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ABSTRACT

In order to study chemical and biological seed treatments on germination performance of GCH-7 hybrid castor
(Ricinus communis L.) an experiment was carried out during 2013 and 2014 in the laboratory facilities of
Department of Seed Science and Technology, University of Agricultural Sciences Dharwad, Karnataka, India.
Statistical analysis indicated seed priming with 2 per cent CaCl, solution significantly reduced mean germination
time (5.16 and 5.17). Whereas, daily germination index (16.63 and 15.96), coefficient of velocity of germination
(0.180 and 0.173), seed germination (94.14 and 94.33 %), seedling root length (16.00 and 16.98 cm), shoot
length (13.36 and 14.17 cm), Seedling Vigour Index-1 (2764 and 2938), seedling dry weight (174.7 and 176.7 mg)
and Seedling Vigour Index -1l (16448 and 16668) were significantly improved during both 2013 and 2014 years
of experiment respectively, compared to the untreated seeds (7.31 and 7.32, 14.52 and 13.94,0.137 and 0.132,
87.56 and 87.29 %, 14.58 and 15.71 cm, 11.48 and 12.28 cm, 2282 and 2443, 150.9 and 150.2 cm, 13282 and
13250 respectively), such improved seed germination performance is due to efficient repair of deteriorated seed

10.01.2015 parts in presence of Ca+ ion.
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INTRODUCTION

The slow and irregular germination of castor (Ricinus
communis L.) seeds is a seed technological problem, as it
poses several disadvantages like reduced germination, attack
of pathogenic microorganisms when seed absorbs moisture
and sufficiently hydrated they becomes most sensitive to
pathogenic microbes, weed competition at initial seedling
growth is very serious problem due to slow seedling
establishment and vulnerability to drought conditions, since
castor seedlings show sluggish development after field
emergence, particularly up to 20 to 30 days after sowing it is
very sensitive period for healthy plant stand with appropriate
plant population per unit area which is very essential for castor
hybrid seed production.

This problem could be resolved by using those seed treatments
which will enhance the physiological activity involved in seed
germination, promote seedling development processes and
protect the germinated seeds and seedlings from pathogenic
micro organisms during critical growth period. Seed priming
as one of the most important development to help rapid and
uniform germination and emergence of seeds and to increase
seed tolerance to adverse environmental conditions (Harries
etal., 1999). Seed priming is now a widely used commercial
process that accelerates the germination rate and improves

seedling uniformity in many corps (Halmer, 2003; Taylor and
Harman, 1990)

Trichoderma species are effective in the control of soil/seed
borne fungal diseases in several crop plants (Kubicek et al.,
2001, Selosse et al., 2004 and Preston, 2004). Seed treated
with Trichoderma spp. check the growth of fungal diseases
and improve the seedling development. Trichoderma spp.
has evolved multiple mechanisms resulting in improvement
in plants resistant to diseases, plant growth and productivity
(Harman et al., 2004; Vinale et al., 2008). Possible explanation
of this phenomenon include: control of minor population of
pathogens leading to stronger root growth (Yedidia et al., 2001)
and increasing nutrient uptake by secretion of plant growth
regulatory factors such as phytohormones (Das et al., 2014)
and release of soil nutrients and minerals by saprophytic
activity in soil (Ousley et al., 1994). The increased growth
response induced by Trichoderma sp. has been reported for
many crops such as beans, cucumber, pepper, carnation,
maize and wheat (Lo and Lin, 2002) as well as in yield of
sorghum (Ganesh et al., 2012).

It has been also reported that seeds treated with Carbendazim
and thiram recorded significantly high emergence in castor
(Marroni et al., 2012) and in soybean (Chavan et al., 2014)
Further, the use of seed treatment with chemicals (Ammara et
al., 2000) and biological agents is a well known practice to
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get healthy and vigorous plants under field conditions (Rai
and Basu, 2014). This will also facilitate in getting uniform
maturity of seeds, harvesting and post harvest handling
operations apart from getting increased seed yield in castor
(Mendes et al., 2009).

Research investigations on effect of seed treatments with
chemicals and biological agents on getting uniform
germination and plant stand have not been carried out
systematically in castor, since Castor (Ricinus communis L.) is
one of the ancient and important oilseed crops of world
wherein it occupies the fifth position after soybean, rapeseed
mustard, ground nut and sunflower. Castor oil is distinguished
from other vegetable oils due to its high specific gravity,
thickness and hydroxyl value that makes it widely useful in
the world as lubricant oil for locomotive bearings of heavy
machineries (Wassell and Dittmer, 2006) and as a biodiesel
(Hemantetal., 2011) In view of its vast domestic and industrial
applications, castor enjoys a tremendous demand in the
domestic and world market. With this back ground a laboratory
investigation was undertaken with an objective to evaluate
the effect of chemical and biological seed treatments on
germination performance of GCH-7 hybrid castor to study
seed germination, speed of germination, seedling mortality
rate, treatment effectiveness on disease incidences and field
emergence.

MATERIALS AND METHODS

Effect of chemical and biological seed treatments on
germination performance of GCH-7 hybrid castor (Ricinus
communis L.) was studied during 2013 and 2014 in the
laboratory facilities of department of Seed Science and
Technology. University of Agricultural Sciences Dharwad,
Karnataka, India with six seed treatments viz., T : Seed priming
with 2.0 % CaCl, solution, T,: Seed priming with 4.0 % CaCl,
solution, T,: Carbendazim @ 2 g/kg + Thiram @1.5 g/kg, T:
Carbendazim @ 4.0 g/kg + Thiram @ 3.0 g/kg, T.: Trichoderma
Spp. @ 2.0 g/kg, T,: Trichoderma Spp. @ 4.0 g/kg and a control

(T,: Untreated seeds) in the Completely Randomized Design
(CRD) with four replications.

Seed priming with calcium chloride solution was carried out
according to Malik et al. (2005) by overnight 12 hrs soaking

of 1 kg seeds, using 2 and 4 per cent concentration of CaCl,
solutions separately in two glass containers and then seed
were dried back to original moisture content at room
temperature.

For chemical seed treatment the method of Ganesh et al.
(2012) was followed, one kilogram of seed sample was taken
in a glass container and 2g Carbendazim + 1.5g Thiram was
added, shaken manually to get a fine seed surface coating of
chemicals. Similarly 4g Carbendazim + 3.0g Thiram was used
for dry seed dressing.

Seed treatment with biocontrol agent Trichoderma harzianum
was done with dry powder formulation of Trichoderma
harzianum to follow the method of Nayakaa et al. (2008) and
Shakshi et al. (2014), where about 1kg of seed sample was
collected in two glass containers separately to which,
Trichoderma harzianum the biocontrol agent was added @ 2
and 4gm per kg of seeds separately and mixed thoroughly to
get seeds surface coated with biocontrol agent.

Hundred seeds in four replications were drawn at random
from each treatments and the germination test was conducted
by using between paper method as per the International Seed
Testing Association (ISTA) procedure (Anon., 2011) in a
laboratory germination cabinet maintained at 25 + 1°C constant
temperature and 95 per cent Relative Humidity. The number
of germinated seeds were counted manually at the end of 14t
day of seed germination test and expressed in percentage.
The observations on root and shoot length was recorded from
randomly selected ten normal seedlings after 14" day of
germination test.

Mean time to germinate was calculated with the formula given
by Ellis and Roberts, (1981)

Y(nd)
MTG =—T(day-1)
Where ‘n’ in number of germinated seeds in day ‘d’
>n is total germinated seeds
‘d” day of counting

Means daily germination was calculated by the formula given
by Scott et al. (1984)

FGP

MDG = D

Table 1: Effect of seed priming, chemical and biological seed treatments on seed germination components of GCH-7 hybrid castor

Treatments Mean time to Mean daily Coefficient of velocity of
germinate per day germinationindex germination seeds per day
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled
T: Seed priming with CaC|2(2.O % solution) 516 5.16 5.16 16.63 15.96 16.30 0.180 0.173 0.177
T, Seed priming with CaC|2(4.O % solution) 517 517 5.7 16.18 15.54 15.86 0.180 0.173 0.176
T,: Chemical seed treatment with Carbendazim 6.61 6.55 6.58 14.81 14.22  14.51 0.152  0.146 0.149
@20g + Thiam@15¢g
T,: Chemical seed treatment with Carbendazim 6.73 6.58 6.65 14.68 14.10 14.39 0.149  0.143 0.146
@4.0g + Thiam@3.0g
T,: Seed treatment with Trichoderma spp.(2.0 glkg) 6.68  6.68 6.68 14.52  13.94 14.23 0.149 0.143 0.146
T,: Seed treatment with Trichoderma spp.(4.0 glkg) 6.76  6.76 6.76 14.52 13.94 14.23 0.149 0.143 0.146
T,: Control (Untreated seeds) 731  7.32 7.32 14.52 13.94 14.23 0.137  0.132 0.135
Mean 6.34 6.32 6.33 15.17 14.56 14.87 0.157 0.151 0.154
S.Em+ 0.10 0.14 0.11 0.31 0.30 0.31 0.002 0.006 0.003
C.D. at 1% 0.43 0.57 0.47 1.32 1.27 1.30 0.008 0.024 0.014
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Table 2: Effect of chemical and biological seed treatments on seed germination (%) and seedling attributes of GCH-7 hybrid castor

Treatments Seed germination (%) Seedling root length (cm) Seedling shoot length (cm)
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled
T1: Seed priming with CaC|2(2.O % solution) 94.14 94.33 94.23 16.00 16.98 16.49 13.36 1417 13.76
TZ: Seed priming with CaC|2(4.O % solution) 94.05 94.25 94.15 15.99 16.96 16.48 13.36 1417 13.76
T,: Chemical seed treatment with Carbendazim 89.61 89.70 89.65 15.23 16.15 15.69 12.77 13.47 13.12
@20g + Thiam@1.5¢g
T,: Chemical seed treatment with Carbendazim 89.66 89.75 89.70 15.24 16.15 15.70 12.73 13.49 13.11
@4.0¢g + Thiam@3.0g
T: Seed treatment with Trichoderma spp.(2.0 g/kg)  89.08 89.31 89.19 15.14 16.08 15.61 13.16 13.97 13.57
T,: Seed treatment with Trichoderma spp.(4.0 g/kg) 88.56 88.81 88.69 15.06 15.99 15.52 13.03 13.83 13.43
T7: Control (Untreated seeds) 87.56 87.29 87.42 14.58 15.71 15.15 11.48 12.28 11.88
Mean 90.08 90.20 90.14 15.25 16.23 15.74 12.78 13.60 13.19
S.Em+ 0.52 0.58 0.55 0.23 0.10 0.15 0.23 0.02 0.12
C.D. at 1% 2.20 2.44 2.31 0.98 0.44 0.64 0.99 0.09 0.51

Table 3: Effect of chemical and biological seed treatments on seedling vigour Indies of GCH-7 hybrid castor

Treatments Seedling vigour index - Seedling dry weight (mg)  Seedling vigour index -lI
2012 2013  Pooled 2012 2013  Pooled 2012 2013 Pooled
T: Seed priming with C.’:1C|2 (2.0 % solution) 2764 2938 2851 174.7 176.7 175.7 16448 16668 16558
TZ: Seed priming with C.’:lC|2 (4.0 % solution) 2760 2934 2847 174.5 175.9 175.2 16410 16582 16496
T,: Chemical seed treatment with Carbendazim 2510 2657 2583 158.5 159.0 158.8 14213 14270 14241
@20g+ Thiam@1.5¢g
T,: Chemical seed treatment with Carbendazim 2508 2660 2584 158.6 161.2 159.9 14219 14465 14342
@4.0g + Thiam@3.0g
T5: Seed treatment with Trichoderma sp.(2.0 g/kg) 2521 2683 2602 159.4 160.8 160.1 14197 14366 14282
T,: Seed treatment with Trichoderma sp.(4.0 g/kg) 2488 2649 2568 157.3 158.3 157.8 13932 14068 14000
T7: Control (Untreated seeds) 2282 2443 2362 150.9 150.2 150.6 13282 13250 13266
Mean 2527 2694 2611 143.9 146.7 145.3 12600 12811 12706
S.Em+ 44 28 34 159.7 161.1  160.4 14413 14560 14486
C.D.at 1% 186 120 145 10.41 7.54 7.66 1071 899 883
Where, chloride solution (5.16, 15.86, 0.176 and 94.15%

‘FGP’ is final germination percent
‘D’ is day of maximum germination during experimented
period

Coefficient of velocity of germination was calculated by the
formula given by Maguire (1962)

(1IXG1)+ (2XG2) +...

CVG=

1
T XGn) (seed day™)

Where ‘G’ is number of germinated seeds

Seedling vigour index-I and Il

Seedling Vigour Index (SVI) was computed by adopting the
following formula as suggested by Abdul-Baki and Anderson
(1973) and expressed in whole number.

SVI-l ={Germination (%)} x {Shoot length (cm) + Root length
(cm)}

SVIHI =Seed germination (%) x Seedling dry weight (mg)

RESULTS AND DISCUSSION

From the pooled data over two years, it is seen that seed primed
with calcium chloride (CaCl,) @ 2.0 per cent solution took
significantly less mean germination time (5.16) but exhibited
significantly higher daily germination index (16.30), coefficient
of velocity of germination (0.177), seed germination (94.23
%) which was on par with seed priming with 4 per cent calcium

respectively). Whereas, significant contrary values were
observed with untreated seeds (7.32, 14.23, 0.135, 87.42 %
respectively). Similar results were also recorded during the
2013 and 2014 experiments with significantly highest mean
daily germination index (16.63 and 15.96 respectively),
coefficient of velocity of germination (0.180 and 0.173
respectively), germination percentage (94.14 and 94.33
respectively) and less mean time to germinate (5.16 and 5.16
respectively) with seed priming with 2 per cent calcium
chloride solution which was on par with 4 per cent calcium
chloride seed priming.

The significantly increased daily germination parameters and
germination percentage with reduced mean germination time
noticed due to seed priming with 2 and 4 per cent calcium
chloride solution might be attributed to the hydra-tion and
dehydration of seeds during priming; it has accelerated the
germination process besides (Airin and Khosro, 2013), seed
priming also permits early DNA replication, increased RNA
production and protein synthesis, increased enzyme activity,
greater ATP availability (Mewael et al., 2010), faster embryo
growth and efficient repair of deteriorated seed parts. All these
activities might have initiated quicker radical protrusion
through seed coat and have accelerate the process of
germination and other parameters by shortening the
germination time (Elouaere and Hannachi, 2013) Similar results
were also reported by the research workers like Jamadar and
Deshpande (2014) in pigeonpea.
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Pooled data indicated that significantly maximum the root
length (16.49 cm), shoot length (13.76 cm), vigour index-|
(2851), seedling dry weight (175.7 mg) and seedling vigour
index-Il (16558) were noticed in the 2 per cent calcium
chloride seed priming which was on par with 4 per cent
calcium chloride seed priming (16.48 cm, 13.79 cm, 2847,
175.2 mg, and 16496 respectively) as compared to the
untreated control (15.15 cm, 11.88 cm, 2362, 150.06 mg
and 13266 respectively). Similar results were also recorded
duringthe 2013 and 2014 experiments with significantly long
seedling root (16.00 and 16.98 cm, respectively) and shoot
length (13.36 and 14.17 cm, respectively), increased seedling
vigour index - | (2764 and 2938 respectively), seedling dry
weight (174.7 and 176.7 mg, respectively) and seedling vigour
index-ll (16448 and 16668 respectively) due to seed priming
with 2 per cent calcium chloride solution which was on par
with 4 per cent calcium chloride seed priming.

The increased root and shoot length might be attributed to the
increased enzymatic activity because of increased RNA and
protein synthesis; this inturn enhanced cell division, cell
elongation and metabolic activity of embryo that led to added
growth and development of seedling structures (Kazem et al.,
2012). Increased seedling vigour index directly proportional
to root, shoot length and germination percentage. Significantly
improved seedling dry weight might be attributed to the
increased of metabolic activity of embryo, increased respiration
due to hydration and dehydration of seeds due to priming
(Berhanu and Gebremedh, 2013). According to Virupaksh
Prabhu et al. (2006) the increased germination and seedling
vigour noticed in calcium chloride seed priming was attributed
to the effective control of peroxidation and free radical damage
either by stabilizing the cellular membrane or by facilitating
the recombination of free radicals into non-harmful products.
Mewael et al. (2010) reported that seed priming with calcium
chloride @ 2 per cent solution significantly improved all the
seed quality parameters due to the positive effect of CaCl,.2H,O
(0.5%) and role of Ca+ + ion in the membrane integrity.

REFERENCES

Abdul-Bhaki, A. A and Anderson, J. D. 1973, Vigour determination
in soybean by multiple criteria. J. Crop Sci. 13: 630-633

Airin, K. M. and Khosro, M. 2013. Different priming treatments
affected germination traits of safflower. App. Sci. Rep. 2(1): 22-25.
Ammara, I, Anwar, S. A. and Khan, A. R. 2000. A Seed-borne
pathogens associated with wheat seed and their role in poor
germination. Pakistan J. Phytopathology. 13(2): 102-106.
Anonymous 2011. International Rules for Seed Testing by International
Seed Testing Association. Seed Sci. and Tech. 27: 215.

Berhanu, A. and Gebremedh, Y. 2013. The role of seed priming in
improving seedling growth of maize (Zea mays L.) under salt stress at
field conditions. Farth and Envi. Sci. 4(12): 666-672

Chavan, N. G., Bhujbal, G. B. and Manjare, M. R. 2014. Effect of
seed priming on filed performance and seed yield of soybean [Glycine
max (L.) MERILL] varieties. The Bioscan. 9(1): 111-114

Das, I. and Singh, A. P. 2014. Effect of PGPR and organic manures on
soil properties of organically cultivated mungbean. The Bioscan. 9(1):
27-29.

Ellis, R. H. and Roberts, E. H. 1981. The quantification of ageing and
survival in orthodox seeds. J. Seed Sci. Tech. 9: 337-409.

Elouaer, M. and Hannachi, C. 2013. Influence of seed priming on
emergence and growth of coriander (Coriandrum sativum L.) seedling
growth under salt stress. Acta. Agriculrurae. 101(1): 41-47.

Ganesh, S. K., Patel, S. T. and Vijaykumar, V. G. 2012. Management
of grain infecting fungi of sorghum through spray on ear head by
chemical and non-chemical means. The Bioscan. 7(4): 597-599

Halmer, P. 2003. Methods to improve seed performance. In: Benech-
Arnold, R. L;Sanchez, R. A. (Eds) Seed physiology, applications to
agriculture. Food product press, New York.

Harman, G. E., Petzoldt, R., Comis, A., Chen, J. 2004. Interactions
between Trichoderma harzianum strain t22 and maize inbred line
mo17 and effects of these interactions on diseases caused by Pythium
ultimum and Collectotricum graminicola. J. Phytopatholo. 94: 147-
153.

Harris, D., Joshi,A., Khan, P. A., Gothkar, P. and Sodhi, P. $.1999.
On-farm seed priming in semiarid agriculture: development and
evaluation in maize, rice and chickep in India using participatory
method” Exp. Agric. 35: 15-39.

Hemant, Y. S., Panwar, N. L. and Bamniya, B. R. 2011. Bio-diesel
from castor oil a green energy option for low carbon economy, Sci.
Res. 2: 1-6.

Jamadar, M. I. and Deshpande, V. K. 2014. Effect of Polythene Bag
Size, Nursery Media and Seed Priming Technique on Seedling Vigor
Index and Speed of Germination of Pigeonpea. Fnv. and Eco. 32 (4A):
1506-1510.

Kazem, G. G., Ayda, H. M., Sacid, Z. S. and Tourchi, M. 2012.
Improving filed performance of aged chickpea seed by hydro priming
under water stress. International. J. Plant, Animal, Envi. Sci. 2(2):
168-176

Kubicek, C. P., Mach, R. L., Peterbauer, C. K. and Lorito, M. 2001.
Trichoderma: From genes to biocontrol. J. Plant pathol. 83: 11-23

Lo, C. T. and Lin, C, Y. 2002. Screening strains of Trichoderma spp.
for plant growth enhancement in Taiwan. Plant pathology Bull. 11:
215-220.

Maguire, ). D. 1962. Seed germination- aid in selection and evaluation
for seedling emergence and vigour. J. Crop Sci. 2: 176-177

Malik, R. I. J. and Deshpande, V. K. 2005, Enhancement of seed
quality in French bean following priming treatments. Karnataka J.
Agric. Sci. 13(5): 81-85.

Marroni, I. V., Moura, A. B. and Ueno, B. 2012. Chemical and
biological treatments of castor bean seeds effects on germination,
emergence and associated microorganisms. Brazilian Magazine of
Seeds. 34(1): 21-28.

Mendes, R. C., Dias, D. C. F. S., Pereira, M. D and Berger, P. G.,
2009. Treatments of pre-germinated seeds of castor. Brazilian J. Seeds.
31(1): 187-194.

Mewael, K. A., Ravi, H., Koti. R. V. and Biradarpatil, N. K., 2010,
Enhancement of seed quality in soybean following priming treatments.
Karnataka J. Agric. Sci. 23(5): 787-789.

Nayakaa, S. C., Niranjanaa, S. R., Uday Shankar, A. C., Raja, S. N,
Reddyb, M. S., Prakash, H. S. and Mortensenc, C. N. 2008. Seed bio
priming with novel strain of Trichoderma harzianum for the control
of toxigenic Fusarium verticillioides and fumonisins in maize. Arch.
Phyto. PI. Prot. pp.1-9.

Ousley, M. A., Lynch, J. M. and Whipps, J. M. 1994. Potential of
Trichoderma Spp. as consistent plant growth stimulators. Biol. Fertil.
Soil. 17: 85-90.

Preston, G. M. 2004. Plant perceptions of plant growth promoting
Pseudomonas. Trans. | Soc. London B. 359: 907-918.

Rai, A. K. and Basu, A. K. 2014. Presowing seed bio-priming in
okara: response for seed production. The Bioscan. 9(2): 643-647

Scott, S. )., Jones, R. A. and Williams, W. A. 1984, Review of data




EFFECT OF CHEMICAL AND BIOLOGICAL SEED TREATMENTS ON GERMINATION PERFORMANCE

analysis methods for seed germination. J. Crop Sci. 29: 1523-1528.

Selosse, M. A., Baudoin, E. and Vandenkoornhuyse, P. 2004. Symbiotic
microorganisms, a key for ecological success and protection of plants.
C. R. Biol. 327: 639-648.

Shakshi, S., Asha, S., Shrvan, K. and Sanwar, M. Y. 2 014.
Determination of seed germination percent and effect of trichoderma
harzianum rafai on fresh and stored seed by different methods. The
Ecoscan Special issue. VI: 181-185.

Taylor, A. G. and Harman, G. E. 1990. Concepts and technologies of
selected seed treatments. Annu. Rev. Phytopathol. 28: 321-329.

Vinale, F., Sivasithamparam, K., Ghisalberti, E. L., Marra, R., Woo,

S. L. and Lorito, M. 2008. Trichoderma plant pathogen interactions.
Soil Biol. Biochem. 40: 1-10

Virupaksha Prabhu, H. V., Deshpande, V. K. and shaila, H. M. 2006.
Seed invigoration techniques in hybrid cotton. Karnataka J. Agric. Sci.
19(3): 714-715.

Wassell, C. S. and Dittmer, T. P. 2006. Are Subsidies for Biodiesel
Economically Efficient. Energy Policy. 34(18): 3993-4001.

Yeddia, I., Srivastva, A. K., Kapulnik, Y. and Chet, 1. 2001. Effect of

Trichoderma harzianum on microelement concentrations and
increased growth of cucumber plants. Plant Soil. 235: 235-242.




NATIONAL ENVIRONMENTALISTS ASSOCIATION

APPLICATION FORM
NATIONAL ENVIRONMENTALISTS ASSOCIATION (N.E.A.)

To,

The Secretary,

National Environmentalists Association,
D-13, H.H.Colony,

Ranchi - 834 002, Jharkhand, India

Sir,
| wish to become an Annual / Life member and Fellow* of the association and will abide by the rules and

regulations of the association

Name

Mailing Address

Official Address

E-mail Ph. No. (R) O)
Date of Birth Mobile No.
Qualification

Field of specialization & research

Extension work (if done)

Please find enclosed a D/D Of RS........ooviiiiiiiiiiiiiiiiiiiiiiieeinnens NO. cviiieiiiiieeieeeea, Dated ......cccovvvvennnnnn. as an
Annual / Life membership fee.

*Attach Bio-data and some recent publications along with the application form when applying for the Fellowship of
the association.

Correspondance for membership and/ or Fellowship should be done on the following address :

SECRETARY,

National Environmentalists Association,

D-13, H.H.Colony,

Ranchi - 834002

Jharkhand, India

E-mails :  m_psinha@yahoo.com Cell : 9431360645
dr.mp.sinha@gmail.com Ph. : 0651-2244071




