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Abstract 
The problems of agriculture in Senegal result in a low yield per hectare and 
poor seed quality contributing strongly to the decline in productivity. Muta-
genesis by X- or Y-ray irradiation makes it possible to obtain genetic mutants 
necessary to improve production. It is in this context that we undertook this 
study to evaluate the effects induced on the cultivation of peanut seeds irra-
diated by X-rays at low doses applied in radiotherapy. X-ray irradiation of 
four (2, 3, 4, 5) lots of peanuts are performed with respectively 0.5, 1.5, 2 and 4 
Gray using the cobalt 60 therapy device (Alcyon II). The seeding of the seeds 
and then the following-up of the crops during 35 days allowed us to study the 
parameters of germination, growth and yield. The results obtained after mon-
itoring revealed that the irradiation did not have any significant impact on 
germination and would appear to temporarily inhibit the growth rate com-
pared to the control batch. However, the decrease in weight of the harvested 
seeds can be explained by the absence of fertilizer during the cultivation. 
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1. Introduction 

Since the 1970s, Senegalese agriculture, which is mainly based on groundnut as 
the main cash crop, has been in a deep crisis that has not ceased to have reper-
cussions on the national economy. Despite groundnut production that rose from 
731,209 tonnes in 2009 to 1,032,631 tonnes in 2010 (41.2% increase in relative 
value), production potential is far from being achieved [1]. The problems affect-
ing agriculture, in Africa in general and Senegal in particular, result in a low 
yield per hectare, most often linked to seed capital with a structural deficit. 
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Poor seed quality contributes significantly to declining productivity. Hence, 
the search for new varieties for cultivation and human consumption has become 
a priority. Previously, it was essentially a choice between good and bad plants 
[2]. 

Improved agricultural production can be achieved in various ways. One of 
these lies in the search for species or varieties which, having regard to their usa-
ble characteristics, have inherited possibilities superior to those of species or va-
rieties already existing. Another way is to use the different techniques of experi-
mental production of hereditary variations by the use of chemical mutagens or 
ionizing radiations such as X-rays. These agents induce, within the living organ-
isms subjected to their action, hereditary variations generally identical to those 
occurring in nature but with a frequency 10 to 100 times greater [2]. 

The possibility of producing hereditary variations therefore constitutes a fact 
of great importance for obtaining genetic mutants necessary to improve the 
production of the crop plants and adapt them to conditions of cultivation which 
do not always play in their favor. 

Mutagenesis is now widely used for vegetatively propagated ornamental plants 
but also for cereals and other field crops [3]. X rays irradiation on plants for 
mutation has received much attention in recent years due to changes in plant 
cell structure and metabolism, e.g. dilation of thylakoid membranes alteration of 
photosynthesis, modulation of the antioxidant system, and accumulation of 
phenolic compounds. X-rays belong to ionizing radiation and interact with the 
atoms or molecules of the medium to produce free radicals in the cells. These 
radicals can damage or modify important plant cell components, morphology, 
anatomy, biochemistry and plant physiology depending on the doses of irradia-
tion [4]. It has been generally accepted that reactive oxygen species (ROS) such 
as hydrogen peroxide (H2O2), superoxide anion ( .

2O − ), Hydroxyl ( .HO ) radicals 
are produced by the radiolysis of water. Among these ROS, H2O2 is a normal 
metabolite in cells under optimum plant growth conditions and is not particularly 
cytotoxic, but when its concentrations are increased by environmental stresses and 
ionizing radiation, it can lead to cell lethality [5]. To cope with the damage 
caused by the ROS, the cells possess a complete and integrated endogenous en-
zymatic defense system. Indeed, Peroxidase (POD), superoxide dismutase (SOD) 
and catalase (CAT) represent the endogenous enzymatic defense of the plant cell 
that becomes active during the cellular lesion. In fact, it has been reported that 
the activities of these sweeping enzymes are generally increased in various plant 
species after treatment with ionizing radiation [6]. In a wide range physiological 
modifications have been described by many researchers in plants exposed to 
X-rays. The commonly observed abnormalities are improvement or inhibition of 
germination, growth of seedlings and other biological responses [7]. It is in this 
context that we undertook this study in order to evaluate immediate effects of 
low and moderate X-rays on peanut plant growth and changes in the develop- 
ment of irradiated seeds. In order to answer these questions, we analyzed the 
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quantitative characteristics related to growth and reproduction. 

2. Materials and Methods 

We used peanut seeds (Arachis hypogaea) (Fabaceae), a variety 55 - 437, sup-
plied by the Senegalese Institute of Agricultural Research (I.S.R.A.) The seeds 
were irradiated with a 60Co x-ray source (ALCYON II), a cobaltotherapy radio-
therapy device used in the Cancer and Radiotherapy Institute of the Aristide Le 
Dantec Hospital. The seeds were sorted manually and stored in plastic bags. The 
seeds were selected manually and then stored in plastic bags and divided into 
five (5) batches of 60 g. The 4 batches are irradiated using a 60Co X-ray emitting 
source (Alcyon II, dose rate at 5 cm 1139 Gy/min) at doses of 0.5, 1.5, 2, 4 Gy. 
Exposure time at the seed level was calculated using conventional computerized 
radiotherapy treatment planning software. The seeds to be irradiated are suitably 
placed on a stainless steel tray so that they are not superimposed; to have the 
same homogeneous processing surface and penetration depth for each seed. The 
seeds are stored in plastic bags, protected from moisture, until sowing. Then 
they were sown without adding fertilizers to the botanical garden of the faculty 
of medicine, pharmacy and odontology of Cheikh Anta Diop University. Daily 
monitoring was carried out for 35 days to evaluate the various parameters (ger-
mination data, seedling growth) and yield. After harvesting, we measured the 
average weights of 100 pods and 100 seeds for each batch. 

3. Results 

Table 1 below shows the germination data of the different batches for ten (10) 
days after sowing. 

In Figure 1, we represented the average growth rates (in cm/day) of the 
seedlings of the different batches during the 35 days of monitoring. 

In Table 2 we reported the average weights of 100 pods and 100 seeds for each 
batch. 

4. Discussion 

x-rays and γ-rays are the main ionizing radiation (IR) used in research to obtain 
improved genetic traits and to improve crop production [8] [9]. These ionizing  

 
Table 1. Germination data. 

 Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 

Number lifted 12 7 6 13 10 

% MG 88 86 76 82 70 

T % MG (days) 3 4 3 3 3 

Nombre de morts 8 9 12 10 16 

Number lifted: number of emergence on the first day of germination. % MG: Maximum percentage of ger-
mination. T% MG: Time to reach the maximum percentage of germination. Dead number: number of 
seedlings germinated and which did not survive. 
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Figure 1. Shows average growth rates of seedlings (cm/day). 

 
Table 2. Average weight 100 pods (in g) and 100 seeds (in g). 

 Seeds Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 

Weight of 100 pods (g) 90 58.8829 61.0823 63.8760 60.6947 43.6772 

Weight of 100 seeds (g) 37 24.9556 23.6896 30.8572 28.2531 23.4831 

 
radiations induce morphological, physiological and biochemical genetic changes, 
which vary with plant species, irradiation dose and type of radiation [10]. When 
IR doses are high, adverse effects on the morphology, physiology and biochemistry 
of plants can be explored [5]. 

ARENA C. et al. Confirm that higher doses of X-rays, 50 and 100 Gy, strongly 
inhibit plant growth not only by reducing stem elongation, but also by 
preventing the budding of new leaves when compared with Low doses, i.e. 0.3 to 
10 Gy of X-rays not influencing plant growth [11]. This notion was found in our 
study where all batches irradiated at doses below 10 Gy showed no morphological 
changes compared to the control group. However, it can not be excluded that 
these doses, apparently harmless to the first generation of plants (F1), could 
affect the second generation of the plant (F2). The survival of plants after 
irradiation is related to the extent of chromosomal damage. A high frequency of 
chromosomal lesions may be responsible for a reduction in plant growth and 
survival [12]. Thus, previous studies with gamma rays have shown that 
inhibition of growth is attributed to cell cycle inhibition and/or various genome 
damage [13]. 

In our experiment, the acceptable survival rates of all batches irradiated at low 
doses of X-rays predicted a good survival capacity of this species related to an 
effective repair system of radiation-induced lesions. 



G. Mbaye et al. 
 

98 

This radioresistance can also be explained by two phenomena intrinsic to the 
seed. On the one hand, the linoleic acid content of fatty acids in the seed, which 
according to BOWEN and THIUK [14] is one of the possible factors responsible 
for the differences in radiosensitivity between certain species and, on the other 
hand, the rate of hydration of the Seeds during germination, which would be a 
trait of which GELIN et al. [15] Assumed that it could also play a role in the 
degree of seed radiosensitivity [16]. 

BILQUEZ A.F. et al. Showed for two varieties of seeds of composition in 
different levels of linoleic acid: 28.204 with 29% and 48.115 with 11%; That the 
most X-ray-sensitive variety is the one with the highest level of linoleic acid [17]. 
This can be the case for our variety which has an average rate of 27.5% linoleic 
acid. 

Our seedlings were carried out during the period of heavy rains (mid-August) 
allowing a rapid hydration of the seeds. However, according to the hypothesis 
issued by GELIN et al. [15] to explain some differences in susceptibility observed 
in peas, that the most sensitive variety is the one that hydrates most rapidly 
during germination. 

The natural concentration of nitrate in soils is not high enough to ensure 
adequate crop yields. Crop yield depends, among other things, on the quality of 
nitrate available in the soil [18]. When nitrogen fertilization is non-limiting, 
organic fertilizers have contrasting effects on crop yields; Providing sufficient 
nitrogen to the plant early in growth can sometimes solve the problems of 
phosphorus availability, thus increasing plant vigor and growth, and consequently 
its root capacity to explore a greater volume of soil and also A better seed yield 
[19] [20]. 

The low weight of the seeds and the low yield of our crops could be explained 
by the lack of fertilizer use. 

5. Conclusion 

The results obtained show a slower growth rate for the control batch than for 
the other batches and a maximum germination time of 3 days. That said, the 
harvested seed weights are lower than those seeded (90 g per 100 pods versus 
37 g per 100 seeds). Although authors have shown stimulating effects of 
gamma rays on the vegetative and reproductive traits of plants, our results did 
not show significant changes induced by short-term X-ray irradiation of 
peanut seeds. In sum, these low doses used, apparently harmless for the first 
generation of plants (F1) explaining the absence of morphological changes, 
could affect the second generation of the plant (F2). In perspective, the use of 
higher doses may be considered in previous studies correlated with biomolecular 
analyses. 
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