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ABSTRACT
Objective: To estimate the median lethal dose (LD50) and mean reductive dose (GR50) due to gamma radiation 
in Arachis pintoi var. Amarillo seeds. 
Design/methodology/approach: Ten doses were used (100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 
Gy) plus a control (without radiation). The experimental design was completely random with three replications 
and 50 seeds per repetition. Seed germination was evaluated 29 days after sowing (das) and plant survival, plant 
height, root length and leaf area at 60 das. The LD50 and GR50 for survival and plants height were estimated 
by linear regression. 
Results: There was a significant reduction of seed germination and plant survival from 300 and 200 Gy doses 
compared to the control (61.64 and 49.15% each); for the plants height the dose was of 100 Gy (35.22%). There 
were no differences in the root length and leaf area with 100 and 200 Gy regard to the control. The LD50 was 
estimated at 212.54 Gy and the GR50 at 162.16 Gy. 
Findings/conclusions: The gamma radiation doses to induce genetic variation in A. pintoi var. Amarillo seeds 
were between 162 and 212 Gy.
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INTRODUCTION
	 Forage production for cattle feeding in the Mexican tropics is mainly carried out in 
medium to low fertility soils, during seasonal rainfall and four to six months dry season 
(Ramos and Peralta, 1988). To maintain good forage quality production throughout the 
year, various legume species are used, including Arachis pintoi with an average protein 
content of 15.1%, and whose forage production is 6.44 t ha1 year1, (Cab et al., 2008; 
Castillo-Gallegos et al., 2014). An important strategy to contribute to the forage production 

Citation: Gálvez-Marroquín, L. A., 
Maldonado-Méndez, J. de J., Guerra-
Medina, C. E., Avendaño-Arrazate, C. 
H., Gómez-Simuta, Y., & Monterrosa-
del Toro, A. (2023). LD50 and GR50 
estimation with gamma rays (60 Co) 
in Arachis pintoi Var. Amarillo. Agro 
Productividad. https://doi.org/10.32854/
agrop.v16i3.2503

Academic Editors: Jorge Cadena 
Iñiguez and Libia Iris Trejo Téllez

Received: September 19, 2022.
Accepted: February 03, 2023.
Published on-line: May 19, 2023.

Agro Productividad, 16(3). March. 2023. 
pp: 151-157.

This work is licensed under a 
Creative Commons Attribution-Non-
Commercial 4.0 International license.

Image by Hanna at Pixabay 151



152 AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i3.2503

with great persistence in the dry season is the development of genetic variation to obtain new 
A. pintoi genotypes. With this purpose, different methods including induced mutagenesis 
have been used (Suprassana et al., 2015). 
	 Before starting an assisted improvement program by induced mutagenesis, it is 
necessary to know the median lethal dose or the mean reductive dose, which relates 
to the effective dose to produce genetic variation (Kodym et al., 2012). The results on 
the determination of the median lethal doses (LD50) and mean reductive doses (GR50) 
indicates that it is species, variety, and plant tissue specific. Plant genotypes with less 
genetic redundancy show higher sensitivity to radiation compared with those of greater 
genetic redundancy (Ukay, 1981).
	 A. pintoi varieties are generated by selection and hybridization methods. However, other 
improvement methods such as induced mutagenesis have not been explored. This method 
has allowed the development of mutant variety lines in cereals, f lowering plants and 
legumes (FAO/IAEA, 2016) in short time, compared to conventional methods. Induced 
mutagenesis is carried out with chemical and physical agents. Still, gamma radiations 
(physical mutagenic agent) are often used because of several advantages such as the easiness 
to handle materials after radiation exposure, their availability, reproducibility, uniformity, 
and ability to penetrate tissues (Mba and Shu, 2012).
	 Therefore, the objective of this study was to estimate the LD50 and GR50 of gamma 
rays (60Co) in A. pintoi seeds var. Amarillo and its effect on seed germination, plant survival, 
plant height, root length and leaf area.

MATERIALS AND METHODS
	 The irradiation of A. pintoi var. Amarillo seeds was carried out at the Moscafrut 
irradiation plant, SADER, located at Metapa de Domínguez, Chiapas, Mexico. An MDS 
Nordion Gamma Beam 127 panoramic equipment was used, with a 50 g 60Co dry storage 
source and 0.029 Gy s1 ratio dose. Seeds were exposed to gamma radiation doses of 0, 
100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 Gy, using 150 seeds per dose with 
7.8% humidity.
	 The seed germination, plant survival, plant height, root length and foliar area 
evaluation of A. pintoi var. Amarillo was done in greenhouse conditions at the Rosario Izapa 
Experimental Field located at Tuxtla Chico, Chiapas (14° 40’ 16.1’’ N, 92° 42’ 59.1’’ W, 
and 435 m altitude). The day after the seedʼs irradiation, seeding was carried out using 200 
cavities (114 cm) germination trays, with peat moss® as substrate.  The experimental 
design was completely random with three repetitions; each consisted of 50 cavities where a 
single A. pintoi seed was placed.
	 Total seed germination percentage was evaluated 29 days after sowing (das), while the 
plant survival percentage, plant height, root length and leaf area were evaluated at 60 das; 
the last of them recorded with a leaf area integrator LI-COR, LI 3100 (three measurements 
per plant). The variableʼs record of seed germination and plant survival were done relative 
to the number of existing plants by repetition; the plant survival percentage was determined 
with the equation: (number of live plants per repetition/number of plants at 29 das) X 100. 
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Plant height, root length, and leaf area were assessed on five plants per repetition, on a 
total of 15 plants per treatment.
	 The data were analyzed by ANOVA, and the means comparison to the control was 
tested using the Dunnett test at 95% confidence interval. For plant height, root length 
and leaf area, only doses of 100 and 200 Gy were analyzed, given the fact that other 
treatments had less than five plants by repetition. The LD50 and GR50 for plant survival 
and plant height were estimated using parameters of simple linear regression models, for 
both analyzes data normality assumptions were checked in each statistical model. All 
statistical analyses were performed with the SAS statistical software version 9.0 (SAS 
Institute, 2002).

RESULTS AND DISCUSSION
Seed germination
	 Gamma radiation inf luenced seed germination of A. pintoi var. Amarillo (P0.01). 
Doses of 100 and 200 Gy did not affect seed germination compared to the control 
treatment (P0.05). The gradual doses increase, in the transition from 200 to 300 Gy, 
showed the greatest decrease in germination, close to 50%; the 300 to 1000 Gy range 
showed germination between 16 and 21.33%. These radiation doses provoked reductions 
from 56.16 to 64.38%, compared to the control (Table 1). High radiation doses affected 
seed germination in rice (Oryza sativa L.) varieties (Pavan-Kumar et al., 2013), Vigna 
unguiculata L. Walp Nakare and Shindimda varieties (Horn and ShimelIs, 2013) and 
Arachis hypogaea L. Narayani variety (Aparna et al., 2013). While doses between 5-30 Gy 
promoted significant increase rate and seed germination percentage in TSh variety corn 
seeds (Marcu et al., 2014). However, there are also reports that gamma radiation does 
not significantly affect total germination of soybean Huasteca 100 variety in doses from 
100 up to 1250 Gy (Gálvez-Marroquín et al., 2017). Olasupo et al. (2016) also argue that 
the different sensitivity responses to gamma radiation in Vigna unguiculata accessions are 
due to genetic background.
	 Lokesha et al. (1992) reported that the inhibition of seed germination due to radiation 
effects is attributed to numerous histological and cytological changes, disruption and 
the tunicʼs disorganization and cellular division cease at meristematic tissues during 
germination.

Plant survival
	 The A. pintoi var. Amarillo plants survival was negatively affected by gamma radiation 
(P0.01). At the 100 Gy dose plant survival was similar to that of the control treatment 
(92.78 and 98.33%), while at doses from 200 to 400 Gy there was a survival reduction 
of up to 50%; 100% plants mortality was observed at doses higher than 400 Gy (Table 
1). High gamma radiation doses have affected Laelia autumnalis protocorms survival 
(Hernández-Muñoz et al., 2017) and rice (Oryza sativa L.) var ADT (R) 47 (Rajarajan et 
al., 2016). The plant’s mortality can be attributed to abnormalities in chromosomes with 
an increment in the radiation dose. Murugan et al. (2015) report an increase, dependent 
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of radiation dose, in mitotic aberrations of Catharanthus roseus, they also observed a dose-
dependent reduction in seed germination, plant survival, and plant height. Another factor 
that contributes to the survival decrease is the gamma photons interaction, particularly 
with water, which produces free radicals and in turn significant damage to vegetable cells 
(Kovacs and Keresztes, 2002).
	 Furthermore, in non-lethal cases, cells have a repair DNA mechanism that can fix 
different types of damage to a certain accuracy degree (Dexheimer, 2013). Based on this, it 
will give rise to mutations present more frequently in the second generation, since these are 
from recessive characters (Foster and Shu, 2012). The main mutations that are present in 
the second generation are simple base substitutions and insertions/deficiencies, as reported 
on six M2 rice plants (Oryza sativa L.) var. Nipponbare (Li et al., 2016).

Plant height
	 Gamma radiation significantly affected plant height of A. pintoi var. Amarillo 
(P0.05). The control treatment showed the highest average plant height with 5.28 
cm, while the 100 and 200 Gy doses show average values of 3.42 and 2.15 cm each; 
these correspond to reductions of 35.22 and 59.34% (Table 1). These results concur 
with those obtained by Taheri et al. (2016); they determined a decrease in plant height 
of Curcuma alismatifolia var. Chiang Mai Red, Doi Tung 554, Sweet Pink and Kimono 
Pink using gamma radiation doses from 14.6 to 87.4 Gy. Hanafiah et al. (2016) found 
a bidirectional response in plant height at the M1 generation of Hibiscus sabdariffa L. 
var. Roselindo 2 with the increase of gamma radiation doses (from 150 to 600 Gy). 
They did not observe significant effects per dose. However, the maximum value was at 
doses of 450 Gy. The reduction in plant height has been related to auxins destruction 
by radiation (Momiyama et al., 1999). Although, Ali et al. (2016) indicate that gamma 
rays decrease the growth rate through mutations in the DNA that synthesizes DNA 

Table 1. Percentage of seed germination and plant survival, plant height, root length and leaf area of Arachis 
pintoi var. Amarillo in function of 60Co gamma radiation dose.

Dose Germination 
(%)

Plant survival 
(%)

Plant height 
(cm)

Root length 
(cm)

Leaf area 
(cm2)

Control 48.67 98.33 5.28 10.16 28.75

100 44.00 92.79 3.42** 9.51 33.48

200 36.64 50.00** 2.15** 8.79 21.00

300 18.67** 4.44** - - -

400 18.00** 2.56** - - -

500 21.33** 0.00** - - -

600 19.33** 0.00** - - -

700 16.00** 0.00** - - -

800 18.67** 0.00** - - -

900 17.33** 0.00** - - -

1000 17.33** 0.00** - - -

** Significant difference respect to control with 95 % confidence interval.
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at the interface, which provoke the interruption of the plant bud and the consequent 
interruption of cell differentiation.

Root length
	 Gamma radiation caused no effects on A. pintoi var. Amarillo root length (P0.05). 
Plants in control treatment showed an average root length of 10.16 cm, while in the 100 
and 200 Gy doses it was 9.58 and 8.78 cm, each (Table 1). However, in 100 and 200 
Gy doses it showed a reduction of 5.7 and 13.5% compared to the control. Verma et al. 
(2017) found a reduction of root length in Foeniculum vulgare Mill. in doses of 150 Gy up 
to 250 Gy, with the lowest value at the maximum dose reduction of 77.21% compared to 
control. This relates with a reduction in mitotic activity at the roots tips, as reported for 
Vigna unguiculata L. varieties Kaha 1, Azmerly, Cream 7 and Giza 6 at 200 and 300 Gy 
(Badr et al., 2014).

Leaf area
	 Gamma radiation did not affect A. pintoi var. Amarillo leaf area (P0.05); however, 100 
Gy dose increased 16.4% leaf area related to control; while with 200 Gy, the lowest leaf 
area average value was obtained (20.99 cm2), which was 26.9% less than the control (Table 
1). Ramesh et al. (2013) reported that the mulberry genotype (Morus) Kosen had a 9% leaf 
area increase with a dose of 100 Gy, compared to control.

LD50 and GR50 estimation  
	 The parameters to determine an optimal dose to induce genetic variation in a genotype 
of interest are the median lethal and mean reductive doses. In Arachis hypogaea, the most 
economically important species from the Arachis genus the median lethal and mean 
reductive doses to induce genetic variation with gamma radiation are established, as well 
the particular mix of gamma radiation with EMS for each genotype. In reports from A. 
hypogaea L. var. VRI-2 the estimated LD50 was of 500 Gy  0.5% of EMS (Gunasekaran 
and Pavadai, 2015); and the GR50 for local peanuts (Arachis hypogea) type Virginia with 
12% humidity required doses of 700 Gy (Brito-Damián and Ángeles-Espino, 2016). In the 
present study the LD50 for A. pintoi var. Amarillo plants survival was 212.54 Gy, while the 
GR50 for height plants was 162.16 Gy (Table 2).
	 Therefore, gamma radiation doses from 162.16 to 212.54 Gy can be useful to induce 
genetic variation in Arachis pintoi var. Amarillo.

Table 2. LD50 and GR50 for plant survival and plant height of Arachis pintoi var. Amarillo of 60Co gamma 
radiation, estimated by linear regression.

Variable Pr  F R2 Equation LD50 GR50

Plant survival 0.0001 0.87 Y99.061300.23083x 212.54 -

Plant height 0.0068 0.67 Y5.182220.01567x - 162.16
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CONCLUSIONS
	 The increase in 60Co gamma radiation dose provokes a tendency in germination 
decrease, plant survival, plant height, root length and leaf area of Arachis pintoi var. Amarillo 
plants. Radiation doses of 100 and 200 Gy have no significant influence in these variables, 
except for plant survival and plant height. 60Co gamma radiation doses from 162.16 to 
212.54 Gy can be useful to induce genetic variation in Arachis pintoi var. Amarillo. 

REFERENCES
Ali, H., Ghori, Z., Sheikh, S., Gul, A. (2016). Effects of gamma radiation on crop production. In: Hakeem, K. 

R. (ed). Crop Production and Global Environmental Issues. 1ª ed. 27-78 p. Springer. Gewerbestrasse, 
Switzerland. 

Aparna, M., Chaturvedi, A., Sreedhar, M., Pavan-Kumar, D., Venu-Babu, P., Singhal, R.K. (2013). Impact of 
gamma rays on the seed germination and seedling parameters of groundnut (Arachis hypogaea L.). Asian 
J. Exp. Biol. Sci., 4 (1). 61-68.

Badr, A., El-Shazly, H. H., Halawa, M. (2014). Cytological effects of gamma radiation and its impact on 
growth and yield of M1 and M2 plants of cowpea cultivars. Cytologia, 79 (2).195–206. Doi: 10.1508/
cytologia.79.195

Brito-Damián, A., Ángeles-Espino, A. (2016). Mutation with Co60 induction and chimeras selection in virginia 
type groundnut (Arachis hypogaea). Acta Universitaria. 26 (5).11-17. Doi:  10.15174/au.2016.1044.

Cab, J. F. E., Enríquez, Q. J. F., Pérez, P. J., Hernández, G. A., Herrera, H. J. G., Ortega, J. E., Quero, C. A. 
R. (2008). Forage production in three Brachiaria species as a single crop or in association with Arachis 
pintoi in Isla, Veracruz. Téc. Pecu. Méx. 46 (3).317-332.

Castillo-Gallegos, E., Rascón-Chincoya, R., García-González, D., Jarillo-Rodríguez, J., Aluja-Schunemann, 
A., Mannetje, L. (2014). Ingestive behavior of cows in a native grass/Arachis pintoi association in the 
humid tropic of Veracruz. Rev. Mex. Cienc. Pecu. 5 (4). 409-427.

Dexheimer, T.S. (2013). DNA repair pathways and mechanisms. In: Mathews, L.A.,  Cabarcas, S.M., Hurt, 
E.M. (eds). DNA repair of cancer stem cells. 1ª ed. 19-32p. Berlin/Heidelberg, Germany.  Springer 
Science. 

FAO/IAEA (2016). Food and Agriculture Organization of the United Nations/International Atomic Energy 
Agency. Mutant Variety Database. Available in: http:/mvgs.iaea.org.

Foster, B.P., Shu, Q. Y. (2012). Plant mutagénesis in crop improvement: Basic terms and applications. In: Shu, 
Q. Y., Forster, B.P., Nakagawa, H. (eds), Plant Mutation Breeding and Biotechnology. 1ª ed. 9-20p. 
Wallingford, Oxfordshire, England. CAB International.

Gálvez-Marroquín, L. A., Avendaño-Arrazate, C. H., Alonso-Báez, M., Maldonado-Méndez, J. J., Gómez-
Simuta, Y., Ortiz-Curiel, S., Verdugo-Velázquez, A. J. (2017). Radio-sensitivity on Huasteca-100 
soybean seeds variety with 60Co gamma radiation. Int. J. Curr. Res. Aca. Rev. 5 (5). 19-25. Doi: 10.20546/
ijcrar.2017.505.004

Gunasekaran, A., Pavadai, P. (2015). Studies on induced physical and chemical mutagenesis in groundnut 
(Arachis hypogia). International Letters of Natural Sciences. 35. 25-35. Doi: 10.18052/www.scipress.com/
ILNS.35.25

Hanafiah, D.S., Siregar, L.A.M., Putri, M.D. (2016). Effect of gamma rays irradiation on M1 generation of 
roselle (Hibiscus sabdariffa L.). International Journal of Agricultural Research. 12 (1). 28-35. Doi: 10.3923/
ijar.2017.28.35

Hernández-Muñoz, S., Pedraza-Santos, M. E., Antonio-López, P., De La Cruz-Torres, E., Fernández-Pavía, 
S.P., Martínez-Palacios, A., Martínez-Trujillo, M. (2017). DL50 and GR50 determination with gamma 
rays (60CO) on in vitro Laelia autumnalis protocorms. Agrociencia. 51 (5). 507-524. 

Horn, L., Shimelis, H. (2013). Radio-sensitivity of selected cowpea (Vigna unguiculata) genotypes to varying 
gamma irradiation doses. Scientific Research and Essays. 4 (40). 1991-1997.

Kodym, A., Afza, R., Forster, B. P., Ukai, Y., Nakagawa, H., Mba, C. (2012). Methodology for physical and 
chemical mutagenic treatments. In: Shu, Q. Y., Forster, B.P., Nakagawa, H. (eds), Plant Mutation 
Breeding and Biotechnology. 1ª ed. 169-180p. Wallingford, Oxfordshire, England. CAB International.

Kovacs, E., Keresztes, A. (2002). Effect of gamma and UV-B/C radiation on plants cells. Micron, 33 (2). 199-
210. Doi: 10.1016/S0968-4328(01)00012-9

Li, S., Yun-chao, Z., Hai-rui, C., Hao-wei, F., Qing-yao, S., Jian-zhong, H. (2016). Frequency and type of 
inheritable mutations induced byγrays in rice as revealed by whole genome sequencing. Journal of 



157 AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i3.2503

Zhejiang University-SCIENCE B (Biomedicine & Biotechnology). 17 (12). 905-915. Doi: 10.1631/jzus.
B1600125

Lokesha, R., Vasudeva, R., Shashidhar, H.E., Reddy, A.N.Y. (1992). Radio-sensitivity of Bambusa arundinacea 
to gamma rays. J. Trop. For. Sci., 6 (4). 444–450.

Marcu, D., Besenyei, E., Cristea, V. (2014). Radiosensitivity of maize to gamma radiation based on physiological 
responses. Oltenia-Studii şi comunicări, Ştiinţele Naturii. 30 (1). 41-46. 

Mba, C., Shu, Q. Y. (2012). Gamma radiation. Shu, Q.Y., Forster, B.P., Nakagawa, H. (eds), Plant Mutation 
Breeding and Biotechnology. 1ª ed. 91-98p. Wallingford, Oxfordshire, England. CAB International.

Momiyama, M., Koshiba, T., Furukawa, K., Kamiya, Y., Sato, M. (1999). Effects of y-irradiation on elongation 
and índole-3-acetic acid level of maize (Zea mays) coleoptiles. Environ. Exp. Bot. 41 (2). 131-143.

Murugan, S., Bharathi, T., Ariraman, M., Dhanavel, D. (2015). Effect of gamma rays on mitotic chromosome 
behaviour of root tip cells in Catharanthus roseus (L.) G. Don. IndoAsian Journal of Multidisciplinary 
Research. 1. 222–227. 

Olasupo, F.O., Ilori, C.O., Forster, B.P., Bado, S. (2016). Mutagenic effects of gamma radiation on eight 
accessions of cowpea (Vigna unguiculata [L.] Walp.). American Journal of Plant Sciences. 7 (2). 339-351. 
Doi: 10.4236/ajps.2016.72034

Pavan-Kumar, D., Chaturvedi, A., Sreedhar, M., Aparna, M., Venu-Babu, P., Singhal, R.K. (2013). Gamma 
radiosensitivity study on rice (Oryza sativa L.). Asian Journal of Plant Science and Research. 3 (1).54-68.

Rajarajan, D., Saraswathi, R., Sassikumar, D. (2016). Determination of lethal dose and effect of gamma ray on 
germination percentage and seedling parameters in ADT (R) 47 rice. International Journal of Advanced 
Biological Research. 6 (2). 328-332.

Ramesh, H.L., Murthy, V.N.Y., Munirajappa (2013). Gamma ray induced radio sensitivity in three different 
Mulberry (Morus) genotypes. Am. J. Plant Sci. 4 (7). 1351-1358.

Ramos, S.A., Peralta, M.A. (1988). The situation of tropical forages in Mexico, in a regional group for 
pasture and forage development in Central America, Mexico and the Caribbean (GRDPAC). Third 
Consultation Meeting, Veracruz, Mexico. 65-83 p.  

SAS Institute (2002). SAS software release version 9.0. Statistical Analysis System for Windows. SAS Institute 
Inc. Cary, NC. USA.

Suprasanna, P., Mirajkar, S.J., Bhagwat, S.G. (2015). Induced mutations and crop improvement. In: Bahadur, 
B., Rajam, M.V.,   Sahijram, L., Krishnamurthy, K.V. (eds). Plant Biology and Biotechnology: Volume 
I: Plant Diversity, Organization, Function and Improvement. 1ª ed. 593-617. Springer New Delhi. 
Delhi, India. 593-617 p.

Taheri, T.L.A., Ahmad, Z., Sahebi, M., Azizi, P. (2016). Phenotypic and molecular effects of chronic gamma 
irradiation on Curcuma alismatifolia. Eur. J. Hortic. Sci. 81 (3). 137–147.

Ukay, Y. (1981). Polyploidy and radiosensitivity in the genus Avena. Jpn. J. Genet. 56 (6). 565-579. Doi: 10.1266/
jjg.56.565

Verma, A.K., Sharma, S., Kakani, R.K., Meena, R.D., Choudhary, S. (2017). Gamma radiation effects 
seed germination, plant growth and yield attributing characters of fennel (Foeniculum vulgare Mill.) 
International Journal of Current Microbiology and Applied Sciences. 6 (5). 2448-2458. Doi: 10.20546/
ijcmas.2017.605.274


	_GoBack
	_Hlk124806644
	_Hlk84251996
	_Hlk84272047
	_Hlk84273960
	_Hlk92628680
	_Hlk130119497
	_heading=h.w5i5exjuburi
	hipotesis
	_Hlk64543275
	_Hlk121305406
	_Hlk121306315
	_Hlk121304757
	_Hlk121304807
	_Hlk121305064
	_Hlk121305048
	_Hlk121304985
	_Hlk121305112
	_Hlk121305158
	_Hlk121246045

