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Dry and healthy seeds of Trigonella foenum - graecum Linn. were irradiated with 

200,400,600,800Gy gamma rays. Seeds were also treated with sodium azide (SA) 

(0.001%,0.002%, 0.003%, 0.004%). All the two mutagens were found to induce chlorophyll 

mutations. They were chlorina, xantha, viridis and albino. The chlorophyll mutants survived 

for 10-15 days and then died. The gamma rays were found to produce maximum chlorophyll 

mutations than sodium azide (SA). 
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INTRODUCTION 

 Mutagenesis is extremely useful in creating new variations. The spectrum of 

chlorophyll mutations is essentially a parameter for the index of mutation frequency and for 

studying the biological effect (Gustaffson, 1954). Muller (1927) demonstrated that mutation 

could be induced by ionizing radiations, in Drosophila melanogastor. The great breakthrough 

towards the use of artificial mutagenesis came when Stadlar (1928) demonstrated the  

induction of mutation in barley and maize, using x-rays, thus arousing the hope of plant 

breeders to new heights, sodium azide (SA), which is reported to be more potent mutagen 

than alkylating agents, is relatively safe, non-persistant and inexpensive (Nilan et al. 1973). 

Azide, in acidic solution (pH-3), was found to be very effective in inducing chlorophyll 

deficient as well as morphological mutations in barley, which in alkaline solution, it seemed 

to be ineffective (Kleinhofs et al, 1974). In Peas (Hadwiger et al. 1976, Sander and 

Muehlbauer, 1977), Soyabean (Vig, 1975) and maize (Conger and Carebia 1977). 

 The present investigation deals with an analysis of different chlorophyll mutations 

after the independent treatments of Gamma rays and SA in Trigonella foenm-graecum  L.  

 

MATERIALS AND METHODS 

Dry seeds of uniform size and shape of Trigonella foenum - graecum Linn. Were 

treated in gamma cell with 
60

Co as gamma source @ 100 Gy per minute at the Department of 

Chemistry, Rashtrasant Tukdoji Maharaj Nagpur University Camps, Nagpur. They were 

irradiated with 200,400,600 and 800 Gy does of gamma rays. Seeds without irradiation 

served as control. Chemical mutagen, sodium azide (E. Merck, Germany) was used for 

inducing mutations. Seeds were presoaked for 5 and 10 hours in distilled water surface dried 

with blotting paper and subjected to chemical mutagen.  

The dry as well as pre-soaked seeds of Trigonella foenum - graecum Linn. seeds were 

treated with 25 ml aqueous solutions of 0.0, 0.001%, 0.002%, 0.003% , and 0.004% sodium 

azide (SA) for 18 hours with uniform and continues shaking on orbital shaker, at 22       in 
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50ml flask. All other conditions were similar. Treated seeds were thoroughly washed in 

running tap water soaked in 50 ml of glass distilled water for 2 hours, again washed in 

running tap water and surface dried. One hundred seeds of each treatment were sown in 

earthen pots of medium size. The seedlings were observed from seedlings stage to maturity 

and chlorophyll mutations such as chlorina, xantha, viridis and albino were recorded.  

 

OBSERVATION AND RESULT 

The treated population was screened for the chlorophyll chimeras from the seedling 

stage to the flowering initiation. Chlorophyll chimeras were classified according to 

Gustafsson (1954). They were of four types viz., viridis, xantha, chlorine and  albino. 

The viridis was represented by light green colour in early stages of growth. This 

colour gradually changes to the normal green colour during the subsequent period of growth 

of the plants.  

The majority of the xantha mutants were lethal at the seedling stage. The colour of 

this mutant varied from light yellow to dark yellow. Only a few of them survived in the early 

period of growth. The chlorina mutants were yellowish green in colour. The albino mutants 

were completely white in colour found to be completely lethal. Due to lack of chlorophyll, 

the seedlings collapsed after 2-3 days.  

The frequency of induced mutations was calculated per 100 M2 seedling (Gaul, 1964). 

The mutagens were found to induce chlorophyll mutations.  

In gamma ray treated M2 Population, the frequency of chlorophyll mutations was 

recorded to be 0.84, 0.78, 0.82, 0.03 for 200, 400, 600, 800 Gy respectively.  All types of 

mutations were induced by gamma rays. It was observed that total frequency of chlorophyll 

mutations increases as the dose of the gamma rays increases except 0.78 (200Gy). Gamma 

radiations induced xantha type mutations followed by viridis, chlorina and albino(Table-1). 

The frequency of chlorophyll mutations declined in M3 generation (Table-2)  

All the concentrations of SA were to be effective in inducing chlorophyll mutations. 

Maximum frequency (0.57%) of chlorophyll mutations was recorded with 0.004% in dry set 

while minimum frequency (0.16) was recorded at 10h PSW 0.001%. In case of SA treatment, 

mutagen induced viridis type mutations with maximum frequency followed by chlorina, 

xantha and albino. In case of SA, dry seed treatment of mutagen yield more chlorophyll 

mutations as compared to 5h PSW set and 10h PSW set (Table-3). In M3.generation, the 

frequency of chlorophyll mutations declined (Table-4). 

The overall result reveals that gamma rays produced maximum chlorophyll mutations 

than sodium azide (SA).  

DISCUSSION 

Many investigators have reported the induction of chlorophyll mutations in plants by 

physical and chemical mutagen treatments e.g. Gual (1964) in barely with gamma rays and 

EMS, Fuji(1962) and Yamaguchi (1969) in rice with x-rays, Burton and Powell (1966) in 

Pennisetum typehoides with EMS and thermal neutrons, Lather and Chaudhary (1972), 

Yadava and Chaudhary (1974), Sato(1966) in rice with EI, DES AND X-rays, Sree Ramulu 

(1970) in Sorghum with gamma ray, X-rays, DES, EMS and other chemicals, Kothekar 

(1978) in Solanum nigrum with gamma rays and EMS and Deshmukh (1979) in Anethum 

sowa in gamma rays and EMS.  

 Ryan and Heslot (1964) have clearly demonstrated the randomness in the action of 

physical mutagens and specificity of EMS to certain loci in the barley for the production of 

chlorophyll mutations. Natarajan and Upadhya (1964) have stated that the chlorophyll 

development seems to be controlled by many genes located on several chromosomes. The 
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high spectrum of chlorophyll mutations in EMS and diethyl sulfate (EMS) treatment might be 

due o its specificity to affect certain regions of the chromosomes in Vicia faba. Varughese 

and Swaminathan (1968) have stated that the chlorophyll chimeras produced in wheat by 

EMS treatment are mainly due to the chlorophyll DNA as EMS in more specific to the 

quinine and cytosine.  

 The results obtained by Ehrenberg and Gustafsson (1957), Ehrenburg (1960 a & b), 

Nilan (1964), Konzak et al. (1965),  Ehrenberg et al. (1966), and Wagner et al. (1968) 

indicate that the frequency of mutations is directly related to the concentrations of the 

mutagen. Increase in concentration and duration of EMS treatment enhances the frequency of 

mutations upto a certain level.  A decrease in the number of mutations and increase in 

lethality are  observed with further increase in doses (Ehrenberg and Gustafsson, 1957),  

Similarly Sree Ramulu (1970) in Sorghum observed,  while critically comparing chlorophyll 

mutations, that the mutation rate in general increased with an increase in the dose upto a 

certain level beyond which it decreased.  

 Natarajan and Shivashankar (1965) noted that in barley, the chlorophyll mutations 

frequency was very high with 24 hour presoaking followed by 0.3% EMS treatment where as 

0.6% EMS treatment with 16 hour presoaking yielded the maximum mutation rate. Savin et 

al.   (1960) also noted that the treatment of barley seeds presoaked in water for different 

periods ranging from 8 to 40 hours with EMS and NMU showed that the seeds were most 

sensitive to mutagenic treatments at 16 and 28 hours.  

D’ Amato et al. (1962) observed more chlorophyll mutations in EMS-treatment than 

in dES-treatment.  Monti (1968) found that the average effectiveness of dES was 3-4 times 

greater than X-rays, when either chlorophyll or morphological mutations or both were 

considered in pea seeds.  

Auerback (1967) has suggested that in nucleotide bases mutations do not occur at 

random but tend to attack preferential sites whose position within a given gene depends on 

the mutagen. Nilan (1964) believes that 250 to 300 loci are involved in chlorophyll anthesis 

in barley while Gustafsson (1954) is of the opinion  that 125 to 150 loci may be concerned 

with albino, 125 with viridis, 10 to 15 with a rare  type. Nasare and Choudhary (2010) 

observed that in Ocimum sanctum. chlorophyll mutation frequency was found to be higher in 

the presoaked sets, than in the dry set. In case of SA and of EMS treatments mutants were 

recorded only in 5hrs presoaked set.  

Induction of particular type of mutation depends on the reaction of the mutagen with 

the specific locus/loci. It is well known that various types of physical and chemical mutagens 

have differential action on genetic material. In Trigonella foenum- graecum, it might be 

possible that many loci, present on different chromosomes, are responsible for production of 

chlorophyll mutations. Due to differential penetrating powers and the differences in actions 

of physical and chemical mutagens on the genetic material, different locus/loci, might have 

got affected by various mutagens resulting in the production of various types mutation 

spectra and frequency.  

In the present investigation, chlorophyll mutation frequency was found to be higher in 

gamma rays treated population than in SA treatment population.  

ACKNOWLEDGEMENT 

Auhor express heartfelt thanks to Dr. A. D. Choudhary, Dr. K. H. Makde, Professor 

and Ex-Head, Department of Botany, RTM Nagpur University Campus, Nagpur. Dr. R. P. 

Thakre for providing the green house facilities. Professor Dr. A. P. Joshi, Head, Department 



Lokavishkar International E-Journal, ISSN 2277-727X, Vol-I, Issue-I, Jan-Feb-Mar2012 

 

 
w w w . l i i r j . o r g  
 

Page 33 

of Chemistry for making available gamma cell facility for irradiation of Trigonella foenum – 

graecum seeds and for their valuable guidance and cooperation.  

REFERENCES 

Auerbach, C. (1967) The chemical production of mutations. Science 158 : 1141 -1147.  

Barton, L. V. and Salt, M. L. (1948) Growth inhibitors in seeds. Contrib.. Boycee Thompson 

Instt. 15: 259. 

Conger, B.V. and Carabia, J. V. (1977) Mutagenic effectiveness and efficiency of sodium 

azide versus ethylemthane sulphonate in maize. Induction of somatic mutations at yg2 

locus by treatment of seeds differing in metabolic state and cell population Mutation 

Res. 46: 285 - 296 

D’mato, F., Scarasca, G.T., Monti, L. M. and Bozzini, A. (1962) Types and frequencies of 

Chlorophyll mutations in durum wheat induced by radiations and chemicals. 

Radiation Botany 2 : 217 -239.  

Deshmukh, S. V. (1979) Cytogenetic studies in Anethum sowa Kurz. Ph.D. Thesis in Botany, 

Faculty of Science, RTM Nagpur University, Nagpur (MS), India.  

Ehrenberg, L. (1960) Chemical mutagenesis :  Biochemical and chemical points of view on 

mechanism of action . Chemische Mutagenese. Erwin baur – Gedachtnisvorlesungen 

1: 126-136,1959, Akademic – Verlag. Berlin.  

Ehrenberg, L. and Gustafsson, A. (1957) On the mutagenic action of ethylene oxide and 

diepoxybutane in barley. Hereditas 43 : 595 – 602.  

Ehrenberg, L., Lundquist, U., Osterman,s and sparrman, B. (1966) On the mutagenic action 

of alkane – sulfonic ester in barley. Hereditas 56 : 22. 

Fuji, T. (1962) Future prospects of mutation breeding with genetic engineering. In. Gamma 

field symp. Prog. Mutat. Breeding : 41 – 54   

Gual, H. (1964) Mutations in plant Breeding.  Rad. Bot. 4(3) : 155 – 232. 

Yadava, J. S. and Chaudhary, J. B. ( 1974) Cytological effect of physical and chemical 

mutagens on guar (Cyamopsis Tetragonoloba L. taub.) Hariyana Agric. Univ. J. Res. 

4 : 82-84. 

Gustafsson,  A. (1954) Mutation, Viability and population structure.  Acta Agric Scand  IV 

: 601-31. 

Hadwiger, L. A., Sander, C., Eddyvean, J. and Ralston, J (1976) Sodium azide induced 

mutants of Pea that accumulated pastin. Phytopathology 66 : 629-630.  



Lokavishkar International E-Journal, ISSN 2277-727X, Vol-I, Issue-I, Jan-Feb-Mar2012 

 

 
w w w . l i i r j . o r g  
 

Page 34 

Kleinhof, A., Sander, C., Nilan, R. A. and Konak, C. F. (1974) Azide mutagenacity – 

mechanism and nature of mutants produced. In popularity and induced mutations in 

Plants Breeding. Proc. Meeting Basi, IAEA, Vienna : 1: 195-199.   

Konzak, C. F., Nilan, R. A., Wagner, J. and Foster, R. J. (1965) Efficient chemical 

mutagenesis.  The use of induced mutations in plant breeding ( Rep. FAO/IAEA tech. 

Meetings Rome, 1964) Pergamum Press, PP – 49 – 70.  

Kothekar, V. S. (1978) Mutational studies in Solanum  nigrum L. Ph. D. Thesis in Botany, 

Faculty of Science, RTM Nagpur University, Nagpur (MS), India.  

Lather,  B. P. S., and Choudhary, J. B. (1972) Studies on irradiated guar (Cyamopsis  

tetragonoloba L. Taub. ) Nucleus 15: 16 -22. 

Monti, L. M. (1968) Mutation in peas induced by diethyl sulphate and X-rays. Mut. Res. 

5:187 – 191.  

Muller, H. J. (1927) Artificial transmutation of gene. Science, 66 : 84 – 87. 

Nasare, P. N. and Choudhary, A., D. (2010) Induction of chlorophyll mutations in Ocimum 

sanctum Linn. Bioinfolet 7(1) : 89 – 90.  

Nataragan, A. T., and Shivasankar, G. (1965) Studies on modification response of barley 

seeds to ethyl methane sulphonate. Z. Vererbungsl. 96 : 13 -21 

Nataragan, A. T. and Upadhya, M. D. (1964) Localized Chromosome breakage induced by 

ethylmethne sulphonate and hydroxylamine in Vicia faba. Chromosoma  15: 156 – 

169. 

Nilan, R. A. (1964) The cytology and genetics of barley 1951-1962, Monographic suppl. No. 

3 Res. Studies, Washington State University 32 : 1-278 . 

Nilan, R. A., Sideris, E. G., Kleinhofs, A., Sander, C. and Konzak, C. F. (1973) Azide a plant 

mutagen. Mutation Res. 17:141-144 

Ryan, G. S. and Heslot, H. Mutation somatiques induites par des agents mutagens  chemiques 

et des rayonnements gamma chezdes plants d’orge heterozygote’s pous desdeficienus 

Chlorophylliennes. Annuls Amel. Pl. 13 : 297 – 306 .  

Sander., C. and Muehlbauer, F. J. (1977) Mutagenic effects of sodium azide and gamma 

radiations in Pisum. Environ Exp. Botany, 17 : 43-47 . 

Sato,  M. (1966) Induction of mutations in rice by some chemical. Gamma field symposia 

No. 5 : 503 – 518.  

Savin, V. N., Swaminathan, M. S. and Sharma, B. (1968) Enhancement of chemically induce 

mutation frequency in barley through alteration of  in the duration of pre-soaking of 

seeds. Mut. Res 6 : 101 – 107  



Lokavishkar International E-Journal, ISSN 2277-727X, Vol-I, Issue-I, Jan-Feb-Mar2012 

 

 
w w w . l i i r j . o r g  
 

Page 35 

Shree Ramulu, K. (1970 ) Sensitivity and induction of mutations in Sorghum Mut. Res. 10 : 

197 – 205.  

Sree Ramulu, K. (1968)   Induction of Chlorophyll and viable mutations in Soghum Genet. 

Agr. 22 : 320 – 334. 

Stadler, L. J (1928)  Genetic effect of X-rays in maize. Proc. Nat. Acad. Sci. USA.14: 69-75 

Varguhese, G. and Swaminathan, M., S. (1968) A comparison of frequency and spectrum of 

mutation induced by gamma rays and EMS in wheat. Ind. J. Genet. 28 : 158 – 165. 

Vig, B. K. (1975) Soybean (Glycine max) – A New test system for study of genetic 

parameters as affected by environmental mutagen Research 31 : 49-56. 

Wagner, J. H., Nawar, M.M., Konzak, C. F. and and Nilan, (1968) The influence of PH on the 

biological changes induced by ethylene imine in barley Mut. Res. 5: 57 – 64.   

Yamahuchi, H. (1969) The onset of DNA synthesis after soaking of rice seeds as disclosed by 

the induction of mutations. Rad. Bot. 9 : 341. 

 

 

 

Table : 1  : Frequency of Chlorophyll Mutations induced by gamma rays in M2 generation. 

 

PARAMETERS Frequency of Total Frequency of  

Mutations (%) 
TREATMENTS Albino  Xantha Chlorina Viridis  

Control  

200 Gy 

400 Gy 

600 Gy 

800 Gy 

---- 

0.12 

--- 

0.09 

---- 

----  

0.32 

0.11 

0.39 

---- 

---- 

0.21 

0.45 

---- 

0.03 

---- 

0.19 

0.22 

0.34 

----  

0.00 

0.84 

0.78 

0.82 

0.03 

 

 

Table : 2: Frequency of Chlorophyll Mutations induced by gamma rays in M3 generation. 
 

PARAMETERS Frequency of Total Frequency of  

Mutations (%) 
TREATMENTS Albino  Xantha Chlorina Viridis  

Control  

200 Gy 

400 Gy 

600 Gy 

800 Gy 

---- 

---- 

---- 

---- 

---- 

----  

0.17 

---- 

---- 

---- 

---- 

---- 

----- 

---- 

---- 

---- 

0.13 

---- 

---- 

----  

0.00 

0.30 

0.00 

0.00 

0.00 

Gy = Grey 
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Table : 3 : Frequency of Chlorophyll Mutations induced by Sodium azide  in M2 generation. 

 
 

PARAMETERS Frequency of Total Frequency of  

Mutations (%) 
TREATMENTS Albino  Xantha Chlorina Viridis  

Dry Set Control  

Dry Set Control 0.001% 

Dry Set Control 0.002% 

Dry Set Control 0.003% 

Dry Set Control 0.004% 

5h PSW Control  

5h PSW Control 0.001% 

5h PSW Control 0.002% 

5h PSW Control 0.003% 

5h PSW Control 0.004% 

10h PSW Control  

10h PSW Control 0.001% 

10h PSW Control 0.002% 

10h PSW Control 0.003% 

10h PSW Control 0.004% 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

0.12 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

0.31 

---- 

---- 

---- 

---- 

0.17 

---- 

0.31 

---- 

0.16 

---- 

0.14 

0.30 

---- 

---- 

---- 

0.24 

0.57 

---- 

0.28 

---- 

---- 

----- 

---- 

---- 

0.39 

---- 

0.22 

---- 

0.51 

0.42 

0.28 

---- 

---- 

---- 

---- 

0.32 

0.11 

---- 

---- 

---- 

0.33 

----  

0.00 

0.51 

0.73 

0.52 

0.57 

0.00 

0.28 

0.17 

0.32 

0.54 

0.00 

0.06 

0.39 

0.47 

0.52 

 

Table : 4 :Frequency of Chlorophyll Mutations induced by Sodium azide  in M3 generation. 

PARAMETERS Frequency of Total Frequency of  

Mutations (%) TREATMENTS Albino  Xantha Chlorina Viridis  

Dry Set Control  

Dry Set Control 0.001% 

Dry Set Control 0.002% 

Dry Set Control 0.003% 

Dry Set Control 0.004% 

5h PSW Control  

5h PSW Control 0.001% 

5h PSW Control 0.002% 

5h PSW Control 0.003% 

5h PSW Control 0.004% 

10h PSW Control  

10h PSW Control 0.001% 

10h PSW Control 0.002% 

10h PSW Control 0.003% 

10h PSW Control 0.004% 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

0.12 

0.03 

---- 

---- 

---- 

0.21 

---- 

0.24 

---- 

---- 

---- 

0.19 

---- 

0.27 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

0.24 

---- 

---- 

---- 

0.21 

----- 

---- 

---- 

0.13 

---- 

---- 

---- 

0.12 

0.09 

0.12 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

---- 

0.21 

27 

0.00 

0.33 

0.9 

0.36 

0.24 

0.00 

0.00 

0.19 

0.21 

0.27 

0.00 

0.12 

0.16 

0.21 

0.27 

h =  hours, PSW = Presoaked in Water 


