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ABSTRACT 
 

The objective of this study was to evaluate dry matter accumulation and grain growth rates of individual 
grains at different positions within a spike of aestivum wheat genotypes including PBW–154, PBW–343 and 
PBW–138. Dry matter accumulation were determined in ten labelled mother shoots which sampled nine times 
through the grain filling period on 7, 11, 15, 19, 23, 27, 31 and 35 days after anthesis as well as at 
harvest maturity. The spikes were divided into three grain positions included proximal, middle, and distal 
regions, and further into two grain types within each spikelet included basal (bold) and apical (small). 
Comparisons amongst the bold grains, growing in different segments of the spike, distinctively 
projected that there were insignificant variations in their net dry matter collection amongst 
themselves. However, variations among small grains were significant especially in distal segments of 
ear, as compared to proximal or middle segments. The grain filling duration taken by grains in distal 
or proximal segments of spike were relatively less than the grains dwelling in middle segment of a 
spike. The variations, in the growth rate amongst different grains were more prominent during the 
early stages of growth in all the varieties. Somehow, at the later stages of grain filling there were 
insignificant variations in growth rate between the two types of grains with a higher growth rate in 
small grains as compared to bold grains especially in proximal and middle segments of the varieties 
PBW–154 and PBW–343. The analysis on relative growth rates showed a similar trend of a brisk 
growth rate in both the types of grains in 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. However, at varietal level PBW–154 grew at 
relatively faster rate than PBW–343 or PBW–138. 
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Introduction 
 

The position of grain within a spike of wheat as well as genotypic variation 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 (Bangerth et al., 
1985). The variation in grain weight of wheat drives from the interaction between potential storage capacity or 
volume and realization of this potential (Gutam et al., 2008). The variation in grain filling is also the result of 
interaction between the availability of assimilates to the grain, metabolism of intermediates and synthesizing 
complex (Jenner and Rathjen, 1978). Various explanations such as a role of plant growth regulators are offered 
to explain these differences (Yang et al., 2003; Eradatmand-Asli et al., 2011). In this regard, Sayed and 
Gadallah (1983) reported that grain yield in wheat was more closely related to the rate than the duration of grain 
filling, whereas Gebeyehou et al. (1982) found that both rate and duration of grain filling were positively 
associated with final grain weight. A better understanding of grain filling pattern in different wheat genotypes 
could be important to improving grain weight potential either through breeding or crop management. It will help 
to predict synergies between biomass and partitioning traits, identify trait interactions and indirect selection 
criteria that could accelerate breeding progress. Hence, the objective of this study was to evaluate grain growth 
rates of individual grains at different positions within a spike of bread wheat genotypes. 
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Materials and Methods 
 

Fresh seeds of common bread wheat (Triticum aestivum L. Emend Thell) varieties PBW–154, 
PBW–343 and PBW–138, were grown under field conditions. Sowing was made on Nov. 20, 2004 in 
randomized block design with four replications. Nine rows allotted for each replicate were spaced 30 
cm apart in between the rows and 10cm within the rows. At sowing all plots were given equal doses of 
fertilizers (80 Kg N, 40 Kg P2O5 and 20 Kg K2O on hectare basis) and were irrigated five times during 
the growth period. Mother shoots which formed the exclusive material for the study, were tagged at 
the time of tillering. Beginning 7 days after anthesis samples of ten tagged spikes were collected at 4 
days intervals of time (a spike is defined to be at anthesis when stamens began to be visible on the 
middle spikelets of the spike, Li et al., 2000) till maturity (date of maturity was fixed on when 50 
percent of the spikes had lost green coloration, Hanft and Wych, 1982). Sampling occurred at a total 
of nine times through the grain filling period on 7, 11, 15, 19, 23, 27, 31 and 35 days after anthesis 
(DAA) as well as at harvest maturity. The spikelets on the main stem were counted and separated into 
three segments, the upper segment containing about one quarter of the spikelets (approximately five) 
numbering 16 to 20 was classified as distal (apical), the central section containing approximately one 
half of the spikelets as middle, while the lower section containing about one quarter was categorized 
as proximal (basal) segment (Li et al., 2000). Following the above pattern, a spike of 18 spikelets was 
divided into 4, 9 and 5 for distal, middle and proximal segments respectively. The florets were 
numbered in ascending order starting with number one to the floret/grain most proximal to rachis and 
then increasing the number to the most distal floret. All the grains in the first and second positions of 
a spikelet were designated bold grains, and in the third (and fourth grain exclusively present in middle 
segment of spike) were called as small grains. Hence, the pattern of grain growth was studied in all 
the three varieties by sampling grains from individual spikelets from mother shoot in three different 
segments of spike (proximal, middle and distal) and all the bold and small grains from spikelet were 
grouped separately. Each sample was oven dried at 80oC for 48 hours, and then weighed for dry matter 
accumulation. Dry weight variations of grains developing in the same spike at three different segments (i.e., 
proximal, middle and distal) as well as spikelet (i.e., bold and small grains) over a period of grain 
development (i.e., 7, 11, 15, 19, 23, 27, 31, 35 days after anthesis and at maturity) was monitored and 
growth rate (GR) (Radford, 1967) and relative growth rate (RGR) (Hunt, 1978) of individual grains were 
calculated using the following equations:  

 

 
 

 
 
Where, W1 and W2 represents the difference in dry weight of the grains in two successive pre-

determined dates, and T2 – T1 is the number of days gap between successive collected samples. 
The data were analyzed using the Statistical Analysis System (SAS Institute Inc., 1999), on 

computer following the analyses of variance method and means were compared by critical difference 
(C.D.) test at 5 percent probability (Gomez and Gomez, 1984). The results of statistical analysis were 
considered significant when they were outside 95 percent confidence intervals. 

 
Results and Discussion 

 
Comparisons amongst the bold grains, growing in different segments of the spike (Tables 1, 2 and 

3), distinctively projected that there were insignificant variations in their net dry matter collection 
amongst themselves. However, variations among small grains were significant especially in distal 
segments of ear, as compared to proximal or middle segments. An important point to be kept in mind 
here must be that number of days for maturity (grain filling duration) taken by grains in distal or 
proximal segments of spike were relatively less than the grains dwelling in middle segment of a spike.  

 
Table 1: Growth behaviour of different grains of (Triticum aestivum var. PBW–138) wheat, as evident from their dry weights (mg  
              grain-1) at different positions in the same spike, at different intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
7 11 15 19 23 27 31 35 Maturity 

16-20 
Bold 4.8 8.1 15.0 24.4 32.2 38.1 40.5 42.1 43.0 

Small 
3.3 (-
31.2) 

5.3 (-34.6) 11.1 (-26.0) 18.9 (-22.5) 25.5 (-20.8) 30.6 (-19.7) 32.6 (-19.5) 34.0 (-19.2) 
35.1 (-
18.4) 

6-15 Bold 5.2 9.4 16.5 26.4 34.5 40.5 44.2 45.9 46.4 
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Small 
3.8 (-
26.9) 

6.8 (-27.6) 13.5 (-18.2) 22.5 (-14.8) 30.2 (-12.5) 35.8 (-11.6) 39.1 (-11.5) 40.7 (-11.3) 
41.5 (-
10.7) 

1-5 
Bold 5.0 8.6 15.6 25.2 33.3 39.2 43.1 44.8 45.5 

Small 
3.6 (-
28.0) 

5.9 (-31.4) 12.5 (-19.9) 20.8 (-17.5) 28.2 (-15.3) 33.7 (-14.0) 37.2 (-13.7) 38.9 (-13.2) 
39.7 (-
12.7) 

Values within parenthesis denote percentage decrease (-) in small grains over their counterparts bold grains. 
CD at 5% level = Age: 4.32, Position: 2.24, Age × Position: 5.31 

 
Table 2: Growth behaviour of different grains of (Triticum aestivum var. PBW–343) wheat, as evident from their dry weights (mg  
              grain-1) at different positions in the same spike, at different intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
7 11 15 19 23 27 31 35 Maturity 

16-20 
Bold 6.0 10.3 18.8 28.7 38.0 45.0 47.5 49.0 49.7 

Small 
3.7 (-
38.3) 

6.0 (-41.7) 12.4 (-34.0) 20.3 (-29.3) 27.6 (-27.4) 32.8 (-27.1) 34.6 (-27.2) 36.1 (-26.3) 
36.8 (-
26.0) 

6-15 
Bold 6.5 11.6 20.6 31.0 40.6 47.7 50.0 51.1 51.6 

Small 
4.2 (-
35.4) 

7.5 (-35.3) 15.3 (-25.7) 24.3 (-21.6) 32.6 (-19.7) 38.7 (-18.9) 41.0 (-18.0) 42.7 (-16.4) 
43.5 (-
15.7) 

1-5 
Bold 6.2 10.8 19.5 29.6 39.0 46.1 48.6 50.0 50.6 

Small 
4.0 (-
35.5) 

6.6 (-38.9) 13.9 (-28.7) 22.5 (-24.0) 30.5 (-21.8) 36.4 (-21.0) 38.8 (-20.2) 40.7 (-18.6) 
41.6 (-
17.8) 

Values within parenthesis denote percentage decrease (-) in small grains over their counterparts bold grains. 
CD at 5% level = Age: 5.35, Position: 2.62, Age × Position: 6.61 
 
Table 3: Growth behaviour of different grains of (Triticum aestivum var. PBW–154) wheat, as evident from their dry weights (mg  
              grain-1) at different positions in the same spike, at different intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
7 11 15 19 23 27 31 35 Maturity 

16-20 
Bold 7.2 12.6 24.1 34.8 42.3 46.1 48.2 49.4 50.3 

Small 
5.0 (-
30.6) 

9.1 (-27.8) 18.6 (-22.8) 28.5 (-18.1) 35.5 (-16.1) 40.1 (-13.0) 42.8 (-11.2) 44.5 (-9.91) 46.0 (-8.5)

6-15 
Bold 7.7 13.8 25.7 37.2 44.9 48.7 50.1 51.2 51.9 

Small 
5.8 (-
24.7) 

10.6 (-
23.2) 

21.6 (-16.0) 32.1 (-13.7) 40.1 (-10.7) 44.3 (-9.0) 46.3 (-7.6) 48.1 (-6.0) 49.4 (-4.8)

1-5 
Bold 7.4 13.1 24.8 35.9 43.2 46.9 48.7 49.8 50.7 

Small 
5.3 (-
28.4) 

9.8 (-25.2) 20.1 (-19.0) 30.4 (-15.3) 37.2 (-13.9) 41.3 (-11.9) 43.8 (-10.1) 45.6 (-8.4) 47.3 (-6.7)

Values within parenthesis denote percentage decrease (-) in small grains over their counterparts bold grains. 
CD at 5% level = Age: 5.54, Position: 2.82, Age × Position: 6.80 

 
The data on growth rates of grains, developing in separate segments of a spike or different 

positions in a spikelet are presented in Tables 4, 5 and 6. The analysis on growth rate (GR) 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 19 days after 
anthesis) followed by a decline in all the varieties. The variations, in the growth rate amongst 
different grains were more prominent during the early stages of growth in all the varieties. Somehow, 
at the later stages of grain filling (31 and 35 days after anthesis as well as maturity) there were 
insignificant variations in growth rate between the two types of grains with a higher GR in small 
grains as compared to bold grains especially in proximal and middle segments of the varieties PBW–
154 and PBW–343 (Tables 5 and 6). The maximum disparity between the two types of grains with 
respect to GR was at 11 days after anthesis in PBW–343 (43.5, 35.9 and 48.1 percents in proximal, 
middle and distal segments of ear respectively). 

 
Table 4: Growth rate of individual grains of (Triticum aestivum var. PBW–138) wheat (mg day-1) isolated from different positions of   
              spike at various intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
11 15 19 23 27 31 35 Maturity 

16-20 
Bold 0.82 1.72 2.35 1.95 1.48 0.60 0.40 0.22 
Small 0.50 (-39.0) 1.45 (-15.7) 1.95 (-17.0) 1.65 (-15.4) 1.28 (-13.5) 0.50 (-16.7) 0.35 (-12.5) 0.28 (+27.3) 

6-15 
Bold 1.05 1.78 2.48 2.02 1.50 0.92 0.42 0.12 
Small 0.75 (-28.6) 1.68 (-5.6) 2.25 (-9.3) 1.92 (-5.0) 1.40 (-6.7) 0.82 (-10.9) 0.40 (-4.8) 0.20 (+66.7) 

1-5 
Bold 0.90 1.75 2.40 2.02 1.48 0.98 0.42 0.18 
Small 0.58 (-35.6) 1.65 (-5.7) 2.08 (-13.3) 1.85 (-8.4) 1.38 (-8.8) 0.88 (-10.2) 0.42 (±0.0) 0.20 (+11.1) 

Values within parenthesis denote percentage increase (+) or decrease (-) in small grains over their counterparts bold grains. 
CD at 5% level = Age: 0.21, Position: 0.16, Age × Position: 0.39 
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Table 5: Growth rate of individual grains of (Triticum aestivum var. PBW–343) wheat (mg day-1) isolated from different positions of  
              spike at various intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
11 15 19 23 27 31 35 Maturity 

16-20 
Bold 1.08 2.13 2.48 2.32 1.75 0.62 0.38 0.18 
Small 0.56 (-48.1) 1.65 (-22.5) 1.98 (-20.2) 1.82 (-21.6) 1.30 (-25.7) 0.45 (-27.4) 0.38 (±0.0) 0.18 (±0.0) 

6-15 
Bold 1.28 2.25 2.60 2.40 1.78 0.58 0.28 0.12 
Small 0.82 (-35.9) 1.95 (-13.3) 2.25 (-13.5) 2.08 (-13.3) 1.52 (-14.6) 0.58 (±0.0) 0.42 (+50.0) 0.20 (+66.7) 

1-5 
Bold 1.15 2.18 2.52 2.35 1.78 0.62 0.35 0.15 
Small 0.65 (-43.5) 1.82 (-16.5) 2.15 (-14.7) 2.00 (-14.9) 1.48 (-16.8) 0.60 (-3.2) 0.48 (+37.1) 0.22 (+46.7) 

Values within parenthesis denote percentage increase (+) or decrease (-) in small grains over their counterparts bold grains. 
CD at 5% level = Age: 0.22, Position: 0.18, Age × Position: 0.43 
 
Table 6: Growth rate of individual grains of (Triticum aestivum var. PBW–154) wheat (mg day-1) isolated from different positions of  
             spike at various intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
11 15 19 23 27 31 35 Maturity 

16-20 
Bold 1.35 2.88 2.68 1.88 0.95 0.52 0.30 0.22 
Small 1.02 (-24.4) 2.38 (-17.4) 2.48 (-7.5) 1.75 (-6.9) 1.15 (+21.0) 0.68 (+30.8) 0.42 (+40.0) 0.38 (+72.7) 

6-15 
Bold 1.54 2.98 2.88 1.92 0.95 0.35 0.28 0.18 
Small 1.20 (-21.0) 2.75 (-7.7) 2.62 (-9.0) 2.00 (+4.2) 1.05 (+10.5) 0.50 (+42.8) 0.45 (+60.7) 0.32 (+77.8) 

1-5 
Bold 1.42 2.92 2.78 1.82 0.92 0.45 0.28 0.22 
Small 1.12 (-21.1) 2.58 (-11.6) 2.58 (-7.2) 1.70 (-6.6) 1.02 (+10.9) 0.62 (+37.8) 0.45 (+60.7) 0.42 (+90.9) 

Values within parenthesis denote percentage increase (+) or decrease (-) in small grains over their counterparts bold grains.  
CD at 5% level = Age: 0.23, Position: 0.19, Age × Position: 0.45 

  
The computations of relative growth rates (RGRs) in Tables 7, 8 and 9 show some interesting 

observations. The RGR differences between the two types of grains showed insignificant variations 
amongst them at most of the growth stages and rather at occasions (11-27 days after anthesis) the 
smaller grains had higher RGR values than their counterparts the bolder grains. 

A look into the Tables 7, 8 and 9 depicting the relative growth rates also showed a similar trend of 
a brisk growth rate in both the types of grains in 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. However, at varietal level PBW–
154 grew at relatively faster rate than PBW–343 or PBW–138.  

Various explanations such as variation in assimilate availability and/or transport capacity (Houshmandfar 
and Eradatmand-Asli, 2011) or the role of plant growth regulators (Hansen and Grossmann, 2000; Yang et al., 
2003) are offered to explain the differences.  

 
Table 7: Relative growth rate of individual grains of (Triticum aestivum var. PBW–138) wheat (mg mg-1 day-1) growing at different  
             positions of spike at various intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
7-11 11-15 15-19 19-23 23-27 27-31 31-35 35-Maturity 

16-20 
Bold 0.131 0.154 0.122 0.069 0.042 0.015 0.010 0.005 
Small 0.118 0.185 0.133 0.075 0.046 0.016 0.010 0.008 

6-15 
Bold 0.148 0.141 0.118 0.067 0.040 0.022 0.009 0.003 
Small 0.146 0.171 0.128 0.074 0.042 0.022 0.010 0.005 

1-5 
Bold 0.136 0.149 0.120 0.070 0.041 0.024 0.010 0.004 
Small 0.124 0.188 0.127 0.076 0.044 0.025 0.011 0.005 

CD at 5% level = Age: 0.101, Position: 0.052, Age × Position: 0.199 
 
Table 8: Relative growth rate of individual grains of (Triticum aestivum var. PBW–343) wheat (mg mg-1 day-1) growing at different  
              positions of spike at various intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
7-11 11-15 15-19 19-23 23-27 27-31 31-35 35-Maturity 

16-20 
Bold 0.135 0.150 0.106 0.070 0.042 0.014 0.007 0.003 
Small 0.120 0.182 0.123 0.077 0.043 0.013 0.011 0.004 

6-15 
Bold 0.145 0.144 0.102 0.067 0.040 0.012 0.005 0.002 
Small 0.145 0.178 0.116 0.073 0.043 0.014 0.009 0.005 

1-5 
Bold 0.139 0.148 0.104 0.069 0.041 0.014 0.007 0.003 
Small 0.126 0.186 0.120 0.076 0.044 0.016 0.012 0.005 

CD at 5% level = Age: 0.107, Position: 0.056, Age × Position: 0.212 
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Table 9: Relative growth rate of individual grains of (Triticum aestivum var. PBW–154) wheat (mg mg-1 day-1) growing at different  
              positions of spike at various intervals of time after anthesis (average of 4 replications). 

Spikelet
position

Grain 
type 

(Day after anthesis) DAA 
7-11 11-15 15-19 19-23 23-27 27-31 31-35 35-Maturity 

16-20 
Bold 0.140 0.162 0.092 0.049 0.022 0.011 0.006 0.004 
Small 0.150 0.179 0.107 0.055 0.030 0.016 0.010 0.008 

6-15 
Bold 0.146 0.155 0.092 0.047 0.020 0.007 0.005 0.003 
Small 0.151 0.178 0.099 0.056 0.025 0.011 0.010 0.007 

1-5 
Bold 0.143 0.160 0.092 0.046 0.020 0.009 0.006 0.004 
Small 0.154 0.180 0.103 0.050 0.026 0.015 0.010 0.009 

CD at 5% level = Age: 0.117, Position: 0.063, Age × Position: 0.229 
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