens, 

Fusarium spp., R. solani, and M. phaseolina 

(Ikram et al., 2015). In recent studies, peanut 

seed treatment with gamma radiation 

considerably decreased microbial load and 

improved the protection of seed samples (Al-

Bachir, 2016). Azzam and Khalifa (2016) 

irradiated seeds of eight groundnut varieties 

with five gamma-ray doses of 0, 50, 100, 200, 

and 300Gy, and then they evaluated them under 

the culture filtrate of the aflatoxigenic fungi in 

the Lab. The resistant R0 plantlets were 

transferred to the greenhouse for the 

acclimatization process. The populations of R1 

and R2 were evaluated under artificial 

infestation with the aflatoxigenic fungi 

Aspergillus flavus and A. parasiticus. As a 

result, three newly developed mutants, CMPM-

2, CMPM-6, and CMPM-8, presented a highly 

resistant to aflatoxin contamination compared to 

the parental varieties. Also, chickpea, sunflower, 

and bean seeds were exposed to MRs for 20 and 

30 sec suppressed root-rot-causing fungi M. 

phaseolina, R. solani, and Fusarium spp. 

(Kanwal et al., 2018).  

Under field conditions and natural infestation 

of the soil with S. rolfsii in each growing season 

of 2019 and 2020 and their mean, all peanut 

seed treatments with MR and X-ray before 

planting decreased the incidence of stem rot 

compared to the control of non-irradiated seeds. 

Stem rot disease was wholly inhibited after a 

year of storing peanut seeds generated from 

seeds treated with radiation while the control 

seeds were infected. Such results were also 

reported by Ikram et al. (2010). Concerning the 

effects of exposing peanut seeds to MR and X-

ray on plant growth, yield, and seed oil content, 

all plant growth parameters, yield component, 

pod yield, and seed oil content during 2019 and 

2020 growing seasons significantly increased 

when seeds were exposed to MR and X-ray 

before planting under field conditions and 

natural soil infestation with S. rolfsii compared 

to the control as not exposed seeds. Moreover, 

irradiating peanut seeds by X-ray at 45 KeV for 

5 sec and microwaving for 30 sec before 

planting increased the pods and seeds. Also, 

irradiating peanut seeds by microwave for 30 

sec and X-ray at 45 KeV for 5 sec significantly 

increased yield components (weight of 100-pods 

and 100-seeds) and seed oil percent compared to 

the control of not irradiated seeds. Therefore, 

our study demonstrated that seeds exposed to 

MR for less than a minute enhance the quality of 

plants. However, other treated seeds by radiation 

have responded differently. For instance, after 

being exposed to chickpea seeds for 10 sec, 

mashed beans for 40 and 20 sec, and sunflower 

seeds for 30 sec, all exposure times exhibited 

positive benefits (Kanwal et al., 2018). Gadgil 

& Mitra (1983) proved that X-rays of slight-

seeded (Georgia Brown) and several large-

seeded lines with high variability for disease 

incidence led to the yielding high and disease-

resistant, and pod yield, total mature kernels also 

increased pod weight and seed weight. It was 

discovered that variations in leaf part size, 

texture, type, and alterations have predominated 

over other features. For microwaves with an 

output power of 730 W, Azzam et al. (2007) 

reported that the mean values of pod yield m-2, 

100-pod weight, total sound mature kernels 

percentage (TSMK %), the fancy pods 

percentage (FP %) and the oil content of the ten 

peanut mutants that selected from previously 

mutant generations using gamma-rays treated 

seeds of the parent variety (Giza 5) were 

significantly higher compared to those of parent 

variety. However, the beneficial effects of 

microwave stimulation were reduced at greater 

radiation intensities.  
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  Besides observations on plant 

morphometrics, a novel fused full leaflet of 

leaves, large pods, and seeds as mutants have 

appeared in peanut plants originating from seeds 

exposed to X-ray at 45 KeV for 5 sec. Also, 

healthy, and uninfected seeds by S. rolfsii of 

peanut generated from seeds exposed to X-ray at 

45 KeV for 5 sec were noticed compared to 

those of control plants generated from seeds not 

exposed, which showed S. rolfsii rot infection 

after harvesting and storing at room conditions. 

In addition to plant mutations, an X-ray was 

employed to identify fused leaflets in peanut 

plants, although the expressivity was only 20–

50% between the plants (Patil, 1966). Later, 

Reddy et al. (1977) obtained some mutants in 

peanuts induced by mutagens for radiation traits, 

including plant stature, growth habit, branching 

pattern, leaf, flower, sterility, stem, pod, kernel, 

pod yield, days to maturity, seed dormancy, oil 

content, and quality, resistance to diseases. The 

top leaflets of our mutants caused by X-ray at 45 

KeV for 5 sec exhibited the same characteristics 

and produced miniature plants compared to the 

parents of not irradiated seeds. These findings 

agree with Mondal et al. (2007), who found that 

two mutants were detected in peanut plants 

generated from seeds exposed to 200 and 300 

Gy of gamma rays, where the M 95 mutant was 

susceptible to rust but resistant to late leaf spot, 

whereas M 101 mutant was resistant to both 

diseases.  

The present study also evaluated the effects 

of MR and X-ray on peanut DNA. The DNA 

was studied after an exposure time of 0, 20, 30, 

and 40 sec to MR. The changes in DNA bio-

molecules were made by employing 8 RAPD-

PCR markers to detect mutagenic changes in the 

genetic profile. MR affected the DNA sequence 

in the annealing sites of the tested primer. 

Similarly, a high mutagenic frequency of 

21.74% (5/23 bands) was found in the more 

extended treatment (the 40s). Also, compared to 

the control treatment, peanut plants generated 

from seeds exposed to X-rays at 75 and 95 keV 

for 5 sec, reflected a high mutagenesis 

frequency. The most noticeable changes were 

the increased number of missing bands as the X-

ray dose increased, and these results indicated 

that the effects of X-rays caused severe injuries 

at high doses of radiation.  

In a study applied to moth bean (Vigna 

aconitifolia), Jangid et al. (2010) found that the 

RAPD-PCR analysis detected alteration in DNA 

sequences due to microwave treatment for 7 sec, 

and the frequency of mutation was 12.9% (4 

bands out of 31). Such a high mutation 

frequency could be expected with gross 

chromosomal aberrations, which were produced 

more frequently after microwave treatments 

(Pavel et al., 1998). In another study, several 

molecular markers were associated with pod rot 

resistance/susceptibility in the ten peanut 

mutants that were selected from previously 

mutant generations using gamma-rays treated 

seeds of the Giza 5 cv obtained by the RAPD 

primers. Moreover, the ISSRs did not show any 

marker (positive or negative) associated with 

pod rot resistance/vulnerability in the mutants 

and their parental variety. However, the RAPD 

and ISSR collective data showed that the three 

most closely related mutants were RT-7, RT-10, 

and RT-12 (Azzam et al.,2007). Azzam and 

Khalifa (2016) used ten RAPD primers and 

seven ISSR primers across the eight groundnut 

varieties and three newly advanced resistant 

mutants to describe the 11 genotypes 

genetically. 

 Similar outcomes were also reported by 

Arena et al. (2017), who irradiated mature 

tomato plants with different doses of X-ray, and 

they found that only 4 out of 12 primers showed 

apparent differences in the RAPD banding 

forms with 36% polymorphism (mutation rate) 

compared with the control. Therefore, the 

RAPD-PCR profiles in the present study showed 

the occurrence of polymorphic bands in all 

irradiated peanut plants with X-ray compared to 

the control plants, confirming the mutagenic 

effect induced by X-ray (Danylchenko and 

SoroSchinsky, 2005; Arena et al., 2017). 
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