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Abstract: The seeds of Terminalia tomentosa Roxb were collected from Achanakmar Amarkantak Biosphere reserve, Central India.
The air dried seeds were exposed to different gamma irradiations doses (10kR, 20kR, 40kR and 60kR) in Continuous (C) and
Fractionated (F) pattern using ® Co source. The sensitivity and potential of germination, growth and vigor parameters of Terminalia
tomentosa under influence of different gamma irradiation doses was examined in the present study. Increase in the germination and
growth parameters under the lower continuous and fractionated doses of gamma irradiation indicate the potential of the lower doses of
gamma irradiation in the early growth improvement of Terminalia tomentosa. In contrast, the higher doses of gamma irradiation have a
retardant effect on germination, growth and vigor parmeters thus the tree show higher sensitivity towards these gamma irradiation doses
. It was observed that the fractionated dose pattern cause more inhibition in different germination and growth parameters than the
continuous doses. The 10kR continuous dose level showed the best acceptability and maximum enhancement in different growth and
germination parameters. The LD-50 values varied among the different growth parameters and it was seen that the leaf formation and
radicle were the most sensitive parameter. The PCA indicate and confirm the significance of different continuous and fractionated
gamma irradiation doses in altering the germination and early growth parameters of Terminalia tomentosa.
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Abbreviations

kR - KiloRad (1kR=10Gy)

C - Continuous

F - Fractionated

GP - Germination Percentage

GV - Germination Value

GEIl - Germination Energy Index
LD-50 — Lethal Dose-50

PCA - Principle Component Analysis

1. Introduction

New challenges such as climate change, global warming,
human population growth, etc., are posing a big threat to the
forests of worldwide. Under such conditions forest tree
breeders have to look for new innovative tools for tree
improvement to develop the tree species with better vigor,
growth, establishment, adaptability and resistance against
biotic/abiotic environmental stress. The success of any forest
tree improvement programme depends upon type and rate of
improvement which a forest tree species shows within a
specific time. Different methods have been employed for the
improvement of different forest tree species but these
methods are hindered due to either the biological
characteristics of forest trees (long life cycle) or by complex
protocols. However in the current era among all the
techniques, gamma induced tree improvement is one which
has shown a possible gain in the different germination and
growth attributes of forest tree species within less time.

Gamma rays belong to ionizing radiation and are the most
energetic form of such electromagnetic radiation, having the
energy level from around 10 kilo electron volts (keV) to
several hundred keV. Therefore, they have more penetrating
power than other types of radiation such as alpha and beta

rays (Kovacs & Keresztes, 2002), this is the most
economical and effective feature of gamma rays which has
made its wider application in the improvement of forest tree
species. The exposure of plants towards gamma irradiations
has a significant effect on the growth and development of
plants by inducing cytological, biochemical, genetic,
physiological and morphogenetic changes in the cells/tissues
depending on the levels of irradiation regime (Kim et al.,
2004; Wi et al., 2005). In addition gamma irradiation can
enhance the production of reproductive structures,
germination behavior, higher growth, early maturation,
accelerated development and disease resistance in plants
(Luckey, 1980,1998, 2003).The biological effect of gamma
radiation is mainly due to the formation of free radicals by
the hydrolysis of water, which may result in the modulation
of an antioxidative system, accumulation of phenolic
compounds and chlorophyll pigments (Kovacs and
Keresztes, 2002; Kim et al., 2004; Wi et al., 2007; Ashraf,
2009 ). The low doses of gamma radiation may enhance the
enzymatic activation and awakening of the young embryo,
which results in stimulating the rate of cell division and
affects not only germination, but also its vegetative growth
(Sjodin 1962).Conversely, Some reports on forest tree
species (Gunckel & Sparrow, 1961; Singh, S S and Sujata
2004, Singh and Vandana 2008 and IkRam et al., 2010) has
shown that the higher exposures of gamma rays produce
generally negative effects on plant growth and development
although the effect of dose rate on growth and development
might differs among plant species.

The sensitivity of any plant species depends upon three
factors such as dose, type of ionizing radiation and factors
affecting the recovery from radiation damage (Sparrow and
Woodwell 1962). According to Sparrow et al. (1970),
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woody species are relatively more sensitive when compared
to herbaceous types ,thus It becomes important to define the
threshold of high doses, which inhibits the growth and also
the low doses which has a stimulatory effects on growth and
development of the forest tree species. A radiostimulant low
dose is defined as any doses that marks the boundary
between positive and negative biological effect (Luckey,
2003) on the trees. This radiostimulatory effects which has
been observed in different plant species through the use of
low doses of ionizing gamma radiation could be considered
an interesting alternative somewhat unexplored in forestry
practice. So, the manipulation of these low stimulating doses
can improve the various economic traits of forest tree
species.

The aim of the present investigation is to evaluate the
gamma irradiation doses which will show a potential in the
enhancement of germination ,growth and vigor of
Terminalia tomentosa on one hand and on the other hand we
screen out the threshold doses of gamma irradiation from
which inhibition of germination, growth and vigor
parameters take place. The study can prove valuable in
recording the sensitivity status of Terminalia tomentosa
against acute exposure of gamma irradiation which will help
in formulating the improvement and conservation strategies
of this species.

2. Materials and Methods

The fully mature seeds were collected from the forests of
Achanakmar Amarkantak Biosphere reserve, Central India(
Location: 21° 15 to 22° 58°N and 81° 25 to 82° 5°E). The
air dried seeds with a moisture content of 7.660 + 0.84%
(ISTA 1991) were subjected to different gamma irradiation
doses (10kR, 20kR, 40kR and 60kR) using a Co® gamma
source with strength of .3712 KGy/Hr (Gamma Chamber,
Department of Chemistry, RTM University, Nagpur,
Mabharastra, INDIA ). The dose regime selection was based
on the previous studies on genus Albizia, Bauhinia and
Rubinia (Singh and Sujata 2004, Singh and Vandana 2008)
where significant results on different germination and
growth attributes were recorded under different gamma
irradiation treatments.

The doses were given in two different ways as Continuous
treatment and Fractionated treatment. For continuous doses
the seeds have been irradiated continuously by giving the
desired dose uninterruptedly. For fractionated doses, it was
done by fractionating the doses in two equal parts by
allowing an interval of 24 hours between two equal doses. In
this way we tried to compare the pace of DNA repair
mechanism by comparing the different germination and
growth attributes under influence of continuous and
fractionated pattern of gamma irradiation treatments.

Hundred seeds were used for each dose. Each treatment was
replicated four times with 25 seeds in each replicate and the
whole experiment was arranged in a Randomized Block
Design. Seeds without any treatment were taken as control
samples and the results of irradiated seeds were compared
with the untreated seeds(Control).The experiment was
carried out in polypots to study the germination and early
seedling growth. An artificial soil was prepared for the

experiment. Sand, clay and FYM (Farm Yard Manure) ina
ratio 2:1:1 were used for the experiment.The polypots were
filled with this soil and the seeds were sown for germination
in the polypots in the same orientation. The chemical
properties of the soil used for the experiment is given in the
following table;

Table 1: The chemical properties of the soil used for the

experiment

S.No Nutrient Status
01 | C (%) 2.45+0.11
02 Organic Matter (%) 3.67+0.21
03 | N(%) 0.0420.01
04 CIN 59.65+2.39
05 EC(dS/m) 0.18+0.032
06 K (mg/kg) 24.3+1.22
07 Ca (mg/kg) 32.5+1.67
08 Mg (mg/kg) 27.0+2.13
09 | P (mglkg) 10.84+.67
10 | pH 7.14+1

The treated and untreated seeds were soaked in distilled
water for 48 hours at room temperature (28° C + 1°C).
Thereafter, they were washed with distilled water and then
sown in polypots in the Forestry Nursery (Department of
Forestry Wildlife and Environmental Sciences,Guru
Ghasidas Vishwavidyalaya, Bilaspur, Chhattisgarh, India)
.Fertilizers were not used and the seedlings were irrigated
daily.

Germination was described by the presence of a radicle at
least 2mm long (Mackay et al., 1995). The germinated seeds
were counted daily from the starting of the experiment upto
the end of the experiment (30 days after seed sowing) and
then the germination percentage was calculated (ISTA 1999)
by following formulla.

GP=Number of seeds gemminated upto n' day X 100
Total mumber of seeds kept for genmination

Germination energy index (GEI) was calculated from daily
germination record. For germination energy index an
appropriate record of newly germinated seeds was made and
GEI was calculated by following equation;

GEI = Ayt (Az+Az) + (A + Azt Ag) + (A + Ap+Agt......+A) X 100
YN

Where A; , Ay, As,........ A, is the number of seeds newly
germinated on 1,2,3... and n™ days, respectively. N is the
total number seeds used for the treatment, Y represents the
number of days for each observation.

For germination value (GV) germination data were
considered upto the day when germination became constant
for three consecutive days (peak value). The same day was
used as a reference point for computing the germination
value and was calculated by following equation (Czabator
1962).

G.V.=MDG X PV
Where MDG is mean daily germination and PV is the peak
value.
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The germination speed (S) was determined by using the
following equation (Chiapuso et al., 1997).

S=(Nix 1) + (N2 — Np) x /2 + (N3 = Np)x1/3............ +(N,,
—Np1) X 1/n

Where N1, N2, N3......... Nn-1, Nn = Proportion of
germinated seeds observed at 1,2, ...... upto n-1 and nth
day.

Vigor index was calculated by using the following equation;
V = %G x (ASL + ARL)

Where V = Vigor index, %G = germination percentage,
ASL = Average shoot length, and ARL = Average root
length.

Shoot length, radicle length, hypocotyl length and average
leaf area were measured on the final day of germination
studies. The relative growth rate of the plants where
determined in terms of their fresh and dry weight. The dry
weight was calculated by keeping the seedlings in an oven at
80°C for 24hours.

LD-50 was calculated for different growth parameters to
record the gamma irradiation dose which was found 50%
lethal for the specific parameter and finally a radiosensitive
spectrum was prepared on the basis of LD-50 values of each
growth parameter.

To determine the level of significance the data were also
subjected to multivariate analysis consisting of the principal
component analysis. The principal component analysis
(PCA) was used to explain the pattern of character
covariation among the different gamma irradiation
doses.PCA identify the gamma irradiation doses which
contribute most to the variation across different doses of
gamma irradiations.PCA was calculated by Multibase-2015
support Excel.

The data was subjected to analyses of variance (ANOVA) in
a randomized block design . The treatment means were
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compared using the Duncan Multiple Range Test (Duncan,
1955) at (P<0.05) level of significance.

3. Result and Discussion

3.1 Effect of gamma radiation on germination behavior

The effect of different gamma irradiation doses on
germination is given in Fig 1 & Fig 2. Enhancement in the
GP, GV and GEI was recorded under 10kR and 20kR (both
Continuous and Fractionated doses) compared to their
respective control. Maximum germination percentage (52%
under 10kRC), germination value (27.1% under 10kRC) and
germination energy index (9.28 under 20kRC) was recorded
than the control (GP=37%,GV=15.73 and GEI=4.26)
respectively. The lower continuous doses showed much
potential in the enhancement of these germination
parameters than the fractionated doses. The potential of
lower doses in the improvement in germination percentage
was also recorded in Tectona grandis (Bhargava and
Khalatkar, 1987), Hyoscyamus muticus (Abo and Omran,
1976), and Pterocarpus santalinus (Akshatha, 2013). The
stimulatory effect of lower doses of gamma irradiation on
the germination may be due to the activation of RNA
synthesis or protein synthesis (Kuzin et al., 1976) during
early stage of germination of treated seeds. The
enhancement of germination in lower doses of gamma
irradiations may be due its effect on N products, as N
products can enhance seed germination by adjusting
K+/Na+ ratio and increasing ATP production and seed
respiration (Zhang et al., 2009).More over the lower doses
of gamma irradiations may enhance the enzymatic activation
and awakening of young embryo which results in
stimulating the rate of cell division and hence enhancement
of germination occur. The poor germination and early
seedling establishment being one of the central problem in
the conventional breeding of this forest tree species. Thus
the potential of the lower doses of gamma irradiations can
be exploited for the germination improvement and seeding
establishment of Terminalia tomentosa as specific, and in
general for other forest tree species.
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Figure 2

Terminalia tomentosa- Effect of different continuous doses (Fig-1) and Fractionated doses (Fig-2) of gamma irradiation on
germination percentage (GP), germination value (GV) and germination energy index (GEI). Bars showing the same letter are
not significantly different at P < 0.05. The data shown are mean + SE of four replicates.
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The higher doses (except 10kR C&F) and 20kR C&F) cause
reduction in these parameters. The inhibition of the seeds to
germinate at higher doses of gamma irradiation can be
attributed to several reasons like a) Histological and
cytological changes (Kiong et al., 2008, Sax,1942) b)
disruption and disorganization of the tunica or seed layer
which is directly proportional to the intensity of exposure of
gamma irradiations ¢) impaired mitosis in the meristematic
zones during germination ( Lokesha et al. 1992). The results
were in accordance with the earlier reports on Acacia
leucophloea (Selvaraju et al., 2001). A significant statistical
variation exists ( at a =0.05% level of significance) between
the values obtained for the germination percent(p=0.017),
germination value (p=0.001) and germination energy
index(p=0.024) under the influence of different continuous
and fractionated doses of gamma irradiations and the
control (Fig 1& 2).

3.2 Effect of gamma irradiation on speed of germination
of Termnalia tomentosa

The effect of the different continuous and fractionated doses
of gamma irradiation on the germination speed of
Terminalia tomentosa is shown in Figure 3. A two-fold
higher speed of germination was recorded from the seeds
irradiated with 10kRF (3.15 +0.35) than the control
(1.23+0.17).The higher continuous cause reduction in the
speed of germination. However all the fractionated doses
except 60kRF increased the speed of germination than the
control. .Maximum speed of germination was recorded in
the seedlings of the seeds irradiated with 10kRF followed by
10kRC, 40kRF, 20kRF, 20kRC, Control, 40kRC, 60kRF and
60kRC respectively. The increase in the speed of
germination in Terminalia tomentosa under the low doses of
gamma irradiation might be due to the stimulating effects on
hormesis (Sparrow 1960 and Thapa 1999), RNA synthesis
or protein synthesis as reported by Kuzin at al., (1976).
More over the low fractionated doses of gamma radiation
may increase the enzymatic activation and awakening of the
young embryo than the continuous doses ,which results in
stimulating the rate of cell division and thus enhancement of
the germination speed. It has been observed that the speed of
germination in Terminalia arjuna was  higher than the
control and was maximum in the seeds irradiated with 100
Gy followed by the plants of seeds irradiated with 25, 50,
200, and 150 Gy, respectively (Akshatha et al., 2014).
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Figure 3: Terminalia tomentosa- Effect of Continuous and
Fractionated doses of gamma irradiation on germination
speed (GS). Bars showing the same letter are not
significantly different at P < 0.05. The data shown are mean
+ SE of four replicates.

3.3 Effect of gamma irradiation on vigor index of
Termnalia tomentosa

The vigor index is a product total plant length and
germination percentage shown in Figure 4.The vigor index
shows the overall efficiency of the plants in terms of growth
and germination. A significant variation between the vigor
index values of seedlings grown was recorded (p= 0.017) at
0.05% of probability under different gamma irradiation
treatments of the seedlings. The highest vigor index (1565.2)
was recorded under 10kRC treated plants, followed by
10kRF, 20kRF, 20kRC, Control, 40kRF, 40kRC, 60kRF and
60kRC respectively. The four gamma irradiation doses
10kR(C&F) and 20kR(C&F) potentially increased the vigor
of the seedlings from germination to their vegetative growth
than the untreated seedlings (control). There are many
possible reasons for the stimulation in the vigor index of the
seedlings under lower continuous and fractionated gamma
irradiation doses. The enhancement in the vigor index could
be due to the stimulatory effect of lower gamma irradiation
doses along with their adaptive resistance to the radiation
stress.It also effects enzyme activity since higher seedling
vigor is associated to germination efficiency.lt has been
reported that high a-amylase activity increase metabolic
activity leading to enhanced seedling vigor.Hence it may be
infused that the lower continuous and fractionated gamma
irradiation doses enhances the a-amylase activity, in contrast
the higher continuous and fractionated doses decrease a-
amylase activity thus inhibition in the seedling vigor (Afzal
et.al.,, 2008; Kumagai et.al., 2000 and Stoeva et al., 2001).
The results of the present investigation were in accordance
with the reports on in Terminalia arjuna and Pterocarpus
santalinus (Akshatha et al, 2014; Akshatha and
Chandrashekar, 2013).In Bambusa arundinacea the low
doses of gamma irradiation showed an enhancement in the
seedling vigor ( Lokesha et.al., 2008) The potential of
10kRC and 10kRF gamma irradiation doses in the
improvement of vigor index can be exploited and utilized for
the developing vigor Terminalia tomentosa stands which can
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act in future as a germplasm store for the delivery of
different goods and services in a sustainable way. Moreover
these lower doses can help in production of the seedlings
stock with better establishment, which can be used to
supplement the natural regeneration problems of this tree
within the forests.
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Figure 4: Terminalia tomentosa- Effect of Continuous and
Fractionated doses of gamma irradiation on Vigor Index
(V). Bars showing the same letter are not significantly

different at P < 0.05. The data shown are mean + SE of four
replicates.

3.4 Effect of gamma irradiation on fresh weight and dry
weight of different growth parameters in Terminalia
tomentosa

The fresh and dry weight of radicle was slightly enhanced
by 10kRC (6.4940.52 & 2.39+0.17) and
20kRC(05.63+0.46g & 1.25+0.08g) dose than the
control(4.67+0.02g & 0.56+0.02g) respectively, while the
higher continuous doses cause reduction of these
parameters. The lower continuous doses does not show any
effect on the fresh and dry weight of hypocotyls, where as
the higher continuous reduced these parameters. An
irregular trend in the increase of the fresh weight and dry
weight of cotyledon was observed under different
continuous doses. Highest fresh weight and dry weight was
observed under 10kRC(10.05+1.10g & 03.25+0.17g) and
60KRC (10.21+0.28g & 3.32+0.09g) in compare to the fresh
and dry weight of untreated seedlings (08.23+0.729 &
02.65+0.04g), while the other doses don’t show any
significant change.A slight increase in the fresh and dry
weight of shoot was observed under 10kRC and 20kRC than
the control, while other doses cause inhibition of the fresh
and dry weight of shoot(Table-2).

Table 2: Terminalia tomentosa — Effect of different Continuous(C) and Fractionated (F) doses of gamma irradiations on fresh
weight and dry weight of different growth parameters in Terminalia tomentosa

Radicle

Hypocotyl

Cotyledonary leaves Shoot

Dose
Level FW DW FW

FW DW FW DW

control 1 4 6740.02 | 0562002 | 02.18+.02

0.36+0.03

08.23+0.72 [02.65+0.04 | 07.16+0.24 | 02.16+0.09

10kR -C 16.49+0.52 | 2.39+0.17 |02.10+1.12
-F [5.14+0.45 | 2.84+0.07 |02.32+0.45

0.34+0.05
0.47+0.07

10.05+1.10 |03.25+0.17 | 09.32+0.32 | 03.36+0.07
07.45+0.95 | 2.75+0.12 [10.85+1.17 | 03.78+0.72

20 kR -C |05.63+0.46 | 1.25+0.08 |02.00+0.61
-F 106.32+0.37 | 2.21+0.05 |03.39.40.24

0.25+0.01
1.22+0.02

08.19+0.64 (02.16+0.04 |108.68+0.21 | 02.18+0.01
06.13+0.74 | 2.19+0.09 |12.57+0.98 [ 04.25+0.19

40kR -C | 3.09+0.16 | 0.72+0.06 |01.96+0.02
-F | 4.15+0.10 | 1.97+0.06 |02.10+0.09

0.18+0.02
0.32+0.02

07.16+0.57 (02.45+0.09 | 06.27+0.42 (01.76+.0.04
08.68+0.84 [02.95+0.11 [09.15+0.64 |03.17+.0.13

60 kR -C 02.12+0.09 | 0.46+0.07 | 1.73+0.03
-F 103.2840.14 | 1.36+0.02 | 01.84+0.06

0.18+0.02
0.18+0.07

10.21+0.28 | 3.32+0.09 |05.32+0.09 | 1.57+0.03
09.69+0.96 | 3.20+0.27 [06.09+0.36 | 2.38+0.09

The data shown are mean+SE of five replicates.

10kRF and 20kRF gamma irradiation doses increased the
fresh weight of the radicle than the control, where as the
other doses don’t show any significant change in the fresh
weight of the radicle (Table-2). All the fractionated doses
increased the dry weight of the radicle than the control and
the highest dry weight of radicle was observed in
10kRF(2.84+0.07g) than the control(0.56+0.04g).An
enhancement in the fresh and dry weight of the hypocotyl
was recorded under 20kRF(03.39.+0.24&1.22+0.02g) than
the control(02.18+0.02 & 0.36+0.03Q), the other fractionated
doses doesn’t show any significant change than the control
except 60kRF which reduced the fresh and dry weight of the
hypocotyl. All the fractionated doses increased the fresh and
dry weight of the shoot than the control ,except 60kRF
which don’t show any significant change than the control.

Khodary and Moussa (2003) confirmed these results that
radiation of 20 Gy on dry seeds improves total chlorophyll
content, which increases chlorophyll activity and thus
accumulates more biomass. In contrast the higher dose of
gamma rays up to 500 Gy decreases chlorophyll content by
80.91 % and decreases the organized pattern of grana and
stroma thylakoid (Alikamanoglu et al. 2011) thus inhibiting
the rate of phosynthesis (carbon fixation) results in the
reduction of the biomass. Our findings were in the same
direction for Albizia, Bauhinia and Rubinia (Singh, S S and
Sujata 2004, Singh and Vandana 2008) respectively. The
enhancement in the fresh and dry weight under the different
continuous and fractionated doses of gamma irradiations in
different parts of the Terminalia tomentosa seedling
indicates the enhancement in the rate of carbon fixation by
the treated seedlings. This potential of carbon sequestration
by the treated seedlings can be considered in the current era
of global warming and option for its mitigation.
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3.5 Effect of gamma irradiation on growth pattern in
Termnalia tomentosa

There was no significant difference in the shoot length,
hypocotyls length, radicle length, average leaf area and
number of leaves between the lower continuous gamma
irradiation treatments and the control (Table-3). However
the gamma irradiation treatments above 20kRC reduced
these parameters as compared to the control. The reduction
in the shoot length and root length above the 20kRC gamma
irradiation treatments clarify the sensitivity of shoot length
towards gamma irradiations. A decrease in shoot length with
increased doses of radiation in A. hirsutus, G. xanthochymus
and S. asoca was also observed (Akshatha and
Chandrashekar, 2014). It was observed that increased dose

of gamma irradiation reduced shoot and root length in two
species of Pinus (Thapa,2004).The reduction in the root and
shoot length by higher continuous gamma radiation doses
may be attributed to the reduction of mitotic activity of the
cells (Khalil et al. 1986). At the high gamma irradiation
exposure the cells which have more chromosomnal damage
are at a disadvantage due to diplontic selection and cannot
compete well with the normal cells thus prevent from
making further contribution for growth (Shah et al,
2008).Preussa and Britta (2003) stated that a high dose of
gamma radiations contributes in cell cycle arrest during
G2/M phase, inhibiting growth during cell division. In the
present study it was observed that Terminalia tomentosa
showed a radioresistance in terms of root and shoot growth
to the lower continuous doses of gamma irradiation.

Table 3: Effect of different Continuous(C) and Fractionated(F) doses of gamma irradiation on the growth parameters of
Terminalia tomentosa

Dose Level Radicle length Hypocotyl length Shoot length Avg. no. of Average Leaf
(mm) (mm) (cm) leaves Area (cm?)
Control 16.6+1.50° 03.4+1.17° 13.5+1.51° 09+1.21° 12.5+0.32?
10kR -C 18.2+2.60° 03.7+0.32° 15.242.40° 11+2.847 11.2+0.217
-F 19.3+2.43%® 04.240.17\° 16.3+2.40° 13+0.90% 15.0+1.44°
20kR -C 13.5+1.21° 03.02+0.67° 10.5+1.21° 07+1.66° 09.6+0.65"
-F 21.5+1.21° 05.62+0.35"° 19.5+1.21° 11+3.21° 18.7+2.37°
40 kR -C 08.6+0.56° 02.20+0.52° 08.0+0.89" 04+2.21¢ 07.1+0.54°
-F 12.2+0.89° 03.57+0.14N° 12.2+0.89° 06+1.54° 09.0+1.22¢
60 kR -C 07.2+0.63° 01.50+0.10° 05.2+1.66° 03+0.94° 04.5+0.149
-F 07.6+1.66° 02.35+0.07"S 06.8+1.66° 04+1.66" 07.5+1.04¢

The data shown are meantSE of five replicates.Means
within a column followed by same letter are not significantly
different (P<0.05),NS: Not significant, Different letters a, b,
c and d denote significant difference (P<0.05) between
different treatments

The significant effect on the different growth parameters
was observed under the fractionated doses of gamma
irradiations (Table-3) as compared to the control seedlings.
Since the lower continuous doses were found to be radio-
resistant and higher continuous doses were recorded as
radio-sensitive, but a potential increase in the shoot and root
length, number of leaves and average leaf area was recorded
in the seedlings under lower fractionated gamma irradiation
treatments. A max increase in the shoot length was seen
under 20kRF (19.5£1.21), followed by 10kRF (16.3%2.43)
than the control (13.5£1.50) respectively.Toker et al.’s
(2005) findings show that radiations up to 200 Gy increase
shoot length, but further increase to 400 Gy causes reduction
in the shoot length. Likewise the enhancement of the radicle
length was observed (Table-4).However 60KRF inhibited
these parameters. Melki and Marouani’s (2010) research
concluded that a low dose of 20 Gy gamma radiations
enhances the root length and number by 18-32 %. Highest
number of leaves was seen under 10kRF (16+0.90) and
highest average leaf area was recorded under 20kRF dose
(18.7+1.37 cm?) than the control respectively (Table-4). The
increase in the number of leaves formed may be due to the
enhancement in the production of growth hormone kinetin
which is responsible for the production of large number of
leaves and branches (Minisi et al. 2013).These results
indicate the significance of fractionated doses over
continuous gamma irradiation doses in the vegetative growth

of Terminalia tomentosa. The ability of repair system of a
plant to overcome the damaging effect of different gamma
irradiation dose increases its radioresistance but if the
biological material will be irradiated after specific intervals
(Fractionated dose) the chance of its repair system decreases
hence possibility in the modification of important
components of the cell increase, which effects differentially
on the morphology, anatomy, biochemistry and physiology
of plants. These effects include changes in the plant cellular
structure and metabolism e.g., dilation of thylakoid
membranes, alteration in photosynthesis, modulation of
oxidative system and accumulation of phenolic compounds
(Kim et al., 2004; Wi et al., 2005). This can be a reason for
the enhancement of different growth parameters ( Table-3)
under fractionated gamma irradiation doses.

3.6 Sensitivity of different growth parameters by LD-50
values in Terminalia tomentosa

The LD-50 was calculated for different growth parameters
of Terminalia tomentosa towards the different gamma
irradiation treatments to observe the radiosensitivity of these
growth parameters. The LD-50 values varied among the
different growth parameters and it was seen that the leaf
formation and radicle were the most sensitive parameter (Fig
5. A, B, CD, E and F). The LD-50 value for the radicle
length were 41KRC & 56KRF and for the average leaf
formation it was 36KRC & 54KRF respectively (Fig 5 : A,
B, C &D ).The LD-50 value recorded for the shoot growth
was 42KRC & 56KRF .The LD-50 values for different
parameters showed a marked variation which clearly
indicates the difference in the interaction of the gamma
irradiations and the seedling tissues.
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Figure 5: A, B, C,D, E and F: LD-50 values for Radicle, average leaf formation and shoot growth under continuous and
fractionated gamma irradiation doses in Terminalia tomentosa

The LD-50 values can be utilized for the trait bases
improvement of Terminalia tomentosa. A radiosensitive
spectrum was prepared for the different growth parameters
on the basis of their LD-50 values, which is represented
according to their sensitivity as;

Leaf formation>Radicle>Shoot growth

Vanhoudt et al. (2014) demonstrated the role of ROS-
scavenging enzymes, SOD, CAT, ascorbate, peroxidase
(APX), guaiacol peroxidase (GPX), and syringaldazine
peroxidase (SPX) in roots and leaves of A. thaliana and
reported that enzyme capacity gets affected in roots/leaves
making them more radiosensitive than other parameters. The
global context of climate change and the electromagnetic
pollution to which the forest trees are exposed in the current
era, an elite strategy can be developed for the conservation,
management and improvement of Terminalia tomentosa
from the present work. Moreover gamma irradiations can
help to develop radiosensitive models for different tissues
and forest tree species by which we can monitor the most
sensitive tree species which require an ultimate
conservation.

3.7 Principle component analysis

The extent of variation caused by the different gamma
irradiation doses on different germination and early growth
parameters of Terminalia tomentosa was assessed by
multivariate technique. Principal Component Analysis
(PCA) was performed for different germination and early
growth parameters of Terminalia tomentosa under influence
of different doses of gamma irradiations. The result of
combined PCA across different gamma irradiation doses are
presented in Table-4.
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Table 4: Eigen values, percent of total variation accounted
for, cumulative percent and eigen vectors of germination and
early growth parameters (Terminalia tomentosa) of the first
four principal components under influence of different
gamma irradiation doses

Dose Compl | Comp2 | Comp3 | Comp4
Control -0.02 -0.09 -0.35 -0.68
10kRC -3.23 0.49 0.68 -0.62
20kRC -1.21 2.08 -0.48 0.39
40kRC 1.75 0.38 0.65 0.41
60kRC 3.58 0.77 -0.04 -0.04
10kRF 2.65 -0.78 0.98 0.33
20kRF -2.15 -0.91 -1.54 0.43
40kRF 1.05 -1.16 0.21 0.39
60kRF 2.88 -0.68 -0.11 -0.40

Eigenvalue 6.87 1.19 0.65 0.23

A common rule of thumb for determining the significance of
a dose coefficient is to treat coefficient greater than 0.3 as
having a large enough effect to be considered important
under PCA analysis. The gamma irradiation doses having
less than 0.2 coefficient value were considered to have less
contribution to the over-all variation observed in the present
study.

The results from the PCA revealed that only two of the
principal components had eigen values greater than 1.0. The
first two axes with Eigen values of 6.87 and 1.19
respectively, jointly accounted for 89.5% of the total
variation in response to the gamma irradiation dose. The
first PC accounted for 76.3% of the variability which was
related to the different germination and growth parameters
of Terminalia tomentosa. Thus the information contained in
the different germination and early growth parameters
measured under different doses can be explained
satisfactorily based on the analysis of the frist two PCA
components, as if the number of a component that explain 0-
90% of total variance must be considered (Ferreira
2008).The 60kRC,60kRF,40kRF,40kRC and 20kRC were
the highest contributors for variation to the first and second
component.

2.075

20KRC

10KRC

3.579

PC2(13.2%)
o
]

10KRF

20KRF fe}

PC1(76.3%)

Figure 6: Biplot of the first and second principal
components to show the interrelationship of different
gamma irradiation doses on germination and early growth
parameters of Terminalia tomentosa .

A further understanding was obtained by plotting the PC
scores for individual observations in relation to the axes of
PC1 and PC2 (Fig 6) .The figure clearly describes a same
type of response of the doses 10kRF and 20kRF on the
different germination and growth parameters of Terminalia
tomentosa as they were found much closer to each other
than the other doses. However the effect of the other doses
was dose dependent. The doses 10kRC and 60kRF show the
highest separate dose response to the different germination
and growth parameters respectively. This contribution in
variation of the different gamma irradiation doses indicate
their significance in altering the germination and early
growth parameters of Terminalia tomentosa. However the
positive and the negative effects by continuous and
fractionated gamma irradiation doses can be screened out to
describe the radiopotential and radiosensitivity of
Terminlalia tomentosa and the future implication of
radiopotential doses in the forest tree improvement
programmes.

4. Conclusion

Nuclear techniques have broadened the scope of forest tree
improvement and genetics. The lower doses of gamma
irradiation treatments have a potential to enhance the
different germination and growth parameter of Terminalia
tomentosa. This potential of gamma irradiations can help in
the improvement of the regeneration and seedling
establishment of this species for the development of better
Terminalia tomentosa stands. On the other side the higher
doses were found to be sensitive for Terminalia tomentosa
germination and growth. These sensitive doses can be
screened and the establishment of prior conservation
strategies of this species can be lay-out in the current era of
climate change. The gamma irradiations can be used to
establish safety criteria for nuclear facilities and its peaceful
application in forestry. The present investigation was
restricted to only the early growth phases, however a further
work on the monitoring of this species for the different
growth and reproductive end point is in progress.
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