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ABSTRACT

Mulberry genotypes Ms, Ss, and Kosen were procured from mulberry germplasm bank, Department of Sericulture,
Bangalore University. Juvenile twigs of mulberry genotypes were used for cuttings preparation. Newly prepared juve-
nile cuttings were irradiated with different doses of gamma rays (1 kR - 10 kR) from Co® gamma unit. Propagation
parameters like sprouting, rooting, survivability, plant height, number of branches, internodal distance and leaf area
were recorded. Results revealed decline in growth parameters with the increase in gamma ray dosage (1 kR - 10 kR).
Moderate dosages (4 kR - 7 kR) are the most competent range and height of the irradiated population significantly re-
duced with the increase in gamma rays dosage. Higher doses of gamma rays (8 kR - 10 kR) drastically reduced the
number of branches. Ms and Ss4 showed marked improvement in plant height at 4 kR (155.14 cm) and 7 kR (147.86
cms) respectively compared to control. Morphologically, leaf mutants like enlarged (4 kR), curled (8 kR), mosaic (8kR)
and biforked (9 kR) leaves were observed in gamma irradiated Ms genotype. Kosen exhibited small, crumpled, biforked
and chlorophyll deficient leaves (8 kR - 10 kR). Ss4 exhibited boat shaped leaves with wrinkled texture (8 kR).
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across the world and gamma ray has the potency to in-
duce variability even at low frequencies [6]. Present in-
vestigation aims at improving the morpho-economic
traits with higher yield and nutritionally superior leaves
of different mulberry genotypes by using gamma irradia-
tion.

1. Introduction

Mulberry is a vegetatively propagated crop and is sensi-
tive to gamma irradiation. Mulberry constitutes the only
food plant of silkworm Bombyx mori L. Although dif-
ferent mulberry genotypes are available in nature, all are
not utilized for silkworm rearing due to lack of one or the
other important morphological trait. Karnataka state has
complex agro-climatic zones and enjoys tropical climatic
condition congenial for rearing silkworm throughout the
year. Successful exploitation of various mutagenic agents
for inducing aberration has become one of the most im-
portant lines of contemporary research. Gamma ray has
been proved to be highly potent in inducing variability in
mulberry plant [1-4]. Mutation breeding in mulberry has
contributed to crop improvement world-wide and has
made substantial impact on the productivity and eco-
nomic value of the crop. Mutation induction in mulberry

2. Materials and Methods

In the present investigation, mulberry genotypes Ms, Ss4
and Kosen were procured from mulberry germplasm
bank maintained by Department of Sericulture at Jnana
Bharathi Campus, Bangalore University, Bangalore. Ju-
venile twigs of mulberry genotypes were used for cut-
tings preparation and only middle part of the twigs were
taken. Each cutting measured about 15 cms in length
having 2 - 3 active vegetative buds, free from pathogen
and pests were prepared. Care was taken to avoid dam-

started towards the end of 1950’s in Japan [5]. Mutagens
have revolutionized the mulberry and silk production
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age to the buds and cut ends while preparing cuttings.
Newly prepared juvenile cuttings were irradiated with
different doses of gamma rays (1 kR - 10 kR) from Co®
gamma unit installed at the Indian Institute of Horticul-
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ture Research (IIHR), Hesaraghatta, Bangalore-560088.
Irradiation was conducted during summer months and ten
replications were maintained for the calculation of mean
values of all the parameters encountered. Irradiated cut-
tings were planted in earthen pots filled with a mixture of
well dried pulverized garden soil, fine sand and well de-
composed farmyard manure in the proportion of 1:1:1.
Three replications having ten cuttings each were main-
tained for six months before transplanting them in to the
main field. Pots were arranged in rows giving a spacing
of 1/2 feet between pots and 1foot between rows. Trans-
planted twigs were planted in randomized block design
with 90 cm x 90 c¢cm spacing. Necessary cultural opera-
tions such as timely irrigation, weeding, inter cultivation,
manuring, protection against desiccation, diseases and
pests were ensured. Suitable controls were also main-
tained in similar conditions for comparative studies. At
M; and M, generations, data related to growth responses
such as sprouting, rooting, survivability, internodal dis-
tance, branching pattern and leaf area were recorded ac-
cording to the methods suggested by [7-9]. Data col-
lected on various parameters in the present investigation
were tabulated using “Method of Analysis of Variance”
appropriate to the experiment design [10,11].

3. Results and Discussion

Linear decrease in sprouting percentage was observed in
all the selected mulberry genotypes for irradiation. Ra-
diation sensitivity in Ms genotype was noticed highest
sprouting percentage at 1 kR (81.30%) and least at 10 kR
(21.50%) when compared to control (92.40%). Kosen
exhibited decreased trend in sprouting with increase in
gamma ray dosage. Sprouting percentage was highest at
1 kR (83.66%) and least at 10 kR (18.66%) compared to
control (85.66%). In control plants sprouting were no-
ticed on 8th day of planting and delayed sprouting was
observed when cuttings were irradiated at 1kR to 5kR
gamma rays and taken 13 - 15 days to sprout. In Ss,
genotype, maximum sprouting percentage recorded at 1
kR (78.49%) and minimum at 8 kR (36.28%) and de-
formed inflorescence noticed at 7 kR (Figure 1). Sg
genotype showed decreased sprouting with the increase
in gamma ray dosage and ranged between 78.49%(1kR)
to 36.28% (8 kR) and sprouting was not observed in 10
kR Ms genotype cuttings showed varied rooting percent-
ages and gradual reduction in rooting percentage was
observed in 1 kR (83.70%), 2 kR (81.40%), 3 kR
(74.50%) and drastic reduction was noticed at 9 kR
(34.40%) and 10 kR (32.20%). M5 cuttings irradiated at 4
kR exhibited more number of roots (Figure 2) and higher
rooting (90.30%) compared to control (89.20%). Control
plants of Ss, genotype showed 88.33% of rooting. Cut-
tings of Ss, taxon exhibited varied responses to different
doses of gamma rays. Rooting percentage was decreased

Copyright © 2013 SciRes.

Figure 1. S, mulberry genotype cuttings irradiated at 7 kR
gamma irradiation exhibiting deformed inflorescence.

Figure 2. Ms mulberry genotype mutants irradiated at 4 kR
exhibited good rooting compared to control.

from 1 kR to 9 kR except at 7 kR (81.33%) and at 10 kR,
root initiation was not noticed. Among the irradiated cut-
tings of Kosen, highest rooting was noticed at 2 kR
(78.06%) and least at 9 kR (13.76%) and control cuttings
showed 81.70% rooting (Tables 1-3). Present results are
in conformity with the findings of many scientists [4,12,
13]. Moisture and agro-climatic conditions are the bind-
ing factors which influence sprouting [14]. Gamma rays
are more potent and highly penetrating, might have de-
veloped cells that were undergoing meiotic division in
the bud-region [6,13]. Sprouting percentage decreased
with increase in gamma ray dosage and it was mainly
due to partial cell death [3]. Significant reduction in
rooting was found with the increase in gamma rays dos-
age. Higher the dosage of gamma rays, lesser the rooting
and root proliferation. Rooting behaviour of a variety is
purely a genetic character [15]. Relatively low percent-
age of rooting (50%) was observed in mutant strains of
Ichinose over its control and mutant of KNG produced
low percentage of rooting (16% - 32%), whereas normal
KNG variety showed 96% of rooting [16].

Survivability percentage in Ms mulberry genotype
showed continuously declining trends. LDsy of Ms was
found between 6 kR (61.20%) and 7 kR (52.30%), while
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Table 1. Effect of gamma irradiation on propagation and growth attributes of Ms mulberry genotype at M; generation.

Treatment Sprouting % Rooting % Survival % Plarzf:ge;ight br’::éﬂgsr(r?;.) dilsr:;i?eo%*) Leaf area (cm?)
Control 92.40 89.20 87.70 142.23 6.14 4.29 167.28
1kR 81.30 83.70 85.40 135.29 5.98 4.31 169.14
2 kR 78.70 81.40 79.28 131.11 6.01 4.38 168.28
3 kR 69.20 74.50 84.40 125.94 5.91 4.33 151.43
4 kR 76.40 90.03 71.80 155.14 6.95 4.01 174.45
5kR 71.80 64.30 64.40 117.24 5.74 452 139.18
6 kR 52.90 49.40 61.20 104.29 5.68 4.07 123.24
7kR 41.40 43.90 52.30 96.78 4.69 411 116.11
8 kR 44.20 37.50 49.40 89.59 481 441 121.18
9kR 29.40 34.40 39.20 66.23 414 4.39 112.18
10 kR 21.50 32.20 29.70 54.29 4.07 4.59 98.70
SEM - 0.98 - 4.29 0.91 0.48 4.78
CD at 5% NS 1.62 NS 6.21 1.08 0.79 6.59

NS: Non-significant.

Table 2. Effect of gamma irradiation on propagation and growth attributes of Kosen mulberry genotype at M; generation.

Treatment Sprouting % Rooting % Survival % Plan(tclr;c;ight bgsg;gzr(g;) disltr;;ecrgc()g;:) Leaf area (cm?)
Control 85.66 81.70 86.90 123.83 7.60 4.35 79.36
1kR 83.66 77.96 78.70 105.00 7.73 3.76 86.63
2kR 82.33 78.06 74.90 96.29 5.86 4.17 70.80
3 kR 65.66 69.96 72.30 88.00 5.10 4.06 72.33
4 kR 70.33 51.36 69.50 77.56 5.13 2.94 56.63
5kR 56.66 59.60 51.70 95.90 5.33 4.13 72.03
6 kR 50.33 28.10 32.70 68.03 4.60 473 66.46
7kR 46.00 34.90 37.80 52.20 3.60 4,74 45.00
8 kR 46.66 19.83 26.20 63.16 4.00 4.16 61.80
9kR 22.33 13.76 21.30 52.13 3.80 3.98 53.46
10 kR 18.66 19.59 24.50 58.03 4.23 3.94 45.53
SEM - - - - 0.23 0.07 1.07
CD at 5% NS NS NS NS 1.28 1.82 221

NS: Non-significant.

Copyright © 2013 SciRes. AJPS
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Table 3. Effect of gamma irradiation on propagation and growth attributes of S, mulberry genotype at M; generation.

Treatment Sprouting % Rooting % Survival % Plan(tclr—rlsight br,:rlegr]mzsr(r?cf).) dils.r;;r::?:r:1) Leaf area (cm?)
Control 92.48 88.33 88.00 138.98 5.88 3.81 144.26
1kR 78.49 81.27 81.49 131.14 6.01 3.85 129.31
2 kR 72.19 79.10 79.48 128.78 6.14 2.75 134.27
3 kR 67.20 73.14 68.17 114,57 5.78 3.98 131.13
4 kR 53.18 61.18 54.33 101.68 5.97 3.78 128.29
5kR 49.28 59.78 47.08 94.18 6.18 3.81 101.01
6 kR 51.06 51.39 49.98 88.68 6.73 3.68 98.47
7kR 44.19 81.33 40.30 147.86 6.71 2.99 146.22
8 kR 36.28 42.78 35.18 34.18 4.16 2.87 82.29
9kR 38.24 29.16 38.24 33.32 4.09 2.80 72.67
10 kR - -
SEM - - 2.48 0.86 0.47 7.29
CD at 5% NS NS NS 3.57 1.91 1.01 8.76

NS: Non-significant.

acute doses like 9 kR (39.20%) and 10 kR (29.70%)
proved to be lethal for the taxa studied. In Kosen, sur-
vivability percentage was maximum at 1 kR (78.70%)
and minimum at 9 kR (21.30%) and control plants
showed 86.90%. Ss; genotype showed stunted growth,
weak and feeble branches at 8 kR and 9 kR and survival
percentage was maximum at 1 kR (81.49%) and mini-
mum at 8 kR (35.18%) and control plants recorded
88.00% of survivability (Tables 1-3). Survivability per-
centage varied depending upon dosage of gamma rays
administered. Present findings are in confirmation with
the results of many other workers [12,17,18]. They have
concluded that, low doses of gamma irradiation could be
used as safe and effective tools to induce variations to-
wards improving mulberry cultivars and increased dos-
ages of gamma rays (9 kR and 10 kR) produced semi
lethality to complete lethality. Decrease in survival per-
centage after radiation treatment was attributed to the
destruction of auxins [19,20]. Survivability in mulberry
varieties Szy and K, and revealed that, the injury was
directly proportional to concentration of mutagen and
also disturbances caused at the physico-chemical level in
cells or acute chromosomal damage or due to combined
effect of both. Decrease in the survivability of irradiated
plant material to the series of events occurring at the cel-
lular level which affect the vital macromolecules and

Copyright © 2013 SciRes.

result in physiological imbalance [21]. Survivability in-
dicates the capacity of treated population to withstand
even the severe dosage of gamma rays [22]. Survival
percentage in the entire irradiated mulberry varieties
showed a continuously decreasing trend. Sensitivity of
the plant material depends on the genetic constitution,
dose employed, DNA amount, its replication time at ini-
tial stages, moisture content, stage of development and
genotype [6].

Height of the irradiated population of Ms considerably
reduced when increased gamma ray dosage is adminis-
tered. Appreciable increase in plant height was noticed at
4 KR (155.14 cm) when compared to control (142.23 cm).
Kosen also exhibited the same trend and declining plant
height with increase in gamma ray dosage and recorded
highest at 1 kR (105.00 cm) and least at 9 kR (52.13 cm)
compared to control (123.83 cm). Plants height in treated
populations of Ss; ranged from 147.86 cm (7 kR) to
33.32 ¢cm (9 kR) compared to control (139.98 cm). At 10
kR though the irradiated cuttings sprouted initially, they
did not grow further. Branches considerably increased at
4 kR (6.95) (Figure 3) in Ms genotype and drastically
reduction in number of branches noticed between the
range 8 kR (4.81) - 10 kR (4.07), where irradiated proge-
nies showed semi lethality to complete lethality. Kosen
genotype showed maximum branches at 1 kR (7.73) and
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Figure 3. Ms mulberry genotype mutants irradiated at 4 kR
exhibited increased tendency in the number of branches.

decreased number of branches was noticed at 9 kR (3.80)
and 10 kR (4.23). Increased dosage of gamma ray irra-
diation lowered the formation of new shoots. Sz, geno-
type also exhibited varied branching patterns and maxi-
mum branching was observed at 6 kR (6.73) and 7 kR
(6.71) and lowest number of branches were recorded at 9
kR (4.09). Internodal distance of Ms genotype recovered
from gamma irradiated cuttings showed reduced inter-
modal distance at 4 kR (4.01 cm), 6 kR (4.07 cm) and 7
kR (4.11 cm) and at lower doses 1 kR (4.31) to 3 kR
(4.33) this trait was not affected. Internodal distance in
Kosen did not show much variation in all the treated
population except at 4 kR (2.94 cm) compare to control
(4.35 cm). In Ss,genotype, higher dosage of gamma ray
(7 kR - 9 KkR) indicated decreased internodal distance
which ranged from 2.99 cm 2.80 cm. Least internodal
distance was observed at 2 kR (2.75 cm) compared to
control (3.81 cm). Leaf area is a desirable morpho-eco-
nomic trait in mulberry and was considerably decreased
due to gamma irradiation in Ms genotype. Plants irradi-
ated with 1kR gamma rays showed slightly bigger leaves
(169.14 cm?) compared to control (167.28 cm?) and small
leaves were observed at 10 kR (98.70 cm?). Irradiated
populations of Kosen showed maximum leaf area at 1 kR
(86.63 cm?) and minimum at 7 kR (45.00 cm?) compared
to control (79.36 cm?). Irradiated population at 8 kR, 9
kR and 10 kR exhibited small, crumpled, biforked and
chlorophyll deficient leaves (Figures 4, 5). In Sgq mul-
berry genotype enlarged leaf area was observed in the
populations irradiated at 1 kR (129.31 cm?), 2 kR
(134.27 cm?) and 4 kR (128.29 cm?) gamma rays. 7 kR
(146.22 cm?) exhibited largest leaf area and least at 9 kR
(72.67 cm?®) when compared to control (144.26 cm?).
Boat shaped, wrinkled, curly and chlorophyll deficient

Copyright © 2013 SciRes.

Figure 4. Kosen mulberry genotype mutants irradiated at 8
kR gamma irradiation showing biforked leaves.

Figure 5. Kosen mulberry genotype mutants irradiated at 8
kR gamma irradiation showing chlorophyll deficient leaves.

leaves were observed in the population with 8 kR and 9
kR (Figures 6-8; Tables 1-3).

Mulberry is a polygenic plant. Plant height is a quanti-
tative trait which is predominantly controlled by poly-
gene. Each gene contributes small effects called genetic
addictive effect [23]. In some cases mutation are not sta-
ble, they will undergo recombination during meiosis [24].
Multicellular organisms have the ability to recover from
sub lethal doses of ionizing radiations. Even with in a
cell, non-damaged molecule may be able to take over
metabolic process and exerts a gradual recovery to nor-
mal levels [25]. Efficiency of selecting the desired mu-
tant is controlled by single gene [26]. Generally if the
doses are too high, many plants get killed, because
physical mutagens can have direct negative effects on
plant tissue and many mutations can be lethal. This is due
to the fact that, primary injuries are retardation or inhibi-
tion of cell division. Cell death affects the growth habit
and changes in plant morphology. These effects are due
to cytological changes such as chromosomal damages,
inhibited mitotic division, degeneration of nuclei, cell
enlargement etc., have been reported by many scientists
[27-31]. If the dose is too low, there will not be enough
mutation because of low mutation frequency and it re-
sults in small mutated sector. Branching pattern is con-
trolled by polygenes and mutations are not stable and
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Figure 6. S5, mulberry genotype mutant recovered at 8 kR
gamma irradiation showing boat shaped leaves.

Figure 7. Ss; mulberry genotype mutant recovered at 9 kR
gamma irradiation showing wrinkled texture leaves.

Figure 8. S5, mulberry genotype mutant recovered at 9 kR
gamma irradiation exhibiting and curled and chlorophyll
deficient leaves.

Copyright © 2013 SciRes.

vary with mutagenic sensitivity. Radio sensitivity and
bud mutation of mulberry in gamma irradiated popula-
tion showed deformations like inhibition of height and
branching pattern [24,32-34]. Intermodal distance was
found to be affected by cell number and cell length or
both in barley [35]. Similar observations namely short-
ened internodes in the mutants of Mysore local mulberry
variety treated by gamma irradiation has been reported
[12]. Mulberry is a cross pollinated heterozygous plant
induced mutations create new genetic variations in leaf
area at different doses. Similar findings affecting leaf
area, shape and size have been reported in large number
of genotypes from time to time through irradiation by
several investigators [3,32,36,37]. Several leaf mutants
viz., venosa, wrinkled leaf, glossy leaves etc., in case of
spontaneous mutants of mulberry have registered [38].
Abnormalities in leaves are due to disturbances by phy-
tochromes, chromosomal aberrations and mitotic inhibi-
tion [39-41]. Gamma rays administered in the present
investigation marginally affected the reproductive parts
and inflorescence length at maturity.

Three mulberry genotypes were subjected to different
doses of gamma irradiation (1 kR - 10 kR) and various
morphological and growth parameters were recorded. It
is commonly observed in the genotypes that, with the
increase in gamma ray dosage, there was linear decrease
in the performance of various growth parameters viz.,
sprouting, rooting, survivability, plant height and leaf
area were not of much promising nature. Gamma ray is a
potent physical mutagen which could induce variability
in all three mulberry genotypes. In the present investiga-
tion, promising mutants were identified in Ms genotype
at 4 kR. In Kosen, no remarkable variation observed in
treated population and only leaf abnormalities such as
biforked and chlorophyll deficiency was observed. Plants
height was drastically reduced at higher doses (7 kR - 10
kR) of irradiation. Mulberry genotype Ss, showed appre-
ciable increase in plant height at 7 kR. This is only a pre-
liminary investigation and the mutants showing benefi-
cial traits are to be grown for M, and M3 generation to
confirm the superiority of the race.
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