Volume-1, Issue-2 :2011

www.ijpaes.com

ISSN 2231-4490

UV-B IRRADIANCE INDUCED DELETERIOUS EFFECTS ON THE NET
PRIMARY PRODUCTIVITY AND COUNTERACTED BY SOME PLANT
GROWTH REGULATORS (PGRs), IN BRASSICA COMPESTRIS PT-303
(BROWN SARSON)
Sanjeev Lal, G.K. Dhingra2, S. Sharma3, P. pokhriyal4, R. Das5, A. Gupta6, S. Kuriyal7
Department of Botany, R.C.U. Govt. P.G.College Uttarkashi-249193 Uttarakhand (India)
ABSTRACT: The aim of present study to be evaluated the appropriate concentrations of plant
growth regulators i.e. (10-7) to (10-5 M) over UV-B damage on Brassica compestris PT-303.
Seeds of Brassica compestris PT- 303 (Brown sarson) were sown in sandy loam soil in field
plots (A, B, C, D and E). Plot-A of mustard crop was treated as control and neither sprayed with
growth regulators nor exposed to UV-B radiation. Pot-B was treated with UV-B radiation (3-hrs.
daily) only. Plot-C was sprayed with IAA solution of (10-7 M), Plot D was sprayed with Kn
solution of (10-5 M) and plot-E was sprayed with solutions of GA3 (10-6 M) concentration daily,
along with UV-B radiation in Brassica compestris PT-303. It was observed that IAA was found
most effective in (10-7 M), Kn in (10-5 M) and GA3 in (10-6 M) in crop of Brassica compestris PT303 respectively. Therefore, for the field studies, only these concentrations were taken to assess
for the studies of net primary productivity of Brassica compestris PT-303 (Brown sarson).
Keywords: Brassica compestris PT-303, Total net productivity, IAA, Kn GA3, and UV-B
exposure.

INTRODUCTION
During the past decade, reduction in the stratospheric ozone layer due to accumulation of greenhouse gases viz. anthropogenic chlorophlorocarbons (CFCs), carbon dioxide (CO2), methane
(CH4) & nitrous oxide (N2O) has resulted in an increase of UV-radiation, reaching on the earth’s
surface and may lead to global warming. Ozone (O3) depletion by anthropogenic gases has
increased the atmospheric transmission of solar UV-B (280-315 nm). These undergo sunlight
and induced photochemical changes and could alter natural balance of creative and destructive
process and in stratosphere, every CFC molecule atom can destroy ozone (O 3) molecules (Molina
& Rowland et al., 1974). UV-radiation may cause to adverse effect on biological system &
penetrate to a depth of 10% of euphotic zone, but such penetration my reach to a depth of 23 m
or greater in clear ocean water. UV-B radiation is considered to be a lethal factor in aquatic
system even for submerged organisms. It is known to affect a wide range of functional aspects
included genetic variation, cytological, biochemical and physiological, behavioral (motility) and
ecological system in photosynthetic organisms.
Photosynthesis is more sensitive to UV-B in phytoplankton than in terrestrial plants, probably
owing to less effective screening in phytoplankton. Growth of terrestrial plants reduced has been
observed and may be increase in magnitude over successive years. Aquatic productivity is often
compromised by short-term exposures to enhanced UV-B radiation and long-term assessments
are complicated by dynamic-nature of aquatic systems and by non-linear responses (Thomas A.
Day et al., 2002).
The changes in plant populations and communities are a product of intra-and inter-specific
competition for resources needed for growth and productivity of competing species, as
influenced by abiotic and biotic environmental factors (Treshow, 1968). Atmospheric
concentrations of chemicals, which cause ozone depletion have peaked in the late 1990s and
others are expected to peak in the early years of the 21st century. Ozone depletion is predicted to
reach its peak about 15 years later than the peak halogen loadings because of coupling between
stratospheric climatic change and ozone chemistry.
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The maximum amount of depletion and its timing are uncertain due to complexity of this
interaction. However, the future abundance of ozone will be influenced by changes in other
atmospheric gases and by interactions with the climate system. Climatic change producing
warmer weather and reductions in the capacity of ozone layer to reduce UV-penetration to the
earth’s surface.
Disturbance in the thermal structure of atmosphere probably causes changes in atmospheric
circulation. The life time of this ozone (O3) destroying substance is very long and they may
continue to deplete the ozone layer long. Although the use of most CFCs molecules has been
passed out, ozone depletion is currently near or at its minimum (McKenzie et al., 2003). The
prospects of increased solar UV-B radiation as a result of stratospheric ozone depletion have
attracted a great deal of attention. One of the reasons is that clouds have a substantial effect on
the amount of UV-B reaching on the earth surface. Summer cloud cover decreases and an
increase in UV-B can be expected, with a decrease in cloud cover of 4% likely to be associated
with ~2% increase in ambient UV-B levels. Patterns of environmental changes in biosphere
include concurrent and sequential combinations of increasing CO2 levels; long term changes are
resulting mainly from stratospheric O3 depletion, greater troposphere O3 photochemical synthesis
and increasing CO2 emissions. Effects of selected combinations were evaluated in tomato
(Lycopersicum esculentum) seedling, using sequential exposures to enhanced UV-B radiation
and O3 in differential CO2 concentrations. UV-B exposure, increased leaf chlorophyll and UVabsorbing compounds, but decreased leaf area and root/shoot ratio (X. Hao et al., 2000).
Enhanced UV-B radiation can deleteriously effect overall growth and biomass accumulation in
the plant species (Tevini, 2000). Plants contain a large number of UV-B sensitive targets as
nucleic acids, lipids, proteins and quinines (Jordan, 1996), which must be protected to ensure the
normal growth and development of plants. Failure to do so may lead to alternations in all over
morphology and physiology of many plants exposed to UV-B. Therefore, UV-B exposure is one
of the major factors, which responsible for the low productivity of crop plants and natural
vegetation, so has become an increasing threat for agricultural crop.
Effects of UV-B radiation on plants observed by Demchik & day (1996) & Smith et al., (2000),
green-house and growth chamber studies showed that in number of crop plants were exposed to
an enhanced UV-B radiation to determine their susceptibility to photosynthetic impairment. As
these species were included as sensitive such as pea (Pisum sativum), mustard (Brassica),
soybean (Glycine max) and oat (Avena sativa) & moderately sensitive such as tomato
(Lycopersicum esculentum), sorghum (Sorghum bicolar), rye (Secale cereale), rice (Oryza
sativa), tolerant corn (Zea mays), pearl millet (Pennisuetum americium), pea nut (Arachis
hypogaea) in respect to their sensitivity to UV-B radiation (T.K van et al., 1976).
General aspects in study to determine the deleterious effects of UV-B on crop plants that involve
the use of UV-source (lamp) coupled with different types of filters to exclude bands of UVwavelength. Effects of UV-B radiation on crop plants, includes reduction in yield and quality,
alteration in species competition, photosynthetic activity, susceptibility to disease and changes in
plant structure and pigmentation (Tevini & Teramura et al., 1989). Physiological properties of
plants such as damage to photosystem-II (Heinrich et al., (1999) and reduction in the
photosynthetic rate (Feng et al., 2003) and increased, activity of antioxidant enzymes such as
catalase and ascorbate peroxides (APX) (Mazza et al., 1999) and damage to genetic material viz.
DNA, RNA (Hidema et al., 2000).
UV-B radiation resulted in a decrease of adaxial stomatal conductance by approximately 65%
increasing stomatal limitation of CO2 uptake by 10 to 15%. The growth in UV-B radiation
resulted in large reductions of leaf area and plant biomass, which were associated with a decline
in leaf cell numbers, cell divisions and also inhibited epidermal cell expansion of exposed
surface of leaves. Photo-repair activity of DNA is enhanced and synthesis of UV-absorbing
compounds is increased. Most of these responses are thought to play some role in mitigating the
hazardous or deleterious impacts of UV-B radiation (Bilger et al., 2001 & Cerovic et al., 2002).
It has been well established that, plant growth regulators (PGRs) such as IAA, Kn and GA 3,
influence the growth and development of plants.
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These chemical substances are able to coordinate growth among different plant parts or different
physiological and biochemical processes. Plant growth regulators have been tried to improve
growth and ultimately yield (Ram et al., 1973; Patil et al., 1987 and Kumar et al., 1996), by the
foliar application of some plant growth regulators (Chnonkar & Jha, 1963). IAA, Kn and GA 3,
which are most important growth regulators, has a profound effect on crop production, through
increase in the stem length, leaf area, flower induction, shelling percentage, yield and weight of
crops.
Therefore, this study was aimed that the counteractive effect of these plant growth regulators
(PGRs) viz. IAA, Kn and GA3, over the UV-B damage on net primary productivity of B.
compestris PT-303 (Rai).

MATERIALS AND METHODS
Field experiments were conducted in R.C.U Govt. P.G. College Uttarkashi. Geographically, the
District Uttarkashi is located between the central Himalayan region at 300 28’to 310 28’N latitude
and 770 49’ to 790 25’E longitudes at an altitude of 1140 m above mean sea level. Seeds of B.
compestris PT-303 were procured from Seed centre of G.B. Pant University of Agriculture and
Technology Pantnagar (Uttarakhand) for the research work.
GENEREL EXPERIMENTAL DESIGN
During field study, seeds of B. compestris PT-303 were grown in field and the plots were divided
by black paper sheets into five blocks. Each field block was given treatments as follows:
(i) In plot-A, mustard plant species (Brassica compestris PT-303) was taken as control. No
treatment was given to the crop of this plot.

(ii)

Plot-B was exposed to 3-hrs. daily UV-B radiation (24.23 Jm-2 Z-1) by Sunlamps (300W)
filtered with quartz interference filters (320 nm, ORIEL, USA).

(iii)

Plot-C was sprayed with IAA (10-7 M) solution daily, along with 3-hrs supplemental UVB radiation using the same source.

(iv)

Plot-D was sprayed with Kn (10-5 M) concentration daily, along with 3-hrs. supplemental
UV-B radiation by using the same source.

(v)

Plot-E was sprayed along with GA3 (10-6 M) in B. compestris PT-303 respectively along
with 3-hrs. supplemental UV-B radiation, using the same source as above.
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RESULTS
The study revealed that, deleterious impacts of UV-B exposure alone and along with IAA (10 -7
M), Kn (10-5 M) and GA3 (10-6 M) were studied on the net primary productivity in Brassica
compestris PT-303 (Brown sarson). Net primary productivity was calculated from the standing
crop of the biomass at the 15th day interval are summarized in tables 1.1, and fig. 1.1. Whole
result followed the trend of the standing crop of biomass indicated that the total net production of
mustard crop was affected due to UV-B radiation (3 hrs. daily), alone and along with different
plant growth regulators (PGRs). Generally, UV-B exposure was inhibited the total net production
of different plant parts viz. Root + stem + Leaf + flower + Fruits. But promotory affect was
reported when UV-B exposure was given along with different plant growth regulators (PGRs).
Table 1.1, demonstrated that at the 15th day stage of the growth, the values of net primary
productivity and total net productivity of the Brassica compestris PT-303 (Brown sarson) was
recorded to 0.035, 0.034, 0.084 and 0.0153 g/pl in the control plot. Total net productivity was
observed to increase continuously up to maturity and recorded as 2.098 respectively. When the
crop was exposed to UV-B radiation, the maximum inhibition of total net productivity was
recorded at the 105th day stage of growth. When the crop was sprayed along with different plant
growth regulators (PGRs), such as IAA (10-7 M) concentration with UV-B radiation, the
maximum value of total net productivity was recorded at the 105th day stage of growth and
increased by ca. 17.9% as compared to the UV-B exposure only. When the crop was exposed
by UV-B irradiation along with Kn (10-5 M) concentration, the maximum value of total net
productivity was found at 135th day stage of growth and increased by ca. 25.2%, as compared to
the UV-B exposure only. When the crop was exposed to UV-B radiation along with GA3 (10-7 M)
concentration, the promotory affects of T.N.P were also recorded maximum at the 135 th day stage
of growth and increased by ca. 26.7% as compared to the individual treatment ofUVBradiation(3hrs.daily).
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Table 1.1: Net primary productivity on dry weight basis (g/plant/15 days) of root,
stem, leaf, flower and fruit of field grown Brassica compestris PT-303 as affected by
UV-B radiation, individually and in combination of IAA, Kn and GA3.

DISCUSSION
Hence the present study was revealed that, total net productivity (TNP) of mustard crop was
found altered due to individual and combined effects of UV-B radiation and PGRs on the
Brassica compestris PT-303 respectively. Goyal and Jain (1990), observed that similar results as
3 hrs. exposure of UV-B to linseed crop exhibit significant reduction in primary production of
different plant parts. Similar result was found that the effects of UV-B radiation on plant have
been carried out by some other workers. Most of these studies have been carried out only to
evaluate, the deleterious effects of UV-B radiation on net primary productively. Kumar et al.
(1988) reported that TNP was reduced under supplemental UV-B radiation in the field grown
lentil crop. Biggs and Kossuth (1978) studied the impact of solar UV-B radiation on crop
productivity. Effects of UV-B radiation on primary production of natural phytoplankton
assemblages in Michigan Lake (Gala and Giesy 1991).
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When UV-B was applied with daily spray of IAA, Kn & GA 3 an enhancement in net primary
productivity of different plant part was noted in all treatment on mustard crop. Increase in dry
matter production may be the result of more uptakes of nutrients and synthesis of reserved food
material as affected by growth regulators observed by (Irulappan and Muthukrishnan, 1973).
Reports are available that the application of PGRs, ultimately affects the endogenous level of
auxins (Andreae and Andreae, 1953 & Wort, 1964), which finally affects the growth, and
development of plant. Auxins interact with one or more components of the biochemical system
involved in the protein synthesis. However, it has not been identified that the proper step where
auxins exert an effect. According to popular concept, auxins do act through influence upon
enzyme production. There are definite evidences that nucleic acids are involved in growth.
Roychoudhary and Sen (1964) found that application of auxins to peas resulted in an enhanced
RNA synthesis.
Similarly, Key and Shanon (1964) found that the incorporation of labelled nucleotides into the
nucleic acid is stimulated by auxins. Collectively, these experiments imply that the regulation of
growth by auxins may involve the regulation of RNA synthesis and hence, the protein synthesis.
Noggle and Fritz (1976) stated that auxins might cause the movement of more sugars into the
vacuoles so that more water may enter the cell till the development of sufficient wall pressure.
The above findings support that the mitigatory effects of Auxins, GA3 and Kn towards the
deleterious effects caused by UV-B on net primary productivity.

CONCLUSION
As noted, individual treatment of UV-B radiation in B. compestris PT-303 inhibited the total net
primary productivity. When treatment was given with IAA, Kn and GA3, showed a promotion or
enhancement in all plant parts of Brown sarson. Therefore, plant growth hormones (PGRs),
would show the maximum mitigation against UV-B induced deleterious or negative impacts on
the total net primary productivity of Brassica compestris PT-303.

ACKNOWLEDGEMENT
We are highly obliged to Dr. G.K. Dhingra, Assistant professor in Department of Botany, R.C.U.
Govt. P.G. College Uttarkashi (H.N.B.Central University, Srinagar Garhwal) for their kind
supports.
We are also obliged to Dr. Hema Prasad, Principal R.C.U. Govt. P.G.College Uttarkashi and
Professor R.C.Dubey in microbiology department of Gurukul Kangri University, Haridwar
(Uttarakhand) for their blessings and encouragement during this research period. We are also
highly thankful to UCOST, Dehradun, for the financial supports.

REFERECNCES
1. Andreae, W. A. and S. R. Andreae. (1953). Studies on indole acetic acid metabolism. I.
The effect of methyl umbellifeone, maleic hydrazide and 2, 4–D on indole acetic acid
oxidation. Can. J. Bot. 31: 426–437.
2. Biggs, R.H., S.V Kossuth. (1978). Effects of UV-B radiation enhancement under field
conditions. In UV-B Biological and climatic Effects Research final Report.

3. Bilger W.T. Johnson & Schreiber U. (2001). UV excited chlorophyll fluorescence as a
tool for the assessment of UV-protection by the epidermis of plants. Journal of
Experimental Botany. 52: 2007-2017.

4. Chhonkar, V.S. and Jha, R.N. (1963). The use of plant growth regulators in transplanting
of cabbage and their response on growth s yield. Indian J. Hort. 20:123-128.

International Journal of Plant, Animal and Environmental Sciences
Available online at www.ijpaes.com

Page: 207

Sanjeev et al

IJPAES

ISSN 2231- 4490

5. Cerovic, Z.G., A. Qunis, A. Cartelat, G. Latouche, Y. Goulas, S. Mayer and I. Moya
(2002). The use of chlorophyll fluorescence excitation spectra for the non-destructive in
situ assessment of UV-absorbing compounds in leaves. Plant Cell and Environment. 25:
1663-1676.

6. Demchik, S.M. & T.A. Day (1996). Effects of enhanced UV-B radiation on pollen
quantity, quality & seed yield in Brassica rapa (Brassicaceae). American journal of
Botany 93: 573-579.

7. Feng, H.L and Chen. W.Qiang.S. X.V. M. Xiao, X. Wang and G. Cheng (2003). The
effects of enhanced UV-B radiation on growth, photosynthesis and stable carbon isotope
composition of two soybean cultivars (Glycine Max) under field conditions. Environ
Exp. Bot. 49: 1-8.

8. Goyal, A.K. and V.K. Jain, (1990). UV-induced inhibition in growth and productivity of
Linseed crop. Symposium on photo-physiology and photomedicine, New Delhi.

9. Gala, W.R. and J.P. Giesy, (1991). Effects of UV-B radiation on primary productivity of
natural phytoplankton assemblages in Lake Michigan. Ecotoxicol. Environ. Safety, 22:
345.

10. Heinrich, G.H.K., C. Schmude, H. Garden O.Y. Koroleva and K. Winter (1999). Effects
of solar UV-B radiation on the potential efficiency of photosystem-II in leaves of
tropical plants. Plant physiol. 121: 1349-1358.

11. Hidema, J.T. Kumagai and B.M. Suterland, (2000). UV-radiation sensitive Norin-1 Rice
contains defective cyclobutane pyrimidine dimmer photolyase plant cell 12: 1569-1578.

12. Irullappan, I. and C. R. Muthukrishnan, (1973). Effect of growth regulators on the plant
composition and nutrient uptake of L. Esculentum Mill. Madras Agric. J. 60 (9/12):
1635-1643.
13. Jain, V. K. and A. K. Goyal, (1990). Chlorophyll development response to supplemented
UV–B in Lentil crop under field conditions. Symposium on Photophysiology and
Photomedicine, New Delhi.

14. Jordon B.R (1996). The effects of ultraviolet-B radiation on plants: a molecular
perspective. Advances in Botanical Research 22: 97-161.

15. Key, J.L. & J.C. Shanon, (1964). Enhancement by auxin of nucleic acid in excised
soybean hypocotyl tissue. Pl physiol. 39: 360-364.

16. Krupa, S.V. and Kickert, R.N., (1989). The green house effect: Impacts of UV-radiation,
CO2 and ozone on vegetation. Environmental pollution. 61: 263-393.

17. Kumar, R., M. M. Sharma, V.K. Jain and A.K. Goyal (1988). Growth of response of
Lentil crop to UV-B irradiation under field condition. Indian Jour. Pl. Physiol, 31: 297300.

18. Kumar, D.K.D, Paliwar, R and Kumar, D., (1996). Yield and yield attributes of cabbage
as influenced by GA and NAA Crop. Res. Hisar, 12 (i):120-122.

19. Mazza, C.A, D. Battista A.M. Zima, and C.L. Ballare (1999). The effect of UV-B
radiation on the increased DNA damage and antioxidant responses plant cell Environ.
22: 61-70.

International Journal of Plant, Animal and Environmental Sciences
Available online at www.ijpaes.com

Page: 208

Sanjeev et al

IJPAES

ISSN 2231- 4490

20. McKenzie, R.L., B. jorn. L.O. & Bais A, (2003). Change in biologically active UVradiation reaching the earth surface. Ohotochem. Photobiol. Sci. 2: 5-15.

21. Molina and Rowland, (1974). American society of plant biologists. Effects of ozone
depletion on land plants. Plant physiology. 134: 16-17.
22. Noggle G.R. and G.T. Fritz., (1976). “Introductory plant physiology”. Prentice Hall of
India Priv. Ltd., New Delhi.

23. Patil, A.A., Manipur, S.M. and Nalwadi, U.G., (1987). Effects of GA and NAA on
growth and yield of cabbage. South Indian Hort., 35: 393-394.
24. Purohit, S. S., (1988). Hormonal regulation of plant growth and development. Agro
Botanical Publishers (India), Vol. IVth.

25. Ram, K., Varma, A.N. and Sharma, P.K., (1973). Effects of NAA on growth, protein and
ascorbic acid content of cabbage. Plant science. 5: 150-153.

26. Roychoudhary, R. and S. P. Sen., (1964). Studies on the mechanism of auxin action.
Physiol. Pl. 17: 352–362.

27. Smith, J.L., D.J. Burrit & P. Bannister, (2000). Shoot dry weight, chlorophyll and UV-B
absorbing compounds as indicators of plant sensitivity to UV-B radiation. Annals of
botany 86: 1057-1063.

28. Treshow, M. (1968). The impact of air pollutants on plant populations. Phytopathology
58: 1108-1113.
29. T.K. Van, L.A. Garrand and S.H. West., (1976). Affects of UV-B radiation on net
Photosynthesis of some crop plants 16: 715-718.

30. Tevini, M., W. Isanti and U. Thomas, (1981). Some effects of enhanced UV–B
irradiation on the growth and composition of plants. Planta 153: 388–394.

31. Tevini M. and A.H. Teramura, (1989). UV-B effects on terrestrial plants Photochem.
Photobiology. 50: 479-487.
32. Thomas A. Day and Patrick J. Beale., (2002). Effects of UV-B radiation on terrestrial
and aquatic primary producers Vol. 33: 371-396.

33. Tevini, M., (2000). UV-B Effects on plants. PP 83-97, In: S.B. Agarwl & M. Agarwal.
Environmental pollution and plant responses, Lewis Publishers, Boca Ratio. USA.

34. Vu. C.V., Allen. L.H. and Garrard, L.A., (1981). Effect of supplementary UV-B
radiation on growth and photosynthesis of soybean. Physiol. Plant. 52: 353-362.
35. Wort, D. J. (1964). Effects of herbicides on plant composition and metabolism. In: “The
physiology and biochemistry of herbicides”. Ed. L. J. Audus Academic Press, New
York. pp. 291–334.
36. Worrest and M.M. Caldwell, NATO ASI Series, Series G, Ecological Sciences, Vol. 8,
Springer-Verlag, Berlin. pp. 87-111.

37. X. Hao, B.A. Hale, D.P. Ormrod, A.P. Papadopoulos., (200). Effects of pre-exposure to
UV-B radiation on responses of tomato (Lycopersicum esculentum) to ozone in ambient
and elevated CO2. Environ Pollution. 110: 217-224.

International Journal of Plant, Animal and Environmental Sciences
Available online at www.ijpaes.com

Page:209

