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ABSTRACT  Gamma (γ) -ray irradiation is a conventional technique to produce mutants in plant breeding. The current 
study investigated the effect of gamma rays on days to germination, germination percentage, survival per-

centage, shoot length /plant, root length /plant, number of branches /plant, number of leaves /plant, days to first flower 
and inter-nodal distance by treating the seeds of Andrographis paniculata with different dosages of gamma rays. Dry seeds 
of Andrographis paniculata were irradiated with 10, 20, 30, 40, 50, 60, 70, 80, 90 & 100 KR by a 60Co.The study revealed that 
gamma radiation significantly affected on germination percentage. However, other parameters show declining tendency 
with increasing doses of gamma rays.

INTRODUCTION 
Mutation is a sudden heritable change in organism gener-
ally the structural change in gene. The term mutation was 
first introduced by Hugo de Vries1 in 1900. Mutations can 
be induced either spontaneously or artificially both in seed 
and vegetative Propagated crops. Mutation breeding is one 
of the conventional breeding methods in plant breeding. It 
is relevant with various fields like morphology, cytogenetics, 
biotechnology and molecular biology etc. Induced mutations 
have recently become the subject of biotechnology and mo-
lecular investigation leading to description of the structure 
and function of related genes. Mutated genes have there-
fore; become valuable material to plant breeders and mo-
lecular biologists for understanding not only the function but 
also in shuffling and isolating the genes between varieties 
(Souframanian et al.2, 2002). Mutation induction techniques 
such as radiation or chemical mutagens are good tools for 
increasing variability in crop species because spontaneous 
mutations occur with an extremely low frequency. Mutation 
techniques have significantly contributed to plant improve-
ment worldwide and have made an outstanding impact on 
the productivity and economic value of some crops. 

Andrographis paniculata is a medicinal plant belonging to 
the family of Acanthaceae. Diterpenoids and flavanoids are 
the main chemical constituents of Andrographis paniculata 
and these compounds are believed to be responsible for 
the biological activities of the plant (Tang and Eisenbrand3, 
1992; Saxena et al.4, 1998). It is widely used in Chinese and 
Ayurvedic medicine for the treatment of gastric disorders, 
infectious diseases and common colds. It has multiple phar-
macological properties such as anti-protozoal, hepatoprotec-
tive, anti-HIV, anti-inflammatory (Sheeza et al.5, 2006), anti-
pyretic, anticancer (Li et al.6, 2007), antitumor, hypoglycemic 
(Borhanuddin et al.7, 1994), hypotensive activities and has 
been used for the treatment of snake bites. Andrographis 
paniculata is also used as a folk medicinal remedy for fever, 
pain relief and disorders of the intestinal tract. The ability of 
Andrographis paniculata to lower fever has been demon-
strated independently in several reports. Inflammation plays 
an important role in the pathogenesis of several neurode-
generative diseases including parkinson’s disease. Main com-
ponent of Andrographis paniculata is andrographolide has 
been reported to possess an anti-inflammatory effect in vitro 
by modulating macrophage and neutrophil activity (Chiou et 
al.8, 1998; Chiou et al.9, 2000; Shen et al.10, 2000; Shen 
et al.11, 2002). Andrographis paniculata is most important 
medicinal plant for human being and pharmaceutical use for 
making medicines.

The use of gamma radiation to induce mutation is a method 
that has been applied in plant breeding to increase genetic 

variations (Brunner12, 1995). Gamma rays belong to ionizing 
radiation and interact with atoms or molecules to produce 
free radicals in cells. These radicals can damage or modify 
important components of plant cells and have been reported 
to affect the morphology, anatomy, biochemistry and physi-
ology of plants differentially depending on the irradiation 
level. These effects include changes in the cellular structure 
and metabolism of the plants e.g., dilation of thylakoid mem-
branes, alteration in photosynthesis, modulation of the anti-
oxidative system and accumulation of phenolic compounds 
(Kim et al.13, 2004; Kovacs and Keresztes14, 2002; Wi et 
al.15, 2005).

Due to its medicinaly important property, the aim of the cur-
rent study is to use nuclear breeding techniques for search of 
some beneficial mutants in Andrographis paniculata and also 
to evaluate the effect of gamma rays on morphological and 
growth parameters of Andrographis paniculata.

MATERIALS AND METHODS:
The dry seeds of Andrographis paniculata were collected 
from Shail nursery, Nagpur, Maharashtra, India. The seeds 
with uniform size, color and weight were chosen for experi-
mental purpose. The experiment was conducted during the 
year 2012 to 2013. Fifty seeds were packed in ten bags sepa-
rately and treated in the gamma rays chamber at 10, 20, 30, 
40, 50, 60, 70, 80, 90 and 100 KR respectively from 60Co 
gamma unit chamber installed at the department of chemis-
try, RTM Nagpur University, Nagpur. The 15 seeds of control 
and irradiated each were sown in earthen pots of equal size 
which were filled with dried pulverized garden soil. Eleven 
petridishes in which 15 seeds per treatment and control were 
planted and germination percentage for each treatment 
compared to control were subsequently determined. In field 
the morphological and growth parameters such as days to 
germination, germination percentage, survival percentage, 
shoot length /plant, root length /plant, number of branches /
plant, number of leaves /plant, days to first flower and inter-
nodal distance were observed and recorded. 

RESULTS AND DISCUSSIONS:
 In respect of gamma rays treatment, there was a proportion-
ate reduction in germination of Andrographis paniculata with 
increased doses of gamma rays and similar result were also 
reported in black-gram (Ramaswamy16, 1973), soybean (Bal-
akrishnan17, 1991), rice (Ramesh et al.18, 2002) and Cowpea 
(Gnanamurthy et al.19, 2012). The seeds treated with higher 
gamma radiation i.e. 80KR, 90KR, 100KR show toxic effect 
on germination. The irradiated seeds of 80KR, 90KR, 100KR 
are not germinated. 

Days to germination of Andrographis paniculata were sig-
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nificantly delayed by higher doses of gamma irradiation. The 
data in Table no.1 indicates that at higher doses of gamma 
rays increases days to germination. In the present experiment 
percentage of germination also show decreasing trend when 
compared to the control. The seedling survival reduced with 
increase in doses of gamma rays. Similar results have been 
obtained in soybean (Yamashita and Kawai20, 1987; Bal-
akrishnan17, 1991). At 20KR very low survivability are seen. 
The irradiated seeds 30KR, 40KR, 50KR, 60KR and 70KR are 
not survived, after germination cotyledonary leaves are seen 
but, they get die within 1-2 week. According to (Kiong et 
al.21, 2008) study, results have shown that survival of plants 
to maturity depends on the nature and extent of chromo-
somal damage. Increasing frequency of chromosomal harm 
with increasing radiation dose may be responsible for less 
germ inability and reduction in plant growth and survival. 
Changes in the germination percentage were attributed to 
gamma rays treatments (Kiong et al 21, 2008).

 If the dosages are too high, too many plants will be killed be-
cause mutagens can have direct negative effect on plant tis-
sue and many mutations can be lethal. This is due to the fact 
that primary injuries are retardation or inhibition of cell divi-
sion, cell death affects the growth habit and changes in plant 
morphology. If the dose is too low, there will not be enough 
mutation because of low mutation frequently and results in 
small mutated sector (Nazir et al.22, 1998). These effects are 
due to the cytological changes such as chromosomal dam-
ages, inhibited mitotic division, degeneration of nuclei, cell 
enlargement etc., have been reported (Sparrow et al.23,1952 
; Pollard24, 1964 ; Karpate and Chaudhuri25, 1997).

Fig.1: Seeds irradiated at 10KR  shows plants growth 

Fig.2: Seeds irradiated at 10 KR shows different types of 
leaf shape 

Fig.3: Seeds irradiated at 10 KR shows different types of 
leaf shape 

Fig.4: Seeds irradiated at 10 KR  shows leaf color change 
to violet 

Fig.5: Seeds irradiated at 10 KR  shows leaf color change 
to violet 

Fig.6: Seeds irradiated at 20KR shows plants growth 

Fig.7: Seeds irradiated at 20KR shows plants growth 

Fig.8: Seeds irradiated at 20 KR shows different types of 
leaf shape.
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Fig.9: Seeds irradiated at 20 KR  shows different types of 
leaf shape 

Table no.-1: Effect of Various Dosages (KR) of gamma irradia-
tion on days to germination, germination percentage, surviv-
al percentage, shoot length /plant, root length /plant, num-
ber of branches /plant, number of leaves /plant, days to first 
flower and inter-nodal distance of Andrographis paniculata. 

Yield 
Parameters
Treatment 
dosages

Days
to 
germi-
nation

Germi-
nation 
%

Survi
val 
%

Shoot 
length /
plant
(Cm)

Root 
length 
/plant
(Cm)

Control 6 93.33 92.85 16 8

10KR 8 86.66 84.61 12 7
20KR 9 80.00 33.33 10 5
30KR 15 66.66 0 - -
40KR 17 53.33 0 - -
50KR 17 33.33 0 - -
60KR 18 26.66 0 - -
70KR 19 20.00 0 - -
80KR - - - - -
90KR - - - - -
100KR - - - - -

Yield 
Parameters
Treatment dos-
ages

Number of 
branches /
plant

Number 
of leaves 
/plant

Days to 
first flower

Inter-
nodal 
distance
(Cm)

Control 7 64 110 2.5
10KR 5 35 157 1.2
20KR 3 20 159 1.5

30KR - - - -
40KR - - - -
50KR - - - -
60KR - - - -
70KR - - - -
80KR - - - -
90KR - - - -

100KR - - - -

In the present investigation, shoot length /plant, root length 
/plant, number of branches /plant, number of leaves /plant 
(Fig. 1,6 & 7) showed decreasing trend with increasing doses 
of gamma rays compared to the control (Table no.1) and days 
to first flower increases with increasing doses of gamma rays. 
The inter-nodal distance of irradiated seeds of 20KR is less 
than the control but, more than the 10KR was observed. The 
colors of some leaves of 10KR irradiated plants are changes 
from green to violet when they get mature (Fig. 4 & 5). The 
different shapes of some leaves are also seen in 10KR and 
20KR irradiated plants (Fig. 2, 3, 8 & 9). The abnormalities 
in leaves are due to disturbances by phytochromes, chromo-
somal aberrations, mitotic inhibition (Moh26, 1962; Mickaels-
en et al.27, 1968; Abraham and Ninan28, 1968).

CONCLUSIONS: 
Andrographis paniculata has been subjected to different dos-
es of gamma irradiation (10KR-100KR) and various morpho-
logical and growth parameters were recorded. In the present 
investigation, it is observed that higher dosages i.e. 30KR-
100KR shows highly toxic effect on germination of seeds and 
survivability of plants. Higher dosages of gamma rays show 
lethal effect on morphological and growth parameters of 
plants such as reduced germination percentage, survival per-
centage, shoot length, root length, number of branches, and 
number of leaves while days to first flower were increases. 
In irradiated plants, some leaves shows different shapes and 
in 10 KR plants some leaves show violet color. The effects of 
these higher doses are not statistically significant. The dos-
ages that are suitable for mutation induction in Andrographis 
paniculata are in the range of 1-10KR. The information pro-
vide basic requirement for the use of gamma radiation for 
mutation induction in Andrographis paniculata.


