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ABSTRACT

The effect of exogenous gibberellic acid (GA3) on growth behaviour of developing grains was studied at
different locations within same spike/spikelet 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 100 ppm GA3 was
sprayed at 3 ml plant-1 at panicle initiation. 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. The exogenous applications of the GA3, wherever applicable, improved (insignificant) 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 7.0 to 9.4 percents in three different segments of spike. However,
the augmentation in case of bolder grains was in the range of 4.2 to 4.8 percents. 
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Introduction

The position of grain within a spike of wheat 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 [2]. Various
explanations such as variation in assimilate
availability and/or transport capacity or the role of
plant growth regulators (PGRs) [12,15] are offered to
explain these differences. Endogenous PGRs in the
grains play crucial roles in regulating their filling
pattern especially, during the early phases of their
development. It was evident from the preceding
section on hormones that bolder grains, endowed
with a higher dry matter precipitation capacity, also

contained relatively higher levels of growth
promoters, i.e., auxins, gibberellins and cytokinins
[2,16,15]. Presence of relatively lower levels of the
above growth promoting substances in smaller grains
plausibly may be the cause for variable metabolic
events which ultimately led to a reduction in their
yielding ability. Therefore, it might be possible to
improve grain filling by increasing in vivo
quantitative upgradation in plant PGR levels in
grains, especially at the early filling stages either
through breeding or by crop management. To
substantiate the contention that it was the hormonal
regulation of metabolism which determined the
potential of a grains to grow, support is also drawn
from the work of Dua et al. [8] who mooted that the
exogenous applications of plant growth regulating
substances was accompanied by a transformation of
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sink capacity along with a change in the grain
metabolism in buckwheat. Evaluation the effect of
exogenous application of gibberellins (GAs) on dry
matter accumulation and growth rate of individual
grains at different grain type and position will be
important to identifying the exact role of plant
growth regulators on differences in dry matter
accumulation of grains within 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 gibberellic acid (GA3) 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%,
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. [9], and fertilized once a week
with half strength Peter’s solution (NPK = 10:10:10)
[3]. An aqueous solution of 100 ppm GA3 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 spikelets were numbered in ascending
order with the most proximal one on peduncle side
as number 1 with a sequential increase ending at
number 18 or 20 depending upon the variety. 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) [13], 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 

As apparent from Table 1 the gibberellic acid
could not evoke any bolder or smaller grain, to
gather a higher dry matter than what was harvestable
in the control series. Though the smaller grains at
occasions showed increment touching to the values of
12.3 percent or more it failed to cross the level of
significance. The bolder and smaller grains continued
to maintain their disparities to the tune of 14.9, 13.5
and 22.7 percents in proximal, middle and distal
segments (lesser in smaller grains) subsequent to
gibberellin application. Interestingly the gap in the
control series between bold and small grains was to
the tune of 17.8, 15.7 and 26.0 percents in proximal,
middle and distal segments of spike respectively.
Correspondingly a look into Table 2 also shows that
gibberellic acid application was not able to
substantially improve the growth rate of smaller and
bolder grains in all the three segments of spike at
different developmental stages. Only at mid ripening
stages there was a small positive change
(insignificant) in AGR due to application of GA3

over control both in bold and small grains. The
values in relative growth rates decipher that there
was also an insignificant effect of gibberellic acid on
RGRs of grains in all the stages of grains
developments in different segments of spike (Table
3). Relative growth rates of bolder and smaller grains
were almost identical subsequent to gibberellic acid
treatment at different growth stages.

Discussion:

Gibberellins play important roles in regulating
plant growth and development such as stem
elongation, germination, dormancy, synthesis of α-
amylase, flowering, sex expression, enzyme induction
and leaf and fruit senescence [7,11,10,6]. We have
investigated the effect of exogenous application of
GA3 on dry matter accumulation and growth rate of
individual grains at different grain type and position
within a spike of PBW-343 wheat. The exogenous
applications of the GA3, wherever applicable,
improved (insignificant) the precipitation potential of
smaller grains with more vigour as compared to the 
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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 gibberellic acid (GA3), isolated from different regions of the same spike at different intervals of time
after anthesis (mean of ten replications).

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

Basal Apical Basal Apical Basal Apical
7th 6.45(+ 4.0) 4.24(+ 6.0) 6.76(+ 4.0) 4.45(+ 5.9) 6.24(+ 4.0) 3.92(+ 5.9)

[– 34.3] [– 34.2] [– 37.2]
11th 11.23(+ 3.9) 7.00(+ 6.1) 12.06(+ 3.9) 7.95(+ 6.0) 10.71(+ 3.9) 6.36(+ 6.0)

[– 37.7] [– 34.1] [– 40.6]
15th 20.59(+ 5.6) 15.26(+ 9.8) 21.53(+ 4.5) 16.43(+ 7.4) 19.86(+ 5.6) 13.78(+ 11.1)

[– 25.9] [– 23.7] [– 30.6]
19th 31.20(+ 5.4) 24.80(+ 10.2) 32.30(+ 4.2) 26.18(+ 7.7) 30.37(+ 5.8) 22.79(+ 12.3)

[– 20.5] [– 18.9] [– 25.0]
23rd 40.98(+ 5.0) 33.28(+ 9.1) 42.33(+ 4.3) 34.98(+ 7.3) 40.04(+ 5.4) 30.85(+ 11.8)

[– 18.8] [– 17.4] [– 23.0]
27th 48.26(+ 4.7) 39.54(+ 8.6) 49.29(+ 3.3) 41.45(+ 7.1) 47.22(+ 4.9) 36.04(+ 9.9)

[– 18.1] [– 15.9] [– 23.7]
31st 50.86(+ 4.6) 42.08(+ 8.4) 52.10(+ 4.2) 43.68(+ 6.5) 49.82(+ 4.9) 37.95(+ 9.7)

[– 17.3] [– 16.2] [– 23.8]
35th 52.41(+ 4.8) 44.04(+ 8.2) 53.25(+ 4.1) 45.72(+ 7.1) 51.38(+ 4.8) 39.54(+ 9.5)

[– 16.0] [– 14.1] [– 23.0]
Maturity 52.94(+ 4.6) 45.05(+ 8.3) 53.77(+ 4.2) 46.53(+ 7.0) 52.10(+ 4.8) 40.28(+ 9.4)

[– 14.9] [– 13.5] [– 22.7]
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: 4.58, Position/Type: 3.56,
Age × Position/Type: 7.21

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 gibberellic acid (GA3), isolated from different regions of the same spike at different intervals of time after
anthesis (mean of ten replications).

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

Basal Apical Basal Apical Basal Apical
11th  1.15(+ 2.1) 0.65(+ 5.1) 1.28(± 0.0) 0.82(+ 1.5) 1.08(+ 2.2) 0.58(+ 3.6)

[– 43.5] [– 35.9] [– 46.3]
15th  2.25(+ 3.2) 1.95(+ 7.1) 2.28(+ 1.3) 2.00(+ 2.6) 2.20(+ 3.3) 1.75(+ 6.1)

[– 13.3] [– 12.3] [– 20.4]
19th  2.55(+ 1.2) 2.25(+ 4.6) 2.60(+ 2.3) 2.30(+ 2.2) 2.54(+ 5.0) 2.12(+ 7.1)

[– 11.8] [– 11.5] [– 15.9]
23rd  2.35(– 1.0) 2.00(+ 6.1) 2.4(± 0.0) 2.08(± 0.0) 2.32(+ 2.1) 1.90(+ 4.4)

[– 14.9] [– 13.3] [– 18.1]
27th  1.74(– 2.2) 1.48(± 0.0) 1.78(± 0.0) 1.52(± 0.0) 1.72(– 1.7) 1.22(– 6.2)

[– 14.9] [– 14.6] [– 29.1]
31st  0.62(– 5.2) 0.60(± 0.0) 0.58(± 0.0) 0.58(± 0.0) 0.62(– 1.0) 0.45(– 10.1)

[– 3.2] [± 0.0] [– 27.4]
35th 0.35(± 0.0) 0.48(± 0.0) 0.28(± 0.0) 0.42(± 0.0) 0.38(± 0.0) 0.38(± 0.0)

[– 37.1] [+ 50.0] [± 0.0]
Maturity 0.15(± 0.0) 0.22(± 0.0) 0.12(± 0.0) 0.20(± 0.0) 0.18(± 0.0) 0.18(± 0.0)

[+ 46.7] [+ 66.7] [± 0.0]
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: 0.21,
Position/Type: 0.17, Age × Position/Type: 0.31

bolder grains e.g., the increase in weight of smaller
grains at maturity ranged between 7.0 to 9.4 percents
in three different segments of spike. However, the
augmentation in case of bolder grains was in the
range of 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 the GA3 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. Asthir et al. [1] reported that
gibberellins act as positive modulators of grain sink
activity, whereas, ABA acts as a negative modulator.
It was confirmed by Zhang et al. [16] by exogenous
application of gibberellins that resulted in
improvement of sink activity due to the GAs role as
modulators of sugar metabolism. The partial
responsiveness of bolder grains to exogenously
applied GA3, possibly hints to the fact that the bold
grains were possibly operating at a saturation level
with regard to this endogenous promoter. 
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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 gibberellic acid (GA3), isolated from different regions of the same spike at different intervals of time
after anthesis (mean of ten replications).

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

Basal Apical Basal Apical Basal Apical
7th- 11th  0.139(+ 3.5) 0.125(– 1.2) 0.144(– 5.5) 0.145(+ 3.1) 0.135(– 1.2) 0.121(+ 5.6)
11th- 15th  0.152(+ 7.2) 0.195(+ 9.8) 0.145(+ 6.7) 0.182(+ 16.4) 0.154(+ 2.7) 0.193(+ 18.3)
15th- 19th  0.104(± 0.0) 0.121(+ 2.1) 0.101(– 2.8) 0.116(± 0.0) 0.106(+ 1.0) 0.126(+ 9.8)
19th- 23rd  0.068(– 3.5) 0.074(– 3.5) 0.068(+ 3.8) 0.072(– 8.2) 0.069(–1.4) 0.076(– 3.2)
23rd- 27th  0.041(– 1.2) 0.043(– 4.2) 0.039(– 5.4) 0.042(– 5.1) 0.041(– 2.3) 0.039(– 15.4)
27th- 31st  0.013(– 3.6) 0.016(± 0.0) 0.014(+ 8.2) 0.013(– 3.2) 0.013(– 3.5) 0.013(– 2.1)
31st- 35th 0.008(+ 4.2) 0.011(– 5.6) 0.005(± 0.0) 0.011(+ 9.1) 0008(+ 14.3) 0.010(– 1.5)
35th- Maturity 0.002(– 5.3) 0.006(+ 8.1) 0.002(± 0.0) 0.004(– 5.4) 0.003(± 0.0) 0.050(+ 6.8)
Values within parenthesis indicate percentage increase (+) or decrease (–) in relative growth rate of grains over control; CD at 5% level:
Age: 0.101, Position/Type: 0.052, Age × Position/Type: 0.112
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