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ABSTRACT

The earlier studies have shown that the two types of bold and small grains-developing in the same spike
or spikelet of wheat had their inherent variable metabolic profiles, which were steered by their endogenous
hormones. In the present investigation, the differential dry matter accumulation potential of different grain
types, growing in the same spikelet, along with their endogenous metabolic profile operating in developing
grains as well as modulate the alternate oxidase pathway through the use of specific inhibitor salicylhydroxamic
acid were studied within developing grains of wheat (Triticum aestivum L. var. PBW-343). Grain dry weight
and also relative levels of catalase, α- and ß-amylase, sucrose synthase, and AGPase were determined in middle
position of the spike (8th, 9th, 10th, 11th and 12th spikelets from the base of the ear) which sampled five times,
seven days interval started from seventh day after anthesis (DAA) up to maturity. The data demonstrated that
a subtle phenomenon, involving the feed off of the electrons to an alternate oxidase pathway, switches-on
during the mid-ripening stage of the grains and may be detrimental to their growth. It is being advocated that
the modulation of this pathway, through the judicious yield. The data further imply that it may not be possible
to eliminate the disparity between the two types of sinks in their yielding potential, which appears to be their
innate character.
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Introduction

A casual look into the present global food
supply reveals that the cereals constitute 2/3
component of its resource. An appraisal of
parameters regulating their productivity divulges that
their full potential to yield is still unrealized. One of
the grey areas, which has remained untapped is the
host of physiological and genetical barriers of
developing kernels to grow to an optima and their
manipulation by desirable traits and methodologies.
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 [3,29,34,32,24,36]. It
further discloses that the yield may be influenced by
the availability of photosynthates to the developing
sinks [37,26,27,11]. Various sugar responsive genes
in plants potentially affect the partitioning [14] and
have been stressed to be key determinant of plant
productivity [15]. Dry matter partitioning also plays
a paramount role in growth rate of sink organs [19].
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
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as advocated by Abrol et al. [2], Hakaka [16] and
Hasan and Kamal [17], 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
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 [28,31].
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 [30].
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 differential dry matter
accumulation potential of different grains, growing in
the same spikelet along with their endogenous
metabolic profile operating in developing grains and
to assess whether it is variable amongst the
differentially participating grains or not. It is also
aimed to modulate the alternate oxidase pathway
through the  use  of  specif ic  inhibi tor
salicylhydroxamic acid (SHAM) and to find out the
stage when grains respond to SHAM maximally.

Materials and methods

The investigations were conducted with a
common bread wheat (Triticm 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 [20] was supplied
to the pots. Mother shoots, which formed the
exclusive material for the studies, were tagged and
anthesis date was recorded therein. Growth rate of
different grains were recorded at intervals of 7 days,
following anthesis until maturity, Samples for dry
weight, were taken by counting clock-wise the florets
in the spikelets facing the upper side of flag leaf and
occupying 8th, 9th, 10th, 11th and 12th spikelets (middle
position of the spike) from the base of the ear.
Calculations of the grain growth rate (GGR) and
relative growth rate (RGR) were done employing the
equation given by Evans et al. [10]. In order to study
the effect of time course changes in some
biochemical components in different types of grains
(bold and small) during grain development, samples
were collected at 7th, 14th, 21st and 28th day after
anthesis (DAA) as well as at harvest maturity. The
labeled samples of grains were brought to laboratory
and biochemical analyses were carried out in the

above aged grains. Salicylhydroxamic acid in two
concentrations included 1 and 10 ppm was prepared.
This inhibitor 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. Sucrose phosphate synthase was studied
according to the method of Morell and Copeland [23]
with minor modifications. The AGPase activity was
determined at 30°C by measuring the rate of ATP
formation in the following reaction system of the
pyrophosphate (PPi)-dependent degradation of ADP-
glucose. The reaction mixture contained 100 mM
HEPES-NaOH (PH 7.6), 5 mM MgCl2, 5 mM DTT,
3mM PPi and 1.5 mM ADP-glucose. The reaction
was initiated by adding an aliquot of enzyme
preparation and terminated after 30 minutes of
incubation by transferring to boiling water for 1
minute. The formed ATP was monitored according to
the procedures described by Wang et al. [33].
AGPase activity was expressed as nanogram ATP per
mg of protein per minute in sample. The catalase
activity of the crude extract was assayed by the
titrimetric method of Chance and Maehly [5]. The
extract and H2O2 in 0.1 M phosphate buffer (pH of
7.0) was incubated at 30oC 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 b-amylase was
estimated according to the method of Bernfield [4]
with slight modifications. The method of Fuma [12]
with certain modifications was used for estimation of
a-amylases. The data were analyzed statistically using
analysis of variance and critical differences (CD) at
5 percent level were computed.

Results and discussion

The analysis of data on the growth patterns
demonstrated that the grains occupying different
positions in the same spikelet varied with regard to
their potential to gather dry matter. The basal grains
of constitutive spikelet showed higher dry matter
accumulation than the one growing distally. Their
pattern of unequal potential was observed at all the
growth stages included 7th, 14th, 21st and 28th DAA,
as well as at maturity. The differentiality in their
precipitation potential was correlated with their
growth rates (Table 1). As indicated in the table 1,
the smaller grains were conspicuous by relatively
lower GGR to the tune of 28.7, 19.7, 20.6, 54.0 and
10.0 percent in 1st to 7th, 7th to 14th, 14th to 21st, 21st

to 28th, and 28th DAA to maturity, respectively.
Relative growth rates (RGR) depicted an unusual
behavior. The important observation was that
irrespective of the stage of grains growth, the RGR
values in two types of the grains were not
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significantly different, thereby implying that the
potentiality to grow amongst the two types of grains
was of similar magnitude and it was the per se
availability of the growing mass along with their
initial capita which possibly maintained the disparity
despite their equal potentials to grow.

The application of salicylhydroxamic acid
presented the unique observations (Figure 1).
Ironically, the inhibitor behaved in an enigmatic way
and proved to be a promoter when being assessed
under the criterion of dry matter accumulation in
grains. During the earlier period of grain
development, it had no significant effect thereby
indicating that the underlying physiological process
may not be in operation. Subsequently a significant
increase in dry matter accumulation in both the types
of grains at 21st DAA onwards up to maturity was
noticed at both the concentrations of SHAM. The
salient points emerging through the use of
salicylhydroxamic acid were that (i) both bold and
small grains showed a significant increase in dry
matter from 21st DAA stage with its applications and
(ii) in spite of the aforementioned increment gathered
by grains, they continued to exhibit the disparity
between them and at maturity the smaller grains still
showed approximately 25 percent lower dry matter
than the bolder grains.

Figure 2 indicates the relative levels of catalase
under the influence of salicylhdroxmic acid in bold
and small grains of wheat. The data uncover that as
the grains progressed towards maturity, the levels of
catalase increased in both the types of grains. The
pattern showed that there was an increase in the level
of catalase in the bolder grains to the tune of 241.6,
15.8, 85.2 and 37.5 percent from 7th to 14th, 14th to
21st, 21st to 28th, and 28th DAA to maturity
respectively. Similarly, the increase in small grains
was 166.6, 12.5 and 58.8 percent at the
aforementioned stages with a final increase by and
17.6 percent at maturity from 28th DAA. 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 level of
catalase at all sampled stages of investigations. 

Figure 3 and 4 indicate the relative levels of α-
and ß-amylase under the influence of SHAM in bold
and small grains of wheat. The data reveal that as
the grains progressed towards maturity the levels of
these hydrolytic enzymes increased correspondingly.
A comparative look into the levels of a-amylase and
its distribution in bold and small grains, disclosed
that smaller grains were endowed with its relatively
higher levels at all stages of investigations. The
analysis of data revealed that the higher quantum of

Table 1: Grain growth rate (GGR) (mg d-1) and relative growth rate (RGR) (mg mg-1 d-1) of individuals grains of Triticum aestivum L.
var. PBW-343 isolated from different positions at different day after anthesis.
DAAa                 GGR                     RGR

-------------------------------------------------- -------------------------------------------------------
Bb Sc B S

1st-7th 1.01 0.72 0.14 0.14
7th-14th 1.52 1.22 0.04 0.04
14th-21st 0.92 0.73 0.05 0.05
21st-28th 1.61 0.74 0.02 0.02
28th-Maturity 0.90 0.81 - -
CDd (5%)
Interaction 0.26 0.28
Position 0.08 0.12
Age 0.25 0.27
a, days after anthesis
b, bold grain
c, small grain
d, critical differences

Fig. 1: Percent increase or decrease in dry weight of grains at different location within developing grains of
wheat (Triticum aestivum L. var. PBW-343) as influenced by different levels of salicylhdroxmic acid.
DAA: day after anthesis, B: bold grains, S: small grains.
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Fig. 2: Relative levels of catalase at different location within developing grains of wheat (Triticum aestivum
L. var. PBW-343) as influenced by salicylhdroxmic acid. DAA: day after anthesis, B: bold grains, S:
small grains.

Fig. 3: Relative levels of  -amylase at different location within developing grains of wheat (Triticum aestivum
L. var. PBW-343) as influenced by salicylhdroxmic acid. DAA: day after anthesis, B: bold grains, S:
small grains.

Fig. 4: Relative levels of ß-amylase at different location within developing grains of wheat (Triticum aestivum
L. var. PBW-343) as influenced by salicylhdroxmic acid. DAA: day after anthesis, B: bold grains, S:
small grains.

distribution in smaller grains was maximum at 7th

DAA (108.0 percent more than bolder grains) and
subsequent to that the differences were to the tune of
36.5, 14.4 and 29.7 percent more in smaller grains at
14th, 21st and 28th DAA. At maturity smaller grains
possessed relatively 72.0 percent more a-amylase
than their counterpart bolder grains. With regard to
the levels of b-amylase a similar pattern as that of a-
amylase was recordable. As evident it showed a
significant disparity with respect to its distribution in

the two types of grains. The disparity was sustainable
throughout the ontogeny of grains development with
a maximum gap at 7th DAA (133.3 percent higher in
smaller grains) and the values were 42.8, 21.8, 30.6
and 75.0 percent more at 14th, 21st, 28th DAA, and
maturity respectively.

As apparent from the data in Figure 5 sucrose
synthase activity increased rapidly in both grain types
at around 14th DAA. Analysis of data showed that its
levels increased to the tune of 39.2 and 25.5 percents
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at 14th and 21st DAA respectively (as compared 7th

DAA) followed by a decrease of about 3.9 and 28.4
percents at 28th DAA as well as at maturity in bold
grains respectively. Similarly, the increments in its
levels were also observed in small grains to the tune
of 129.6, 85.1 and 43.2 percent at 14th, 21st and 28th

DAA respectively followed by an abatement of 9.8
percent at maturity. Furthermore, the levels of
sucrose synthase in bold and small grains
correspondingly showed a significant disparity with
respect to its distribution in the two types of grains.
In comparison to bolder grains the smaller grains
possessed significantly low levels of this enzyme.
The disparity was sustainable throughout the
ontogeny of grains development with maximum gap
at 7th DAA (53.9 percent lower than bold grains)
with a further recorded gap of 24.0, 32.1 and 31.3
percent at 14th, 21st and 28th DAA and ending up
with a final disparity of 29.3 percent at maturity
respectively.

Figure 5 indicates the relative levels of ADP-
glucose pyrophosphorylase (AGPase) under the
influence of salicylhdroxmic acid in bold and small
grains of wheat. ADP-glucose pyrophosphorylase
activity was detected in comparatively higher
amounts in bolder grains than smaller grains at most
of the sampled DAA. The exceptions were 28th DAA
and maturity which relative level of AGPase was
slightly higher in smaller grains than bolder. The
disparity between the two types of grains was
maximum with 42.1 percent lower in small grains
than bold grains at 7th DAA.

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 to grow and accumulate dry
matter. This axiom was advocated by Abolina [1]
and is in line with the observations of innumerable
workers [29,6,21,32,24,36]. Nevertheless, the
sequence of events, piloting the yielding ability, is
the metabolic profile and if augmented through the
use of plant growth regulators [8,35] or by imposing
a shift in metabolic events [7] promotery effects are
achievable [18,22]. In present context, the central
point which came to light in the present endeavour
is that an unusual path of aerobic respiratory chain
(CN-resistant respiration) plausibly switches-on
during the mid-maturity stages (14th to 21st DAA)
and if checked, through the immaculate use of
salicylhydroxamic acid, can significantly increase the
dry matter accumulation potential of the grains. Of
course, SHAM or regulator of alternate oxidase
pathway was not successful in eliminating the
disparities between the two types of grains. In
addition to the above attributes quantitive enzymatic
differences were also prominent with the bolder
grains supporting a higher levels of sucrose synthase
and ADP-glucose pyrophosphorylase while, the
smaller grains were strikingly different in possessing
a higher levels of catalase, a- and b-amylases. The
results also unequivocally show that the onset of
alternate oxidase pathway triggers on a change in
levels of hydrolytic enzymes  amylases and catalase

Fig. 5: Relative levels of sucrose synthase at different location within developing grains of wheat (Triticum
aestivum L. var. PBW-343) as influenced by salicylhdroxmic acid. DAA: day after anthesis, B: bold
grains, S: small grains.
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Fig. 5: Relative levels of ADP-glucose pyrophosphorylase (AGPase) at different location within developing
grains of wheat (Triticum aestivum L. var. PBW-343) as influenced by salicylhdroxmic acid. DAA:
day after anthesis, B: bold grains, S: small grains.

along with the enzyme sucrose synthase and AGPase.
The communicators have opined that sucrose
synthase was the major sucrose cleavage enzyme and
played an important role in conversion of sugars in
the grains. Furthermore, highly close linear
relationships were found between the total activities
of  sucrose  synthase  and ADP-glucose
pyrophosphorylase (AGPase) and grain dry matter
accumulation by both the types of grains, suggesting
that these enzymes might be directly related to the
grain filling processes. The present results further
point out and reflect that sucrose by virtue of its role
as a translocatory sugar or being used as an input for
starch synthesis is the pivotal substance. The
tabulated data reveal that smaller grains had
comparatively higher levels of sucrose and their
ability to transform the same into starch was
plausibly impaired due to lower availability of
sucrose synthase and AGPase or may be some other
rate limiting metabolic event(s). A higher per se
level of sucrose inturn, probably, induced a higher
substrate linked amylases whose relatively higher
levels were detectable in smaller grains. The present
work concludes that amongst a plethora of metabolic
passes and bypasses an appraisal of the alternate
oxidase pathway needs to be assessed and appraised
as advocated by Zhao et al. [38], Ellis and Marshall
[9], and Gebbing et al. [13], its regulation would
definitely go a long way in improving grain yield in
different cereals specially wheat. 
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