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ABSTRACT

The effect of salicylhydroxamic acid (SHAM) on growth behaviour of developing grains was studied at
different locations within a spike/spikelet of wheat (Triticum aestivum L. var. PBW-343). The plants were
grown in a screen covered hall under otherwise natural conditions. Mother shoots were divided into three grain
positions included proximal (spikelet No. 1 to 5), middle (spikelet No. 6 to 15), and distal (spikelet No. 16
to 20) regions, and further into two grain types included basal (bold) (grain No. 1 and 2) and apical (small)
(grain No. 3 upward). Dry matter accumulation, absolute and relative growth rate levels were determined in
ten labelled spikes which sampled nine times, four-day intervals started from seventh day after anthesis (DAA)
up to 35th DAA, and at maturity. Summing up the results on the use of the CN-resistant respiration inhibitor
(SHAM), two points emerged; (i) 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 with a significant increase from 15th

DAA onwards. On this subject, both bolder and smaller grains showed a positive increase in their absolute
growth rates following application of SHAM at anthesis from seven days post-anthesis stage until 23rd DAA
and (ii) despite the increment achieved, bold and small grains continued to exhibit the disparities between
themselves and at maturity the latter still showed 14.1, 12.6 and 21.9 percents lesser dry matter than the former
in proximal, middle and distal segments of spike respectively. 

Key words: CN-resistant respiration; sink efficiency; developing grains; Triticum aestivum L.

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 [2,21,22,14,23]. It further
discloses that the yield may be influenced by the
availability of photosynthates to the developing sinks
[24,16,17,8]. Various sugar responsive genes in plants
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potentially affect the partitioning [9] and have been
stressed to be key determinant of plant productivity
[9]. Dry matter partitioning also plays a paramount
role in growth rate of sink organs [12]. 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 [6,7]. A few biochemical components as
advocated by Abrol et al. [1], Hakaka [10] and
Hasan and Kamal [11], 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 [18,20].
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 spike/spikelet
[19]. Hence, in the present study, it is proposed to
evaluate the effect of salicylhydroxamic acid
(SHAM) on growth behaviour of developing grains
at different locations within a spike of wheat.

Materials and methods

Single plants of wheat (Triticum aestivum L. var.
PBW-343) were grown in plastic containers with a
diameter of 4.5 cm and depth of 20 cm. The pots
were filled with a pasteurized soil which classified as
a clay loam with 28.1% sand, 25.7% clay and 46.2%
silt, an electrical conductivity (ECe) of 1.2 dS m-1, a
pH of 7.1 (saturated paste), and organic C of 0.62%,
which were evaluated by the methods described by
Chaturvedi et al. [5]. The plants were grown in a
screen covered hall under otherwise natural
conditions. The pots were watered as described by
Houshmandfar et al. [13], and fertilized once a week
with half strength Peter’s solution (NPK = 10:10:10)
[3]. Salicylhydroxamic acid in a concentration of 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. Ten labelled spikes were
sampled nine times, four-day intervals started from
seventh day after anthesis (DAA) up to 35th DAA,
and at maturity. Spikes were divided into three grain
positions included proximal (spikelet number 1 to 5),
middle (spikelet number 6 to 15), and distal (spikelet
number 16 to 20) regions, and further into two grain
types included basal (bold) (grain No. 1 and 2) and
apical (small) (grain No. 3 upward). The spikelets

were numbered in ascending order with the most
proximal one on peduncle side as number 1 with a
sequential increase ending at number 20. The samples
were dried in an oven at 70 °C for 72 h, and then
weighed for dry matter accumulation. Relative growth
rate (RGR) [4] and absolute growth rate (AGR) [15],
were calculated using the following equations: 

Where, W1 = Total dry matter of grain at time
t1, W2 = Total dry matter of grain at time t2, t1 =
Time of first observation, and t2 = Time of second
observation. The data were analysed statistically
using analysis of variance and critical differences
(CD) at 5 percent level were computed.

Results and discussion 

A look into the nuances of a catabolic pathway
usually referred as CN-resistant respiration and its
regulation was also probed into the two types of
grains developing in three different segments of a
spike. The study on the effect of its modulator
(SHAM, usually called as plant growth inhibitor) was
undertaken and results are given in Table 1, 2 and 3.
Ironically, the inhibitor behaved in an enigmatic way
and proved to be a promoter so far as the dry matter
accumulation of grains was concerned. There was no
significant detectable effect of SHAM in changing
the dry matter accumulation potential of grains,
during the earlier phases of grains’ growth i.e., first
two weeks, thereby indicating that the underlying
physiological processes being regulated by SHAM
may not be in operation during this phase.
Subsequently, there was a paradigm shift in the
behaviour of grains with respect to their dry matter
accumulation potential which showed a significant
increase in all the three segments of spike (proximal,
middle and distal) for both the types of grains and
this enhancement was sustainable till maturity. The
highest increment was recorded at 15 and 19 days
after anthesis stage for bold and small grains
respectively and it was to the tune of 40.2, 39.8 and
40.4 percents in bolder grains and 42.9, 42.1 and
43.3 percents in smaller grains in proximal, middle
and distal segments of spike respectively. However,
at maturity the total enhancement was to the tune of
22.5 and 17.5 percents in proximal, 21.4 and 17.1
percents in middle and 23.8 and 17.6 percents in
distal segments of spike in small and bold grains
respectively (Table 1).
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Table 1: Grain dry matter accumulation (mg grain-1) in individual grains of wheat (Triticum aestivum L. var. PBW-343) as affected by
exogenous application of salicylhydroxamic acid (SHAM), isolated from different regions of the same spike at different intervals
of time after anthesis (mean of ten replications).

Days after anthesis Proximal Middle Distal 
(DAA) --------------------------------------- ---------------------------------------- --------------------------------------------------

Basal Apical Basal Apical Basal Apical
7th 6.5(+ 5.0) 4.1(+ 3.6) 6.8(+ 4.8) 4.3(+ 3.2) 6.3(+ 5.2) 3.8(+ 3.9)

[– 36.9] [– 36.8] [– 39.7]
11th 11.2(+ 3.9) 7.0(+ 5.8) 12.0(+ 3.6) 7.9(+ 5.4) 10.7(+ 4.2) 6.4(+ 6.0)

[– 37.5] [– 34.2] [– 40.2]
15th 27.3*(+ 40.2) 18.9*(+ 35.7) 28.8*(+ 39.8) 20.7*(+ 35.2) 26.4*(+ 40.4) 16.9*(+ 36.0)

[– 30.8] [– 28.1] [– 36.0]
19th 41.3*(+ 39.6) 32.2*(+ 42.9) 43.1*(+ 39.0) 34.5*(+ 42.1) 40.2*(+ 39.9) 29.1*(+ 43.3)

[– 22.0] [– 20.0] [– 27.6]
23rd 51.4*(+ 31.8) 40.4*(+ 32.6) 53.3*(+ 31.3) 43.0*(+ 31.9) 50.2*(+ 32.1) 38.6*(+ 40.0)

[– 21.4] [– 19.3] [– 23.1]
27th 56.5*(+ 22.6) 46.1*(+ 26.6) 58.3*(+ 22.3) 48.8*(+ 26.2) 55.3*(+ 22.8) 41.6*(+ 26.9)

[– 18.4] [– 16.3] [– 24.8]
31st 57.8*(+ 18.9) 48.5*(+ 25.0) 59.3*(+ 18.6) 51.1*(+ 24.6) 56.8*(+ 19.5) 43.4*(+ 25.4)

[– 16.1] [– 13.8] [– 23.6]
35th 59.0*(+ 18.0) 50.2*(+ 23.3) 59.9*(+ 17.3) 52.2*(+ 22.2) 58.0*(+ 18.4) 44.9*(+ 24.5)

[– 14.9] [– 12.8] [– 22.6]
Maturity 59.4*(+ 17.5) 51.0*(+ 22.5) 60.4*(+ 17.1) 52.8*(+ 21.4) 58.4*(+ 17.6) 45.6*(+ 23.8)

[– 14.1] [– 12.6] [– 21.9]
Values within parenthesis indicate percentage increase (+) in dry weight of grains over control and values within the square brackets denote
the relative disparities in small grains over bold grains growing in the same spikelets; CD at 5% level: Age: 5.8, Position/Type: 3.8, Age
× Position/Type: 8.9; *: Significant at 5% level over control

Table 2: Absolute growth rate (mg day-1) in individual grains of wheat (Triticum aestivum L. var. PBW-343) as affected by exogenous
application of salicylhydroxamic acid (SHAM), isolated from different regions of the same spike at different intervals of time
after anthesis (mean of ten replications).

Days after anthesis Proximal Middle Distal 
(DAA) --------------------------------------- ---------------------------------------- --------------------------------------------------

Basal Apical Basal Apical Basal Apical
11th  1.18(+ 2.6) 0.72(+ 10.8) 1.30(+ 1.6) 0.90(+ 9.8) 1.10(+ 1.8) 0.65(+ 16.1)

[– 39.0] [– 30.8] [– 40.9]
15th  4.02(+ 84.4) 2.98(+ 63.7) 4.20(+ 86.7) 3.20(+ 64.1) 3.92(+ 84.0) 2.62(+ 58.8)

[– 25.9] [– 23.8] [– 20.4]
19th  3.50(+ 38.9) 3.32(+ 54.4) 3.58(+ 37.7) 3.45(+ 53.3) 3.45(+ 39.1) 3.05(+ 54.0)

[– 5.1] [– 3.6] [– 11.6]
23rd  2.52(+ 7.23) 2.05(+ 2.5) 2.55(+ 6.25) 2.12(+ 1.9) 2.50(+ 7.8) 2.38(+ 30.8)

[– 18.6] [– 16.9] [– 4.8]
27th  1.28(– 28.1) 1.42(- 4.0) 1.25(– 29.8) 1.45(– 4.6) 1.28(– 26.8) 0.75(– 42.3)

[+ 10.9] [+ 16.0] [– 41.4]
31st  0.32(– 48.4) 0.60(± 0.0) 0.25(– 56.9) 0.58(± 0.0) 0.38(– 38.7) 0.45(± 0.0)

[+ 87.5] [+ 132.0] [+ 18.4]
35th 0.30(– 14.3) 0.42(– 12.5) 0.15(– 46.4) 0.28(– 33.3) 0.30(– 21.0) 0.38(± 0.0)

[+ 40.0] [+ 86.7] [+ 26.7]
Maturity 0.10(– 33.3) 0.20(– 9.1) 0.12(± 0.0) 0.15(– 25.0) 0.10(– 44.4) 0.18(± 0.0)

[+ 100.0] [+ 25.0] [+ 80.0]
Values within parenthesis indicate percentage increase (+) or decrease (–) in dry weight of grains over control and values within the square
brackets denote the relative disparities in small grains over bold grains growing in the same spikelets; CD at 5% level: Age: 0.28,
Position/Type: 0.21, Age × Position/Type: 0.42

Table 3: Relative growth rate (mg mg-1 day-1) in individual grains of wheat (Triticum aestivum L. var. PBW-343) as affected by
exogenous application of salicylhydroxamic acid (SHAM), isolated from different regions of the same spike at different intervals
of time after anthesis (mean of ten replications).

Days after anthesis Proximal Middle Distal 
(DAA) --------------------------------------- ---------------------------------------- --------------------------------------------------

Basal Apical Basal Apical Basal Apical
7th- 11th  0.136(– 2.2) 0.134(+ 6.3) 0.142(– 2.1) 0.152(+ 4.8) 0.132(– 2.2) 0.130(+ 8.3)
11th- 15th  0.223(+ 50.7) 0.248(+ 33.3) 0.219(+ 52.1) 0.241(+ 35.4) 0.226(+ 50.7) 0.243(+ 33.5)
15th- 19th  0.104(± 0.0) 0.133(+ 10.8) 0.101(– 1.0) 0.128(+ 10.3) 0.105(– 0.9) 0.136(+ 10.6)
19th- 23rd  0.055(– 20.3) 0.057(– 25.0) 0.053(– 20.9) 0.055(– 24.6) 0.056(– 20.0) 0.070(– 9.1)
23rd- 27th  0.024(– 41.5) 0.033(– 25.0) 0.022(– 45.0) 0.032(– 25.6) 0.024(– 42.8) 0.019(– 55.8)
27th- 31st  0.006(– 57.1) 0.013(– 18.8) 0.004(– 66.7) 0.012(– 14.3) 0.007(– 50.0) 0.010(– 23.1)
31st- 35th 0.005(– 28.6) 0.009(– 25.0) 0.002(– 60.0) 0.005(– 44.4) 0.005(– 28.6) 0.008(– 27.3)
35th- Maturity 0.002(– 33.3) 0.004(– 20.0) 0.002(± 0.0) 0.004(– 40.0) 0.002(– 33.3) 0.004(± 0.0)
Values within parenthesis indicate percentage increase (+) or decrease (–) in relative growth rate of grains over control; CD at 5% level:
Age: 0.130, Position/Type: 0.063, Age × Position/Type: 0.169
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A comparison amongst three different segments
of spike shows that the percentage of increase in
grains’ dry weights in distal segment of spike for
both the types of grains was higher through
exogenous application of SHAM than the two other
segments i.e., proximal or middle. Summing up the
data on the use of salicylhydroxaic acid on dry
matter accumulation of grains developing in different
locations of same spike/spikelet, two points emerged
out; (i) both the types of grains showed a significant
increase in dry matter following application of
SHAM at anthesis from 15 days post-anthesis stage
onwards and (ii) despite the increment achieved, the
grains continued to exhibit the disparities between
themselves and at maturity the smaller grains still
showed 14.1, 12.6 and 21.9 percents lesser dry
matter than the bolder grains in proximal, middle and
distal segments of spike respectively. 

The above observations could be further
substantiated from absolute growth rates (AGRs) data
recorded at various intervals of times after anthesis
for bolder and smaller grains in three different
segments of spike and the same are presented in
Table 2. Application of CN-resistant respiration
inhibitor resulted in a significant increase in growth
rates for bolder and smaller grains during mid-stages
of grain development (15th-19th DAA) but this faster
and speeder growth could not stay at the later stages
and from 27th DAA to maturity there was a net
reduction in growth rates in both the types of grains.
On the whole, CN-resistant inhibitor improved AGR
of bolder and smaller grains at initial stages of grain
development (7th-23rd DAA in mid ripening stages)
and the improvement was substantial and significant
for both the types of grains. It was these mid-
ripening boosts of GRs affected through inhibitor,
which could steer an improvement in grain weights
in the two types of grains at maturity. Similarly the
relative growth rates (RGRs) of bolder and smaller
grains at different growth stages as affected by CN-
resistant respiration inhibitor are presented in Table
3. The application of SHAM led to an increase in
RGRs of bolder and smaller grains in first twenty
days after anthesis and the increase was definitely
higher for smaller as compared to bolder grains. In
conclusion, the data imply that, although it is
possible to increase dry matter accumulation of
grains by the exogenous application of SHAM, 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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