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Abstract  

One of the indigenous citrus crops of India is acid lime, which has a high 
economic value and unique flavour compared to other citrus fruits. The cur-
rent study was intended to ascertain the gamma ray dosage that proves 
lethal for the acid lime variety PKM1. The acid lime seeds were exposed to 
nine distinct gamma radiation dosages ranging from 5 to 45 Gy with an in-
terval of 5 Gy and compared to untreated control. Different irradiation doses 
demonstrated substantial differences in morphological and biochemical 
traits. Increased dosage of gamma radiation leads to significant changes in 
various agronomic parameters of plant germination, number of plants, 
plant height, and change in biochemical traits. Various gamma radiation 
doses revealed a low survival rate after 35 Gy, with LD 50 at 27.86 Gy.   
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Introduction  

Acid lime (Citrus aurantifolia Swingle) is one of the major fruits of India, suc-
cessfully cultivated on a wide range of soils owing to its comparative toler-
ance to abiotic stress and high yield. In India, 2,546 million tonnes of acid 
lime are produced in an area of 252 million hectares (1), and acid lime culti-
vation covers 10,000 hectares across Tamil Nadu (2). It is a significant fruit 
crop that has high nutritional value and an affordable price. Acid lime is rich 
in nutrients, including calcium, phosphate, iron, vitamin C (62.9 mg/100 mL), 
as well as vitamins B1 and B2 (3). The usefulness of fruits in Indian cuisine 
extends beyond their medicinal and nutritional advantages to encompass 
their culinary and value-added products (4, 5). 

 Nowadays, acid lime is gaining popularity among citrus farmers be-
cause of its wide adaptability to various climatic conditions, minimal invest-
ment costs, bearing of fruit habit, keeping quality of fruits, and increasing 
constant demand in the market (6). However, due to limited land resources, 
lack of irrigation water, labor, and input prices, it is vital to optimize produc-
tivity. These conditions need the use of rigorous horticultural practices to 
attain the optimum outcomes. Among other factors, improved productivity 
of acid lime can be achieved through the development of released high-
yielding and resilient varieties to biotic and abiotic stress. This can be 
achieved through the creation of genetic variation in the species. One of the 
better options is to create genetic variations using chemical mutagens or 
ionizing radiations, as these compounds generate more chromosomal alter-
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ation (7). For several features of commercial importance, 
there was significant variation in the mutant population. 
Species variability/variation can create new genotypes 
with improved productivity.  

 Previous studies have investigated mutagenesis in 
citrus species, resulting in the formation of seedlessness 
(8,9), disease resistance (10), LD50 determination (11), 
sparse-seeded mutant (12), ornamental fruits (13), low-
seeded mutants (14), and creation of novel or new mu-
tants (15). The physical mutation using ionizing radiations 
(Gamma rays, X-rays, alpha, and beta particulates along 
with the neutrons and protons) (16) has been widely em-
ployed in mutation breeding in fruit crops (17). Plant mu-
tation breeding of acid lime plants could aid in the acquisi-
tion of desirable traits as well as enhance economic value. 
Physical mutagens have several advantages over chemical 
mutagens, including precise dose determination, which 
enables sufficient reproducibility and high and homogene-
ous penetration into plant tissues, especially for gamma 
rays (18). There are not many studies that are connected to 
seed irradiation’s influence on agronomic and biochemical 
studies. At the morphological stage, the variants of mu-
tants are observed. The PKM 1 mutants exhibit distinct 
changes in leaf morphology, reduced thorns, and semi-
dwarf stature. The findings offer notable alterations to the 
horticultural characteristics of plants, which could revolu-
tionise lime cultivation methods and improve agricultural 
production, efficiency and sustainability also provide sig-
nificant information for lime growers and agricultural re-
searchers. Hence, this work was carried out.  

 The study has the following objectives: to find the 
optimal gamma irradiation dose and the impact of gamma 
radiation on morphological and biochemical features after 
irradiation exposure. The outcomes of this research could 
be applied to large-scale mutagenesis breeding programs 
for the creation of diverse acid lime mutants.   

 

Materials and Methods 

The research was conducted at the Horticulture College 
and Research Station, Tamil Nadu Agricultural University, 
Periyakulam, India, to ascertain the appropriate dosage to 
trigger the acid lime mutation. Ten treatments with vary-
ing dosages of gamma rays (5 Gy to 45 Gy, with the interval 
of 5 Gy), as well as a control, were undertaken at Atomic 
Research (IGCAR), Kalpakkam, Chennai, using a Co60 gam-
ma source. The various dosages were automatically calcu-
lated based on the Co60 gamma source's half-life. 

 Seeds from PKM1 fruit were manually extracted and 
collected in a beaker containing water. Seeds that do not 
have embryos are discarded and only the sunken seeds are 
utilised for the research. For each treatment, 100 seeds 
were collected and treated with gamma rays. Following 
exposure, the treated seeds were planted in nursery poly-
thene bags alongside untreated seeds as a control with a 
mixture of red soil, sand, and FYM (2:1:1) and kept under 
controlled conditions in the nursery. Water was sprayed 
over the planting area to maintain a regulated environ-
ment and to supply the seedlings with enough moisture to 
germinate.  

Agronomical observations         

Germination percentage         

Four weeks after sowing, the number of germinated seed-

lings were recorded, and the germination percentage was 

computed as follows. 

 

Germination (%) =   X 100  
 

………..(Eqn. 1) 

Survival percentage          

The survival rate is calculated by counting a number of 

seedlings that remained alive after an eight-week period. 

Survival percentage (%)  =  
 

X 100   
 

……..(Eqn. 2) 

Plant height (cm)           

The height of every plant in each treatment was measured 

at monthly intervals from the lowest point of the stem to-

wards the tip, and the mean height was specified in centi-

meters. 

Number of leaves        

The number of leaves on every plant in each treatment 

was counted, and the mean number of leaves for each 

plant was calculated. 

Leaf length and width (cm)          

The length of the leaf was measured at the full growth 
stage of fresh leaves and measured in centimeters. 

Internodal length (cm)           

The internodal length between the nodes of all plants was 

measured in each treatment, and the mean was reported 

in centimeters. 

Relative water content        

According to Barrs and Weatherley (19), leaf discs were 

removed from the foliage, avoiding the veins and making 

sure leaf discs were sizable. Five samples per replication 

were taken as a single treatment, and all samples were pre

-weighed (W). Allowed the discs to float in a petri plate 

filled with distilled water at ambient temperature for 2 

hours, then allowed the tissues to air dry slightly and re-

weighed (TW). After 24 hours of oven drying at 80°C, the 

samples were weighed till the weight remained constant 

(DW) and substituted in the equations. 
 

RWC (%) =   

…….(Eqn. 3) 

Where, W –Fresh weight of the sample, DW – Dry weight of 

the sample, TW – turgid weight of the sample 

Chlorophyll content            

In order to measure chlorophyll, one gram of fresh leaves 

was weighed and blended with an adequate amount of 

80% acetone in a mortar and pestle. The supernatant was 
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decanted and filtered, and 10 mL of 80% acetone was used 

as the extracting solvent. The homogenized sample was 

centrifuged at a rate of 10,000 rpm for fifteen minutes at a 

time. After collecting the supernatant of 0.5ml, added 

4.5ml of solvent, and Chlorophyll a and b were measured 

by spectrophotometer at the absorbance at 663 nm and 

645 nm (20). 

Chlorophyll ‘a’ (mg/g) = 12.7(A663) - 2.59 (A645)    

Chlorophyll ‘b’ (mg/g) = 22.9 (A645) – 4.68 (A663) 

Total Chlorophyll (mg/g) = 8.2 (A663) + 20.2 (A645)  

…….….(Eqn. 4) 

Fresh weight and Dry weight (g)          

The fresh weight of leaves was measured using an elec-

tronic balance, and mean values were computed and rep-

resented in grams. After weighing, the leaves were com-

pletely dried in a hot air oven at 60°C until they reach a 

consistent weight and were expressed in grams. 

Proline content (µg/mg)         

An amount of 0.5 grams of plant material was homoge-

nised with 3% of 10 ml aqueous sulphosaliyic acid and 

then filtered it. Placed 2 ml of the filtrate into a test tube, 

then added 2 ml of ninhydrin and glacial acetic acid each 

and heated for an hour in a hot bath. The reaction was 

terminated by placing it in an ice bath, followed by adding      

4 ml of toluene and then stirring for 20 to 30 minutes. Red 

intensity was measured at 520 nm, thereby preparing the 

standard in the same manner (21). 

Proline content per g of the sample = - 

……..  (Eqn. 5)   

Leaf soluble protein (mg 100g -1)         

Acid lime leaf (1g) was first homogenised in 10ml of phos-

phate buffer, and the supernatant was then collected by 

centrifugation, and diluted with buffer solution to make 

100 ml. Sample extracts of 0.1 ml and 0.2 ml were placed in 

separate test tubes and diluted with distilled water to 

make a total of 2 ml. To the extract, added Alkaline copper 

solution (reagent C) in each test tube of 5 ml and kept for 

10 minutes after mixing, followed by adding reagent D 

(Folin Ciocalteau reagent) 0.5 ml, which remained dark for 

30 minutes. The absorbance at 660 nm was measured 

against a blank, and the protein content in 100 grams of 

leaves was calculated using the standard graph method 

(22). 

Protein =  

(Graph value × Volume of the test × Total volume of the 

extract) / (Weight of the sample × 100). 

………..(Eqn. 6)   

Statistical Analysis          

Using probit analysis, the lethal dose (LD50) values of gam-
ma irradiation in acid lime variety PKM1 have been deter-

mined based on the germination percent. In order to de-

termine the significance of the plant responses observed 

at various treatments, SAS statistical computing software 

was used to conduct conventional analysis of variance in 

the data. The investigation was carried out using a com-

pletely randomized design.   

 

Results   

The LD50 for gamma radiation was determined by as-

sessing seed germination and survival rates after exposure 

to various doses of gamma rays. The data were analyzed 

using probit analysis, comparing the results to an untreat-

ed control (Table 1). The seed survival rates in PKM1 de-

clined steadily as the gamma dose increased and maxi-

mum reduced at higher dosages of 45 Gy. The probit curve 

analysis in the current study revealed that the LD50 value 

for gamma rays was 27.86 Gy for PKM1 acid lime (Fig 1). 

Impact of mutagens on Agronomic characteristics          

Gamma radiation effects on the M1 population of acid lime 

var. PKM 1 are presented in (Fig. 2). In comparison to the 

control, increasing gamma radiation decreases the germi-

nation rate, survival percentage, plant height, and plant 

count. This is due to high gamma radiation exposures pro-

duced by radio inhibition by affecting growth promoters, 

which can lead to tissue death and regeneration (23).          

A similar finding was observed in rough lemon. Depending 

on the intensity of irradiation, a survival plant can repair 

itself and continue to grow after being exposed to gamma 

rays (24). The decrease in seed germination at higher   

Microgram proline /ml × 1ml toluene                     5 
X 

115.5                                              1g sample  

Dose (Gy) 
Log10 of 
doses 

Germination 
percentage 

Percent reduction 
over control 

Observed morta 
lity (%) 

Corrected mor-
tality (%) 

Empirical probit 
units 

LD50 value 

0 - 91.00 - 9 00 - 

27.98  

5 0.70 90.00 1 11.00 2.2 2.99 

10 1.00 83.00 8 17.00 8.8 3.65 

15 1.18 78.00 13 22.00 14.3 3.93 

20 1.30 70.00 21 30.00 23.1 4.26 

25 1.40 55.00 36 45.00 39.6 4.74 

30 1.48 40.00 51 60.00 56.0 5.15 

35 1.54 26.00 65 74.00 71.4 5.57 

40 1.60 18.00 73 82.00 80.2 5.85 

45 1.65 13.00 78 87.00 85.7 6.07 

Table 1. Determining LD50 value for Acid lime PKM 1 by probit analysis.  
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mutagen dosages could be attributable to cellular disturb-
ances. It is possible that mutagenesis treatments produce 
molecular damage to cell components or altered enzyme 
performance, which results in diminished seed germina-
tion (Fig 3). The reduction in plant height could be attribut-
ed to delayed and inhibited germination. It could possibly 
be due to changes in physio-biochemical pathways con-
nected to gibberellic acid activity, which may limit plant 
cell activity and reduce mitotic cell division and elongation 
at higher dosages, killing or destroying meristematic cells 
(25). Lower doses of irradiation had a positive impact on 
growth and multiplication; however, greater doses had a 
deleterious effect on growth, resulting in a higher mortali-
ty rate and an overall reduction in growth (26). 

Effects of mutagens on biochemical characteristics         

The gamma radiation led to changes in the biochemical 

Fig. 1. Probit computation on the basis of corrected mortality rates of Acid 
lime variety PKM 1  

Fig. 2. Influence of gamma radiation on vegetative parameters of Acid lime PKM 1.  
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parameters of plants, as represented in (Table 2). In muta-
genesis-induced mutants resulting from gamma radiation 
exposure, the relative water content of leaves improved 

linearly with increasing dose. This may be because the 
mutants have thicker cuticles and more wax deposited on 
them, relating to the same findings in Kinnow mandarin 

(15). A crucial and necessary component of the leaf photo-
system is chlorophyll concentration, which is one of the 
important criteria for measuring a plant’s photosynthetic 

efficiency. In our research, higher radiation dosages were 
associated with a reduction in chlorophyll concentration. 

This could be because a greater mutagenesis dose causes 

a reduction in photosynthetic pigments because of pig-
ment degradation and chloroplast damage, which would 
lower catabolic and enzyme activity, as studied in papaya 

(27) and grapes (28,29). The total soluble protein content 
of the mutants showed that the higher dosage mutants 
accumulated more protein in their leaves, but the mutants 

treated with lesser doses showed a discernible decrease in 
leaf protein content. This might be caused by alterations 
to protein synthesis brought on by the synthesis of in-

creased amino acids at lower dosages, and conversely, at 
higher doses, these findings matched those of pomegran-
ate (30) and Citrus sinensis (31). In the current investiga-

tion, a substantial rise in proline content was noted as the 
radiation dose increased, which highlights the significance 
of proline as a compatible solute in stressful situations, as 

observed in bananas (32) and pomegranates (30). Higher 

gamma ray concentrations caused the fresh weight of 
leaves to increase. This is probably because plants’ water 

content depends on the availability of water in their envi-
ronment, as similarly, reported in acid lime (33).  

 

Conclusion  

The duration of gamma irradiations and the intensity of 
the radiation determine the morphological and biochemi-
cal changes in plants. The inhibitory impact may be 

brought on by the fact that greater dosages of gamma irra-
diation produce biological damage at a faster rate, while 
the lower concentrations increase enzyme and growth 

hormones, which are responsible for quality characteris-
tics. The optimum dosage is 25-30 Gy, while higher gamma 
radiation doses of 35 to 45 Gy had an impact on acid lime 

growth, survival, and 78% germination reduction over 
control. Mutation has been proven to generate genetic 
variation in acid lime and speed up the breeding program. 

The selection of PKM 1 mutants with variations has result-
ed in a range of distinctive morphological features, includ-
ing a reduced height, altered leaf form, and fewer thorns. 

This genetic gain and the variability of commercially valua-
ble mutants should be stabilised by forwarding it to the 
next generations.   
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Dose Gy Relative water content (%) 
Chlorophyll content 

(mg/100g) 

Fresh weight (g) /Dry weight (g)           
of leaves Soluble protein 

(mg/g) 
Proline content 

(µM/g) 
FW (g) DW(g) 

0 77.00 1.72 0.692 0.270 11.12 0.21 

5 73.00 1.68 0.662 0.295 12.41 0.46 

10 69.00 1.63 0.749 0.328 13.03 0.50 

15 83.00 1.43 0.532 0.230 16.36 0.25 

20 89.00 1.66 0.774 0.277 15.74 0.29 

25 86.00 1.59 0.769 0.345 16.64 0.21 

30 94.00 1.49 0.779 0.264 17.33 0.24 

35 86.00 1.41 0.588 0.170 17.60 0.22 

40 84.00 1.45 0.563 0.212 15.45 0.24 

45 81.00 1.40 0.549 0.208 15.12 0.20 

SEd 1.85 0.03 0.015 0.006 0.309 0.006 

CD@5% 3.87 0.06 0.03 0.01 0.64 0.01 

Table 2. Effect of gamma radiation on biochemical parameters of Acid lime PKM 1.  

Fig. 3. Effect of gamma radiation in germination of Acid lime variety PKM 1.  



MANJUSHA  ET AL   6  

https://plantsciencetoday.online 

Compliance with ethical standards  

Conflict of interest: Authors do not have any conflict of 
interests to declare.  

Ethical issues: None. 

 

References  

1. Maheswari KU, Prathap B, Latha PM. Flowering pattern and 
fruiting behaviour in acid lime (Citrus aurantifolia Swingle). The 
Pharma Innovation Journal. 2023;12(4):2733-35. 

2. Rajamanickam C, Sundaraiya K, Muralidharan B, Baskaran A, 
Sumathi T. Evaluation of different citrus rootstocks on growth 
characters of acid lime (Citrus aurantifolia Swingle) var. PKM-1. 
The Pharma Innovation Journal. 2023;12(3):5842-44. 

3. Jo Y, Ameer K, Chung N, Kwon JH. Influence of gamma irradia-
tion on volatile flavour profiles and physicochemical attributes 
of navel oranges (Citrus sinensis L.) under post-irradiation stor-
age. International Food Research Journal. 2019;26(3):1035-43. 

4. Kurbett FK, Khyadagi K. Quality attributes and nutrient compo-
sition of acid lime varieties. The Pharma Innovation Journal. 
2023;12(11):384-88. 
https://doi.org/10.22271/tpi.2023.v12.i11e.23870 

5. Kumar NC, Rajangam J, Balakrishnan K, Kavya MV. Influence of 
foliar application of micronutrients on yield and quality of man-
darin orange (Citrus reticulata Blanco.) under lower pulney hills. 
International Journal of Agriculture Sciences. 2017;9(17):4151-
53. 

6. Ladaniya MS, Marathe RA, Das AK, Rao CN,   Huchche 
A,   Shirgure PS,  Murkute AA. High density planting studies in 
acid lime (Citrus aurantifolia Swingle). Scientia Horticulturae. 
2020;261:108935. https://doi.org/10.1016/j.scienta.2019.108935 

7. Mbaye G, Soumboundou M, Diouf L, Ndong B, Djiboune A, Sy P, 
et al. Evaluation of the effects of irradiation of peanut grain by a 
gamma-ray beam on culture. Open Journal of Biophysics. 
2017;7:94-100. https://doi.org/10.4236/ojbiphy.2017.73008 

8. Sutarto I, Agisimanto D, Supriyanto A. Development of promis-
ing seedless Citrus mutants through gamma irradiation. Q.Y. 
Shu (ed.), Induced Plant Mutations in the Genomics Era. Food 
and Agriculture Organization of the United Nations, Rome. 2009; 
306-08. 

9. Goldenberg L, Yaniv Y, Porat R, Carmi N. Effects of gamma-
irradiation mutagenesis for induction of seedlessness, on the 
quality of mandarin fruit. Food and Nutrition Sciences. 
2014;5:943-52. https://doi.org/10.4236/fns.2014.510105 

10. Purba DP, Husni A, Akhidaya A, Kosmiatin M, Purwito A. Effect of 
gamma rays irradiation and in vitro selection on Citrus nobilis 
(L.) ‘Siam Banyuwangi’ to huanglongbing (HLB) disease. AGRIVI-
TA Journal of Agricultural Science. 2021;43(2):358-66. https://
doi.org/10.17503/agrivita.v43i2.2887 

11. Kumar PP, Madhumathi C, Madhavi M, Priya BT, Rao MP, Kavitha 
M, Naik EK. Mutagenic impacts and LD50 determination in acid 
lime (Citrus aurantifolia) Cv. Petlur acid lime. The Pharma Inno-
vation Journal. 2023;12(11): 661-64. 

12. Khalil SA, Sattar A, Zamir R. Development of sparse-seeded 
mutant kinnow (Citrus reticulata Blanco) through budwood 
irradiation. African Journal of Biotechnology. 2011;10(65):14562
-65. https://doi.org/10.5897/AJB10.1810 

13. Eun, CH, Kim, IJ. The Citrus mutant Jedae-unshiu induced by 
gamma irradiation exhibits a unique fruit shape and increased 
flavonoid content. Plants. 2022;11:1337. https://
doi.org/10.3390/ plants11101337 

14. Rattanpal HS, Singh G, Gupta M. Studies on mutation breeding 
in mandarin variety Kinnow. Current Science. 2019;116(3):483-
83. https://doi.org/10.18520/cs/v116/i3/483-487 

15. Mallick M, Awasthi OP, Singh SK, Dubey AK. Physiological and 

biochemical changes in pre-bearing mutants of Kinnow manda-
rin (C. nobilis Lour × C. deliciosa Tenora). Scientia Horticulturae. 

2016;199:178-85. https://doi.org/10.1016/j.scienta.2015.12.050 

16. Jain SM. Mutagenesis in crop improvement under the climate 
change. Romanian Biotechnological Letters. 2010;15(2):88-106. 

17. Maan SS, Brar JS. Mutagenic sensitivity analysis in guava 
(Psidium gujava L.). Fruits. 2021;76(4):181-90. https://

doi.org/10.17660/th2021/76.4.3  

18. Piri I, Babayan M, Tavassoli A, Javaheri M. The use of gamma 
irradiation in Agriculture. African Journal of Microbiology Re-

search. 2011;5(32):5806-11. https://doi.org/10.5897/AJMR11.949 

19. Barr HD, Weatherley PE. A re-examination of the relative turgidi-
ty technique for estimating water deficit in leaves. Aust J Biol 

Sci. 1962;15:413-28. https://doi.org/10.1071/BI9620413 

20. Porra RK, Thompson WA, Kriedemann PE. Determination of 
accurate extinction coefficients and simultaneous equations for 

assaying chlorophyll a and b extracted with four different sol-
vents: Verification of the concentration of chlorophyll standards 
by atomic absorption spectrometry. Biochem Biophys Acta J. 
1989;975(3):384-94. https://doi.org/10.1016/S0005-2728(89)

80347-0 

21. Sadasivam S, Manickam A. Biochemical methods for agricultur-
al sciences. Wiley Eastern Limited New Delhi; 1992. 

22. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein meas-
urement with the Folin phenol reagent. J biol Chem. 1951;193
(1):265-75. https://doi.org/10.1016/S0021-9258(19)52451-6 

23. Saini HK, Gill MIS. Induction of mutation in Rough lemon (Citrus 
jambhiri Lush.) using gamma rays. J Hortl Sci Vol. 2009;4(1):41-
44. https://doi.org/10.24154/jhs.v4i1.554 

24. Ahloowalia BS. In vitro techniques and mutagenesis for the im-
provement of vegetatively propagated plants. Current Plant 
Science and Biotechnology in Agriculture. 1998;32:293-309. 

https://doi.org/10.1007/978-94-015-9125-6_15 

25. Rakshi M, Kavitha C, Pugalendhi L, Paramaguru P, Sudhakar D, 
Ganesan NM Soorianathasundaram K. Determination of Radio 

Sensitivity (LD50) of embryo cultured of banana (Musa balbisi-
ana) cv. Bhimkol. International Journal of Environment and 

Climate Change. 2022; 12(11):2432-40. https://doi.org/10.9734/
IJECC/2022/v12i1131236   

26. Abdulhafiz F, Kayat F, Zakaria S. Effect of gamma irradiation on 
the morphological and physiological variation from in vitro indi-
vidual shoot of banana cv. Tanduk (Musa spp.). J Plant Biotech-

nol. 2018;45:140-45. https://doi:org/10.5010/JPB.2018.45.2.140 

27. Mahadevamma M, Dinesh MR, Kumari RV, Shankarappa TH. 
Evaluation of induced variability in papaya (Carica papaya L.) by 

physical mutagenesis. CIBTech Journal of Biotechnology. 
2012;1(1):66-71. 

28. Islam AF, Islam MM, Hasan MM. Effect of gamma irradiation 
doses on morphological and biochemical attributes of grape 
saplings. Agricultural Sciences. 2015;6:505-12. http://

dx.doi.org/10.4236/as.2015.65050 

29. Kok D. Involvement of peroxidase activity in various sensitivity 
to gamma irradiation in scions of Cabernet Sauvignon and Mer-

lot cvs (Vitis vinifera L.). Journal of Food, Agriculture and Envi-
ronment. 2011;9(2):392-96.  

30. Saadati S, Azam B, Rahemi MR, Khiabani BN. Alteration of physi-
ological and biochemical properties in leaves and fruits of pom-
egranate in response to gamma irradiation. Scientific Reports. 

2022;12:4312. https://doi.org/10.1038/s41598-022-08285-y 

31. Ling APK, Chia JY, Hussein S, Harun AR. Physiological responses 
of Citrus sinensis to gamma irradiation. World Appl Sci J. 2008;5

(1):12-19. 

32. Taha RA, El-Nagdi WMA, Hedaya AK. Micropropagated banana 

https://plantsciencetoday.online
https://doi.org/10.22271/tpi.2023.v12.i11e.23870
https://www.sciencedirect.com/journal/scientia-horticulturae
https://doi.org/10.1016/j.scienta.2019.108935
https://doi.org/10.4236/ojbiphy.2017.73008
https://doi.org/10.4236/fns.2014.510105
https://doi.org/10.17503/agrivita.v43i2.2887
https://doi.org/10.17503/agrivita.v43i2.2887
https://doi.org/10.5897/AJB10.1810
https://doi.org/10.3390/%20plants11101337
https://doi.org/10.3390/%20plants11101337
https://doi.org/10.18520/cs/v116/i3/483-487
https://doi.org/10.1016/j.scienta.2015.12.050
https://doi.org/10.17660/th2021/76.4.3
https://doi.org/10.17660/th2021/76.4.3
https://doi.org/10.5897/AJMR11.949
https://doi.org/10.1071/BI9620413
https://doi.org/10.1016/S0005-2728(89)80347-0
https://doi.org/10.1016/S0005-2728(89)80347-0
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.24154/jhs.v4i1.554
https://doi.org/10.1007/978-94-015-9125-6_15
https://doi.org/10.9734/IJECC/2022/v12i1131236
https://doi.org/10.9734/IJECC/2022/v12i1131236
https://doi:org/10.5010/JPB.2018.45.2.140
http://dx.doi.org/10.4236/as.2015.65050
http://dx.doi.org/10.4236/as.2015.65050
https://doi.org/10.1038/s41598-022-08285-y


7 

Plant Science Today, ISSN 2348-1900 (online) 

plants induced by gamma irradiation and resistant to the root-

knot nematode reproduction. Agricultural Engineering Interna-
tional: CIGR Journal. 2020;22(2):217-25. 

33. Devi DM, Ranjithkumar SC, Rajangam C, Santha S, Sankar C. 

Determination of lethal dose (LD50) and effect of physical and 
chemical mutagenesis in acid lime var. PKM 1. The Pharma In-

novation Journal. 2021;10(11):583-88.  


