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ABSTRACT 

A study on irradiation induced mutagenesis in sugarcane was undertaken to investigate 
genetic variability for economic traits and red rot disease. Twelve hundred single bud setts of 
cv. Co J 64 were irradiated with gamma rays at 0, 10, 20, 25 and 30 Grays (Gy).  The 
experimental material of M1V1 generation was planted during spring 2012 and second 
generation (M1V2) during 2013. Data was recorded on ten economic and quality traits in 
addition to reaction to red rot disease. Mutagenic treatments generated significant variation 
for germination, number of tillers/clump, number of millable canes/clump, cane height, HR 
brix, leaf length and single cane weight in both M1V1 and M1V2 generations indicating the 
potential of mutagenic treatments for creating genetic variability for different traits in 
sugarcane. Average cane height among different treatments ranged from 166.60 to 185.80 cm 
with a mean of 171.2 cm. Mean leaf length for different treatments varied from 106.30 to 
114.80 cm with an average of 111.40 cm; maximum of 114.80 cm being recorded through 10 
Gy treatment followed by control. Cane weight an important trait in sugar cane breeding 
programme ranged from 720.00 to 961.66 g. Maximum single cane weight was recorded for 
control followed by 10 Gy and 20 Gy treatments. The higher doses had a retarding effect on 
this trait. Artificial evaluation of irradiated subclones against two red rot pathotypes Cf 08 and 
Cf 09 using plug method revealed moderate resistance for all the mutagenic treatments. It is 
inferred that genetic variability could be induced in sugarcane using gamma rays for traits like 
germination, cane height, leaf length, HR brix, single cane weight and to red rot tolerance. 
The lower doses of gamma ray (10 and 20 Gy) were more effective to induce variation while 
higher doses have detrimental effects. The sub clones need to be further evaluated in M1V3 for 
their consistency in trait manifestation and future use in breeding programme.  
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swr AMS 
 

gMn y iv`c ivik rx pRyi rq mutagenesis au~qy i èk  Koj, A wrQk l`Cx Aqy rqw rog  leI  Awn uvMiSk 
pirvrqn SIl qw dI jWc leI kIqI g eI  [ CoJ 6 4 ik sm dy ie`k hzwr do sO, ièk  A`K vwl y 
brotyAW d w 0, 10, 20 , 25 Aqy 30 Gy q wk q v wl I gwmw ikrn W dy n wl  i vik rx kIqw i gAw [ 
M1V1 pI VHI  dy pRXogwqmk  pOi dAW dI  2012 dOrwn  Aqy dUjI  pI VHI  (M1V2) dI 2013 dy bsMq 
dOrwn  buA weI kI qI geI [ ds AwrQk Aqy  guxv̀qw  l `CxW Aqy r`q w rog dI  pRqIikirAw d w fwt w 
lY k y ivSl ysx kI qw ig Aw [ Mutagenic a upc wr qoN pYdw hoeI A wn uvMiSk pirvrqn SIl qw dy 
sMBwivk  sMkyq M1V1 Aqy M1V2 pI VI AW iv`c aug x SkqI, itl r pRqI Jurmut dI igxqI, iml̀  dI 
vrqoN  Xog  g Mny pRqI  Jurmt, gMn y dI  l MbweI, HR Brix, p̀qI dI lMbweI  Aqy cOV w eI , Aqy eykl  g Mny 
dw Bwr A wi d l`Cxw l eI  mh̀qvpUrn  pirvrqn vyKy g ey [ pi rvri qq g Mny iv`c gMn y dI l MbweI 
166.60 – 185. 80 sY.mI.  vyKI geI Aqy AOsq l MbweI 171.2 sY. mI. sI  [ p̀qI dI lMbweI 10 6.30 
– 114.80  sY.mI.  drj kIqI geI Aqy AOsq l MbweI 111. 4 sY. mI . rhI [ AiDkqm pq̀I dI l MbweI 
114. 80 sY.mI. , 10 Gy ivk rx dy m wi DAm v`l oN  pRwpq ho eI  [ eyk l gMn w Bwr,  g Mnw pRjn n  pRogrwm 
iv`c i èk  mh`qvpUrn  i vSySqw r`Kd w hY [ ies Koj dOrwn  eykl  g Mnw Bwr 720.00 – 961.66 gRwm 
pRwpq hoi eA w [ AiDk qm eykl gMn w Bwr 10 Gy Aqy 2 0 Gy ivkrx duAwrw drj k Iqw ig Aw [ 
ivikrx dI v`DdI mwqrw dw ies ivSySqw au~qy m wVw  pRBwv ipAw [ dUjI  pIVHI (M1V2) dy 
ivikrixq subclones n UM p`lg  p`DrI  n wl r`qw rog (Cf 08 Aqy Cf 09) pathotypes dy t Ik y lgwey 
gey Aqy iehnW iv`c b dlwE vyi IKAw ig Aw [ r`qw rog leI kuJ subclones iv`c m`D pRqIroD drj 
kI qw igAw [ Bwv ieh ik Awn uvMiSk pi rvrqn SIlqw AMkurx,  gMn y dI lMbweI , HR Brix, eyk l 
gMn w Bwr Aqy rq̀ w rog si hnSIl qw leI gwmw ikrn W dI vrqoN krn  n wl pi rvrqn pRyirq kIqw 
jw skdw hY [ g wmw  ik rn W 10 Aqy 20 Gy dI  imkdwr i v̀c i BMn qw pRyirq k rx l eI  izAwd w 
prBwvI rhIAW jdoN  i k i jAwdw  mwqr w nuk swn dwiek i s`D hoeI  [  M1V3 dy klon s iv`c vI 
ivSySqw krn Aqy pRjn n  pRogrwm iv`c Biv`K iv`c vrqoN leI lyKw joKw k Iqy jwx  dI  isPwrS 
cwhIdw k IqI jWdI  hY [  
 
 

mu`K Sbd:- Mutagenesis, r`qwrog, ijxsI qbdIlI, gMn w, g wmw ikrn W [  
 
 
__________________         ________________ 
  mu`K slwhkwr dy hsqwKr           iv`idAwrQI dy hsqwKr 
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CHAPTER - I 

INTRODUCTION 
 

 Sugarcane (Saccharum spp. complex) is an important agro-industrial crop that 

accounts for nearly two-thirds of world sugar production. It is chiefly grown in the tropical 

and subtropical regions. Commercial production of sugar from sugarcane began in India and 

China approximately 2500 years ago and spread to Western Europe in the eighteenth century 

(James 2004). Today, in addition to sugar production, sugarcane and its by-products are used 

as raw materials in the production of fuel, chemicals, bio-fertilisers, paper and pulp etc with 

the possibility of more products being produced through bio-refining (Arruda 2011).   India is 

the largest producer next only to Brazil and is also a major consumer of sugar, with only 3-

5% of the production being exported. With the growing emphasis on production of bio-

ethanol and its blending with fuel, importance of sugarcane would grow in the coming years, 

as it produces about 4000-6000 li/ha of ethanol. Besides sugar and ethanol, nearly 30 by-

products can be produced from sugarcane for value addition. 

 Sugarcane is a highly heterozygous polyploid species (2n=80 to 205). Modern 

sugarcane varieties are complex hybrids arising primarily from S. officinarum, S barberi, S. 

sinese hybridized with S. spontaneum. Natural or induced genetic diversity is a vital 

component of a plant breeding program. In sugarcane, molecular diversity studies have 

revealed that the modern commercial cultivars have been developed from a limited genetic 

base and were derived from only 20 S. officinarum clones and less than ten S. spontaneum 

derivatives (Sreenivasan et al 1987). 

 Development of a sugarcane variety with stable performance has been a challenging 

task for sugarcane breeders. Sugarcane produces flowers in specific environmental niches i.e. 

in tropical regions. Due to its heterozygous and polyploid nature, the flowering behaviour of 

sugarcane genotypes poses many challenges to sugarcane breeders viz. (i) poor fertility, (ii) 

non-synchrony, (iii) non-flowering of specific genotypes etc. Furthermore, any genotype 

developed may not be perfect in all aspects. Therefore, there is a need to diversify the genetic 

base of this crop. 

 Successful use of plant breeding for improving crops requires the existence of genetic 

variation for useful traits but the desired variation is often lacking. However, radiation can be 

used to induce mutations and thereby generate genetic variation from which desired mutants 

may be selected. Mutation is a sudden heritable change in organism generally the structural 

change in gene. The term mutation breeding was first coined by Freisleben and Lein (1944) 

referring to deliberate induction and development of mutant lines of crop improvement. 

Mutation breeding is one of the conventional breeding methods in plant breeding. It is 

relevant with various fields like, morphology, cytogenetics, biotechnology and molecular 
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biology etc. It’s produced by change in the base sequence of genes and it can be induced 

either spontaneously or artificially both in seed and Vegetative Propagated crops. Induced 

mutations offer the possibility of generating desired attributes that either cannot be expressed 

in nature or have been lost during evolution (Brunner 1995).  Mutation breeding has made 

significant contributions by way of development of more than 3100 mutant cultivated 

varieties in about 190 plant species. Mutations have also been found to be effective in 

improving one or few traits in an otherwise agronomically adapted variety. 

 Direct use of mutations is a very valuable supplementary approach of plant breeding 

and the main advantage of mutation induction in vegetatively propagated plants is the ability 

to change one or few characters of an outstanding cultivar without altering the remaining 

genotype.  

 Mutations may be recessive or dominant but the former is more common although the 

cannot express phenotypically unless two recessive genes come together as homozygotes 

(Smith 1958, Ehrenberg 1960, Hrishi and Marimuthamal 1968). This expression requires one 

or more generations of recombination of two or more similar recessives to affect the 

phenotypic appearance in the population. The screening and selection of mutants have been 

reported to be preferable from second irradiation generation because in case of recessives 

both loci are rarely mutated, and therefore segregation must be permitted so that mutants can 

be isolated in homozygous condition (Favret 1960).  

In sugarcane, most recessive mutants have been selected for the improvement of 

many characters. Several breeders have reported the successful use of mutations for 

developing genotypes resistant to diseases in sugarcane (Jagathesan et al 1974; and Srivastava 

et al 1986), sugarcane mosaic virus (Breanx 1975, Dermodjo 1977, Siddiqui and Javed 1982). 

Induced mutations in sugarcane have been reported for desirable traits and to induce red rot 

resistant mutants of sugarcane variety Co S 687 using gamma rays and chemical mutagens 

(Siddiqui and Javed 1982). 

It was observed that a 4 kR dose of ionizing radiations was fatal for cane cuttings 

(Tysdal 1956), but on other hand (Panje and Prasad 1959) reported that 7.2 kR had little effect 

with 50% mortality at 14.4 kR. Vijailakshmi & Rao (1960) and Siddiqui & Javed (1982) 

reported that 3 kR was the safe dose to induce mutations in sugarcane. Price and Warner 

(1959) outlined the possible use of mutations for sugarcane improvement. To overcome the 

problems of generating variability, augmenting the conventional breeding like induction of 

mutants was seen as a potent tool for sugarcane breeder (Patade and Suprasanna 2008).  

In this study, sugarcane variety Co J 64 was selected because it is an early maturing 

variety developed from the cross (Co 976 x Co 617).  It covered nearly 80% sugarcane area in 

Punjab during 1980’s. It is short duration (maturing in 8 months), high sugared, high yielding 

but susceptible to red rot disease caused by Colletotrichum falcatum went which poses a 
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challenge to sugarcane cultivation in many parts. It has medium thick greenish yellow canes 

with barrel shaped internodes. Despite extensive breeding efforts, till date no genotype has 

surpassed the early maturity and high quality characteristics of Co J 64, and it is still the 

quality check for the North West zone of the country. Efforts to develop red rot resistance 

through conventional breeding have not been fruitful.  So, efforts have been made in present 

study entitled ‘ Irradiation induced mutagenesis in sugarcane’ to generate variability for yield 

and quality traits in addition to induce red rot resistance in sugarcane variety Co J 64 using 

gamma rays with following objectives: 

Objectives 

� Use of gamma irradiations on somatic tissue (buds) of sugarcane to generate variability. 

� Estimation of genetic variability generated in the mutagenic population for different 

agronomic and quality traits and for reaction to red rot disease. 
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CHAPTER – II 

REVIEW OF LITERATURE 

 

 The use of physical mutagens in mutation breeding dates back to the early 20th 

century with the use of  X-rays and later, gamma and neutron radiation (Novak and Brunner 

1992). They have been used in mutation breeding of many crops including sugarcane. 

Mutation efficiency of physical mutagenic agents depends on the dose, dose rate, dose 

distribution and exposure time (Brunner 1995, Suprasanna et al 2009). The establishment of 

these parameters relies upon radiation type, radiation facilities and the type of material to be 

exposed to radiation (Brunner 1995). X-rays and gamma rays can penetrate deep into the 

tissue due to limited scattering and concentration of the ion beam on the plant tissue leading 

to high mutation frequency compared with UV-light and neutron radiation (Suprasanna et al 

2009). Physical mutagens are less hazardous and are easier to handle compared to chemical 

mutagens (Suprasanna et al 2009), but are relatively expensive due to the equipment required 

(Poehlman and Sleper 1995). 

  Physical mutagens both ionizing and non-ionizing radiations are widely used to 

induce mutations in different kinds of plant parts. Ionising radiations generally used are X – 

rays and gamma rays. Mutation induction with radiation was the most frequently used method 

to develop mutant varieties and gamma rays were employed to develop 64 per cent of the 

radiation induced mutant varieties (Ahloowalia et al 2004). In India also, out of 313 mutant 

varieties developed so far, 169 mutant varieties were obtained by using gamma rays (Chopra 

2005). Gamma rays have been commonly used for sugarcane mutagenesis. 

Mutation studies in sugarcane 

 Rao (1954) obtained an increase in colour range of stripes and differences in 

flowering propensity following exposure of buds of a striped variety of sugarcane to X-ray. 

Out of 164 In vitro selected resistant lines, after two years field trials, only 8 were 

found to be resistant against red rot disease according to red rot disease rating scales as 

proposed by Srinivasan and Bhat (1961). 

 Plants obtained from vegetative buds of sugarcane variety Co 449 were exposed to 

500 r, 1000 r, 2000 r, 3000 r, 4000 r, 5000 r and 10000 r of gamma radiation from a 60Co 

source were inoculated with the D strain. One plant each from the vegetative progeny of buds 

subjected to dosages of 500 r and 3000 r were found to be resistant while all the others (an 

average of about 1500 for each dosage) were susceptible. The mutant clones were 

morphologically indistinguishable from the original variety (Rao et al 1966). 

 Many factors are involved in radio sensitivity and the best practice is empirical  one 

i.e. the starting material should be first exposed to a range of doses, centered around the 
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optimum one, either that found in literature or a calculated optimum (Sparrow et al 1967). 

Hrishi and Marimuthamal (1968) treated setts of sugarcane cv Co 419 with five 

chemical mutagens. Mutations for shortened internodes and glabrous leaf sheath were 

induced. Some tissue damage was observed, like dissected lamina. 

Malhotra and Vijaybhanu (1969) found stripped chimera in the sugarcane variety Bo 

14 and a chimera with copious ivory markings in Bo17. Other morphological characters and 

juice quality of both these clones resembled with those of normal plants. Chimera of Bo 32 

showed a marked reduction in size and brix values and were susceptible to P tucumanensis. 

Jagathesan and Srinivasan (1970) observed growth stimulation by applying low doses of X-

rays in main shoot in some of the varieties. 

 Mustafakhan and Zakir (1970) observed improvement in quality of sugarcane juice in 

X1 and X2 generations with a dose of 7.5 krad and in cane weight in the X1 generation with a 

dose of 4 krad. Increased sugar content was obtained by Shankaranarayan and Babu (1970) by 

applying 1500 r to 2000 r dose. Some promising mutants of the varieties Co 527 and Co 663 

have been obtained by Haq et al (1970) following gamma radiation. 

  Cane setts of variety Co 997 were irradiated with gamma rays at dose rate of 2000 

rad. This resulted in the production of a mutant highly resistant to red rot. The mutant was 

similar to the original non-irradiated stock in all other respects (Singh 1970). Four varieties of 

sugarcane were  irradiated with Gamma rays and X-rays at doses 1, 2, 3, 4 and 5 kr. Ml, M2 

and M3 generations were studied. A useful glabrous leaf sheath mutant, breeding true in the 

M3 generation was isolated from cvs Co 419 and Co 527 (Jagathesan and Ratnam 1970). 

Irradiation and chemical mutagenic treatment was applied in the sugarcane varieties Co 997, 

Co449, Co527 and Co312. By applying this treatment induced mutants with P tucumanensis 

resistance have been obtained (Shah 1972). Nair (1973) was able to isolate Co 997-24-1 red 

rot  resistant mutant which was similar to Co 997 a susceptible variety for yield of cane and 

sugar and for sucrose content of the juice. 

Rao (1974) described the breeding behavior of first generation mutants from bud setts 

of Co 419 that had been treated with gamma rays.  Bari (1974) exposed buds of four high 

yielding sugarcane varieties BL 4, BL 19, CoL 54 and L 116 were exposed to 2, 3 and 4 KR 

dose of gamma rays. Some mutants were obtained which were resistant to red rot and mosaic 

virus. Haq et al (1974) obtained nine mutants of Co 633 and six of Co 527 which showed 

different degrees of resistance to G tucumanensis. The mutant Co 527-85 was resistant in both 

field and laboratory. 

 Single-bud setts of sugarcane were irradiated with 3 and 5 KR of gamma rays and 

tested for resistance to G tucumanensis in the M2 generation. A considerable increase in 

resistance was observed (Haw et al 1974). 

 Single bud setts of varieties Co 419, Co 312, Co 527 and Co 602 were irradiated with 
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gamma rays at dose rate 3, 5, 6 and 8 KR and X-rays at dose rate 5, 7.5 and 10 KR. The 

variety Co 527 gave highest frequency of moderately resistant mutants  in the VM2 generation 

followed by Co 312 (Jagathesan et al 1974). Roach (1974) reported that Triton and Appolo 

cutting sub-clones when treated with 3 and 5 KR of gamma rays had significantly higher 

sugar content and lower fiber. Krishnamurthi and Tlaskal (1974) developed in vitro sugarcane 

lines that were resistant to Fiji disease virus through somaclonal variation and selected lines 

that had retained the high yield characterized by the parents. 

Acute gamma irradiation effects at 1.0, 2.0, 3.0, 4.0, 5.0, 7.5, 10.0 kr, on sugarcane 

(Saccharum sp) clone Co 547 setts were studied through the grand growth period that 

included bud radiosensitivity estimation. Cane yield decreased significantly from 3·0 kR, 

chiefly due to low plant survival at maturity. Variants were selected for increased internode 

thickness, higher tiller number and rind colour changes. Variability can be induced in a high 

frequency in sugarcane following sett irradiation. However, in order to maintain a positive 

high yield, optimum sugar recovery and population size, the treatment limits should not 

exceed 3.0 kR (Siddiqui 1975). 

Bhagyalaxmi (1975) studied the induction of mutations in sugarcane and many 

morphological changes were observed in plants at nine month stage in VM1 generation. 

Jagathesan (1977) obtained mutations in a number of varieties in the Co series following 

mutagenic treatment of single bud setts, particularly for dwarfness, flowerlessness, high sugar 

content, glabrous leaves, increased growth rate and yield and resistance to G tucumanensis.  

  An erect leaved mutant of Co 740 and several mutants of Co 419 with increased stem 

diameter, individual cane weight and sucrose percentage were  isolated by Rao et al (1977) 

when treated with 2 KR of gamma rays. A vigorous fast growing mutant with a shorter span 

of vegetative growth, sixty days earlier than the parent variety Co 527, was isolated from 

gamma irradiated vegetative buds. The mutant initially segregated but stabilized in the M4 

generation. Its growth rate was almost fifty per cent higher than of Co 527, beginning in the 

early stages of growth. It produced a significantly higher early shoot population which 

enabled it to yield a higher number of millable canes at maturity. However economic 

characters like sucrose content and juice purity remained unaffected (Jagathesan 1978).  

 Selim et al (1980) studied the effect of gamma -irradiation (3, 4, 5 or 6 kr) on 

singlebud cuttings of sugarcane cultivars NCo 310 and GT 54-9 was studied. Germination 

percentages decreased at all rates compared with untreated controls in both the cultivars. The 

number of internodes in NCo 310 increased significantly at all the doses in the plant crop but 

in GT 54-9 the increase occurred only with the 3 kR dose in the plant and first ratoon crops. 

Irradiation reduced leaf area at the low doses (3 and 4 kR) in the plant crop, but increased the 

number of tillers and millable canes. 

 Six commercial varieties of sugarcane under cultivation in India were subjected to 
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mutagenic treatment for inducing mutations (Jagathesan 1982). More than 50 mutants for 

various morphological characters, disease resistance and higher sugar content were obtained.  

 Single bud setts of sugarcane variety Co 1148 were irradiated with physical mutagens 

(gamma rays) and chemical mutagens (EMS and SA). The clones which survived were 

inoculated with red-rot isolate of Co1148. Mean, range and C.V % were estimated for brix 

number, sucrose percent, purity coefficient, commercial cane sugar, juice extraction % and 

fibre content in mutagenic population of sugarcane. Significant increase in mean values, 

range and C.V % was observed for most of quality characters as compared to control 

(Khairwal et al 1984). 

 Seven multiple-bud mutants, including one gall-forming mutant (US 94-12) were 

tested with two normal cultivars of sugarcane plant crops for 2 years in a randomized 

complete block design with four replications. Normal cultivars produced one shoot per node 

in the greenhouse. Most multiple-bud genotypes produced two shoots per node, except US 

94-12 that produced 4.5 shoots per node. Development of a multiple-bud cultivar will be 

hindered by the low rate of transmission and therefore, the large population required for 

selection (Burner and Legendre 1997). 

 Three morphologically  distinct mutants of M-1, M-2 and M-3 were isolated from 

30,40 and 60 Gy of gamma rays treated plant population of sugarcane cv CoS 687 with the 

frequency of .01%, .04% and .01% respectively and found stable upto VM5 generation. Three 

mutants were found resistant to red rot (Singh et al 1999). 

A study was carried by Khan et al (2000) out to develop mutants in sugarcane using 

in vitro mutagenesis technology. The calli were exposed to four radiation doses. The plants 

did not develop from calli exposed to dose of 6.0 Kr but developed well with lower doses. 0.5 

Kr showed good effect on some agronomic characters i.e. plant height number of tillers per 

plant, cane thickness and number of green leaves per plant. 

 Kwon-Ndung and Ifenkwe (2000) conducted studies on sugarcane between 1994 and 

1998 using gamma radiations. A dose sensitivity range of 4-8 Kgy were identified for 

optimum germination of cane buds. Growth and quality traits of first generation of vegetative 

mutants (M1V1) reduced when gamma dose increased. Relationship which was inconsistent in 

MIV2 showed stabilised effects of these traits in MlV3. 

Majid et al (2001) irradiated three varieties of sugarcane, ‘Isd-2/54’, ‘Nagarbari’ and 

‘Latarijaba’, with 20, 30 and 40 Gy gamma rays.  Among the 2,954 MV3 hills, inoculated 

with red rot spore suspension, 37 resistant and 151 moderately resistant plants were isolated. 

In another experiment, four varieties of sugarcane, ‘Isd-2/54’, ‘Isd-16’, ‘Nagarbari’ and 

‘Latarijaba’ were irradiated with 20, 40 and 60 Gy gamma rays. Approximately, 10,000 MV3 

canes were planted in a low-lying field, and subjected to water-logging stress. MV5 and MV6 

populations were inoculated with red rot spore suspension under waterlogged conditions. Five 
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MV5 variants were selected on the basis of greenness of the leaves, growth of the canes, 

number of nodes bearing adventitious roots, Brix index, cane yield and disease reactions, and 

grown as MV6 propagation. Three selected variants, SCM-12, SCM-14 and SCM- 15, were 

tolerant to waterlogged conditions in MV6. Two additional varieties, ‘I-291/87’ and ‘I-

525/85’ were treated with 20, 30 and 40 Gy gamma rays to select for delayed/non-flowering 

types. Four variants were selected in MV3 for showing delayed flowering where as one 

mutant, SCM-28 flowered three months later than the parent ‘I-291/87’ 

Sugarcane clones resistant to sugarcane mosaic virus (SCMV) were obtained using 

induction mutation by irradiating calli from the susceptible cultivar B6749 with 2 krads of 

gamma rays. The regenerated plantlets were tested for resistance to strain B of SCMV in the 

greenhouse and the resistant clones were transferred to the field. They have shown stable 

resistance to viral infection for eight clonal generations of (Zambrano et al 2003). 

Seven week old well developed calli of sugarcane were either treated with different 

concentrations of sodium azide ranging from 1.0 to 5.0 mg/l or irradiated with 10 Gy, 20 Gy, 

30 Gy, 40 Gy and 50 Gy doses of gamma-rays for induction of mutation. Partially purified 

toxin of Colletotrichum falcatum ranging from 0.05% to 0.5% was added in callus 

regenerating medium. Minimum plants were regenerated at 0.5% toxin with maximum callus 

death. These plants regenerated from callus which was insensitive to red rot toxin and were 

supposed to be disease resistant. These in vitro screened plants after rooting were hardened 

and acclimatized in the glass house and were shifted into the field. Field screening was 

carried out against two different isolates of Colletotrichum falcatum by using syringe method 

of inoculation (Ali et al 2007). 

Vegetative cuttings of three sugarcane clones NI-98, NIA- 2004 and BLA were tested 

for induced somatic mutations using irradiation doses of 0, 10,20, 30, and 40 Gy. The dose 30 

Gy and 40 Gy showed negative impact on agronomic traits but the dose 20 Gy had enhancing 

effect on plant height and cane yield (Khan et al 2007). 

Sugarcane mutants against salt tolerance were derived using in vitro selection and 

regeneration under NaCl stress. Sugarcane cv Co 86032 was used for callus development 

from meristematic leaf whorl. Callus was treated with EMS, a potential mutagen at 0.5% for 

different time intervals of 1, 1.5, 2, 2.5 and 3 hours separately. Calli treated with EMS for 2 

hours failed to induce any active regeneration. A maximum number of 15 healthy plants were 

successfully regenerated from the calli treated for 2.5 hours. Treatment of EMS for 3 hours 

induced regeneration at lower rate with three healthy plants only. Treatment for 2.5 hours was 

most ideal in deriving maximum mutants (Kenganal 2008). 

 Callus cultures were developed  in three commercial sugarcane varieties viz, CoJ 64, 

CoJ 83 and CoJ 86 from spindle explants on MS + 2, 4-D (4 mg l-1) + BAP (0.5 mg l-1) 

medium. Callus and callus derived shoots were treated with gamma radiation at 20, 40, 60 
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and 80 Gy. Per cent shoot regeneration from gamma-irradiated calli in the three varieties 

ranged from 90 to 93.8 at 20 Gy, 83.3 to 87.5 at 40 Gy, 30 to 36.4 at 60 Gy and 0 at 80 Gy. 

Upon irradiating shoots, subsequent shoot proliferation in the three varieties ranged from 90.9 

to 93.1% at 20 Gy, 82.6 to 84.0% at 40 Gy and 27 to 32.3% at 60 Gy, whereas 80 Gy dose 

was 100% lethal. Thus, 60 Gy dose of gamma-radiation was found to be optimum for 

carrying out mutagenesis of both callus and callus derived shoots. In the field, different 

irradiated clones of the same variety exhibited huge variability with respect to number of 

canes, cane girth, cane height and sucrose content (Kaur and Gosal 2009). 

In vitro mutagenesis was employed in the selection of salt tolerant lines in popular 

sugarcane (Saccharum officinarum L) cv CoC 671,Co 86032 and Co 94012. Embryogenic 

cultures were gamma irradiated (10-50Gy) and challenged with different levels of NaCl (42.8 

- 256.7 mM). Plant regeneration was observed in 10 and 20Gy irradiated calli up to 171.1 mM 

NaCl selection. A total of 147 plantlets were selected on different salt levels and the tolerant 

lines evaluated at field level. Plantlets regenerated form irradiated calli of sugarcane cv CoC-

671, Co 86032 and Co 94012 were field planted and agronomically desirable variants were 

identified for economic traits like cane yield and sucrose (Suprasanna et al 2009). 

In a study by Khan et al (2010) variability obtained from mutation breeding (gamma 

rays) in sugarcane was examined through molecular marker techniques (RAPD). A total of 85 

loci were amplified, out of which 76.47% were polymorphic and 23.53% were monomorphic. 

Fragments size ranged from 220bp-2.1kb and fragments produced by various primers ranged 

from 3-13 with an average of 5 fragments per primer. The highest number of loci (13) was 

amplified with primer B-07, while the lowest number 3 with primer B-01. Results revealed 

that mutant P1 (20Gy) contained a specific segment of 2.03kb. Genetically most similar 

genotypes were P2 (10Gy) and P4 (20Gy) (95.55%) while most dissimilar genotypes were P4 

(10Gy) and P3 (20Gy) (63.2%). On the basis of results achieved, the mutants could be 

divided into four clusters and three groups. Mutants P4 (40 Gy) and P4 (10 Gy) were 

genetically distinct from other mutants. 

Three sugarcane clones viz., NIA-98, NIA-0819 and BL4 were used for induction of 

genetic variability through in-vitro mutagenesis. Apical meristametic region was used for 

callus induction on 4mg/l 2,4-D. Actively growing callus was treated with four different doses 

of gamma rays (10Gy, 20Gy, 30Gy and 40Gy). Maximum callus proliferation and plantlet 

regeneration and growth was observed in control and minimum at 40 Gy. Maximum 

chlorophyll mutation frequency was recorded in 30 and 40 Gy. Maximum number of roots 

were observed in control followed by 10 Gy. The maximum root length (10.3cm) was 

obtained in control at 2 mg/l IBA. The tiller number was maximum in the irradiated 

population at 10 Gy. The treatments 30Gy and 40Gy exhibited negative impact on tillering 

potential of the plants (Yasmin et al 2011). 
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 In order to induce mutation in two commercial varieties of sugarcane in Iran viz. 

CP48-103 and CP57-614, ethyl-methane sulfonate (EMS) was utilized in different doses on 

calli. Callus cells of these varieties were exposed to EMS at different concentrations. Besides 

it implied the significance of regression coefficient at a=0.01. A regression equation for the 

relation between utilized dose of EMS and mortality of calli obtained was Y= -8.18 +5.28X 

(Sadat and Hoveize 2012). 

 A new sugarcane variety Guifu 98-296 was selected by mutation breeding by Song et 

al (2011).  In different sugarcane growing test areas of Guangxi, Guifu 98-296 cane output 

was 118.95t/hm2, sugar output was 16.65t/hm2, and these were  higher by 32.98% and 

29.07%,  respectively,  than those of ROC 22the main variety in Guangxi. The differences 

between the two were highly significant. Guifu 98-296 grows quickly with middle stalks, 

strong resistance to insect and disease, good ratoon performance, and was found suitable for 

growing in the drought and slope upland of Guangxi Province. 

 The brown rust susceptible sugarcane genotype B4362 was subjected to in vitro tissue 

culture and physical and chemical mutation induction procedures. Five brown rust resistant 

mutants with hypersensitive response to Puccinia melanocephala were selected out of a total 

population of 11 167 regenerated plants. The brown rust resistant mutants showed variations 

in molecular, morphological, and agronomic traits. Sugar yield was improved in two mutants 

with increments in stalk length, stalk number, and stalk diameter (Maria et al 2012). 

Mutation studies in other vegetatively propagated crops 

 Vasudevan et al (1967) opined that a radiation dose between 40-70 Gy was optimum 

for stem cuttings. Lapins et al (1969) reported that the irradiation of very young peach 

seedlings from embryo culture resulted in increased mutation frequencies with increasing 

dose. Singh and Iyer (1972) carried out an experiment to standardize dosimetry for young 

slips of cultivars Kew and Queen pineapple by irradiating with gamma rays from 1 to 200 kR. 

For both the cultivars 70 kR was found to be the LD50 dose. 

 Mutagenic treatments were applied at different stages previous to the development of 

adventitious buds of potato. Mutations were induced by ethyl methanesulphonate (EMS) and 

X-rays. The use of the adventitious-bud technique resulted in a considerable reduction of 

chimerism when X-rays were used. A dose of 2 krad of X-rays was optimal for the production 

high numbers of mutated plants (Miedema 1973). 

Rhizomes of two turf bermudagrass cultivars were treated with gamma rays of 

dosages 9000 and 11,300 rads. Seventy one distinct mutations were screened in the treated 

material. The most frequent mutations observed were dwarfism and change in color hue of 

stolons (Powell et al 1973). 

 From shoot tip explants of taro (Colocasia esculenta (L.) Schott) plantlets were 

regenerated on a Murashige and Skoog medium treated with 0–20 Gy of gamma radiation. 
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These were acclimated in the greenhouse and cultivated in the field. No visible variation was 

observed among plants grown from seed corms and shoot tips treated with gamma radiation. 

A 12% rate of variation was observed among plants directly regenerated from the irradiated 

shoot tips. Among these plants, eight variants were selected and observed for various 

characters during the succeeding year. Increased number of lateral shoots, flowering behavior, 

increase or decrease in plant height, presence or absence of corms, unusually small and large 

leaf blades, variations in the amount of anthocyanin in petioles, late sprouting and late wilting 

were among the significant characteristics of the variants. Variants R28 and R51, which were 

dwarf types, and R56 and R152, whose corms could be separated easily from the main corm, 

were considered horticulturally valuable. Variants R12 and R15 did not produce corms, but 

extensive flowering occurred (Malamug et al 1974). 

 The seeds of Co 1 red gram (Cajanus cajan (L) Millsp.) were treated with gamma 

rays (0, 14, 16, 18, 20, 22, 24 and 26 kR) and EMS (0, 60, 70 and 80 mM for 4 hr at room 

temperature).Observations were recorded in the M1 and M2 generations. The chlorophyll 

mutations in M2 were maximum at 24 kR of gamma rays and 70 mM of EMS, but the 

maximum frequency of viable mutations was noted around 16 kR and 60 mM. The percentage 

of viable mutations was found to be greater for gamma ray treatments compared to those for 

EMS. Some morphological mutants have been reported for the first time (Khan and 

Veeraswamy 1974). 

Moh and Alan (1974) irradiated stem cuttings of cassava with upto 40 Gy gamma 

rays. The LD50 dose was approximately 30 Gy (1Gy= 100 rad).  Mutant plants arising in the 

progeny of induced interchange heterozygotes of grain Sorghum variety I S 3566 were 

studied. The mutants were classified and considered under three different height classes of “2-

Dwarf”, “1-Dwarf” and “0-Dwarf”. The “2-Dwarf” (tall) plants were observed to produce 

more grains than the “3-Dwarf” (short) controls. Other vegetative and panicle characters in 

the apparently true-breeding mutant were also affected including increased numbers of leaves, 

nodes and productive tillers. The mutant plant produced red grains on compact panicles of 

reduced length compared to chalky white grains on the semicompact panicles of the untreated 

controls. An increase in grain weight of about 21 per cent was shown in selfed progenies 

studied through successive generations (Rao and Reddi 1975). 

 Tuber eyes of Katahdin and B5141-6 potatoes were irradiated with doses below 4500 

Rads X-rays or 1200 rads fast neutrons. Only slight reductions were observed in sprouting 

and growth. Survival was reduced about 50% by 1400 rads fast neutrons and 97% by 5500 

rads X - rays (McCollum 1977). 

 Survival rate of apple seedlings was higher along with better mutation rate under 

water protection of basal part when one year old dormant shoots were treated with 5-10 kR 

gamma irradiation (Lacey and Campbell 1977). Das et al (1978) obtained 19 flower mutants 
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when dahlia tubers were irradiated with gamma rays up to 8 kR. 

 Stolon pieces of St. Augustine grass were irradiated with gamma rays in an attempt to 

cause mutations. Dosage for most genotypes was 4500 rads. This caused 50% growth 

retardation and a mean survival of about 40% of single -node cuttings. At this dose up to 7% 

recognisable mutants of accession FA-243 were obtained. This proportion was observed when 

irradiated cuttings were propagated clonally. A chimeric anthocyanin change too was noticed 

(Busey 1979). 

 Mutation frequency in diploid and autotetraploid of Portulaca grandiflora, Hook, 

following treatment of 2n and 4n cuttings with gamma-rays at 2, 4 and 6 krad was compared. 

Pointed leaf mutant in 4n at 4 krad revealed a case of somatic reduction (Raghuvanshi and 

Singh 1979). Gupta et al (1982) exposed rhizome pieces of Costus speciosus to 15,20, 25 and 

30 Gy. Based on sprouting and survival, they concluded that the LD50 for C speciosus appears 

to be around 30 Gy and  reported that six plants of Costus were selected for increased yield 

with higher or lower diosgenin content after irradiation of rhizomes with gamma rays. 

Besides, plants showing early flowering, dwarf and increased branching types were also 

selected for further study. 

 Rangaswamy (1986) while recording the achievements of mutation breeding research 

one distinctly dwarf mutant was obtained when scion sticks of Dashehari was subjected to 3.5 

kR gamma rays whose fruit quality was similar to Dashehari, but fruit size was small (Sharma 

and Mujumdar 1988). For X rays and gamma rays dose range between 20-30 Gy is preferred 

by most workers for vegetative parts of potato. Doses of 80- 100 Gy are usually lethal 

(Broertjes and Van, H 1988). Sharma and Mujumdar (1988) subjected scion sticks of mango 

cultivars, Mallika, Dashehari, Amrapali and Neelum to a wide range of acute gamma 

irradiation. They reported that LD50 was 2.4, 2.9, 3.2 and 3.9 kR respectively, for these 

cultivars. 

 Mohanty and Panda (1988) conducted a mutagensis study in ginger by comparing 

physical (gamma rays) and chemical (EMS) mutagens. The LD50 value for gamma rays was 

between 0.5 to 1.5 kR whereas, it was between 0.9 to 1.5% for ethyl methane sulphonate 

(EMS). They opined that EMS was more effective in inducing chlorophyll and morphological 

mutations and both mutations proved effective in enlarging morphological variations in this 

vegetatively propagated crop. Critical dose for developing buds of sour cherry was 30 Gy 

(Zykov and Klimenko 1989). 

 For induction of mutation in banana cultivar Maca, an in vivo method was adopted in 

which rhizomes from adult plants were placed in sterile vermiculite medium in green house. 

Sensitivity of lateral buds from the rhizomes was assessed. LD50 was found to be 30-40 Gy 

(Neto et al 1989). Datta and Banerji (1990) reported that the size of stomata and stomatal 

index of bougainvillea were significantly reduced in gamma ray induced mutants.  Roy et al 
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(1990) obtained one seedless mutant in M1V2 plants when bud wood of highly seeded lemon 

was exposed to 50 Gy gamma rays and buds from M1V2 plants budded on to sour orange. 

Somatic mutations were induced by Banerji and Datta (1991) in chrysanthemum 

cultivar ‘Anupam’ after irradiation of rooted cuttings with 1.5, 2 and 2.5 kR gamma radiation. 

Coloured mutants were found in the M1 population as chimeras as well as three full coloured 

flower mutants which were isolated and established as new cultivars. 

Giridharan and Balakrishnan (1992) applied four different doses of gamma rays for 

irradiating ginger cultivars Rhio de Janeiro and Maran. The sprouting percentage of treated 

rhizomes was reduced by 50 per cent between doses of 1.5 and 2 kR. 

  Jayachandran and Kumar (1992) irradiated rhizomes of ginger cv Rhio de Janeiro 

with five doses viz 0.50, 0.75, 1.00, 1.25 and 1.50 kR utilizing Co60 gamma chamber.  LD50 

value based on surviving plants appeared to be between 1.0 and 1.25 kR. Jayachandran and 

Kumar (1992) observed chlorophyll chimera in ginger to a limited extent ranging from 2.5-

6.5 per cent when irradiated with gamma rays. Though increased irradiation doses reduced 

different vegetative characters in ginger, flowering behaviour was not altered by the 

irradiation doses (Giridharan and Balakrishnan 1992). 

 Genetic and developmental effects of heavy ions in maize and rice were investigated. 

The frequency of occurrence of white-yellow stripes on leaves of plants developed from 

irradiated maize seeds increased linearly with dose, and high-LET heavy charged particles, 

e.g., neon, argon, and iron, were 2-12 times as effective as gamma rays in inducing this type 

of mutation. The effectiveness of high-LET heavy ion in inhibiting rice seedling growth, 

reducing plant fertility, inducing chromosomal aberrations and micronuclei in root tip cells 

and pollen mother cells of the first generation plants developed from exposed seeds, and  

inducing mutation in the second generation, were greater than that of low-LET gamma rays. 

All effects observed were dose-dependent; however, there appeared to be an optimal range of 

doses for inducing certain types of mutation, for example, for argon ions at 90-100 Gy, 

several valuable mutant lines with favorable characters, such as semidwarf, early maturity and 

high yield ability, were obtained. RFLP analysis of two semidwarf mutants induced by argon 

particles revealed that large DNA alterations might be involved in these mutants (Mei et al 

1994). 

Nwachukwu et al (1994) studied the radio sensitivity of black ginger (cv Vatsum 

Biri) and yellow ginger (cv Tafin Giwa) by irradiating at 2.5, 5.0, 7.5 and 10.0 Gy gamma 

rays. GR50 (50% growth reduction) values were 5 and 6 Gy for Tafin Giwa and Yatsum Biri, 

respectively, while, LD50 value was 8.75 Gy for both varieties. 

Hemalatha (1998) observed several morphological changes in irradiated carnation 

plants. They included flower variegation, incurved petals, distorted petals, change in flower 

colour and small size flowers. These changes persisted through subsequent vegetative 
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generations and were considered to be cases of somatic mutation and survival percent of 

49.96 at 3 kR and 58.20 at 2.5 kR indicating that LD50 value for carnation cuttings lies 

between those two doses. Hemalatha (1998) obtained three viable mutants of carnation cv. 

Sterilite Dop in VM2 generation viz, colour mutant with red colour, another colour mutant 

with reduced orange tinge at 1.5 kR and miniature flower mutant at 2.5 kR gamma rays. 

Rao (1999) used 0.3, 0.6 and 0.9 kR gamma irradiation treatments in turmeric cv 

Mydukar. With increasing dosage of radiation germination, growth and yield per plant were 

reduced. While using gamma irradiation for turmeric reported that treatment with 0.6 kR 

resulted in an increase in curcumin content. He also observed that chlorophyll mutations were 

observed at the highest dose. Chezhiyan and Shanmugasundaram (2000) released a promising 

turmeric variety (BSR-2) which is the result of irradiation of Erode local with 10 kR X-ray. It 

has medium stature, short duration and 32.7 t/ha mean rhizome yield.  

Axillary bud explants of carnation were subjected to mutagenic treatment with ethyl 

methane sulphonate under in vitro conditions. EMS at dose rate of 0.025 and 0.050 per cent in 

culture medium and 0.25 per cent used for explants, showed stimulatory effect on sprouting, 

number of shoots, number of flowers and flower initiation, while higher doses of 0.075 and 

0.100 per cent under MS and 0.50, 0.75 and 1.00 per cent employed for EA caused damage to 

all vegetative and floral parts. Two colour mutants, red with white stripes and pink with white 

stripes were isolated from the mutagen treated population (Singh et al 2000).  

Apical buds of lateral branches in rose, asexually multiplied by cuttings, were treated 

with chemical mutagens and the growth and differentiation of the mutagen treated buds were 

traced in developed flowers. It resulted in variation in size, shape, color and number of petals. 

Frequency was more in flowers that were developed from apical buds treated with N-methyl- 

N-nitro-N-nitrosoguanidine at 10 µgml-1. The variant plants were cultured on MS medium. 

Regenerated plants produced varied flowers different from that originally used for tissue 

culture (Teruo et al 2001).   

 Sweetpotato cultivar Kokei No. 14 was planted in a 60 Co gamma field. Shoot apices 

from the plants irradiated with different doses were cultured on MS medium. Plantlets from 

somatic embryos developed into whole plants on the basal MS medium. The regenerated 

plants were transplanted to field and one mutant with alteration of root flesh color and yield 

was obtained. The root flesh color had changed from light-yellow in the wild-type plant to 

orange in the mutant. The yield of storage roots increased significantly  in the original plant to   

mutant per plant. Carotenoids content of the storage roots in the mutant had significant 

difference compared to the wild-type at the 1% level (Wang et al 2007). 

Mutants of bermudagrass were generated using gamma-ray irradiation with an aim 

toward developing dwarf and drought-resistant bermudagrass. Three mutant lines (7-9, 10-5 

and 10-12) that exhibit slow growth and good turf quality were chosen for this study. 
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Bermudagrass mutants induced by gamma radiation exhibited dwarf characteristics and 

improved drought resistance, which was associated with maintenance of higher levels of 

antioxidant enzyme activities and non-enzymatic antioxidant contents. (Chen et al 2009). 

 Batches of 150 yam mini-tubers of a well adopted local cultivar “Obiaoturugo” were 

gamma irradiated at doses of 0, 10, 20, 30, 40, 50, 60, 70, 80 and 90 Gy. Each irradiated tuber 

including the control was divided into setts weighing 10-15g and planted in the field to MV1, 

separating setts from the head and the tail regions.  At the MV1 generation, increasing doses 

of Gamma-ray irradiation progressively inhibited sprouting of setts isolated from treated 

mini-tubers. These effects were more severe on setts from the tail region than those from the 

head region. Also, plant height, number of leaves, number of nodes and mean tuber yields per 

stand decreased with increased gamma-ray doses. LD50 were observed at 40Gy. At the MV2 

generation, the observed differences among the treatments means disappeared. However MV2 

yam lines with modified vegetative characteristics were isolated (Nwachukwu et al 2009).  

 Using acute irradiation of Gamma-rays and in vitro cultured meristems, selection of 

resistant mutants to bacterial heart rot disease with improved fruit quality has been carried out 

in the most popular variety, Josapine meristem explants were irradiated with a series of 

Gamma-ray doses of 0, 20, 40, 60, 80, 100, 120, 140 and 160Gy and radiosensitivity was 

investigated based on shoot formation and survival rate. Radiosensitivity of meristem tissues 

producing shoots was inversely proportional to the irradiation dose. As the dose was 

increased mutations appeared more frequently, indicated by the formation of albino and 

striped leaves. The dose required for 50% lethality (LD50) and 100% (LD100) of meristem 

tissues for shoot formation were 40Gy and 83Gy respectively (Ibrahim 2009).   

A wide range of viable morphological and physiological mutants were observed in 

M2 and M3 progenies of mungbean (Vigna radiata (L.) Wilczek) cultivars (Vaibhav and 

Kopargaon-1) raised from seeds treated with different concentrations of sodium azide, ethyl 

methane sulfonate and different doses of gamma radiation in a study by Auti and Apparao 

(2009).The most striking type of mutants obtained in the M3 progeny included plant habit, 

leaf structure, flower type, pod type, seed type, early-maturing and high-yielding and Lhb 

mutants. These mutants could be better fitted in new cropping patterns, with improved 

agronomic management and good yielding ability, or can be used in the genetic improvement 

of mungbean crop.  

Mutagenic effectiveness and efficiency of gamma rays, EMS and their combined 

treatments were studied in the genotype of cowpea variety CO 7. The mutagenic treatments 

seeds were tested for lethal dose 50 percent for all mutagens. The frequency of mutation was 

more in combined treatments than gamma rays and EMS. The mutagenic effectiveness and 

efficiency was calculated based on biological damage. In M1 and M2 generations, based on 

seed lethality (L) and seedling injury (I) were carefully screened for various chlorophyll and 
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viable mutations. Mutagenic effectiveness and efficiency increased with the decreased in dose 

or concentration. In the present study EMS was provide to be more effective and efficient in 

causing mutations as compared to gamma rays and the combined treatments (Girija and 

Dhanavel 2009). 

Seed tubers from selected genotypes were grown in the primary nursery and 45-day-

old single node cuttings were taken for mutagenic treatment using physical and chemical 

mutagen selected doses for gamma irradiation were 10, 20, 30, 40, & 50Gy and of EMS were 

0.2, 0.4, 0.6, 0.8 and 1.0 %. The response of Coleus to mutagen varied with concentration as 

well as with genotype. Mutation has changed the plant height, size of tubers and tubers per 

plant. In addition, selected mutants showed photoinsensitivity to tuberization and acceptable 

qualitative changes (Abraham and Radhakrishnan 2009). 

Drought is one of the major environmental stresses which greatly affects the plant 

growth and productivity. In the present study, various doses (0–75 Gy) of gamma rays were 

applied to investigate the effect of radiation on shoot tip explants. It was observed that the 

regeneration rates and plant fresh weights decreased significantly with an increase in radiation 

dose. The optimal irradiation doses for mutation induction were determined as 15 and 20 Gy. 

Afterwards, the induction of somatic mutation in sugar beet (Beta vulgaris L.) was 

investigated by irradiation of shoot tips with 15 and 20 Gy gamma rays (Sen and 

Alikamanoglu 2012). 

The effect of gamma rays on germination, morphological yield and yield components 

characters in cowpea was studied by treating the seeds with different doses of gamma rays (0 

control, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50KR), the morphological, yield and yield 

components characters days to first flower, plant height, number of leaves per plant, number 

of branches per plant, number of pods per plants, number of seeds per plant, 100 seeds weight 

and yield per plant decreased with increased with increasing dose of gamma rays were 

recorded (Gnanamurthy et al 2012). 
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CHAPTER - III 
 

MATERIALS AND METHODS 
 
Experimental material 

 The experimental plant material used in the present study consisted of an important 

sugarcane variety Co J 64 having desirable attributes like early maturity, high sugar and cane 

yield but susceptible to red rot caused by Colletotrichum falcatum. The variety was subjected 

to mutagenic treatment using gamma rays generating variability. About 1200 single buds 

were irradiated as shown in Table 1 below: 

Table 1: Different irradiation treatment combination used in study 

Variety No. of sets Treatment dose (Gy) Duration 

Co J 64 1200 10 1 min 17 sec 

 1200 20 2 min 34 sec 

 1200 25 3 min 13 sec 

 1200 30 3 min 52 sec 

 
Methods 

Priming 

 Single buds of sugarcane variety Co J 64 were subjected to water priming (primed 

and non-primed) prior to their irradiation in gamma chamber. 

a) Priming of buds was done by dipping the buds in water for 12 hours prior to 

irradiation. After that buds were taken to gamma chamber for irradiation and were 

irradiated at varying dose of gamma rays for different durations. 

b) Non-primed buds i.e., fresh cut material was directly taken to gamma chamber for 

irradiation and treated at varying doses of gamma rays. 

Mutation Treatment  

 Somatic tissues (buds) of sugarcane were irradiated for generating variability. Twelve 

hundred single bud setts of Co J 64 were irradiation with gamma rays at aforementioned 

doses in gamma chamber (Blood Irradiator  2000) shown in (plate 1) located at Department of 

Horticulture, Punjab Agricultural University, Ludhiana. Fifty buds were treated at a time in 

gamma chamber for different time intervals viz. 1 min 17 sec, 2 min 34 sec, 3 min 13 sec and 

3 min 52 sec for 10, 20, 25 and 30 Grays (1 Gy = 1 Joule kg-1), respectively.  The material 

generated was used to grow first (M1V1) generation by following two priming methods. 

Planting of Experimental Material 

 Irradiated material (M1V1) obtained from different treatments was planted in the 

Sugarcane experimental area of Punjab Agricultural University, U.S.F, Ladhowal during 

spring 2012 for its evaluation under field condition. All the material was in planted in 
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Complete Randomized Design having plot size of 10.5m ×2.25m with intra-row spacing of 30 

cm comprising 34 buds per row. Irradiated buds were treated with 

Methoxyethylmercuricchloride fungicide by dipping before sowing. Recommended package 

of practices were followed top to raise the healthy crop stand. 

 Canes  from all the treatments were harvested separately and used to raise the second 

generation (M1V2) at PAU, Regional Research Station Kapurthala during spring 2013. The 

plot size comprised of 10 m x 3.65 m in complete randomized design. Single buds were 

treated with Methoxyethylmercuricchloride fungicide by dipping before sowing. 

Recommended package of practices were followed to raise the healthy crop stand. 

Observations Recorded:  

 The data were recorded independently for different traits during both 2012 and 2013 

seasons as detailed below:  

Germination (%) 

   The number of bud germinated per treatment after 45 days of planting were counted 

and percent germination was calculated as:  

Germination (%) = 100x
plantedbudsofnumberTotal

germinatedbudsofNo.  

Survival (%) 

 The number of plantlets survived after 120 days under field conditions was counted 

and percent survival was worked out as: 

100x
germinatedbuds ofNo.

days120aftersurvivedplantletsofNo.
(%)Survival =  

Number of Tillers per Clump  

 The number of tillers from 10 randomly selected clumps from each treatment was 

counted in the first week of August when first few internodes were developed. Average 

number of tillers per clump was calculated.  

Number of Millable Canes per Clump  

 The number of effective millable canes from 10 randomly selected clumps of each 

treatment was counted. Average number of millable canes per clump was calculated. 

Cane Height (cm)   

 The height of 10 randomly selected millable canes from different clumps for each 

treatment was measured above the ground level upto the top most visible transverse mark, 

when the growth was complete. Then the average height was calculated for each treatment. 

Cane Thickness (cm)   

 The cane thickness was measured with the help of vernier calliper at the middle place 

of cane. Ten canes were selected at random and thickness of canes was measured for each 

treatment. The average thickness was calculated for each treatment. 
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Single Cane Weight (g) 

 Weight of randomly selected 10 canes per treatment was weighed separately using 

digital spring balance and average was worked out. 

Leaf Length (cm)  

 The fourth leaf of the cane from the top most visible transverse mark was measured in 

centimetres from the base of the leaf blade to the apex of leaf.  Leaves from ten canes were 

selected randomly and length was measured for each treatment. Average leaf length was 

calculated for each treatment. 

Leaf Width (cm)  

 The width of the fourth leaf from the top most visible transverse mark of the cane was 

recorded from the centre of the leaf where the cane leaf has its maximum width. Width of ten 

randomly selected leaves from each treatment was measured and average was calculated.  

HR Brix (%) 

 Brix was determined by using a hand refractometer (Erma, Japan) with scale ranging 

from 0 to 32˚ B for sugarcane juice (AOAC) (Plate 2), working on the principle that light 

entering a prism has a unique characteristic. That characteristic is represented by a value on a 

scale in units known as ºBrix. When light enters a dry prism, the field of view in an analog 

refractometer remains blue. 

Statistical analysis 

 The data recorded were analyzed according to completely randomized design analysis 

(Snedecor and Cochran 1967) using statistical software CPCS-1 package developed by 

Cheema and Singh (1990). The significance of variation among the treatments was compared 

by applying ‘F’ test and critical difference (CD) at 5 percent level of significance. The 

analysis of variance for each trait was based as per linear model suggested by Fisher (1954). 

                  Yij= µ + gi +eij 

Where, 

Yij= phenotypic observation of ith genotype in the jth replication. 

µ= general population mean 

gi= effect of ith genotype  

eij= error associated with ith genotype in the jth replication. 

On the basis of this linear model the analysis of variance was done as follows: 

Analysis of variance for CRD 

Source of variation Degree of freedom Mean square Expected Mean square 

Treatment (t-1) Mt σ2e + k σ2t 

Error (N-t) Me σ2e 
 

Where: 

t = number of treatments; 



σ2t = variance due treatments;

σ2e = error variance 

k = no. of repeats 

 The standard error of mean SE(m) and critical difference (CD) for comparison of 

means of any two treatments were 

SE (m) = ± Me/r 

SE (d) = ± 2Me/r 

Critical difference (CD) = SE (d) x t value at 5% error degree of freedom

Analysis of variance for the factorial analysis

Linear model 

Yijk = µ + Ai + Bj + (AB) ij + eijk

Where, 

Yijk = phenotypic observation of ith level of factor A, jth level of factor B for the kth 

replication. 

µ = general population mean

Ai = effect of ith level of factor A

Bj = effect of jth level of factor B, and

(AB)ij = interaction effect of the ith level o

Eijk = random error on the basis of this linear model the analysis of variance was done as 

follows 

Analysis of variance for RBD (Factorial)

Source Degree of freedom

Treatment  Pq-

Factor A p-

Factor B q-

AxB (p-1) (q

Error  (b-1) (pq

 
Where,  

b = number of replications 

p = level of 1st factor (A) 

q = level of 2nd factor (B) 

 The standard error of mean SE (m) ± and critical difference CD for comparing the 

means of any two treatments were computed as follows:

SE (m) A = ± √ Me/bq 

SE (m) B = ± √ Me/bp 

SE (m) Ax B = ± √ Me/b 

20 

t = variance due treatments; 

The standard error of mean SE(m) and critical difference (CD) for comparison of 

means of any two treatments were computed as follow: 

Critical difference (CD) = SE (d) x t value at 5% error degree of freedom 

Analysis of variance for the factorial analysis: 

Yijk = µ + Ai + Bj + (AB) ij + eijk 

Yijk = phenotypic observation of ith level of factor A, jth level of factor B for the kth 

µ = general population mean 

Ai = effect of ith level of factor A 

Bj = effect of jth level of factor B, and 

(AB)ij = interaction effect of the ith level of factor A and jth level of factor B 

Eijk = random error on the basis of this linear model the analysis of variance was done as 

Analysis of variance for RBD (Factorial) 

Degree of freedom Mean square Expected MS

-1 Mt σ2 e+  b σ2 AB + bqσ

-1 Ma σ2 e+  b σ2 AB + bqσ

-1 Mb σ2 e+  b σ2 AB ++bpσ

1) (q-1) MaxMb σ2 e+  b σ2 AB  

1) (pq-1) Me σ2 e 

 

The standard error of mean SE (m) ± and critical difference CD for comparing the 

means of any two treatments were computed as follows: 

The standard error of mean SE(m) and critical difference (CD) for comparison of 

Yijk = phenotypic observation of ith level of factor A, jth level of factor B for the kth 

Eijk = random error on the basis of this linear model the analysis of variance was done as 

Expected MS 

σ2A+bpσ2B 

σ2A 

σ2B 

The standard error of mean SE (m) ± and critical difference CD for comparing the 
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Inoculation under field conditions using plug method 

PLATE 3
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SE (d) A = ± √ 2Me/bq 

SE (d) B = ± √ 2Me/bp 

SE (d) A x B = ± √ 2Me/b 

Critical Difference (CD) = SE(d) x t (5%) value at error degree of freedom 

Evaluations of irradiated sub clones against red rot disease  

 The experimental material generated through different mutation treatments in present 

study was planted at PAU, RRS Kapurthala during spring 2013 (M1V2 generation) was 

evaluated for red rot resistance.  

Methods: 

Multiplication of inoculum 

 Red rot pathotypes Cf 08 (from CoJ 84) and Cf 09 (from CoS 767) were multiplied 

on oat meal agar medium in Petri dishes at 25±1ºC. For inoculations, freshly sporulating 7-10 

days old cultures were used. The spores were washed with sterile distilled water and 

homogenized by shaking ; spore suspensions with concentration of 2X104 conidia ml-1 were 

maintained. 

Planting time and inoculation 

 Experimental plant material was planted on 25-03-2013 in the field area using single 

bud setts. Ten canes per treatment were inoculated by a suspension of two pathotypes viz. Cf 

08 and Cf 09 prevalent under Punjab conditions by artificial inoculation under field 

conditions using plug method (Srinivasan and Bhatt, 1961) (Plate 3).  

 The inoculations were done in the third internode from the base of the standing canes 

injecting 1.0 ml of spore suspension (2X104 conidia ml-1) with the help of hypodermic 

syringe. The core was then replaced and the opening finally sealed with modeling clay. 

 Disease scoring 

Disease data were recorded after 60 days of inoculation. The condition of the top was  

Scoring of the disease: 

Sr. 
No. Criteria of grading 

Score 

1 Condition of the top (CT) Green (0) Yellow/ dry (1) 
2 Lesion width (LW) (Symptom on 

internode just above the 
inoculated cane) 

Nil 
(0) 

Upto 25% 
area 
(1) 

Upto 50% 
area 
(2) 

>50% area 
(3) 

3 White spots (WS) Nil (0) Restricted (1) Enlarged(2) 
4 Nodal transgression (NT) 

(Average no. of 3 setts are taken) 
Number of nodes transgressed 

(0) (1) (2) (≥3) 
Disease grade = CT+LW+WS+NT 

A* Score                  B**Reaction 

0-4.0      :          R (Resistant) 

4.1-6.0        :      X (Intermediate) 

6.1-9            :         S (Susceptible) 
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recorded and the canes splitted longitudinally. Observations were recorded on the number of 

internodes transgressed by the pathogen. The canes were rated 0-9 as per scale of Srinivasan 

and Bhatt (1961). 
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CHAPTER - IV 
RESULTS AND DISCUSSION 

 
 The experimental plant material of present study entitled ‘ Irradiation induced 

mutagenesis in sugarcane’ M1V1 generation obtained from different treatments was planted in 

the Sugarcane experimental area of Punjab Agricultural University, U.S.F, Ladhowal during 

spring 2012  and second generation (M1V2) at PAU, Regional Research Station Kapurthala 

during spring 2013 for its evaluation under field condition. Treatment and observations were 

made as per the details given under material and methods. The results obtained under 

different aspects are presented below in the light of relevant literature. 

Analysis of variance 

 Analysis of variance revealed non-significant differences among priming treatment 

for all the traits studied. However, mutation treatments revealed significant differences for 

germination, number of tiller/ clump,  number of millable cane/ clump,  cane height, HR brix, 

Leaf length and single cane weight while non significant for cane girth and leaf width (Table 

2) of sugarcane in M1V1 sub clones of Co J 64 variety grown during spring 2012. Similarly,  

in M1V2 sub clones grown during spring 2013 at RRS Kapurthala significant differences exist 

for many traits except no. of tiller / clump, no. of millable cane/ clump and cane girth (Table 

3) indicating the potential of mutagenic treatments for creating genetic variability for different 

traits in sugarcane crop.  

Table 2. Analysis of variance for different traits in sugarcane (M1V1) sub clones of Co J 
64  at USF, Ladhowal during spring season 2012 

 

Traits  Mean Square due to 

Source of Variation Treatment Priming Treatment 
x Priming 

Error 

Degree of freedom 4 1 4 20 

Germination (%)  330.19* 177.63 33.96* 4.33 

Survival (%) 1600.63* 625.63 5.30 12.90 

No. of  Tiller/ clump  7.10* 0.53 0.33 0.23 

No. of Millable cane/ clump 4.80* 0.53 0.33 0.40 

Height (cm) 431.90* 52.50 1.30 12.70 

Girth (cm) 0.79 0.31 0.20 0.15 

HR brix (%) 2.20* 0.20 0.10 0.94 

Leaf length (cm) 69.90* 0.97 0.41 9.60 

Leaf width (cm) 0.62 0.75 0.28 0.67 

Single Cane wt. (g) 38570.25* 79.56 356.65 395.75 

* Significant difference at 0.05 level of significance 

 These results are in agreement with the findings of Kwon-Ndung and Ifenkwe (2000) 

who reported non-significant differences in the tiller population in subclones evaluated in 
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M1V2 generation and significant differences for single stalk weight and HR brix. Earlier 

studies (Chaudhary 1971 and Premsekar and Appadurai 1981) also documented similar 

observation as reported in present study. The mean performance of different traits evaluated 

in M1V1 and M1V2 subclones of Co J 64 during 2012 and 2013 respectively are discussed in 

the following sections.  

Table 3. Analysis of variance for different traits in sugarcane (M1V2) sub clones of Co J 

64 at RRS, Kapurthala grown during spring season 2013 

 
Traits 

 Mean Square due to 

Source of Variation Treatment Priming Treatment 
x Priming 

Error 

Degree of freedom 4 1 4 20 
Germination (%) 338.19* 180.63 38.96* 6.33 
Survival (%) 1596.63* 620.63 4.95 11.90 
No. of Tiller / clump 0.66 0.33 0.33 0.46 
No. of Millable cane/ clump 2.30 0.30 0.13 0.63 

Height (cm) 647.70* 204.50 37.90 120.10 

Cane girth (cm) 0.12 0.94 0.29 0.17 

HR brix (%) 2.30* 0.36 0.15 0.36 

Leaf length (cm) 181.20* 56.70 17.70 10.40 

Leaf width (cm) 0.62* 0.75 0.28 0.67 

Single Cane wt. (g) 42700.33* 84.53 374.20 421.66 

* Significant difference at 0.05 level of significance 

Evaluation of M1V1 irradiated sub-clones  

 Results of the field tested M1V1 irradiated clones of Co J 64 during 2012 showed 

differential behavior of treatments for different traits (Table 4). The mean performances of 

various traits for different treatment combinations recorded in present study are detailed 

below: 

Germination (%) 

 The per cent germination of irradiated buds after 45 days of planting were recorded 

for different treatments and presented in Table 4. Analysis of variance revealed significant 

difference for this trait among mutation treatments and treatment x priming interactions. The 

germination percentage of irradiated buds ranged from 27.50 to 43.16 per cent in M1V1 

generation grown during spring 2012. The highest germination was (43.16%) for control 

closely followed by mutation dose of 10 Gy. Germination percentage decreased with increase 

in gamma rays dose the lowest being for 30 Gy. On the other hand there was non significant 

effect of water priming on this trait. Among different treatment combination non-priming 

with 10 Gy irradiation recorded the high germination percentage (40%) which was 

comparable to control (45%). Differential response of mutagenic treatment on single bud 

germination in sugarcane has also been reported by earlier workers (Kwon-Ndung and 

Ifenkwe  2000).  The  present  results  indicate  that  higher  doses  of  gamma  rays  delay and  



25 
 

Table 4:  Performance of important characteristics of M1V1 irradiated sub-clones of Co 
J 64 grown during spring 2012 

 

Traits Priming Mutagen Dose (Gy) Mean CD (5%) 

0 10 20 25 30 

Germination (%) P 41.33 39.66 32.00 30.00 30.00 34.59 T=2.50, P=NS, 
TxP=3.54 NP 45.00 40.00 31.00 26.00 25.00 33.4 

Mean  43.16 39.83 31.50 28.00 27.50   

Survival (%) P 90.00 74.66 63.33 53.00 52.00 66.59 T=4.76,  
P=2.78, 
TxP=8.76 

NP 82.00 63.00 55.33 50.66 43.33 58.86 

Mean 86.00 68.83 59.33 51.83 47.66  

Tillaer/clump P 5.30 4.60 3.60 3.00 2.60 3.82 T=0.58, 
P=1.58, 
TxP=3.54 

NP 5.00 4.30 3.30 3.00 2.30 3.58 
Mean 5.15 4.45 3.45 3.00 2.45  

Millable 
canes/clump 

P 4.30 3.60 3.00 2.60 2.00 3.10 T=0.76, 
P=1.58, 
TxP=3.54 

NP 4.00 3.30 3.00 2.30 1.60 2.84 

Mean  4.15 3.45 3.00 2.45 1.80  

Cane height (cm) P 180.4 160.9 151.70 140.50 185.30 163.76 T=5.70, 
P=1.58, 
TxP=3.54 

NP 182.40 157.70 147.60 141.70 186.60 163.2 

Mean  181.40 159.30 149.65 141.10 185.95  

Cane girth (cm) P 2.30 2.00 1.90 1.90 1.90 2.00 T=0.15, 
P=1.58, 
TxP=3.54 

NP 2.10 2.0 1.90 1.90 1.90 1.96 

Mean  2.20 2.00 1.90 1.90 1.90  

Leaf length (cm) P 113.70 114.40 111.90 110.50 106.30 111.36 T=3.70, 
P=1.58, 
TxP=3.54 

NP 113.60 114.80 113.30 109.60 105.70 111.40 

Mean  113.65 114.60 112.60 110.05 106.00  

Leaf width (cm) P 4.00 4.20 3.93 3.66 3.30 3.81 T=0.31, 
P=1.58, 
TxP=3.54 

NP 3.93 4.10 3.60 3.66 3.30 3.71 

Mean  3.96 4.15 3.76 3.66 3.30  

HR brix (%) P 23.00 22.60 22.20 22.50 23.80 22.82 T=0.37, 
P=1.58, 
TxP=3.54 

NP 23.40 23.80 22.20 22.30 23.60 23.06 

Mean  23.20 23.20 22.20 22.40 23.70  

Single cane 
weight (g) 

P 961.66 881.66 826.66 795.00 726.66 838.32 T=24.73, 
P=1.58, 
TxP=3.54 

NP 931.66 871.60 826.66 791.66 720.00 828.31 

Mean  946.66 876.63 826.66 793.33 723.33  

NP- non priming, T- treatment, P-priming, T x P- treatment x priming 
 
suppress germination of sugarcane buds. These results are in complete agreement with the 

findings of Nwachukwu et al (1990).  

Survival (%) 

 The number of plantlets survived after 120 days under field conditions was recorded 

in this study for different irradiation and priming treatments. Mean percent survival MiV1 

generation is depicted in Table 4. It showed that there were significant differences among 

treatments for per cent survival rate under both primed and non-primed conditions. The 

highest per cent survival was recorded for control 0 Gy (86 %) and minimum for 30 Gy 

(47.66%). Further, mean per cent survival was higher in primed buds (66.59%) as compare to 

non-primed (58.86). Of the different treatment combinations (TxP) interactions survival 

percentage ranged from 43.33% to 90.00%. Effect of doses of gamma rays and ethyl methane 
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sulphonate on germination and survival of induced mutations in pigeon pea has been 

documented by Premsekar and Appadurai (1981) who reported the reduction in survival with 

the increase in gamma dose.  

Number of tillers per clump 

 Analysis of variance revealed significant differences among mutation treatments 

when the buds were primed in water for 12 hrs (Table 2 and 4). The mean number of tillers 

per clump ranged from 2.60 to 5.30 with an average of 3.80 when the buds were primed in 

water for 12 hrs where as it ranged from 2.30 to 5.00 when non primed fresh cut buds were 

sown after irradiation treatment. Among irradiation treatments highest number of tillers per 

clump was recorded in control (5.15) followed by 10 Gy (4.45) and minimum in 30 Gy 

(2.45). These results are in agreement with the results of Yasmin et al (2011) who induced 

genetic variation in sugarcane through mutagenesis with doses of gamma rays 10, 20 30 and 

40 Gy.  They reported that different irradiation doses showed significant impact on average 

number of tillers, as the dose increased the tillering potential decreased. In the present study 

no significant differences were found for primed and unprimed treatments. 

Number of millable canes per clump 

 Total number of tillers per clump does not reflect truly to number of millable canes 

but it is a general observation that a plant having higher number of tillers usually has a high 

number of millable canes. In this study, analysis of variance exhibited significant differences 

for this trait among different doses of gamma rays applied to the sugarcane buds. The mean 

number of millable canes per clump ranged from 2.00 to 4.30 with an average of 3.10 in the 

primed buds but it ranged from 1.60 to 4.00 in unprimed treatment with an average of 2.80. 

Mean number of millable canes was observed to be highest in control (4.15) followed by 10 

Gy (3.30) and minimum in 30 Gy (1.60) having similar trend same as observed for number of 

tillers per clump (i.e. tended to drop with an increase dosage). Various factors such as 

inhibition of auxin synthesis (Gurdon 1954), production of diffusible growth retarding 

substances (Mackey, 1951) and inhibition of DNA synthesis (Gaul 1970) have all been 

reported to be able to effect reduced growth in irradiated plants or seeds. 

Cane height (cm) 

 Significant differences among the different mutation treatments were observed from 

the analysis of variance (Table 2). Average cane height among different irradiation treatments 

ranged from 140.50 to 185.30 cm in water primed buds (Table 4). The mean height was 

recorded to be 163.80. However, in unprimed treatment height ranged from 141.6 to 186.6 cm 

for different mutation treatments. Highest cane height of 186.6 cm was observed in 30 Gy.  

Khan et al (2009) have also reported higher cane height in gamma ray irradiated clones of 

sugarcane than control. They observed significant differences among treatment for this trait 

and recorded maximum plant height for gamma ray treatment of 20 Gy. They also found 
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maximum cane height in clones of sugarcane variety NIA-2004 when mutagenic treatment 

was applied at the rate of 30 Gy.  In present study, the dose of 30 Gy showed stimulating and 

enhancing effect on plat height which is in complete agreement with earlier findings of Khan 

et al (2007) who reported the genetic variability in sugarcane induced through mutation 

breeding. 

Cane girth (cm) 

 There are significant differences for cane girth among the different mutation 

treatments in sugarcane buds evaluated during spring 2012 (Table 2). Average cane girth in 

different mutation treatments ranged from 1.90 to 2.30 cm when the buds were primed for 12 

hrs in water and girth ranged from 1.90 to 2.30 cm in non primed buds (Table 4). There were 

no significant differences found for priming and non priming of sugarcane buds in water. 

Highest cane thickness of 2.30 cm was recorded in untreated population followed by 10 Gy 

(2.00 cm). Earlier these types of results were obtained by Khan et al (2007). In this study, 

higher mutation did not reflect significant difference in cane thickness in mutated population 

for doses of 20, 25 and 30 Gy.   

HR Brix (%) 

  For refractometer brix the results were significantly different for different doses of 

gamma irradiation in sugarcane buds treated to induce genetic variability. Refractometer brix 

in different mutation treatments used in present study ranged from 22.20 to 23.80 percent in 

primed buds with an average of 22.80 and which is at par with the values of brix in non 

primed buds (Table 4). Maximum refractometer brix (23.80%) was recorded for 30 Gy treated 

population followed by control (23.40). Minimum refractometer brix (22.20) was recorded in 

population treated with gamma ray at the rate of 20 Gy.  Similar to present results Khan et al 

(2009 and 2007) recorded low sucrose (%) and CCS (%) in 20 Gy and high in 40 Gy and 50 

Gy, respectively. 

Leaf length (cm) 

  Significant differences among mutation treatments were observed for leaf  length in 

the study for M1V1 sub clones during spring 2012 (Table 2). Mean value of leaf length for 

different treatments varied from 106.30 to 114.40 cm with an average of 111.40 cm in primed 

and 105.70 to 114.80 cm with an average of 111.00 cm in non primed treatment (Table 4). 

Maximum leaf length (114.80 cm) was recorded in 10 Gy treated population followed by 

control. These results are in accordance with the findings of Hegde (2006) who studied effect 

of gamma irradiation dose on the vegetative characters in Turmeric (Curcuma longa L.) and 

reported that lower irradiation dosages have enhancing effect on leaf length. In this study, 

minimum dose i.e. 10Gy showed the maximum leaf length followed by the control. 

Leaf width (cm) 

 Analysis of variance exhibited non significant differences among the different 
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mutation treatments for leaf width in this study for M1V1 sub clones (Table 2). Average value 

of leaf width ranged from 3.30 to 4.20 cm among the different mutagenic treatments in the 

irradiated material when priming was done prior to irradiation while it ranged from 4.10 to 

3.30 cm in the unprimed irradiated buds (Table 4). Maximum leaf width was observed in 10 

Gy dose (4.2 cm) which is at par with control (4.00 cm).   

Cane weight (g) 

 Cane weight is the ultimate trait in sugar cane breeding programme. Due to low 

genetic variability in this crop exerted efforts are being made to enhance variability using 

different approaches. Perusal of data appended in (Table 2) revealed that significant 

difference exist for this important trait among different mutagenic treatments. Single cane 

weight in M1V1 irradiated sub-clones of variety Co J64 ranged from 726.66 to 961.66 g in 

primed buds while the corresponding values for unprimed buds were 720.00 to 931.66 g 

(Table 4). Among various mutagenic treatments maximum single cane weight was recorded 

for control closely followed by 10 Gy and 20 Gy. The higher doses have retarding effect on 

this trait. Significant high primary stalk weight for lower gamma irradiation dose (20 Gy) as 

compare to 40 Gy has also been reported by Khan et al (2007) in sugarcane which is in 

complete agreement with present results. 

Variability for different traits in irradiated M1V2 sub-clones of Co J 64 

 The harvest of M1V1 irradiated subclones grown during spring 2012 was further 

evaluated during spring 2013 at PAU, Regional Station, Kapurthala for stabilization of 

different traits at this level of screening. The results obtained on various parameters are 

presented in Table 5 and described below: 

Germination (%) 

   The per cent germination of irradiated buds for M1V2 generation after 45 days of 

planting were recorded for different treatments and presented in Table 5. Analysis of variance 

revealed significant difference for this trait among mutation treatments and treatment x 

priming interactions. The germination percentage of irradiated buds ranged from 27.50 to 

46.66 per cent in M1V2 generation grown during spring 2013. The highest germination was 

(46.66%) for control closely followed by mutation dose of 10 Gy (40.83%). Germination 

percentage decreased with increase in gamma rays dose the lowest being for 30 Gy. On the 

other hand there was non-significant effect of water priming on this trait. Among different 

treatment combination non-priming with 10 Gy irradiation recorded the high germination 

percentage (39%) which was comparable to control (45%). Differential response of 

mutagenic treatment on single bud germination in sugarcane has also been reported by earlier 

workers (Kwon-Ndung and Ifenkwe 2000). The present results indicate that higher doses of 

gamma rays delay and suppress germination of sugarcane buds. These results are in complete 

agreement with the findings of Nwachukwu et al (1990).  
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Table 5  Performance of important characteristics of M1V2 irradiated sub-clones of            
Co J 64 grown during spring 2013 

   

Traits Priming Mutagen Dose (Gy) Mean CD (5%) 

0 10 20 25 30 

Germination (%) P 48.33 42.66 38.00 35.00 31.00 38.79 T=2.50, P=NS, 
TxP=3.23 

NP 45.00 39.00 34.00 29.00 25.00 34.4 

Mean  46.665 40.83 36.00 32.00 27.50   

Survival (%) P 90.00 84.66 73.33 63.00 52.00 72.59 T=4.32, 

P=Ns, 
TxP=5.35 

NP 88.00 73.00 65.33 60.66 48.33 67.06 

Mean  89.00 78.83 69.33 61.83 50.16  

Tiller/clump P 4.30 4.30 4.30 4.00 3.60 4.10 T=NS, P=NS, 
TxP=NS 

 NP 4.60 4.30 4.30 4.00 3.60 4.16 

Mean  4.45 4.30 4.30 4.00 3.60  

Millable 
canes/clump 

P 4.00 3.60 3.60 3.60 2.30 3.42 T=0.95 P=NS, 
TxP=3.54 

NP 4.00 3.60 3.30 3.00 2.30 3.24 

Mean  4.00 3.60 3.45 3.30 2.30  

Cane height (cm) P 180.20 168.30 158.30 166.60 182.70 171.22 T=13.2, P=NS, 
TxP=4.75 

NP 183.30 178.50 157.40 177.20 185.80 176.44 

Mean  181.75 173.40 157.85 171.90 184.25  

Cane girth (cm) P 2.10 2.30 2.30 2.30 2.30 2.26 T=NS, P=NS 

TxP=Ns NP 2.30 2.20 2.30 2.10 2.40 2.26 

Mean  2.20 2.25 2.30 2.20 2.35  

Leaf length (cm) P 119.10 117.50 114.30 111.80 108.80 114.30 T=3.80, 
P=2.40, 

TxP=3.65 
NP 118.10 115.70 112.70 111.30 100.00 111.56 

Mean  118.60 116.60 113.50 111.55 104.40  

Leaf width (cm) P 4.00 4.20 3.90 3.60 3.30 3.80 T=0.31, P=NS    
TxP=0.16 

NP 3.90 4.10 3.60 3.60 3.30 3.70 

Mean  3.95 4.15 3.75 3.60 3.30  

HR brix (%) P 23.10 22.10 21.00 21.80 21.60 21.92 T=0.72 

P=NS, 
TxP=Ns 

NP 22.30 22.00 20.90 21.90 21.50 21.72 

Mean  22.70 22.05 20.95 21.85 21.55  

Single cane 
weight (g) 

P 975.66 981.66 876.66 795.00 706.66 867.12 T=28.75, 
P=1.70, 

TxP=4.54 
NP 961.66 971.60 826.66 780.66 710.00 850.11 

Mean  968.66 976.63 851.66 787.83 708.33  

NP- non priming, T- treatment, P-priming, T x P- treatment x priming 
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Survival (%) 

 The number of plantlets survived after 120 days under field conditions was recorded 

in this study for different irradiation and priming treatments. Mean percent survival M1V2 

generation is depicted in Table 5. It showed that there were significant differences among 

treatments for per cent survival rate under both primed and non-primed conditions. The 

highest per cent survival was recorded for control 0 Gy (90%) and minimum for 30 Gy 

(48.33%). Further, mean per cent survival was higher in primed buds (72.59%) as compare to 

non-primed (67.06). of the different treatment combinations (TxP) interactions survival 

percentage ranged from 48.33% to 90.00%. Effect of doses of gamma rays and ethyl methane 

sulphonate on germination and survival of induced mutations in pigeon pea has been 

documented by Premsekar and Appadurai (1981) who reported the reduction in survival with 

the increase in gamma dose.  

Number of tillers per clump 

 Analysis of variance revealed non-significant differences among mutation treatments 

when the buds were primed in water for 12 hrs (Table 3 and 5). The mean number of tillers 

per clump ranged from 3.60 to 4.30 with an average of 4.10 when the buds were primed in 

water for 12 hrs where as it ranged from 3.60 to 4.6 when non primed fresh cut buds were 

sown after irradiation treatment. Among irradiation treatments highest number of tillers per 

clump was recorded in control (5.15) followed by 10 Gy (4.45) and minimum in 30 Gy 

(2.45).  The variability recorded for this trait is also shown in Fig. 1. Chaudhary (1971) 

reported non-significant differences for tiller numbers in M1V2 generation. These results are 

in agreement with the results of Yasmin et al (2011) who induced genetic variation in 

sugarcane through mutagenesis with doses of gamma rays 10, 20 30 and 40 Gy.  They 

reported that different irradiation doses showed significant impact on average number of 

tillers, as the dose increased the tillering potential decreased. In the present study no 

significant differences were found for primed and unprimed treatments. 

Number of millable canes per clump 

 Total number of tillers per clump does not reflect truly to number of millable canes 

but it is a general observation that a plant having higher number of tillers usually has a high 

number of millable canes. In this study, analysis of variance exhibited significant differences 

for this trait among different doses of gamma rays applied to the sugarcane buds (Table 3). 

The mean number of millable canes per clump ranged from 2.30 to 4.00 with an average of 

3.40 in the primed buds but it ranged from 2.30 to 4.00 in unprimed treatment with an average 

of 3.20 (Table 5). Mean number of millable canes was observed to be highest in control (4.00) 

followed by 10 Gy (3.60) and minimum in 30 Gy (2.30) having similar trend (Fig. 2) same as 

observed for number of tillers per clump (i.e. tended to drop with an increase in dosage). 

Various factors such as inhibition of auxin synthesis (Gurdon 1954), production of diffusible 
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growth retarding substances (Mackey 1951) and inhibition of DNA synthesis (Gaul 1970) 

have all been reported to be able to effect reduced growth in irradiated plants or seeds.  

 
Fig. 1  Percent clumps in M1V2 generation showing variation in number of tillers at 

different doses γγγγ-irradiation 
 

 
Fig. 2  Percent clumps in M1V2 generation showing variation in number of millable 

canes at different doses γγγγ-irradiation 
 
Cane height (cm) 

  Significant differences among the different mutation treatments were observed from 

the analysis of variance (Table 3). Average cane height among different irradiation treatments 

ranged from 166.60 to 182.70 cm in water primed buds (Table 5). The mean height was 

recorded to be 171.2. However, in unprimed treatment height ranged from 157.40 to 185.80 

cm for different mutation treatments. Highest cane height of 185.80 cm was observed in 30 

Gy as shown in Fig. 3.  Khan et al (2009) have also reported higher cane height in gamma ray 
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irradiated clones of sugarcane than control. They observed significant differences among 

treatment for this trait and recor

They also found maximum cane height in clones of sugarcane variety NIA

mutagenic treatment was applied at the rate of 30 Gy.  In present study, the dose of 30 Gy 

showed stimulating and enhancing effect on plat height which is in complete agreement with 

earlier findings of Khan et al 

through mutation breeding. 

Fig. 3  Variability for cane height in M

 
Cane girth (cm) 

 There are no significant differences for cane girth among the different mutation 

treatments in sugarcane buds evaluated during spring 2013 (Table 3). Average cane girth in 

different mutation treatments ranged from 2.10 to 2.30 cm when the buds were primed for 12 

hrs in water and girth ranged from 2.10 to 2.40 cm in non primed buds (Table 5). There were 

no significant differences found for priming and non priming of sugarcane buds in water. 

Highest cane thickness of 2.40 cm (Fig. 4) was recorded in 30 Gy. Earlier these types of 

results were obtained by Khan 

significant difference in cane thickness in mutated population for doses of 20,

HR Brix (%) 

 For refractometer brix the results were significantly different for different doses of 

gamma irradiation in sugarcane buds treated to induce genetic variability. Refractometer brix 

in different mutation treatments used in pres

primed buds with an average of 21.92 and which is at par with the values of brix in non 

primed buds (Table 5). These results are also similar to the findings of Kwon

(2000). Maximum refractometer

(22.10). Minimum refractometer brix (21.50) was recorded in population treated with gamma 
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irradiated clones of sugarcane than control. They observed significant differences among 

treatment for this trait and recorded maximum plant height for gamma ray treatment of 20 Gy. 

They also found maximum cane height in clones of sugarcane variety NIA

mutagenic treatment was applied at the rate of 30 Gy.  In present study, the dose of 30 Gy 

hancing effect on plat height which is in complete agreement with 

et al (2007) who reported the genetic variability in sugarcane induced 

 

Fig. 3  Variability for cane height in M1V2 generation at different doses of γγγγ

There are no significant differences for cane girth among the different mutation 

treatments in sugarcane buds evaluated during spring 2013 (Table 3). Average cane girth in 

treatments ranged from 2.10 to 2.30 cm when the buds were primed for 12 

hrs in water and girth ranged from 2.10 to 2.40 cm in non primed buds (Table 5). There were 

no significant differences found for priming and non priming of sugarcane buds in water. 

hest cane thickness of 2.40 cm (Fig. 4) was recorded in 30 Gy. Earlier these types of 

results were obtained by Khan et al (2007). In this study, higher mutation did not reflect 

significant difference in cane thickness in mutated population for doses of 20, 25 and 30 Gy.  

For refractometer brix the results were significantly different for different doses of 

gamma irradiation in sugarcane buds treated to induce genetic variability. Refractometer brix 

in different mutation treatments used in present study ranged from 21.00 to 23.10 percent in 

primed buds with an average of 21.92 and which is at par with the values of brix in non 

primed buds (Table 5). These results are also similar to the findings of Kwon

(2000). Maximum refractometer brix (23.10 %) was recorded for control followed by 10 Gy 

(22.10). Minimum refractometer brix (21.50) was recorded in population treated with gamma 

irradiated clones of sugarcane than control. They observed significant differences among 

ded maximum plant height for gamma ray treatment of 20 Gy. 

They also found maximum cane height in clones of sugarcane variety NIA-2004 when 

mutagenic treatment was applied at the rate of 30 Gy.  In present study, the dose of 30 Gy 

hancing effect on plat height which is in complete agreement with 

(2007) who reported the genetic variability in sugarcane induced 

 
γγγγ-irradiation 

There are no significant differences for cane girth among the different mutation 

treatments in sugarcane buds evaluated during spring 2013 (Table 3). Average cane girth in 

treatments ranged from 2.10 to 2.30 cm when the buds were primed for 12 

hrs in water and girth ranged from 2.10 to 2.40 cm in non primed buds (Table 5). There were 

no significant differences found for priming and non priming of sugarcane buds in water. 

hest cane thickness of 2.40 cm (Fig. 4) was recorded in 30 Gy. Earlier these types of 

(2007). In this study, higher mutation did not reflect 

25 and 30 Gy.   

For refractometer brix the results were significantly different for different doses of 

gamma irradiation in sugarcane buds treated to induce genetic variability. Refractometer brix 

ent study ranged from 21.00 to 23.10 percent in 

primed buds with an average of 21.92 and which is at par with the values of brix in non 

primed buds (Table 5). These results are also similar to the findings of Kwon- Ndung et al 

brix (23.10 %) was recorded for control followed by 10 Gy 

(22.10). Minimum refractometer brix (21.50) was recorded in population treated with gamma 



ray at the rate of 30 Gy (Fig. 5).  Similar response was reported by Khan et

2007) who  recorded low sucrose (%) and CCS (%) in 20 Gy and high in 40 Gy and 50 Gy, 

respectively. 

Fig. 4 Variability for cane girth in M
 

Fig. 5 Variability for HR Brix in M

Leaf length (cm) 

  Significant differences among mutation treatments were observed for leaf  length in 

the study for M1V2 sub clones during spring 2013 (Table 3). Mean value of leaf length for 

different treatments varied from 108.80 to 119.10 

and 100.00 to 118.10 cm with an average of 111.56 cm in non primed treatment (Table 5). 

Maximum leaf length (119.1 cm) was recorded in control followed by 10 Gy

are in accordance with the findings of

dose on the vegetative characters in Turmeric (
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ray at the rate of 30 Gy (Fig. 5).  Similar response was reported by Khan et

ed low sucrose (%) and CCS (%) in 20 Gy and high in 40 Gy and 50 Gy, 

Fig. 4 Variability for cane girth in M1V2 generation at different doses of γγγγ-irradiation

Fig. 5 Variability for HR Brix in M1V2 generation at different doses of γγγγ-irradiation

Significant differences among mutation treatments were observed for leaf  length in 

sub clones during spring 2013 (Table 3). Mean value of leaf length for 

different treatments varied from 108.80 to 119.10 cm with an average of 114.30 cm in primed 

and 100.00 to 118.10 cm with an average of 111.56 cm in non primed treatment (Table 5). 

Maximum leaf length (119.1 cm) was recorded in control followed by 10 Gy

are in accordance with the findings of Hegde (2006) who studied effect of gamma irradiation 

dose on the vegetative characters in Turmeric (Curcuma longa L.) and reported that lower 

ray at the rate of 30 Gy (Fig. 5).  Similar response was reported by Khan et al (2009 and 

ed low sucrose (%) and CCS (%) in 20 Gy and high in 40 Gy and 50 Gy, 

 
irradiation 

 
irradiation 

Significant differences among mutation treatments were observed for leaf  length in 

sub clones during spring 2013 (Table 3). Mean value of leaf length for 

cm with an average of 114.30 cm in primed 

and 100.00 to 118.10 cm with an average of 111.56 cm in non primed treatment (Table 5). 

Maximum leaf length (119.1 cm) was recorded in control followed by 10 Gy. These results 

Hegde (2006) who studied effect of gamma irradiation 

L.) and reported that lower 



irradiation dosages have enhancing effect on leaf length. In this study, minimum dose i.e. 

10Gy showed the maximum leaf length followed by the control. Singh 

observed similar results using three doses of gamma irradiation in sugarcane.

Leaf width (cm) 

 Analysis of variance exhibited non significant differences among the different 

mutation treatments for leaf width in this study for M

of leaf width ranged from 3.30 to 4.20 cm among the different mutage

irradiated material when priming was done prior to irradiation while it ranged from 3.30 to 

4.10 cm in the unprimed irradiated buds (Table 5). Maximum leaf width was observed in 10 

Gy dose (4.2 cm) which is at par with control (4.00 c

results found by Hegde (2006) in turmeric cultivar and also by Singh 

Cane weight (g) 

 Cane weight is the ultimate trait in sugar cane breeding programme. Due to low 

genetic variability in this crop exe

different approaches. Perusal of data appended in Table 3 and Fig. 6 revealed that significant 

differences exist for this important trait among different mutagenic treatments. Single cane 

weight in M1V2 irradiated sub clones of variety Co J 64 ranged from 706.66 to 975.66 g in 

primed buds while the corresponding values for unprimed buds were 710.00 to 961.66 g 

(Table 5). Among various mutagenic treatments maximum single cane weight was recorded 

for control closely followed by 10 Gy and 20 Gy. The higher doses have retarding effect on 

this trait. Significant high primary stalk weight for lower gamma irradiation dose (20 Gy) as 

compare to 40 Gy has also been reported by Khan 

complete agreement with present results.

Fig. 6  Variability for single cane weight in M

γγγγ-irradiation 
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irradiation dosages have enhancing effect on leaf length. In this study, minimum dose i.e. 

10Gy showed the maximum leaf length followed by the control. Singh et al

observed similar results using three doses of gamma irradiation in sugarcane. 

Analysis of variance exhibited non significant differences among the different 

mutation treatments for leaf width in this study for M1V2 sub clones (Table 3). Average value 

of leaf width ranged from 3.30 to 4.20 cm among the different mutagenic treatments in the 

irradiated material when priming was done prior to irradiation while it ranged from 3.30 to 

4.10 cm in the unprimed irradiated buds (Table 5). Maximum leaf width was observed in 10 

Gy dose (4.2 cm) which is at par with control (4.00 cm).  These results were according to the 

results found by Hegde (2006) in turmeric cultivar and also by Singh et al (1999).

Cane weight is the ultimate trait in sugar cane breeding programme. Due to low 

genetic variability in this crop exerted efforts are being made to enhance variability using 

different approaches. Perusal of data appended in Table 3 and Fig. 6 revealed that significant 

differences exist for this important trait among different mutagenic treatments. Single cane 

irradiated sub clones of variety Co J 64 ranged from 706.66 to 975.66 g in 

primed buds while the corresponding values for unprimed buds were 710.00 to 961.66 g 

(Table 5). Among various mutagenic treatments maximum single cane weight was recorded 

ntrol closely followed by 10 Gy and 20 Gy. The higher doses have retarding effect on 

this trait. Significant high primary stalk weight for lower gamma irradiation dose (20 Gy) as 

compare to 40 Gy has also been reported by Khan et al (2007) in sugarcane whi

complete agreement with present results. 
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Evaluations of irradiated sub clones against red rot disease  

 The experimental material generated through different mutation treatments in present 

study was planted at PAU, RRS Kapurthala during spring 2013 (M1V2 generation) was 

evaluated for red rot resistance. Pathotypes Cf 08 and Cf 09 were multiplied on oat meal agar 

medium in Petri dishes at 25±1ºC. The spore suspensions with concentration of 2X104 conidia 

ml-1 was maintained and inoculated. Ten canes per treatment were inoculated by a suspension 

of Cf 08 and Cf 09 pathotypes separately by artificial inoculation under field conditions using 

plug method (Srinivasan and Bhatt 1961).  Disease data were recorded after 60 days of 

inoculation after splitting the canes longitudinally (Plate 4).  

 Observations were recorded on the number of internodes transgressed by the 

pathogen. The canes were rated 0-9 as per scale of Srinivasan and Bhatt (1961). The disease 

score of irradiated subclones recorded in present study is reported in Table 6. 

Table 6  Disease reaction of irradiated sub clones of Co J64 against two red rot 

pathotype in M1V2 generation 

Gamma ray 
treatment (Gy) 

Disease assessment score Reaction Per cent sub-
clones 

Cf 08 Cf 09 

0 7.30 8.40 HS 100 

10 3.20 3.30 MR 20 

20 3.30 3.30 MR 20 

25 3.40 4.60 MS 90 

30 3.40 3.20 MR 10 

MR- Moderately resistant, MS-Moderately susceptible 

 Perusal of table 6 revealed that control population was highly susceptible to red rot 

disease. Among various mutagenic treatments the 10 and 20 Gy irradiated population, 20% 

canes obtained were found to be moderately resistant. But in 25 Gy irradiated population, 

90% canes were moderately susceptible whereas in 30 Gy population moderately resistant 

canes obtained were 10%. 

 Present study showed that by using gamma-irradiation at lower doses of 10 and 20 

Gy useful genetic variability could be induced in sugarcane for economic traits like cane 

height, HR Brix, single cane weight and disease score.  
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CHAPTER - V 

SUMMARY 

 

 Sugarcane is a highly heterozygous polyploid species (2n=80 to 205). Modern 

sugarcane varieties are complex hybrids arising primarily from S. officinarum, S barberi, S. 

sinese hybridized with S. spontaneum. Natural or induced genetic diversity is a vital 

component of a plant breeding program. In sugarcane, molecular diversity studies have 

revealed that the modern commercial cultivars have developed from a limited genetic base 

and were derived from only 20 S. officinarum clones and less than ten S. spontaneum 

derivatives. Development of a sugarcane variety with stable performance has been a 

challenging task for sugarcane breeders. Therefore, the present investigation entitled 

‘Irradiation induced mutagenesis in sugarcane’ was undertaken to create genetic variability in 

Co J 64 variety of sugarcane which is an early maturing,  high yielding and high sugar but 

susceptible to red rot disease. Single bud setts (1200) of Co J 64 were irradiated with gamma 

rays in gamma chamber located at Department of Horticulture, Punjab Agricultural 

University, Ludhiana for different time intervals viz. 1min 17 sec, 2 min 34 sec, 3 min 13 sec 

and 3 min 52 sec for 10, 20, 25 and 30 Gy, respectively.  The material generated was used to 

grow first (M1V1) generation by following two priming methods. The experimental plant 

material M1V1 generation obtained from different treatments was planted in the Sugarcane 

experimental area of Punjab Agricultural University, U.S.F, Ladhowal during spring 2012 and 

second generation (M1V2) at PAU, Regional Research Station Kapurthala during spring 2013 

for its evaluation under field condition. Recommended package of practices were followed to 

raise the healthy crop stand. The data were recorded on 10 agro-morphological and quality 

traits in addition to disease score for red rot against two pathotypes. 

  Analysis of variance revealed non-significant differences among priming treatment 

for all the traits studied in M1V1 generation. However, mutation treatments revealed 

significant differences for germination, number of tiller/ clump,  number of millable cane/ 

clump,  cane height, HR brix, Leaf length and single cane weight while non significant for 

cane girth and leaf width of sugarcane in M1V1 sub clones of Co J 64 variety grown during 

spring 2012. Similarly, in M1V2 sub clones grown during spring 2013 at RRS Kapurthala 

significant differences exist for many traits except number of tiller / clump, number of 

millable cane/ clump and cane girth indicating the potential of mutagenic treatments for 

creating genetic variability for different traits in sugarcane crop.  

 The per cent germination of irradiated buds after 45 days of planting were recorded 

for different treatments revealed significant difference for this trait among mutation 

treatments and treatment x priming interactions. The germination percentage of irradiated 

buds ranged from 27.50 to 43.16 per cent in M1V1 generation grown during spring 2012. The 
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highest germination was (43.16%) for control closely followed by mutation dose of 10 Gy. 

Germination percentage decreased with increase in gamma rays dose the lowest being for 30 

Gy. The number of plantlets survival after 120 days under field conditions showed that there 

were significant differences among treatments for per cent survival rate under both primed 

and non-primed conditions. The highest per cent survival was recorded for control 0 Gy (86 

%) and minimum for 30 Gy (47.66%). Of the different treatment combinations (TxP) 

interactions survival percentage ranged from 43.33% to 90.00%. 

 The mean number of tillers per clump ranged from 2.60 to 5.30 with an average of 

3.80 when the buds were primed in water for 12 hrs where as it ranged from 2.30 to 5.00 

when non primed fresh cut buds were sown after irradiation treatment. Among irradiation 

treatments highest number of tillers per clump was recorded in control (5.15) followed by 10 

Gy (4.45) and minimum in 30 Gy (2.45). The mean number of millable canes per clump 

ranged from 2.30 to 4.00 with an average of 3.40 in the primed buds but it ranged from 2.30 

to 4.00 in unprimed treatment with an average of 3.20. Mean number of millable canes was 

observed to be highest in control (4.00) followed by 10 Gy (3.60) and minimum in 30 Gy 

(2.30) having similar trend same as observed for number of tillers per clump. Average cane 

height among different irradiation treatments ranged from 166.60 to 182.70 cm in water 

primed buds. The mean height was recorded to be 171.2. However, in unprimed treatment 

height ranged from 157.40 to 185.80 cm for different mutation treatments. Highest cane 

height of 185.80 cm was observed in 30 Gy. Refractometer brix in different mutation 

treatments used in present study ranged from 22.20 to 23.80 percent in primed buds with an 

average of 22.80 and which is at par with the values of brix in non primed buds. Maximum 

refractometer brix (23.80%) was recorded for 30 Gy treated population followed by control 

(23.40). Minimum refractometer brix (22.20) was recorded in population treated with gamma 

ray at the rate of 20 Gy.  Mean value of leaf length for different treatments varied from 

106.30 to 114.40 cm with an average of 111.40 cm in primed and 105.70 to 114.80 cm with 

an average of 111.00 cm in non primed treatment. Maximum leaf length (114.80 cm) was 

recorded in 10 Gy treated population followed by control.  

 Cane weight is an important trait in sugar cane breeding programme. Due to low 

genetic variability in this crop exerted efforts are being made to enhance variability using 

different approaches. Single cane weight in irradiated sub clones of variety Co J 64 ranged 

from 726.66 to 961.66 g in primed buds while the corresponding values for unprimed buds 

were 720.00 to 931.66 g. Among various mutagenic treatments maximum single cane weight 

was recorded for control closely followed by 10 Gy and 20 Gy. The higher doses have 

retarding effect on this trait.  

 Reaction of irradiated subclones to two red rot pathotypes Cf 08 and Cf 09 under 

artificial inoculation by plug method revealed moderate resistance for all the mutation 
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treatments with disease score ranging from 3.20-3.40. 

 From the present study it is inferred that genetic variability could be induced in 

sugarcane using gamma rays for traits like germination, cane height, leaf length, HR brix, 

single cane weight and disease score. The lower doses of gamma ray (10 and 20 Gy) were 

more effective to induce variation while higher doses have detrimental effect on different 

traits especially germination and survival of sub-clones. The subclones identified for high 

single cane weight coupled with higher HR brix, cane girth and length and low disease score 

need to be further evaluated in M1V3 for their consistency in trait manifestation and future use 

in breeding programme.  
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