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The influence of gamma rays and electric shock on seed germination and 
seedling growth in burdock plants
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Abstract: Burdock plant is one of the important medicinal plants, the critical part of which is the roots used to clearance 
the body of toxins; the study aimed to stimulate burdock seed germination and seedling growth with low-cost treatments, 
represented by electric shock and irradiation with low doses of gamma rays on seeds. The experiment was implemented at the 
Medical and Aromatic Plants Research Unit, College of Agricultural Engineering Sciences, University of  Baghdad, Iraq, in 2020. 
included 6 treatments: soaking the seeds with water for 12 hours only, an electric shock of the seeds (2 and 4 A) by soaking 
with water for 12 hours, irradiating the seeds (with 10, 20 or 30 Gy) and soaking in the water for 12 hours. The experiment used 
the design of complete randomized (CRD) with three replicates. The results indicated that the highest germination percentage 
was recorded under the treatment of electric shock (4 A) and water soaking seeds only (91.0 and 85.7%, respectively). On the 
other hand, the best germination speed was achieved when gamma rays were treated at (30 Gy) reached 5.93 days. The two 
treatments: seed irradiation (30 Gy) and water-soaked seeds, were distinguished in most of the seedlings' vegetative and root 
growth characteristics represented by the length of the seedlings, the number of leaves, and the soft, fresh and dry weight of the 
shoot and root systems. We conclude from the results that soaking the seeds with water before planting has a positive effect on 
increasing germination characteristics and seedlings, and the effect increases at treatment with gamma.
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Introduction
Among the medicinal plants that have gained particular 

importance burdock plant (Arctium lappa L.) which belongs to 
the Asteraceae family. The critical part of the plant is the root, 
which contains many compounds such as Arctiin and Arctige-
nin, which have medical importance in the expulsion of toxic 
substances from the body and promoting blood circulation1. 
The presence of some phenolic compounds such as Chloroge-
nic acid and Caffeic acid increased the importance of the plant 
in scavenging free radicals2, which gives it importance in trea-
ting tumors resulting from inflammation. The plant extract 
(tea) is used to increase diuresis and reduce blood pressure 
and temperature, as well as the importance of the roots as 
antioxidants due to their content of derivatives of caffeoylqui-
nic acid3.

Because of the role of medicinal plants in supplying drug 
factories and the importance of this in preserving human life, 
the need arose to increase the qualitative and quantitative 
plant production starting from germination to yield by many 
agricultural processes, including some low-cost physical 
treatments such as the treatment of seeds by a stimulus by 
doses from gamma rays or electric shock4,5.  

The effect of radiation on the plant is either stimulatory or 
inhibiting, or deadly. That effect depends on the radiation do-
ses. Low doses stimulate plant growth, as exposing the seeds 
of some plants to low doses leads to an increase in the germi-

nation rate and the growth of the seedling. On the other hand, 
some studies indicate that radioactive activation has a tempo-
rary effect. It is believed that the difference in the results of 
radioactive activation is due to the influence of various factors 
such as the biological properties of the material exposed to ra-
diation and its physiological condition, external factors such as 
humidity, temperature, lighting, and storage period before and 
after irradiation, irradiation dose rates, soil fertility, and geno-
type at the level of cultivars of the same species6.  

Radiation with gamma rays affects the plant's phenotype 
and its anatomical, biochemical and physiological state depen-
ding on the irradiation dose. These effects include photosyn-
thesis, cellular composition, metabolism, antioxidant system 
modeling and metabolism of phenolic compounds7-10. Induc-
tion begins by increasing the effectiveness of RNA synthesis or 
protein production that occurs during the early stages of seed 
germination and improvement in respiration and the auxin hor-
mone metabolism in germinated seeds; this effect occurs in 
low doses of irradiation10.

In this path, many studies were applied; it was observed 
that there were differences in the effect of gamma rays accor-
ding to the dose, plant type, and irradiation conditions. Nassar 
(2004) found that the treatment of seeds of (Chamomilla recu-
tita L.) with gamma rays 0, 2, 4 ,6, 8 and 10 kr (kilo rad = 1000 
rad) ) have improved the growth characteristics of plant height, 
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the number of branches, dry weight and fresh weight of roots 
compared with plants produced from untreated seeds11. When 
exposing seeds of Foeniculum vulgare L. plant to different le-
vels of gamma rays  0, 20, 40, 60, 80, and 100 Gy (Gy= 100 
rad ) Latif (2011) found an increase in weight of fresh and dry 
for vegetative growth were between the 60 and 80 Gy doses, 
while the 100 Gy dose inhibited growth12. On the other hand, 
a gradual decrease in the chlorophyll concentration was ob-
served at the high dose of irradiation (200 Gy), which reached 
14.2 mg. Kg-1 compared to 18.9 mg. Kg-1 at the dose of 100 Gy 
in the wheat plant13. Melki and Marouanig (2010) studied the 
effect of levels from gamma rays (0, 10, 20, 30 Gy) on wheat 
germination and seedling growth in greenhouse conditions; 
they found a development in the number and length of roots 
by 18 and 32% respectively at dose 20 Gy14. Under laboratory 
conditions and field of experiment, were planted flax seeds 
irradiated with different doses by using60 Co (cobalt element); 
it was noted that doses up to 8 Kr were favorable in stimula-
ting growth through the occurrence of significant differences 
in seed germination, branch length, the number of leaves and 
leaf area while the higher dose of 8 Kr led to a negative effect 
on germination15.

About electric shock, Robert (2007) indicated that elec-
tro-shocked seeds had a high germination speed and an in-
creased yield when using stable electricity, this reduced the 
chance of seeds dying, but the seeds must be moist because 
dried seeds may be damaged16. Sidaway (2009) exposed the 
seeds of Avena sativa plant to electricity and found high speed 
in the plant germination and increase in growth and dry wei-
ght17. Al Taweel et al.(2018) showed that the best leaf area, 
chlorophyll content and dry weight of white and Egyptian hen-
bane seedlings were at electric shock 2 A among three levels 
(2, 4, 6 A)18. Al-Mousawi (2017) showed that the electric shock 
treatment significantly affected vegetative and root growth 
indicators. The treatment of 4 A recorded the highest rates 
of vegetative growth indicators represented by plant height, 
the number of leaves, leaf area, fresh and dry weight of the 
Tannacetum parthenium L. plant5.

Based on the above, the study aimed to stimulate burdock 
seed germination and seedling growth with low-cost treat-
ments, represented by electric shock and irradiation with low 
doses of gamma rays on seeds.

Materials and methods 
The study was carried out to stimulate burdock seed ger-

mination and seedling growth by the effect of electric shock, 
gamma rays, and 12-hour soak in water. The seeds were ob-
tained from the Medicinal and Aromatic Plants Research Unit, 
College of Agricultural Engineering Sciences, University of  Ba-
ghdad. The seeds were divided into 18 groups according to the 
number of experimental units, and each group included 100 
seeds. The experiment consisted of 6 treatments that inclu-
ded: soaking the seeds in water for 12 hours only, soaking in 
water for 12 hours, then shock electric of the seeds 2 and 4 
A(Ampere), soaking in water for 12 hours then irradiating the 
seeds 10, 20 and 30 Gy (Gy=100 rad)  with three replicate. The 
number of experimental units was 18 using the completely 
randomized design (CRD), and the characteristics were com-
pared according to the LSD test at 5%19.

Each group of seeds(100 seeds) was planted in plastic 
pots (15 D, 25 L cm) in the plastic house on 25 / 11/2020 using 
the peat moss substrate. The counting of the seeds was sto-
pped when no new germination appeared for three days. Then, 

germination ratio (%) and germination speed (day) were cal-
culated. The seedlings were separated into plastic pots (8 D, 
10 L cm ) for each plant in the pot (12 plants per treatment 
in the replicate) to make seedlings measurements. When the 
seedlings grew to about four true leaves, the parameters were 
measured: seedling length (cm), root length (cm), number of 
leaves, chlorophyll content (SPAD), fresh and dry weight of 
shoot(gm), fresh and dry root weight (gm).

Seeds were shocked in a glass container containing water 
(covering the seeds) with (1% NaCl). Tow levels of shocking (2 
and 4 amperes) were used for three minutes. Then the seeds 
were washed with water to remove the salt. As for irradiation 
treatments, the seeds were treated with gamma rays at the 
levels determined by using Cobalt 60.

The germination percentage was daily calculated star-
ting for the first germination until no seed was germinated for 
three days.

Germination percentage   =   Number of germinated seeds 
/ Total number of seeds ×100

The speed of germination was calculated according to the 
following formula20.

GS =  [(N1×D1) + (N2×D2) + Nn×Dn …..] / TG 
GS: Germination speed.
N: Number of germinated seeds daily.
D: Number of days from planting.
TG: Total number of germinated seeds 
The seedling length was measured from the surface of 

the substrate to the top of the seedlings. Roots were separated 
from the shoot and washed with water to remove the remai-
ning substrate. The roots were dried using a piece of cloth to 
remove the moisture. The fresh weight was measured using 
a sensitive balance. All shoots and roots were put in an oven 
at (50 °C) for drying. A sensitive balance measured the dry 
weight. (The average temperature inside the plastic house is 
about max. 21.5± 1 and min. 11.13± 1)

Results
Figure (1.) shows a significant difference in the germina-

tion percentage due to the effect of the experimental factors. 
The highest germination percentage was achieved under the 
treatments of seeds shock (4 A) and water-soaked seeds(91.0, 
85.7%, respectively). These were followed by the treatments 
gamma rays 20 and 30 Gy (76.0 and 75.7% respectively) com-
pared to the lowest germination percentage under the treat-
ment of gamma rays 10 Gy (72.0%).

In the germination speed, figure ( 2. ) noticed that the treat-
ment of gamma rays 30 Gy achieved the highest germination 
speed (5.93 days)  with a significant difference from the other 
treatments. This was followed by the treatments gamma rays 
10 and 20 Gy (6.82 and 7.08 days respectively) compared with 
the lowest germination speed when seeds were soaked with 
water only(8.05 days).

The treatments: 1 (soaking by water only) 2,3,4(irradiation 
10,20,30Gy)5,6(electric shock 2,4A) respectively.

Although the highest level of chlorophyll was achieved at 
the treatments of shock the seeds (4 A) and gamma rays 20 
Gy (49.13 and 45.8 SPAD respectively), they were not signifi-
cantly different from the other treatments (Table 1).

In the number of leaves, it was noted from table 1 that 
the treatments of gamma-ray 30 Gy and electric shock (4 A) 
recorded the highest values (5.22 and 4.53 leaves. Seedlings-1 

respectively), followed by the treatment of water-soaked 
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seeds (4.38 leaves. seedlings-1) compared with the lowest 
number of leaves when treated by gamma 20 Gy (3.61 leaves. 
seedlings-1).

From table 1, the longest seedlings and the highest dry 
weight resulted from the treatment of water-soaked seeds 
(12.0 cm, 0.440 gm respectively) and gamma rays 30 Gy 
((11.16 cm, 0.415 gm respectively), with a significant differen-
ce from other treatments. The shortest seedlings value was 
recorded under 4 A(6.00 cm) treatment. However, the shoc-
king seeds' lowest dry weight was recorded with 2A (0.150 
gm). The highest value of the fresh weight of seedling was 2.97 
gm at the water-soaked treatment, followed by 2.64 gm at the 
treatment of gamma rays 30 Gy. Compared to the lowest va-
lue of the fresh weight, these were superior to 0.840 gm at the 
treatment of shocking electric 4A. 

Although the root length increased at the treatments 
ofgammarays30 Gy and electric shock 4A, it was not signifi-
cantly different from the other treatments. The characteristics 
of the fresh and dry weight of roots recorded the highest va-
lues at the treatments of gamma rays 30 Gy (3.43 gm, 0.720 
gm respectively) and water-soaking (3.09 gm, 0.670 gm, res-
pectively). These values were significantly different from the 
other treatments (Table 2).

Discussion
It is noted from the above that most of the characteristics 

of the study were improved by the effect of two treatments, 

water soaking and seed irradiating with 30 Gy. Soaking seeds 
by water before planting has a role in removing or reducing 
inhibitors concentration as well as softening the seed coat and 
increasing its permeability21. Therefore, it is easy to absorb wa-
ter and oxygen to enter the seed embryos22, increasing the bio-
logical reactions leading to improved seedlings in the future. 
The characteristics' values were decreased under the rest of 
the treatments (10 Gy,20 Gy, 2 A, and 4 A). This decrease may 
be because these treatments are not suitable for stimulation, 
so the opposite6. As for the treatment of gamma rays, 30 Gy, 
and water-soaking, the increase of germination speed and root 
characteristics may be due to the free radicals produced du-
ring the irradiation process, which may be necessary in stimu-
lating metabolic processes it led to the germination process23. 
Also, the induction begins by increasing the effectiveness of 
RNA or protein synthesis that occurs during the early stages 
of seeds germination and improvement in respiration and au-
xin hormone metabolic in the germinated seed and reflection 
on the growth of roots and leaves. This effect occurs in low 
doses of irradiation10,24, as well as the improvement in the cha-
racteristics of vegetative growth (seedlings length, number of 
leaves, dry and soft weight of vegetative and root growth was 
reflected in the increase in the dry weight for root and vegeta-
tive characteristics.

Conclusions
The germination rate of seeds can be increased by some 

The influence of gamma rays and electric shock on seed germination and seedling growth in burdock plants

Figure 1. Effect of Gamma radiation and electric shock on germination % (GP).

Figure 2. Effect of Gamma radiation and electric shock on germination speed (GS).
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simple treatments such as soaking with water before planting 
or treatment with some physical treatments (low cost) such 
as gamma rays and electric shock, but the appropriate dose 
must be determined because some doses lead to a negative 
effect. Our research has proven that the dose of 30 Gy was the 
best dose for germination and seedling characteristics of the 
burdock plant.
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