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ABSTRACT

Dry matter accumulation and growth rate of individual grains which affected by exogenous application of
indole-3-acetic acid (IAA) were studied at different grain types and positions within developing grains of wheat
(Triticum aestivum L. var. PBW-343). The plants were grown in a screen covered hall under otherwise natural
conditions. An aqueous solution of IAA was sprayed at panicle initiation. Main spikes were divided into three
grain positions included proximal, middle, and distal regions, and further into two grain types included basal
and apical grains. Dry matter accumulation and 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. Although, there was no significant effect of IAA application in changing the dry matter accumulation
potential of either apical or basal grains during the initial stages of grain growth i.e., up to 11th DAA, a
significant increase in dry weights of apical grains was observed at proximal, middle and distal segments at
the further stages. The results suggest that a higher grain weight was associated with higher endogenous level
of auxins and an exogenous application of auxins drifted the metabolism of smaller grains in the direction what
was in operation in bolder grains.
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Introduction

Since the beginning of the Green Revolution
production increases generated by modern semi-dwarf
wheats have averted potentially disastrous shortfalls
in world food stocks. Today, however, the global
demand for wheat is increasing as a consequence of
rapid population growth, principally in developing
countries. Although for the moment global wheat
production is keeping up with the pace of population
growth, the rate of production increases must be
stepped up if we are to feed the estimated one billion
additional inhabitants that will swell the ranks of
global population in the next 10 to 15 years. Hence,
a substantial increase in grain yield potential, along

with better use of water and fertilizer is required to
ensure food security in the future decades. For
improvements in photosynthetic capacity to result in
additional wheat yield, extra assimilates must be
partitioned to developing grains and/or potential grain
weight increased to accommodate the extra
assimilates [9]. The position of grain within a spike
to some extend determines its final grain weight
which can range from 20 to 60 mg. The grains from
spikelets in the middle region of the spike and from
the basal region within each spikelet are more
towards the upper level of this range [4]. Various
explanations such as assimilate availability and/or
transport capacity [16] or the role of plant growth
regulators [13,19] are offered to explain these
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differences. Auxins play important roles in regulating
plant growth and development such as shoot growth,
root branching, fruit ripening, tropisms and flowering
[17]. Indole-3-acetic acid (IAA) is a major auxin
involved in regulating grain development [1,8]. Wang
et al. [18] suggested that the poor grain filling of
rice was associated with low grain doses of both
IAA and ABA (abscisic acid). You et al. [21]
showed that the content of IAA was less in young
wheat panicles of male sterile lines, WAV41A and
KV41A compared to V41B during the period when
the young panicle developed. Furthermore, it was
suggested that the level of male sterility is related to
the loss of endogenous hormone especially IAA.
Furthermore, Sayed and Gadallah [15] reported that
grain yield in wheat was more closely related to the
rate than the duration of grain filling, whereas
Gebeyehou et al. [10] found that both rate and
duration of grain filling were positively associated
with final grain weight. Evaluation the effect of
exogenous application of IAA on dry matter
accumulation and growth rate of individual grains at
different grain type and position could be important
to identifying the role of plant growth regulators on
differences in dry matter accumulation of grains in a
spike, which could be the key in developing wheat
with higher grain yield potential. It will also help to
improving management practices to result in
additional wheat yield. Hence, the objective of this
study was to evaluate the dry matter accumulation
and growth rate of individual grains as affected by
exogenous application of IAA at different grain type
and position within a spike of PBW-343 wheat.

Materials and methods

Single plants of the 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%. The plants were grown in a screen covered
hall under otherwise natural conditions. The pots
were watered as described by Houshmandfar et al.
[12], and fertilized once a week with half strength
Peter’s solution (NPK = 10:10:10) [5]. An aqueous
solution of 120 ppm IAA was sprayed at 3 (± 0.2)
ml plant-1 at panicle initiation. 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 samples were dried in an oven at 70
°C for 72 h, and then weighed for dry matter
accumulation. Relative growth rate (RGR) [7] and
absolute growth rate (AGR) [14], 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:

Table 1 indicates the grain dry matter
accumulation in individual grains of PBW-343 wheat
as influenced by exogenous application of IAA,
isolated from different regions of the same spike at
different intervals of time after anthesis. According
to control treatment, studies on the growth and
development patterns of different grains showed that
there were significant variations in their weights by
virtue of their positions in a spike or in spikelets.
The data on growth analysis disclosed that the grains
occupying different florets in the same spikelet varied
with regard to their potential to gather their dry
matter at different intervals of time. The detailed
studies depicted that the pattern of unequal growth,
apparent amongst the grains growing in different
segments of the same spike was also reflectable at
the spikelet level. The basal grains in a spikelet
showed higher dry matter precipitation than the one
growing in its propinquity. This model of alternate
basal and apical grains in a spikelet was
systematically replicated in whole of the spike, which
could be apportioned into three segments namely
proximal, middle and distal. This pattern of uniform
distribution of bold and small grains in florets vis-à-
vis spike was consistent at all the stages of
investigations i.e., 7th, 11th, 15th, 19th, 23rd, 27th, 31st

and 35th DAA as well as at maturity. According to
the effect of exogenous application of IAA on
aforementioned growth and development patterns of
different grains growing in the same spike or
spikelet, the results showed that there were some
pivotal changes which presented at table 1. There
was no significant effect of IAA application in
changing the dry matter accumulation potential of
either apical or basal grains during the initial stages 
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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 IAA, isolated from different regions of the same spike at different intervals of time after anthesis
(mean of five replications).

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

Basal Apical Basal Apical Basal Apical
7th 6.39(+ 3.1) 4.18(+ 4.5) 6.70(+ 3.1) 4.33(+ 3.1) 6.28(+ 4.7) 3.91(+ 5.7)

[– 34.6] [– 35.4] [– 37.7]
11th 11.23(+ 4.0) 6.94(+ 5.2) 11.95(+ 3.0) 7.83(+ 4.4) 10.71(+ 4.0) 6.49(+ 8.2)

[– 38.2] [– 34.5] [– 39.4]
15th 21.32(+ 9.3) 16.73*(+ 20.4) 22.45(+ 9.0) 17.41*(+ 13.8) 20.91(+ 11.2) 16.58*(+ 33.7)

[– 21.5] [– 22.4] [– 20.7]
19th 32.44(+ 9.6) 27.85*(+ 23.8) 33.68(+ 8.6) 28.22*(+ 16.1) 31.93(+ 11.3) 28.43*(+ 40.0)

[– 14.1] [– 16.2] [– 11.0]
23rd 42.23(+ 8.3) 36.21*(+ 18.7) 43.67(+ 7.6) 36.87*(+ 13.1) 40.99(+ 7.9) 37.90*(+ 37.3)

[– 14.2] [– 15.6] [– 7.5]
27th 49.23(+ 6.8) 42.02*(+ 15.4) 50.68(+ 6.2) 43.05*(+ 11.2) 48.41(+ 7.6) 41.30*(+ 25.9)

[– 14.6] [– 15.0] [– 14.7]
31st 51.50(+ 6.0) 44.47*(+ 14.6) 52.84(+ 5.7) 45.32*(+ 10.5) 50.78(+ 6.9) 43.16*(+ 15.0)

[– 13.6] [– 14.2] [– 15.0]
35th 52.94(+ 5.9) 46.31*(+ 13.8) 53.97(+ 5.9) 46.97*(+ 10.0) 52.32(+ 6.8) 44.80*(+ 24.1)

[– 12.5] [– 13.0] [– 14.4]
Maturity 53.77(+ 6.3) 47.12*(+ 13.3) 54.38(+ 5.4) 47.59*(+ 9.4) 53.04(+ 6.7) 45.42*(+ 23.4)

[– 12.4] [– 12.5] [– 14.4]
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: 5.31, Position/Type: 3.75,
Age × Position/Type: 8.12; *: Significant at 5% level over control.

of grain growth i.e., up to 11th DAA. Though, basal
grains did show a marginal increase in dry weights
to the tune of 9.3, 9.0 and 11.2 percents at proximal,
middle and distal segments respectively at 15th DAA
subsequent to IAA application, the changes were
found to insignificant. However, the corresponding
increases in apical grains were to the tune of 20.4,
13.8 and 33.7 percents in proximal, middle and distal
segments respectively in this period, which were
highly significant. The data conclude that small
grains were highly receptive to an exogenous
application of IAA whether they were placed in
proximal, middle or distal segments. Interestingly, the
response amongst small grains was maximum in
distal segment followed by proximal and middle
segments respectively. The effect of IAA was
significantly sustainable in smaller grains as the
grains progressed towards maturity and as it is
evident from data, they possessed 13.3, 9.4 and 23.4
percents more dry matter at maturity once they had
an initial application of IAA on the day of anthesis.
On the contrary, bolder grains never revealed any
augmentation in their precipitation potential and
showed no significant enhancement in their dry
weights after getting a dose of IAA at any stage of
development.

The data on growth rates of grains, developing
in separate segments of a spike as well as a spikelet
are presented in tables 2 and 3. According to control
treatment, the analysis on absolute growth rate of
individual grains, in different segments of spike,
depicts that bold and small grains significantly
accredited dry matter faster at all stages up to mid-
ripening time (approximately 19th DAA). The

variations, in the growth rate amongst different grains
were more prominent during the early stages of
growth. Somehow, at the later stages of grain filling
(31st and 35th DAA as well as maturity) there were
insignificant variations in absolute growth rate
between the two types of grains with a higher AGR
in apical grains as compared to basal grains
especially in proximal and middle segments.
Furthermore, the computations of relative growth
rates also show some interesting observations. The
relative growth rate differences between the two
types of grains showed insignificant variations
amongst them at most of the growth stages and
rather at occasions (11th- 27th DAA) the smaller
grains had higher RGR values than their counterparts
the bolder grains. A further look into the table 3
depicting the relative growth rates also showed a
similar trend of a brisk growth rate in both the types
of grains in the first 15 days with a relatively bigger
impetus in smaller grains in three different segments
of a spike in all the varieties. Later on, the two types
of grains grew with equal potency in relative growth
rates till maturity. A comparison amongst the
different grains in same spike depicted that the
pattern of relative growth rate, in totality was same
and no significant differences were detected amongst
various grains.  According to the effect of exogenous
application of IAA on growth rates of different
grains growing in the same spike or spikelet, the
aforementioned observations about the effect of IAA
application in changing the dry matter accumulation
can be further substantiated from absolute growth
rates data presented in tables 2. As compared to
control series, IAA application significantly improved 
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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 IAA, isolated from different regions of the same spike at different intervals of time after anthesis (mean of five
replications).

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

Basal Apical Basal Apical Basal Apical
11th  1.21(+ 5.5) 0.69(+ 6.2) 1.31(+ 2.3) 0.88(+ 7.3) 1.11(+ 2.8) 0.65(+ 16.1)

[– 43.0] [– 32.8] [– 41.4]
15th  2.52(+ 15.6) 2.45(+ 34.6) 2.62(+ 16.4) 2.40(+ 23.1) 2.55(+ 19.7) 2.52(+ 52.7)

[– 2.8] [– 7.7] [– 1.2]
19th  2.78(+ 10.3) 2.78(+ 29.3) 2.81(+ 8.1) 2.70(+ 20.0) 2.76(+ 11.3) 2.96(+ 49.5)

[± 0.0] [– 3.9] [+ 7.2]
23rd  2.45(+ 4.2) 2.09(+ 4.5) 2.50(+ 4.2) 2.16(+ 3.8) 2.26(– 2.6) 2.37(+ 30.2)

[– 14.7] [– 13.6] [+ 4.9]
27th  1.75(– 1.7) 1.45(– 2.0) 1.72(– 3.4) 1.54(+ 1.3) 1.86(+ 6.3) 0.85(– 34.6)

[– 17.1] [– 10.5] [– 54.3]
31st  0.57(– 8.1) 0.61(+ 1.7) 0.54(– 6.9) 0.57(– 1.7) 0.59(– 4.8) 0.46(+ 2.2)

[+ 7.0] [+ 5.6] [– 22.0]
35th 0.36(+ 2.8) 0.46(– 4.2) 0.28(– 10.1) 0.41(– 2.4) 0.38(– 6.9) 0.41(+ 7.8)

[+ 27.8] [+ 46.4] [+ 7.9]
Maturity 0.21(+ 40.0) 0.20(– 9.1) 0.10(– 16.7) 0.16(– 20.0) 0.18(– 10.2) 0.16(– 11.2)

[– 4.8] [+ 60.0] [– 11.1]
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: 0.24,
Position/Type: 0.19, Age × Position/Type: 0.39.

growth rate of smaller grains at mid ripening stages.
However, the situation was quite different at the later
stages of grain growth and there was a deduction in
growth rate around ripening stages in both the types
of grains. The maximum enhancement in growth rate
was at 15th DAA and was to the tune of 34.6, 15.6
percents in proximal, 23.1 and 16.4 percents in
middle and 52.7 and 19.7 percents in distal segments
in small and bold grains respectively. Similarly
relative growth rate values of grains, located in
different segments of spike, are presented in table 3.
It is apparent that the application of IAA improved
RGRs of basal and apical grains in initial stages of
grain growth. The enhancement in RGR was
relatively more in smaller grains as compared to their
counterparts bolder grains.

Discussion:

Indole-3-acetic acid is a major auxin involved in
regulating grain development [1]. The differences in
dry weight per grain of wheat are highly flexible [4].
Middle region of spike as compare with proximal
and distal regions produces the maximum level of
grain dry weight [2]. We have investigated the effect
of exogenous application of IAA on dry matter
accumulation and growth rate of individual grains at
different grain type and position within a spike of
PBW-343 wheat. The applications of IAA, improved
the precipitation potential of smaller grains with more
vigour as compared to the bolder grains e.g., the
increase in weight of smaller grains at maturity
ranged between 9.4 to 23.4 percents in three different
segments of spike. However, the augmentation in
case of bolder grains was in the range of 5.4 to 6.7
and 4.2 to 4.8 percents. Furthermore, the results point

in no uncertain words that the bolder grains were
distinct from smaller grains by some diagnostic
features like higher growth rates in relation to
smaller grains. Whenever these characteristics were
measured, under the influence of exogenous
application of IAA in smaller grains, the same
seemed to drift in the direction as in operation in the
bolder grains with a simultaneous increase in dry
matter precipitation. It is opined that the increase in
weights of smaller grains, on treatment with growth
promoters, may be associated with a relative increase
in the activity of different anabolic enzymes like
Rubisco, PEP-carboxylase, AGPase and sucrose
synthase with a concomitant decline in the levels of
some catabolic enzymes like a- and b-amylases
which may ultimately led to an increase in the levels
of starch with a relative decline in the amount of
free sugars in these grains. Our unpublished results
corroborate the above opinion and have shown the
activities of these enzymes – within narrow limits –
could be regulated through plant growth regulators,
if applied in a specific range of their concentrations
as well as at the appropriate stage during the
development of grains. Since high auxin levels in the
sinks could invigorate the new power centers
(meristem), plausibly through increased cytokinins
levels, it seemed that their mechanisms of action
more or less overlapped and they acted
synergistically in enhancing the mobilization potential
of meristematic tissues as proposed by Yang et al.
[20]. Furthermore, the partial responsiveness of
bolder grains to exogenously applied growth
promoters, possibly hints to the fact that the bold
grains were possibly operating at a saturation level
with regard to these endogenous promoters. The
results of this present  investigation  are partially in
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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 IAA, isolated from different regions of the same spike at different intervals of time after anthesis
(mean of five replications).

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

Basal Apical Basal Apical Basal Apical
7th- 11th 0.141(+ 1.4) 0.127(+ 1.0) 0.145(± 0.0) 0.148(+ 2.1) 0.133(– 1.5) 0.127(+ 5.8)
11th- 15th 0.160(+ 8.1) 0.220(+ 18.3) 0.158(+ 9.7) 0.200(+ 12.4) 0.167(+ 11.3) 0.234(+ 28.6)
15th- 19th 0.105(+ 1.0) 0.127(+ 5.8) 0.103(– 1.0) 0.121(+ 4.3) 0.106(± 0.0) 0.135(+ 9.8)
19th- 23rd 0.066(– 4.3) 0.067(– 13.2) 0.064(– 4.5) 0.067(– 8.2) 0.062(– 11.4) 0.072(– 6.5)
23rd- 27th  0.038(– 7.3) 0.037(– 15.9) 0.037(– 7.5) 0.039(– 9.3) 0.042(± 0.0) 0.021(– 51.2)
27th- 31st  0.012(– 14.3) 0.014(– 12.5) 0.010(– 16.7) 0.013(– 7.1) 0.012(– 14.3) 0.011(– 15.4)
31st- 35th 0.006(– 14.3) 0.010(– 16.7) 0.005(± 0.0) 0.008(– 11.1) 0.007(± 0.0) 0.009(– 18.2)
35th- Maturity 0.003(± 0.0) 0.004(– 20.0) 0.002(± 0.0) 0.004(– 20.0) 0.003(± 0.0) 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: 0.110, Position/Type: 0.059, Age × Position/Type: 0.115.

conformity with the findings of other researchers.
Yang et al. [19] suggested that differences in sink
strength due to endogenous IAA is responsible for
variations in grain filling between superior and
inferior spikelets of rice. Awan and Alizai [3]
observed that the application of IAA significantly
reduced spikelet sterility in rice. Wang et al. [18]
suggested that the poor grain filling of rice was
associated with low grain doses of both IAA and
ABA (abscisic acid). Bhardwaj and Verma [6]
reported that the developing grains which are capable
of producing higher levels of auxins and also could
mobilize greater proportions of assimilates from flag
leaf leading to their higher accumulation in grains
and resulting in bold size grains at maturity. Gutam
et al. [11] reported a maximum IAA level of wheat
grains in 15th DAA while the grain weight increased
rapidly. In conclusion, the results suggest that a
higher grain weight (indicative of capacity of grain
to grow) was associated with higher endogenous
level of auxins and an exogenous application of
auxins drifted the metabolism of smaller grains in the
direction what was in operation in bolder grains. 
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