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ABSTRACT

The effect of exogenous application of salicylhydroxamic acid (SHAM) on relative levels of catalase,
peroxidase and ascorbic acid peroxidase were investigated within developing grains of wheat (Triticum aestivum
L. var. PBW-343). A concentration of 10 ppm salicylhydroxamic acid was applied at anthesis stage in five
replications with the help of cotton plugs, which remained on ears of mother shoots (MS) for 48 hours. The
labeled spikes were sampled five times, seven-day intervals started from seventh day after anthesis (DAA) up
to 28th DAA, and at maturity. The main spikes were divided into two grain types within each spikelet included
basal (bold) and apical (small). The salient points emerging through the use of salicylhydroxamic acid were
that (i) both bold and small grains showed a significant decrease in relative levels of catalase, peroxidase and
ascorbic acid peroxidase from 14th, 28th and 28th DAA stages respectively and (ii) in spite of the
aforementioned decline, they continued to exhibit the disparity between them and at maturity the smaller grains
still showed higher catalase, peroxidase and ascorbic acid peroxidase than the bolder grains.
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Introduction

The potential up gradation of components
constituting the total yield in wheat (number of
productive tillers m-2, grains per spike and 1000-grain
weight), would help to raise the production
substantially. Though, significant milestones have
been achieved in the first two parameters the last
component, the individual grain weight has eluded
scientific investigations and rather paradoxically has
declined with the advent of high yielding varieties. A
study into the physiology of grain yield shows the
existence of variation among different varieties or
genotypes or even the grains developing in the same
ear [3,25,20,2911,31]. It further discloses that the
yield may be influenced by the availability of

photosynthates to the developing sinks [30,21,23,9].
Various sugar responsive genes in plants potentially
affect the partitioning (Geiger et al. 1996) and have
been stressed to be key determinant of plant
productivity [10]. Dry matter partitioning also plays
a paramount role in growth rate of sink organs [15].
Working on the grain growth in wheat and
buckwheat variation among varieties was traceable to
endogenous hormone production in variety vis-à-vis
that in the ear [8,7]. A few biochemical components
as advocated by Abrol et al. [2], Hakaka [12] and
Hasan and Kamal [13] might be of significance in
determining sink efficiency and/or the grain yield.
Since, the harvest index is the culmination of
innumerable events, most of the view points on sink
efficiency appears to be speculative and need a
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holistic approach in isolating obligatory events to
produce the net assimilates. The revelation that the
electron transport chain, in operation during
biological oxidation, might find an alternate route
without performing the target aim of creating
proticity and may downgrade the overall impetus of
meristems to grow by 10 to 25 percent [24]. Indeed,
it has been reported that higher alternative respiration
could be one of the reasons of lower growth of
grains at distal position in a spikelet [26]. It is,
therefore, advocated that any attempt to interrupt this
process may prove beneficial in improving
productivity. In the present study, it is proposed to
analyse the relative levels of catalase, peroxidase and
ascorbic acid peroxidase as affected by specific
inhibitor of salicylhydroxamic acid in different grains
growing in the same spikelet of wheat.

Materials and methods

Crop Management and Sampling:

The investigation was conducted with a common
bread wheat (Triticum aestivum L. var. PBW-343),
which was sown in circular earthenware pots
(50x30x30 cm) containing 35 kg of soil mixed with
farmyard manure (4:1). Eight seeds per pot were
sown and after 15 days, seedlings were thinned to
two. Hoagland's nutrient solution [16] was supplied
to the pots. The plants were grown in a screen
covered hall under otherwise natural conditions. A
concentration of 10 ppm salicylhydroxamic acid was
applied at anthesis stage in five replications with the
help of cotton plugs, which remained on ears of
mother shoots (MS) for 48 hours. The labeled main
spikes were sampled five times, seven-day intervals
started from seventh day after anthesis (DAA) up to
28th DAA, and at maturity. Grains were usually taken
from three different segments in the ear. The labeled
samples of grains were brought to laboratory and
separated to two types of grains (small and bold) and
biochemical analysis included the relative levels of
catalase, peroxidase and ascorbic acid peroxidase was
carried out in the above aged grains.

The activities of aforementioned enzymes in
grain samples were estimated from the same enzyme
extract obtained as follows:

1 g of fresh plant tissue was homogenized with
3ml of 0.1 M phosphate buffer pH of 7.0 in a chilled
pestle and mortar. The homogenate was centrifuged
at 18,000 g at 5°C for 15 minutes. The homogenate
was used for determination of enzyme activity. The
whole extraction procedure was carried out at 4°C.

The catalase activity of the crude extract was
assayed by the titrimetric method of Chance and
Maehly [4]. The extract and H2O2 in 0.1 M
phosphate buffer (pH of 7.0) was incubated at 30°C

for 1 minute. The reaction was stopped by adding an
excess of 5 percent H2SO4, and the residual H2O2

was titrated with 0.05 N KMnO4 solution. The
catalase activity was expressed as micromole oxygen
released per gram fresh weight of sample.

The incubation mixture for peroxidase assay
consisted of pyrogallol, 0.03 ml hydrogen peroxidase
solution and 0.1 ml enzyme extract in 0.1 M
phosphate buffer (pH of 6.0) maintained at 30oC for
3 to 5 minutes [22]. 2N H2SO4 was added to stop
the reaction and extracted the purporgallin that
formed with 1-butanol. The spectrophotometer was
set on 420 nm and the concentration of purpurogallin
in 1-butanol was measured colorimetrically. The
peroxidase content was calculated from a standard
curve prepared with purpurogallin and expressed as
micromol purpurogallin per gram fresh weight of
tissue.

For estimation of this enzyme, 0.1 ml of above
mentioned aliquot, 2.6 ml of 50 mM phosphate
buffer (pH of 7.0), 0.1 ml of 0.5 mM ascorbic acid
and 0.1 ml of 0.1 mM ethylene dinamine tetra acetic
acid (EDTA) were added into reference cuvette of a
spectrophotometer. Just before reading the absorbance
OD at 290 nm in spectrophotometer, 0.1 ml of 0.1
mM hydrogen peroxide was added to the cuvette.
The absorbance change was measured at 290 in 30
sec intervals time for 5 minutes. Ascorbic Acid
peroxidase activity was determined by procedure of
Chang and Kao [5] and it was expressed as
micromol per gram fresh weight of test sample.

Results:

The salient points emerging through the use of
salicylhydroxamic acid were that (i) both bold and
small grains showed a significant decrease in relative
levels of catalase, peroxidase and ascorbic acid
peroxidase from 14th, 28th and 28th DAA stages
respectively (Figures 1, 2 and 3) and (ii) in spite of
the aforementioned decline, they continued to exhibit
the disparity between them and at maturity the
smaller grains still showed higher catalase,
peroxidase and ascorbic acid peroxidase than the
bolder grains (Figure 4).

The data uncover that as the grains progressed
towards maturity, the levels of catalase increased in
both the types of grains (Figure 1). The pattern
showed that there was an increase in the level of
catalase in the bolder grains to the tune of 217.3, 9.5
and 71.25 percents from 7th to 14th, 14th to 21st and
21st to 28th DAA respectively, whereas from 28th

DAA to maturity the increase was to the tune of
40.87 percent. 

Similarly, the increase in small grains was 140.0,
4.1 and 55.2 percents at aforementioned stages with
a final increase by 23.7 percent at maturity from 28th

DAA. 
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Fig. 1: Relative levels of catalase (µ mol oxygen released g-1 fresh weight) at different location within
developing grains of wheat (Triticum aestivum L. var. PBW-343) as influenced by salicylhydroxamic
acid; Values within parenthesis indicate percentage of increase (+) or decrease (-) in level of catalase
over control.

Fig. 2: Relative levels of peroxidase (µ mol purpurogallin g-1 fresh weight) at different location within
developing grains of wheat (Triticum aestivum L. var. PBW-343) as influenced by salicylhydroxamic
acid; Values within parenthesis indicate percentage of increase (+) or decrease (-) in level of
peroxidase over control.

Fig. 3: Relative levels of ascorbic acid peroxidase (µ mol g-1 fresh weight) at different location within
developing grains of wheat (Triticum aestivum L. var. PBW-343) as influenced by salicylhydroxamic
acid; Values within parenthesis indicate percentage of increase (+) or decrease (-) in level of ascorbic
acid peroxidase over control.
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Fig. 4: Percentage increase (+) in relative levels of catalase, peroxidase and ascorbic acid peroxidase in small
grains over their counterparts bold grains

A further look into the levels of catalase, with
regard to their distribution in bold and small grains,
disclosed that smaller grains possessed a relatively
higher levels of catalase at all stages of
investigations. The analysis of data revealed that the
higher quantum of distribution in small grains was
maximum at 7th DAA (117.4 percent higher) and
subsequent to that the difference was to the tune of
64.4, 56.2 and 41.6 percents more in small grains at
14th, 21st and 28th DAA stages. At harvest the smaller
grains possessed relatively more (24.4 percent) of
catalase than their co-developer bolder grains (Figure
4).

The scrutiny of the data of second hydrolytic
enzyme (peroxidase) also offered some interesting
lineaments (Figure 2). As apparent from the data the
levels of peroxidase activity was comparatively
higher in smaller grains than bolder grains at
different stages of grain development. This disparity
was more at 7th DAA as compared to other stages of
grain development (166.7 percent). Smaller grains
exhibited 136.8, 45.8, 28.1 and 9.2 percents higher
peroxidase activity than bolder grains at 14th, 21st and
28th DAA and at maturity respectively. 

Studies on the behavior of grains with regard to
levels of ascorbic acid peroxidase unfolded certain
interesting revelations. As apparent from data in
Figures 3 and 4, the levels of ascorbic acid
peroxidase were comparatively higher in smaller
grains than bolder types at all the stages of grain
development. Enzyme activity in both the types of
grains was highest at 7th DAA which narrowed down
towards maturity.

Smaller grains registered 113.8, 100.0, 81.0, 54.5
and 116.7 percents higher ascorbic acid peroxidase
activity as compared to bolder grains at 7th, 14th, 21st

and 28th DAA and at maturity respectively. A look
into the data revealed that the rate of deduction in
enzyme activity was more pronounced in smaller
grains as compared to bold grains. 

Discussion:

The results bring forth, in no uncertain terms, the
findings that the ear of wheat is a developing place
for a definite number of grains which intern are
separate biological entities endowed with their
inherent potentials. This axiom was advocated by
Abolina [1] and is in line with the observations of
innumerable workers [6,18,27,29]. Nevertheless, the
sequence of events, piloting the yielding ability, is
the metabolic profile and if augmented through the
use of plant growth regulators [28,17] or by imposing
a shift in metabolic events [7] promotery effects are
achievable [19]. In present context, the central point
which came to light in the present endeavor is that
an unusual path of aerobic respiratory chain (CN-
resistant respiration) plausibly switches-on during the
grain filling stage and if checked, through the
immaculate use of salicylhydroxamic acid, can
decrease the relative levels of catalase, peroxidase
and ascorbic acid peroxidase in the grains. Of course,
SHAM or regulator of alternate oxidase pathway was
not successful in eliminating the disparities between
the two types of grains. 

References

1. Abolina, G.T., 1959. A study of the causes of
variability in the development of the wheat grain.
Fiziol. Rast., 6: 102-104.

2. Aborl, Y.P., P.A. Kumar, J.V.R. Nair, 1984.
Nitrate uptake and assimilation and grain
nitrogen accumulation. Adv. Cereal Sci. and
Tech., 6: 1-48.

3. Asana, R.D., 1968. Some thoughts on possible
mechanisms controlling yield. Indian J. Genetics
Plant Breeding., 28: 21-30.

4. Chance, B., A.C. Maehly, 1955. Assay of
catalase and peroxidase. In: Methods in
enzymology. Colowick SP, Kaplan NO (ed)
Academic Press, New York, USA.



2111Adv. Environ. Biol., 5(8): 2107-2111, 2011

5. Chang, C.J., C.H. Kao, 1998. H2O2 metabolism
during senescence of rice leaves, changes in
enzyme activity in light and darkness. Plant
Growth Regul., 25: 11-15.

6. Cook, M.G., L.T. Evans, 1978. Effect of relative
size and distance of competing sink on the
distribution of photosynthetic assimilates in
wheat. Aust. J. Plant Physiol., 5: 459-509.

7. Dua, I.S., U. Devi, N. Garg, 1990. An appraisal
of the hormonal basis of grain growth in
buckwheat (Fagopyrum esculentum Moench).
Fagopyrum, 10: 73-80.

8. Dua, I.S., O.P. Sehgal, 1981. Differential levels
of growth promoters in the middle and peripheral
grains of the same ear in wheat (Triticum
aestivum Linn. emend. Thell). Proc. Indian Nat.
Sci. Acad. B-47(4): 543-550.

9. Foulkes, M.J., G.A. Slafer, W.J. Davies, P.M.
Berry, R. Sylvester-Bradley, P. Martre, D.F.
Claderini, S. Griffiths, M.P. Reynolds, 2010.
Raising yield potential of wheat. III. Optimizing
partitioning to grain while maintaining lodging
resistance. Journal of Experimental Botany, 1-18.

10. Gifford, R.M., J.H. Thorne, W.D. Hitz, R.T.
Giaqunita, 1984. Carbon productivity and photo-
assimilate partitioning. Science, 225: 801-808.

11. Gutam, S., V. Nath, G.C. Srivastava, 2008.
Endogenous hormonal content during grain
development in hexaplid and tetraploid wheat.
Bangladesh J. Agril. Res., 33(3): 493-502.

12. Hakaka, K., 1998. Growth and yield potential of
spring wheat in a simulated changed climate
with increased CO2 and higher temperature.
European J. Physiol., 9(1): 41-52.

13. Hasan, M.A., A.M.A. Kamal, 1998. Effect of
fertilizers on grain yield and grain protein
content of wheat. J. Nat. Sci. Council of Sri
Lanka, 26(1): 1-8.

14. Hayashi, S.P., 1961. Effect of plant growth
s u b s t a n c e s  o n  p h o t o s y n t h e s i s  a n d
photorespiration of source-sink organs. Aust. J.
Plant Physiol., 1: 20-23.

15. Heuvelink, E., N. Bertin, 1994. Dry matter
partitioning in a tomato crop: Comparison of two
simulation models. J. Hort. Sci., 69: 885-903.

16. Hoagland, D.R., D.I. Arnon, 1939. The water
method for growing plants without soil. Calif.
Agric. Expt. Stn. Cir., 347.

17. Houshmandfar, A., D. Eradatmand-Asli, 2011.
Effect of exogenous application of cytokinin on
yielding ability of developing grains at different
locations within same spike or spikelet in wheat.
Adv. Environ. Biol. 5(5): 903-907.

18. Larsson, R.M., W.K. Hensen, 1992. Studies on
seed quality of Triticale alpha amylase and
starch. Agro Food Industry Hi-tech, 3(2): 26-28.

19. Micheal, G., H. Beringer, 1980. The role of
hormones in yield formation. In: Physiological
Aspects of Productivity. Proc. 15th Collaq. Int.
Potash. Inst. Bern. 

20. Nautiyal, N., C. Chatterjee, C.P. Sharma, 1999.
Copper stress affects grain filling in rice.
Communications Soil Sciences and Plant
Analysis, 30: 11-12.

21. Ravi, I., F.A. Khan, P. Sharma-Natu, M.C.
Ghildiyal, 2001. Yield response of durum (T.
durum) and bread wheat (T. aestivum) varieties
to carbon dioxide enrichment. Indian J. Agric.
Sci., 71: 444-449.

22. Saio, K., S. Kubo, 1963. Biochemical changes in
phosphorus compounds in rice kernel during
storage. III. Denotiration of protein during
storage, concerned with the change of phytic
acid. Nippon Nogeikagaku Kaishi, 37: 721-724.

23. Sharma-Natu, P., M.C. Ghildiyal, 2005. Potential
targets for improving photosynthesis and crop
yield. Current Science, 88: 1918-1928.

24. Siedow, J.N., A.L. Umbach, 1995. Plant
mitochondrial electron transfer and molecular
biology. Plant Cell., 7: 821-831.

25. Stoy, V., 1969. Inter-relationship among
photosynthesis, respiration and movement of
carbon. In: J.D. Eastin, F.A. Haskins, C.Y.
Sullivan, C.H.M. Vanbavel (ed) Physiological
aspects of Grain Yield. Amer. Soc. Agron. Crop
Sci., Wisconsin, USA.

26. Sunita-Kumari, M.C. Ghildiyal, 1997.
Availability and utilization of assimilates in
relation to grain growth within the ear of wheat.
J. Agron. Crop Sci., 178: 245-249.

27. Wang, Z., Y. Yin, M. He, H. Cao, 1998.
Source-sink manipulation effects on post-anthesis
photosynthesis and grain setting on spike in
winter wheat. Photosynthetica, 35(3): 453-459.

28. Yang, J., S. Peng, R.M. Visperas, A.L. Sanico,
Q. Zhu, S. Gu, 2000. Grain filling pattern and
cytokinin content in the grains and roots of rice
plants. Plant Growth Regulation., 30: 261-270.

29. Yang, J., J. Zhang, Z. Wang, Q. Zhu, 2003.
Hormones in the grains in relation to sink
strength and post-anthesis development of
spikelets in rice. Plant Growth Regulation 41:
185-195.

30. Yin, Y., Z. Wang, M. He, J. Fu, S. Lu, 1998.
Post anthesis allocation of source/sink change.
Biologica Plantarum., 41(2): 203-209.

31. Nawaz, N., S.A. Hussain, I. Ullah,  M. Younus,
M.Z. Iqbal and S.M Rana, 2009. Estimation of
Genetic Diversity in Wheat Using Dna Markers,
Am.-Eurasian J. Sustain. Agric., 3(3): 507-511.


