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-
v-Irradiation induces various physiological and biochemical alterations in plants. y-Irradiation lead to activation of biochemical system in |
Cajanus cajan when subjected to absorbed doses 30Gy, 50Gy, 100Gy, 150Gy and 200Gy under in vivo and in vitro conditions. Nitrate
reductase activity enhanced significantly (p < 0.05) with increasing doses of y-radiation under both in vitro and in vivo conditions. y- |
Irradiation induced high levels of nitrate reductase activity in regenerative callus, in vitro raised micoshoots and also in vivo grown leaves |
whereas a reverse effect was seen in case of nitrate content. Nitrate content declined significantly with increasing doses of y-radiation |
under both in vitro and in vivo conditions. However, absorbed doses 30Gy and 50Gy of y-rays had a stimulatory effect on nitrate accumulation. |
|
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INTRODUCTION

EXPERIMENTAL

v-Irradiation induces various physiological and biochemical
alterations in plants. y-Irradiation can be useful for the alter-
ation of one or a few physiological characters'. Photons of
v-irradiation are powerful enough to be completely democratic
with regard to molecular species with which they interact.
v-Irradiation leads to changes in the plant cellular structure
and metabolism*”,

v-Rays are often used on plants in developing varieties
that are agriculturally and economically important and have
high productivity potential. y-Rays are also very important in
mutation breeding and in in vitro mutagenesis in order to
develop required features of plants and increase the genetic
variability. The many mutant varieties, which are resistant to
diseases, cold, salt and with high quality, have been developed”.

Pre-sowing seed irradiation is also an effective method of
improving production, yield components and chemical compo-
sition in plants™. Prevailing opinion is that physical methods
for processing of pre-sowing seed stimulate physiological and
biochemical changes in the seeds’”"'!. Studies have also been
carried out to elucidate the effects of y-rays on some aromatic
plants and legumes®'*'¢,

The aim of the present investigation is to assess the use of
y-radiation as a physical elicitor to alter the physiological
characteristics of Cajanus cajan after exposures of pre-
sowing (seeds) to variable doses of y-rays in vivo and in vitro.

Cajanus cajan L. was selected for the present study. The
seeds were irradiated with y-radiation of absorbed doses 30Gy,
50Gy, 100Gy, 150Gy and 200Gy for in vivo and in vitro studies.
The device used was gamma cell GC-5000 BRIT-BOMBAY.
The source of gamma radiation was Cobalt-60; with a dose
rate 2.08 Kilo Gray per hour (2.08 KGh™) at Indian Institute
of Nuclear Medicine and Applied Sciences (INMAS) New
Delhi. Nitrate was estimated by Grover'” method. The concen-
tration of nitrate was determined against the standard curve
prepared by using KNO; (potassium nitrate) solution. The
nitrate content was expressed in m mol g fr.wt. Nitrate
reductase activity was estimated using the method given by
Klepper'®. The corresponding concentration of nitrate was
determined against the standard curve of nitrite prepared by
NalNO, (sodium nitrate) solution. The nitrate reductase activity
was expressed in g mol g fr. wt.

RESULTS AND DISCUSSION

Nitrogen metabolism impairment is one of the primary
determinants for growth and development of the plants. Nitrate
assimilation is closely linked to carbon assimilation. While
the carbon fixation forms carbon skeleton and stores energy,
the nitrate assimilation provides reduced nitrogen, which is
used in the synthesis of amino acids and proteins. The later
is involved in mediating various steps of carbon cycle and
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nitrogen is involved in the development and maintenance of
photosynthetic machinery and leaf organs". Nitrate reductase
is a key enzyme of the nitrate assimilation pathway and its
activity is controlled at both the transcriptional and post-
transcriptional level by a number of metabolites and stimuli,
such as light, nitrate availability and sucrose content®?,
Nitrate reductase activity is positively correlated with protein
content, nitrogen accumulation, free amino acid content and
better yield in several crops®. Nitrate reductase activity in the
present study, enhanced significantly with increasing doses of
v-radiation, in vitro and in vivo (Fig. 1). In both in vivo and in
vitro, the maximum enhancement was observed with 200Gy.
Present results are in agreement with Lemnott** and Moussa®.
The induction of nitrate reductase could be due to hormone
production in these tissues. Abbas® found that optimum doses
of y-radiations markedly increased the endogenous growth
hormone (IAA, GA and cytokinins) in lupine. Because cyto-
kinins (kinetin) and auxins (IAA) induce nitrate reductase
activity and because endogenous cytokinins (and presumably
other growth factors) are induced by y-irradiation, it is likely
that these growth factors mediate at least part of nitrate
reductase induction due to y-irradiation?’. This study provides
evidence that irradiation can activate a biochemical system,
induction of nitrate reductase, indirectly which may be through
the activation of growth regulators in Cajanus cajan plants.
The activity of nitrate reductase activity is directly co-related
to nitrate concentration and plays an important role in protein
synthesis. Nitrate reductase is a key enzyme of the nitrate
assimilation pathway and its activity is controlled at both the
transcriptional and post-transcriptional level by a number of
metabolites and stimuli, such as light, nitrate availability and
sucrose content”?>?, Nitrate reductase activity is positively
co-related with protein content, nitrogen accumulation, free
amino acid content and better yield in several crops®.
Furthermore, nitrate assimilation depends on the photo-
synthetic process for the provision of reducing equivalents
and ATP, whereas in roots the same process depends on the
carbohydrate availability deriving from the shoots. Nitrate
content under both in vivo and in vitro conditions decreased
significantly at high doses in all developmental stages (Fig. 2).
However, low doses of y-rays had a stimulatory effect on
nitrate accumulation. Similar results were found in sakha rice
cells exposed to variable doses of y-radiation, the accumulation
of total nitrogen, increase in protein synthesis, increase in
nitrate absorption and assimilation in these cells relative to
control”. Tukendorf and Rauser’’, Hageman and Fischer"
established a positive correlation between the nitrate reductase
activity and growth and protein content of corn. Reinik et al.
indicated that, when the plant nitrate acts as an osmoticum,
more carbohydrates could be used to increase the dry matter
production. Seginer et al.** concluded that there is a negative
co-relation between the concentration of soluble carbohydrates
and nitrate in the cell sap and so irradiation increases the carbo-
hydrate content* while the nitrate accumulation decreases.

Conclusion

Biochemical analysis confirmed that nitrate content, nitrate
reductase activity are very sensitive to y-radiation and are good
indicators of tolerance. The differences between various cultures
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Fig. 1. Variation in nitrate reductase activity in Cajanus cajan L. at various
growth stages in vivo and in vitro treated with different doses of
Y-radiation
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Variation in nitrate content in Cajanus cajan L. at various growth
stages in vivo and in vitro treated with different doses of y-radiation

in their ability to accumulate such compounds were evident
with y-irradiation but not under controlled conditions. y-Irradia-
tion is a powerful method for Cajanus cajan improvement as
suitable doses of y-rays besides inducing various physiological
alterations also activates a biochemical system.

ACKNOWLEDGEMENTS

The authors acknowledged the help rendered by Faculty
of Science, Jamia Hamdard, for the necessary lab facilities to
effectively carry out this work. Thanks are also due to INMAS,
New Delhi for providing y-irradiation facility.

REFERENCES

T. Lapins, Gamma Field Symposia, 1, 74 (1983).

S.G. Wi, B.Y. Chung, J.S. Kim, J.H. Kim, M.H. Baek and J.W. Lee, J.

Plant Biol., 49, 1 (2006).

N. Stoeva, J. Central Eur. Agric., 6, 349 (2002).

S.M. Jain, B.S. Ahloowalia and R.E. Veilleux, Plant Cell Tissue Organ

Culture, 7, 23 (1998).

B.M. Khan, Agric. J. Pak., 21, 43 (1970).

L.V. Selenia and O.G. Stepanenko, Rastitel'nye Ressusy, 15, 143 (1979).

A. Anisinov, V. Vorobev and A. Zuikov, Las. Phys., 7, 132 (1997).

7. Galova, Roczniki AR Pozananiu, CCCLXXXVI, 49, 39 (1996).

S. Grzesiuk and K. Kulka, Physiology and Biochemistry of Seeds

PWRIL, Warsaw (1986) (In Polish).

10. J. Podleomy, Studies on Influence of Laser Light on Seeds, Growth,
Development and Yielding of the White Lupine (Lupinus albus L.)
Plants Monografie Rozprawy Naukowe, IUNG, Puawy, Vol. 3, pp. 1-
59 (2002) (In Polish).

11. ML.T. Smith, Seed Sci. Technol., 19, 385 (1991).

12.  A.A.Youssef and A.Z. Moussa, Arab. Univ. J. Agric. Sci., 6,301 (1998).

13. N.S.D. Deaf, Chemical and Biological Studies on Some Wild Plants,
M.Sc. Thesis, Faculty of Agriculture, Zagazig University, Zagagzig
University, Zagazig, Egypt (2000).

14.  FA.N. Mahmoud, Effect of Gamma Radiation and Some Agrochemicals
on Germination, Growth and Flowering of Delphinium ajacis and
Mathiola incana plants. M.Sc. Thesis, Faculty of Agriculture,
Moshtohor, Zagazig University, Zagazig, Egypt (2002).

15. V. Zheljazkov, A. Margine, T. Stovea and K. Shetty, Acta Hortcult.,
426, 381 (1996).

16. H.A. Hepburn, B.A. Goodman, D.B. Mc Phail, S. Mathews and A.A.
Powell, J. Expert. Botany, 37, 1675 (1986).

17. T.V.R. Nair and Y.B. Abrol, J. Agric. Sci., 93, 473 (1978).

18. L. Klepper, D. Flesher and R.H. Hageman, Plant Physiol., 48, 580
(1971).

19.  L.M. Srivastava, Plant Growth and Development, Academic, New York,
p- 32 (2001).

20. C.L.Cheng, G.N. Acedo, M. Cristinsin and M.A. Conkling, Proc. Natl.
Acad. Sci. USA, 89, 1861 (1992).

21. M. Vincentz, T. Moureaux, M. T. Leydecker, H. Vaucheret and M. Caboch,
Plant J., 3, 315 (1993).

22. J.L. Huber, M.G. Redinbaugh, S.C. Huber and W.H. Campbell, Plant
Physiol., 106, 1667 (1994).

23.  A. Ahmad, G. Abraham and M.Z. Abdin, J. Agron. Crop. Sci., 183, 19
(1999).

24. J.E. Lemnott, Mol. Gen. Genet., 145, 125 (1976).

25. R.H. Moussa, J. New Seeds, 8, 91 (2006).

26. S.M. Abbas, M.Sc. Thesis, Some Physiological Effects of Gamma
Radiation on Lupinus termis Seedlings. Botany Department, Faculty
of Science, Menouf University, Menouf, Egypt (1994).

27. K.N. Pandey and P.S. Sabharwal, y-Irradiation Activates Biochemical
Systems: Induction of Nitrate Reductase Activity in Plant Callus, Pro-
ceedings of the National Academy of Sciences of the United States of
America 79 (18) [Part 1: Biological Scienes]: pp. 5460-5464 (1982).

28. W.M. Kaiser and S.C. Huber, Plant Physiol., 106, 817 (1994).

29. N.M. El-Shafey, R.A. Hassaneen, M.A.M. Gabr and O. El-Sheihy, Aus.
J. Crop. Sci., 3, 268 (2009).

30. A. Tukendorf and W.E. Rauser, Plant Sci., 70, 155 (1990).

31. R.H.Hageman and D. Flesher, Nitrate Reductase Activity in Corn Seed-
lings as Affected by Light and Nitrate Content of Nutrient Media, Vol.
235, pp. 2989-2996 (1960).

32. K. Reinink, R. Groenwold and A. Bootsma, Euphytica, 36, 11 (1987).

33. I Seginer, G. Van Straten and F. Buwalda, Acta Hort., 456, 189 (1998).

34. J. Nouri and F. Toofanina, Pak. J. Biol. Sci., 4, 1275 (2001).

Be e

00



