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Abstract 
The present experiment was carried out during kharif, 2016-2017 at College of Horticulture, Dr. Y.S.R. 
Horticultural University, Venkataramannagudem to assess the impact of mutagens on rhizome characters 
like number of mother, primary, secondary and tertiary rhizomes, weight of mother, primary, secondary 
and tertiary rhizomes in turmeric. The experiment was laid out in factorial randomized block design and 
replicated thrice under open field conditions. Rhizomes are treated with gamma rays (25 Gy and 50 Gy) 
and EMS (250 ppm, 500 ppm and 1000 ppm) along with control. Maximum number and weight of 
mother, primary, secondary rhizomes was recorded in 25 Gy, 250 ppm EMS and combination of 25 Gy + 
250 ppm EMS. Higher doses of gamma rays and EMS concentration decrease the production of tertiary 
rhizomes. If increases the dose and concentration in gradually decreases the rhizome production. 
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Introduction 
Turmeric (Curcuma longa L.) is one of the important spices grown in India, which plays an 
important role in the national economy. It is a member of the family, Zingiberaceae and 
originated from South East Asia. States like Telangana, Andhra Pradesh, Orissa, Kerala, Tamil 
Nadu, Karnataka, Maharashtra and West Bengal are in the forefront in turmeric cultivation and 
research. Cultivated turmeric, Curcuma longa L. is considered to be a triploid with a somatic 
chromosome number of sixty three (2n= 3x=63) (dibasic amphidipliod) and sets seeds rarely. 
Since, turmeric is an asexually propagated crop with no regular seed production, clonal 
selection is the major mode of crop improvement. The first step in the crop improvement of 
this clonally propagated crop is to exploit the variability existing among the land races, create 
more variability through mutation and somaclonal variation. The use of mutagens for inducing 
variability assumes greater significance. In vegetatively propagated crops with reproductive 
sterility (such as turmeric), mutation breeding this is very important tool in crop improvement 
(Broertjes and Van Harten, 1988) [1]. An attempt was therefore made to induce variability for 
rhizome characters like number of mother, primary, secondary and tertiary rhizomes, weight of 
mother, and primary, secondary and tertiary rhizomes in turmeric by gamma rays and EMS. 
 
Material and Methods 
The present investigation was carried out during kharif, 2016-2017 at College of Horticulture, 
Dr. Y.S.R. Horticultural University, Venkataramannagudem, West Godavari District, and 
Andhra Pradesh. The experiment was laid out in factorial randomized block design and 
replicated thrice under open field condition. Healthy and disease free fingers with well-
developed buds were selected for planting. Prathibha variety is used as a planting material. 
Rhizomes are treated with gamma rays (25 Gy and 50 Gy) and EMS (250 ppm, 500 ppm and 
1000 ppm) along with control. Treated rhizomes are planted in portrays. After one month, 
seedlings are transplanted to main field. After planting basal dose of NPK fertilizers were 
applied at the rate of 150:125:250 Kg/ha. The nitrogenous and potash fertilizers were applied 
at three equal doses at 45, 90 and 135 days after planting in the form of urea, MOP and 
phosphate fertilizer was applied in the form of SSP. The field was irrigated before planting. 
Light irrigation was given on the third day after transplanting. Therefore, irrigation was given 
at weekly intervals depending on weather and soil conditions. 
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Five plants in each treatment were tagged randomly for 
recording observations and mean values were subjected to 
statistical scrutiny. The data was analyzed using the procedure 
outlined by Panse and Sukhatme (1967) [6]. 
 
Rhizome Parameters 
Number of mother rhizomes per plant 
The number of mother rhizomes produced by the labeled 
plants was recorded after harvest and their average value was 
worked out and expressed as number of mother rhizomes per 
plant. 
 
Number of primary rhizome per plant 
The number of primary rhizomes arising from the mother 
rhizome from each of the labeled plants was counted and their 
average value was worked out and expressed as number of 
primary rhizomes per plant. 
 
Number of secondary rhizomes per plant 
The number of secondary rhizomes arising from the primary 
rhizomes was counted in all the labeled plants and average 
value was worked out and expressed as number of secondary 
rhizomes. 
 
Number of tertiary rhizomes per plant  
The number of tertiary rhizomes arising from the secondary 
rhizomes was counted in all the labeled plants and average 
value was worked out and expressed as number of tertiary 
rhizomes. 
 
Weight of mother rhizomes (g) 
The mother rhizomes per plant of five randomly selected 
plants were pooled, weighed and the mean was expressed as 
gram (g) per plant. 
 
Weight of primary rhizomes (g) 
The primary rhizomes arising from the mother rhizome in five 
randomly selected clumps were weighed and the mean was 
expressed as gram (g) per clump. 
 
Weight of secondary rhizomes (g) 
The secondary rhizomes arising from the primary rhizome in 
five randomly selected clumps were weighed and the mean 
was expressed as gram (g) per clump. 
 
Weight of tertiary rhizomes (g) 
The tertiary rhizomes arising from the secondary rhizome in 
five randomly selected clumps were weighed and the mean 
was expressed as gram (g) per clump. 
 
Results and Discussion  
Number of mother rhizomes per plant 
Highest number of mother rhizomes (1.90) was recorded in 25 
Gy gamma rays treatment. As regards to EMS concentration, 
highest number (1.91) of mother rhizomes was observed with 
250 ppm EMS concentration and lowest number of mother 
rhizomes was recorded with 1000 ppm EMS concentration 
(1.67). Among the treatment combinations, maximum number 
of mother rhizomes (1.93) was recorded in 25 Gy gamma rays 
+ 250 ppm EMS concentration and minimum number of 
mother rhizomes (1.60) was observed in 50 Gy gamma rays + 
1000 ppm EMS concentration. However, the rhizomes which 
were not treated with mutagens exhibited the higher number 
of mother rhizomes (2.26) (Table 1).  
 

Number of primary rhizomes per plant 
Among the different doses of gamma rays, 25 Gy gamma rays 
recorded more number of primary rhizomes (8.52). Among 
EMS concentrations, maximum number of primary rhizomes 
(8.56) was recorded with 250 ppm EMS concentration and 
minimum number of primary rhizomes was observed with 
1000 ppm EMS concentration (8.35). Treatment 
combinations, 25 Gy gamma rays + 250 ppm EMS 
concentration recorded higher number of primary rhizomes 
(8.56) and lower number of primary rhizomes (8.30) was 
observed with 50 Gy gamma rays + 1000 ppm EMS 
concentration. However, the rhizomes which were not treated 
with mutagens exhibited the higher number of primary 
rhizomes (9.03) (Table 1). 
 
Number of secondary rhizomes per plant 
Among the different doses of gamma rays, 25 Gy gamma rays 
recorded highest number of secondary rhizomes (10.40). As 
regards to EMS, maximum number of secondary rhizomes 
(10.53) was observed in 250 ppm EMS concentration and 
minimum number of secondary rhizomes were observed with 
1000 ppm EMS concentration (9.95). Treatment 
combinations, 25 Gy gamma rays + 250 ppm EMS 
concentration recorded highest number of secondary rhizomes 
(10.53) and lowest number of secondary rhizomes (9.73) was 
observed in 50 Gy gamma rays + 1000 ppm EMS 
concentration. However, the rhizomes which were not treated 
with mutagens exhibited the higher number of secondary 
rhizomes (11.40) (Table 1). 
 
Number of tertiary rhizomes per plant 
More number of tertiary rhizomes (1.90) was recorded with 
25 Gy gamma rays (3.12). As regards to EMS, highest 
number of tertiary rhizomes (2.64) was recorded with 250 
ppm EMS concentration and lowest number of tertiary 
rhizomes was observed in 1000 ppm EMS concentration 
(1.28). Treatment combinations, 25 Gy gamma rays + 250 
ppm EMS concentration recorded maximum number of 
tertiary rhizomes (3.60) and remaining treatments not 
produced tertiary rhizomes. 
 
Weight of mother rhizomes (g) 
Maximum weight of mother rhizomes (50.48 g) was recorded 
with 25 Gy gamma rays. In EMS concentrations, increased 
weight of mother rhizomes (50.27 g) was recorded with 250 
ppm EMS concentration and decreased weight (48.02 g) was 
observed with 1000 ppm EMS concentration. Treatment 
combinations, 25 Gy gamma rays + 250 ppm EMS 
concentration recorded maximum weight of mother rhizomes 
(50.80 g) and minimum weight of mother rhizomes (46.20 g) 
was observed with 50 Gy gamma rays + 1000 ppm EMS 
concentration (Table 2).  
 
Weight of primary rhizomes (g) 
Among the different doses of gamma rays, 25 Gy gamma rays 
recorded highest weight of primary rhizomes (16.10 g). In 
EMS concentrations, increased weight of primary rhizomes 
(16.66 g) was recorded with 250 ppm EMS concentration and 
decreased weight (14.48 g) was observed with1000 ppm EMS 
concentration. Treatment combinations, 25 Gy gamma rays + 
250 ppm EMS concentrations recorded maximum weight of 
primary rhizomes (16.56 g) and minimum weight of primary 
rhizomes (13.00 g) was observed with 50 Gy gamma rays + 
1000 ppm EMS concentration. However, control (0 Gy 
gamma + 0 ppm EMS) was recorded higher weight of 
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primary rhizomes (20.30 g) than any of the above mutagenic 
treatments (Table 2). 
 
Weight of secondary rhizomes (g) 
Among the gamma rays, 25 Gy recorded highest weight of 
secondary rhizomes (24.00 g). As regards to EMS, increased 
weight of secondary rhizomes (23.85 g) was recorded in 250 
ppm EMS concentration and decreased weight (22.07 g) was 
observed in 1000 ppm EMS concentration. Treatment 
combinations, 25 Gy gamma rays + 250 ppm EMS 
concentration recorded maximum weight of secondary 
rhizomes (24.13 g) and minimum weight of secondary 
rhizomes (20.60 g) was recorded with 50 Gy gamma rays + 
1000 ppm EMS concentration. However, control (0 Gy 
gamma + 0 ppm EMS) was reported highest weight of 
secondary rhizomes (29.66 g) than any of the above 
mutagenic treatments (Table 2). 
 
Weight of tertiary rhizomes (g) 
Among the different doses of gamma rays, highest weight of 
tertiary rhizomes (4.81 g) was recorded with 25 Gy gamma 
rays. 50 Gy gamma rays treated plants not produce tertiary 
rhizomes. In EMS concentration, highest weight of tertiary 
rhizomes (6.37 g) was recorded with 250 ppm EMS 
concentration followed by 500 ppm EMS concentration (2.94 
g) and lowest weight of tertiary rhizomes were observed in 
1000 ppm EMS concentration (2.56 g). Treatment 
combinations, 25 Gy gamma rays + 250 ppm EMS 
concentration recorded highest weight of tertiary rhizomes 
(9.53 g) and remaining treatments not produced tertiary 
rhizomes (Table 2). 
The different doses, concentrations of gamma rays and EMS 
used in the present investigation were found to cause 
significant variations in the number of mother, primary, 
secondary and tertiary rhizomes. This is in the conformity 
with the previous works of Natarajan (1975) [5] in turmeric 
and Jayachandran (1989) [2] in ginger. The highest number of 

secondary rhizomes was observed at 25 Gy and 250 ppm, 
treatment combination 25 Gy with 250 ppm. Ramakrishna 
(2006) [7] observed maximum number of mother, primary and 
secondary rhizomes (1.86) was recorded in 0.5 kr in turmeric 
cv. Salem. Usha (2006) [8] reported higher number and 
maximum weight of mother, primary and secondary rhizomes 
(2.17) was recorded with 2.0 kr in turmeric genotype G1 
(CL144). 
Lower doses of gamma rays would have helped in the 
synthesis of cytokinin hormone which hastens the cell 
elongation in the underground rhizomes. Higher rhizome 
growth might be attributed to greater absorption of nutrients 
from the soils as enhanced by the gamma ray treatments. 
Jayachandran (1989) [2] opined that high rhizome yield might 
be due to the fact that high yielding plants exhibited erect, 
narrow leaves, while low yielding ones showed drooping and 
wide leaves. The low yielding plants reached 95 per cent light 
interception when half of the total leaf area had been 
produced. This means that they produced double the leaf area 
required to intercept more photosynthetically active radiation. 
In the high yielding plants, 95 per cent light interception 
occurs when the vegetative growth decreases and the 
photosynthates was utilized for rhizomes production. Early 
bulking with progressive accumulation of photosynthates 
from tiller leaves even after the later stages of the plant 
growth enhances the weight of the mother rhizomes in 
proportion to their dimensions of mother, primary and 
secondary rhizomes.  
The yield of the plants can be improved from knowledge 
about the optimum dosage of gamma rays on the 
morphological and physiological characters of the plant such 
as height of the plant, leaf and tiller production, crop growth 
rate, relative growth rate, photosynthetically active radiation 
and net assimilation rate. This was reported by Natarajan 
(1958) [4] in turmeric and Jeyachandran and Mohankumar 
(1992) [3] in ginger. 

 
Table 1: Number of mother, primary, secondary and tertiary rhizomes as influenced by mutagens in turmeric cv. Prathibha 

 

Gamma Irradiation 
(Gy) (A) 

EMS 
Concentration(ppm) (B) 

Mother rhizomes Primary rhizomes Secondary rhizomes Tertiary rhizomes 

0 25 50 Mean 0 25 50 mean 0 25 50 Mean 0 25 50 Mean

0 2.26 2.13 2.00 2.13 9.03 8.76 8.60 8.80 11.40 10.80 10.60 10.93 4.26 4.00 0.00 2.75 
250 2.00 1.93 1.80 1.91 8.63 8.56 8.50 8.56 10.60 10.53 10.46 10.53 4.33 3.60 0.00 2.64 
500 1.80 1.83 1.70 1.77 8.53 8.43 8.40 8.45 10.40 10.30 10.26 10.32 4.33 0.00 0.00 1.44 
1000 1.70 1.73 1.60 1.67 8.43 8.33 8.30 8.35 10.13 10.00 9.73 9.95 3.86 0.00 0.00 1.28 
Mean 1.94 1.90 1.77 1.87 8.65 8.52 8.45 8.54 10.63 10.40 10.26 10.43 4.22 1.90 0.00 2.02 

 S Em± CD at 5% S Em± CD at 5% S Em± CD at 5% S Em± CD at 5%
A 0.02 0.07 0.02 0.06 0.04 0.13 0.05 0.16 
B 0.03 0.09 0.02 0.07 0.05 0.15 0.06 0.18 

A × B - N.S. 0.04 0.13 0.09 0.27 0.11 0.32 

 
Table 2: Weight of mother, primary, secondary and tertiary rhizomes (g) as influenced by mutagens in turmeric cv. Prathibha 

 

Gamma Irradiation
(Gy) (A)

EMS 
Concentration (ppm) (B) 

Mother rhizomes (g) Primary rhizomes (g) Secondary rhizomes (g) Tertiary rhizomes (g) 

0 25 50 Mean 0 25 50 mean 0 25 50 Mean 0 25 50 Mean

0 55.66 53.73 52.70 54.03 20.30 18.80 17.00 18.70 29.66 26.06 24.16 26.63 10.66 9.73 0.00 6.80 
250 51.66 50.80 48.36 50.27 17.56 16.56 15.86 16.66 25.03 24.13 22.40 23.85 9.60 9.53 0.00 6.37 
500 50.96 49.26 47.20 49.14 16.96 15.03 14.73 15.57 24.06 23.46 21.60 23.04 8.83 0.00 0.00 2.94 

1000 49.73 48.13 46.20 48.02 16.46 14.00 13.00 14.48 23.26 22.36 20.60 22.07 7.70 0.00 0.00 2.56 
Mean 52.00 50.48 48.61 50.36 17.82 16.10 15.15 16.35 25.50 24.00 22.19 23.89 9.20 4.81 0.00 4.66 

 S Em± CD at 5% S Em± CD at 5% S Em± CD at 5% S Em± CD at 5% 
A 0.46 1.35 0.09 0.28 0.06 0.19 0.03 0.10 
B 0.53 1.56 0.11 0.32 0.07 0.22 0.04 0.12 

A × B - N.S. 0.19 0.56 0.13 0.39 0.07 0.20 
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