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ABSTRACT 
Background: Gamma radiation can be used in plant genetic breeding to produce useful 

mutations. This research was performed in order to determine the medium lethal dose (LD50) of 

gamma radiation in Caribgrass (Eriochloa polystachya Kunth). 

Methods: Overall, 8 600 stolons measuring 8 cm long, bearing a node, were cut from mature 

plants (over six month old), and were radiated with doses of 0, 25, 50, 75, and 100 Gray of 

gamma rays Co60. The establishment percentage, plant height, and stolon mortality were 

evaluated. The data were analyzed by probabilistic linear regression analysis. 

Results: According to variable percentage of establishment, LD50 was equal to 52.60 Gy, in the 

genotype studied, with an R2 of 57.73. 

Conclusions: The medium lethal dose to induce mutations of Caribgrass (Eriochloa polystachya 

Kunth) was achieved with 52.60 Gy. 
 

Key words: establishment, plant breeding, graminaceae, in vitro, gamma radiation (Source: 

AIMS) 

 

INTRODUCTION 

Caribgrass (Eriochloa polystachya Kunth) is a graminaceae native to tropical South America, 

Central America, and the Caribbean. This is a perennial, creeping, stoloniferous species which 

grows up to 1.20 m high, producing plenty of lanceolate leaves, and has hollow stems. It grows 

perfectly well in humid or low areas, which are flooded throughout the rainy season, but can 

hardly withstand dry conditions, and it can recover well after being burned (Bishop et al., 1989). 

https://creativecommons.org/licenses/by-nc/4.0/
mailto:http://orcid.org/0000-0002-3310-3722
mailto:http://orcid.org/0000-0003-0674-9875
mailto:https://orcid.org/0000-0001-5536-5179
mailto:https://orcid.org/0000-0002-1706-0793
mailto:https://orcid.org/0000-0002-3196-107X
mailto:https://orcid.org/0000-0002-5633-8591
mailto:jgomez@utb.edu.ec


Medium Lethal Dose of Gamma Radiation to Induce Mutations in Caribgrass (Eriochloa polystachya Kunth) 

 

J o u r n a l  o f  An i ma l  Pr o d u c t i o n ,  3 2  (1 ) ,  
h t t p s :/ / r e vi s t a s . r e d u c . e d u . cu / i n d e x . p h p / r p a / a r t i c l e / vi e w/ e 3 3 9 8  

The plant’s root system is deep, producing abundant rhizomes that originate thick and compact 

layers of organic matter that generate a firm ground in swamps and marshes. This species 

produces little fertile seeds with low viability, so its propagation is made from stems and 

rhizomes (Enríquez, Hernández, Quero, and Martínez, 2015). 

 

MATERIALS AND METHODS 

The collection and sowing of grass was made on San Pablo Experimental Farm, from the 

Technical University of Babahoyo (UTB), located on km 7.5, Babahoyo-Montalvo Road. The 

UTM geographical coordinates were X, 1.7723946; Y: 79.7102593. The local climate is humid 

tropical, with mean temperature values of 24-26 °C, relative humidity of 88%, mean annual 

precipitation 1 262 mm, and 8 meters above sea level. The annual sunlight exposure time is 990 

h. 

Selected plant material 

A total of 8 600 Caribgrass stolons (Eriochloa polystachya Kunth) were collected in the premises 

of the Faculty of Agricultural Sciences of UTB. They were selected from mature plants with 

inflorescence, 8 cm long samples with nodes from which the roots emerged, were cut.  

Methodology 

The Caribgrass plants (Eriochloa polystachya Kunth) from which the material (stolons) was 

collected, were in adequate condition. The samples were cut with gardening shears previously 

washed with sterile distilled water (three rinses). Then they were dipped in azoxystrobin + 

difenoconazole solution, (fungicide) for 15 minutes. A number of 430 stolons were stored in 

plastic bags with bores. After labeling with with adhesive tape and sorting, they were carried in 

an ice box until radiation (Ortega, 2010). 

Gamma radiation of the Caribgrass stolons with a node each was performed in the 11 500 Curies 

isotope radiator Co60, 109-68 model, from the National Office of Nuclear Research and 

Applications, at the Ministry of Electricity and Renewable Energy, in Aloag, Pichincha, Ecuador. 

Four radiation doses were used: 25, 50, 75, 100 Gray (Gy).  The control (0 Gy), was given the 

same treatment. The duration of phase 1 was 28 h, considering the transportation periods from 

and to the experimental radiation facility. 

Then the cultivation bed was readied with the following materials: 50 kg of rice hulls, 50 kg of 

sawdust, 50 kg of sand, and 150 kg of loose, fresh soil, which were mixed to produce a 

homogeneous blend (Acosta-Durán, Gallardo, Kämpf, and Bezerra, 2008). 
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Overall, 430 stolons were planted per experimental unit (EU), including the control, in a 

cultivation bed watered until the optimum field moisture was achieved. A completely randomized 

block design with a factorial arrangement (AXB), including five treatments and four repetitions, 

was used. 

Variables evaluated 

Every 7-8 days, the stolons’ rooting percentage was evaluated for a period of 30 days per EU. 

The mortality percentage was recorded (considering mortality as the stolons that did not root). 

Finally, the plant’s length was calculated from the ground to the base of the top leaf, following 

the frequency and evaluation mentioned.  

Statistical processing 

An data analysis of variance that comprised rooting, mortality, and plant’s length was performed, 

using InfoStat. The LSD Fisher test (0.05% significance) was applied to determine the statistical 

significance between the treatment means. Regression analysis with the probit linear model 

(Statgraphics Centurion XVI) was performed to analyze the ratio between the radiation dose and 

rooting, mortality, and plant’s length. II. (LD50) was determined in the preset doses from 0 to 100 

Gy.  

RESULTS 

The analyses of variance indicated that the radiation dose underwent significant differences (P ≤ 

0.01) as to rooting, mortality, and plant’s length.  

An analysis of the radiation dose absorbed (radio sensitivity) in rooting (Table 1) showed that 

this variable differed significantly (P<0.05) between the stolons irradiated at 50, 75, and 100 Gy 

and the control (0 Gy). But it did not differ significantly (P < 0.01) between the stolons irradiated 

with 25 Gy. According to these results, the number of stolons that rooted decreased as the dose 

was raised. 

Concerning mortality, highly significant differences were observed between treatments (P<0.01); 

treatments 0 Gy and 25 Gy showed the lowest mortality, averaging 0.15 and 0.12, respectively. 

The highest mortality was observed in the 75 Gy and 100 Gy treatments, averaging 0.94 and 

0.97, respectively. Therefore, it can be said that lethality rises with the increased dose of 

radiation.  

There was a significant difference between treatments regarding plant’s length (P<0.05). An 

analysis of the results from the multiple comparison showed that the effect of the radiation dose 

absorbed (radiosensitivity) using the 25 and 50 Gy dose treatments differed significantly 

(P<0.05), whereas neither of them differed from the 0 Gy. Moreover, no statistical differences 
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were observed between the 75 and 100 Gy doses. It was also found that plant length received a 

negative impact as the radiation level increased.  

Table 1. Average of rooting, mortality, and plant length. 

  Dose Gy 

Indicator 0 25 50 75 100 

Rooting  0.85a     0.88a 0.65b 0.06c   0.03c 

Root length (cm) 16.00ab      17.85a 14.19b 7.84c  7.27c 

Mortality 0.15c         0.12c 0.35b
 0.94a  0.97a 

Means with equal letters are not significantly different (p > 0.05) 

 

Table 2 shows the results of the analysis of the effect on the evaluation time, four days after the 

radiation of Caribgrass stolons with gamma rays. Regarding rooting, there was a significant 

difference (P<0.05) between the evaluation times, the greatest rooting percentage was observed 

on days 16 and 22, whereas this percentage varied on days 8 and 30, from 0.45 to 0.42, 

respectively. 

Significant differences were observed in mortality (P<0.05) on the days evaluated, with a higher 

mortality index at 8 and 30 days, with 0.55 and 0.58, respectively.  

Highly significant differences (P<0.05) were observed in plant length on the days evaluated, so it 

was inferred that plant length increased in time after gamma radiation of the stolons. 

Table 2. Evaluation days of rooting average, mortality, and plant length 

  Days after planting  

Indicator 8 16 22 30 

Rooting  0.45b  0.55a 0.56a 0.42b 

Plant length (cm) 5.1a 9.63b 15.4bc 20.3c 

Mortality 0.55a  0.45b 0.44b 0.58a 

Means with equal letters are not significantly different (p > 0.05)  

 

LD50 was determined in the preset doses from 0 to 100 Gy (Table 3). A highly significant 

negative correlation was achieved between the doses of gamma rays and the variables studied, 

which indicated that this model was efficient to determine LD50. However, the rooting variable 

showed the best adjustment according to probit analysis (greater R2), averaging 52.60 Gy. 

Table 3. Probit regression correlation of rooting percentage, plant height, and stolon mortality vs. 

Radiation dose. 
 Establishment (%) Plant length (cm) Mortality (%) 

Correlation    “r”         - 0. 86** - 0. 85** - 0. 73** 

Critical value                 P = 0.000 P = 0.000 P = 0.000 

R2 57.73 28.90 55. 75 

LD50 Gy 52.60 Gy 82.33 Gy 48.89 Gy 

** Highly significant differences from P ≤ 0.05 
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DISCUSSION 

The characters generally evaluated in plant species are germination percentage, plant height, root 

length, sterility, etc. (Gómez-Pando and Eguiluz-De La Barra, 2013). 

This study showed that the lowest mortality was observed in treatments with low radiation doses 

(0, 25, and 50 Gy). Accordingly, increased mortality is directly proportional to increases in the 

radiation doses. These results coincide with the reports of Songsri et al. (2011) Thole et al. 

(2012) Olasupo, Ilori, Forster and Bado (2016), and Corrales (2017); who exposed an organism 

to low doses of ionizing radiation. The effects on the cellular structure or DNA were minimal, 

whereas higher doses caused multiple impacts on the genome, and might cause death. Therefore, 

the first step to induce effective mutagenesis with ionizing radiations is to determine the optimum 

radiation dose through radiosensitivity curves. Fuchs et al. (2002) and Corrales (2017) said that 

in this proportion there is a greater frequency of useful mutations for genetic breeding programs. 

According to the results, the radiation dose that should be applied to induce variability in 

Caribgrass stolons directly propagated in the field, are between 42 and 50 Gy. These data 

coincide with Fuchs et al. (2002) who said that doses between 40 and 50 Gy increase the 

likelihood of inducing favorable mutations for selection and genetic breeding of grass. 

In this study, a LD50 was determined, using an average of 52.60 Gy. To achieve that, a probit 

analysis was performed to variable establishment, the one with the best adjustment (greater R2). 

These data coincide with Valarezo (2015), who determined a LD50 in the 55-60 Gy range, in a 

gamma radiation study of apical meristems in banana (Musa spp), cultivar “Williams”. Similar 

results were reported by Reyes-Borja (2007), who exposed varieties of banana (Musa spp) to 

gamma radiation, with Co60, and found LD50 of 77.9 Gy for dwarf Cavendish, 83.9 Gy for 

Williams, 65 Gy for Orito, and 77.7 Gy for FHIA-01. Moreover, the IAEA reports LD50 a 90 Gy 

dose for Tifway II, and 70 Gy for Tifgreen II. Additionally, Gonzales (2007), applied 10-50 Gy 

doses to apical shoots of micropropagated henequen, and reported a medium lethal dose of 30 Gy 

to generate new axillary shoots, and 20 Gy to diminish the fresh weight of callouses. 

In species propagated by seeds, the doses of gamma radiation that produce the LD50 are different 

(Gómez-Pando and Eguiluz-De La Barra, 2013), in quinoa seeds (Chenopodium quinoa Willd.), 

with the best results found using the LD50 dose of 150 Gy. It differs from the current study 

bacause the LD50 is placed between 42 and 50 Gy. 

Furthermore, plant length varied depending on the radiation level, with significant numerical 

differences observed as the dose was raised. This result coincides with the findings of Ángeles-

Espino (2013), who determined that the dose of radiation absorbed had a direct effect on the 

development of plantlets and callouses, in vitroplantlets of Agave tequilana var. Azul, since both 

variables underwent high reduction indexes with doses over 30 Gy. The LD50 was between 20 

and 25 Gy for induction of adventitious shoots and plantlet height, and 15-25 Gy for callouses. 
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Therefore, the radiation doses to induce variability in in vitro propagated agave plantlets must be 

between 15 and 25 Gy to favor the occurrence of favorable mutations. 

Similar results were found by Valdez et al. (2004), who pointed out that growth of sugar cane 

(Saccharum officinarum L.) calluses is affected by an increase in the radiation dose, whereas the 

greatest growth of calluses was observed with the 10 Gy dose. However, it was significantly 

lower than the non-irradiated stems, and growth was reduced while the radiation dose was raised 

to 30 Gy. Just as in the Caribgrass used in this study, the establishment trend decreased as the 

radiation dose was raised to 75 Gy; a 100 Gy dose produced 8% rooting. 

Plant length at different evaluation dates (8-30 days), underwent significant differences; hence it 

can be assumed that it rose as time elapsed. This coincides with the findings of Otahola-Gomez 

and Aray (2001), who said that radiation of chrysanthemum explants (Dendrathema 

grandiflorum Ramat) with 5-20 Gy doses produced no significant differences in growth in the 5-

15 Gy doses compared to the control, when growth was evaluated at 7, 14, 21, and 28 days after. 

Meanwhile, the 20 Gy dose caused a reduction in growth on all the evaluation days. These results 

coincide with the reports of Ángeles-Espino (2013), in which doses higher than 20 Gy led to 

decreased growth, between 43-71%, whereas the 10 Gy did not differ from the non-irradiated 

treatment. 

When determining the best dose of gamma radiation to seeds of pinkgrass, Corrales (2017) 

suggested 304 Gy as the optimum dose to induce effective mutations, which differs from the 

LD50 in most articles reviewed on plant materials.  

CONCLUSIONS 

The radiation dose absorbed had a direct effect on the establishment of stolons and plant height, 

since both variables underwent high reduction indexes with doses over 75 Gy. The LD50 was 

between 42 and 52 Gy.  
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