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Abstract: Effect of three different sowing dates on growth of four varieties of wheat was analyzed using functional techniques. 
Crop growth rate (CGR), relative leaf growth rate (RLGR) and specific leaf area (SLA) were higher in the early sown plants 
compared to late sown plants. Net assimilation rate (NAR) in all the varieties increased slowly at the early stages of growth while 
it increased sharply at the later stages with fluctuations in most cases. The declining tendency was found in SLA at the middle 
stage of growth except variety C 306. Higher values of CGR were found in the early sown Protiva, leaf weight ratio (LWR) in the 
late sown C 306 and early sown Opata, RLGR in the early sown Opata and C 306, SLA in the late sown Opata and Protiva and 
NAR in all the four varieties when they were sown late. 
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mvivsk: gvV ch©v‡q M‡gi e„w×i Dci wewfbœ mg‡q ec‡bi cÖfve Rvbvi Rb¨ PviwU M‡gi RvZ wZbwU wfbœ wfbœ mg‡q ecb K‡i Zv‡`i dvskbvj e„w× we‡k−lY Kiv 
n‡qwQj| AvMvg ec‡bi Kvi‡B dmj e„w× nvi, Av‡cw¶K cÎ e„w× nvi I mywbw`©ó cÎ †¶Îdj wejw¤̂Z ec‡bi PvB‡Z †ekx n‡qwQj| me f¨vivBwU‡ZB †bU AvËxKiY 
nvi e„w×i cÖ_g w`‡K ax‡i ax‡i †e‡owQj wKš— Awš—g ch©v‡q nVvr K‡iB A‡bK †ekx †e‡o wM‡qwQj| f¨vivBwU wm-306 Qvov Avi me f¨vivBwU‡ZB e„w×i gvSvgvwS 
ch©v‡q mywbw`©ó cÎ †¶Îdj Kg n‡Z †`Lv wM‡qwQj| D”PZi dmj e„w× nvi †`Lv wM‡qwQj AvMvg ecbK…Z f¨vivBwU cÖwZfv †Z, D”PZi cÎ IRb AbycvZ †`Lv 
wM‡qwQj wej‡¤̂ ecbK…Z wm-306 I AwMÖg ecbK…Z IcvUv ‡Z, D”PZi Av‡cw¶K cÎ e„w×i nvi †`Lv wM‡qwQj AvMvg ecbK…Z IcvUv I wm-306 G, D”PZi mywbw`©ó 
cÎ †¶Îdj †`Lv wM‡qwQj wej‡¤̂ ecbK…Z IcvUv I cÖwZfv ‡Z Ges D”P †bU AvËxKib nvi wej‡¤̂ ecbK…Z me f¨vivBwU‡ZB j¶¨ Kiv wM‡qwQj| 
 
Introduction 

Sowing of wheat in Bangladesh generally starts from 
November and ends in late December depending on 
the weather, topography and harvesting of the 
preceding crops. Late sown wheat seedlings face low 
temperature in the earlier part and high temperature 
stress in the later part of the growing season and 
require favourable moisture for better growth and 
development in late March and early April. 
Therefore, sowing date influences the growth, 
development and yield of wheat. 

Analysis of quantitative aspects of growth of whole 
plant can be effectively conducted using the 
functional growth analysis techniques which use 
regression procedure. The polynomial exponential 
model has a great potential in a purely empirical 
approach to the study of plant growth, where the 
objective is to assess and compare either genetic or 
environmental influences. Grain yield is reported to 
be positively correlated with growth attributes like 
CGR, NAR, LAR, RLGR, SLA, LWR (Islam, 1992) 
but enough information on the aspect of wheat 
sowing on different dates is not available in 
Bangladesh. In the present work, effect of sowing 
dates on the activities of different physiological 
growth parameters was analyzed using functional 
technique.  

Materials and Methods 

The experiment was carried out in the Botanical Research 
Field of Rajshahi University, Bangladesh with four wheat 
(Triticum aestivum L.) varieties, namely, Akbar, Opata, 
Protiva and C 306. The soil of the experimental field was 
silty loam having a pH of 7.5, low in organic carbon 
(0.44%), total N (0.43%), available P (15 ppm) and K (82 
ppm). The field capacity of the soil was 34%. A basal dose 
of urea (80 kg ha-1), TSP (60 kg ha-1) and MP (30 kg ha-1) 
were added to the soil during field preparation and before 
seeding. The experimental design was a split-split plot 
with three sowing dates (treatments). Three main plots 
which were considered as treatment (sowing date) plots. 
Each main plot was subdivided into three replication plots 
each of 5 x 3.4 m2 containing all the four varieties assorted 
randomly. Seeds were sown on 15th November (S1), 15th 
December (S2) and 31st December (S3). A 10 mm irrigation 
was applied immediately after the seeding on each sowing 
date and a 20 mm was applied at the booting stage. There 
were 6-8 harvests with an equal interval of 10 days. Three 
plants/variety/replication were harvested on each occasion. 
The first harvest was made at 19 days after sowing. For 
dry weights, plant parts were dried at 850C for 24 h when 
they reached a constant weight. Leaf area was measured by 
the disc method (Islam and Paul, 1986). Polynomial 
functions were fitted to natural logarithmic values of total 
dry weight, leaf dry weight and total leaf area in the curve 
fitting method (Hunt, 1979). The loge transformation was 
made in order to render the variance homogeneous with 
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time (Hughes and Freeman, 1967). The selection of 
appropriate polynomial regression model was made 
by ‘lack of fit’ method of Nicholls and Calder (1973). 
The experiment was conducted during 1998-1999 
and 1999-2000 growing seasons. 

Results and Discussion 

The highest CGR was in plants grown under S1, 
intermediate under S2 and the lowest under S3 condition 
at most of the stages of growth in both the growing 
seasons (Figs 1a & 1b). This is in agreement with 
Clarke and Simpson (1978), Sarker and Paul (1998) and 
Nahar and Paul (1998). Higher CGR in the early sown 
plants was due to higher production of dry matter owing 
to higher leaf area index (LAI) (Watson, 1947). As 
CGR represents the net result of photosynthesis, 
respiration and canopy area interaction, it is considered 
as the most meaningful growth function. CGR 
calculated from the quadratic fitted values increased 
steadily in all cases up to a certain peak and decreased 
thereafter. This finding corroborates with that of others 
(Islam and Soth, 1987). 

NAR in all the varieties increased slowly at the early 
days, but sharply at the later stages of growth in most 
cases (Figs 2a & 2b). Similar results were noticed by 
Buttery (1969), Koller et al. (1970) and Allen and 
Morgan (1975). Possibly decreased leaf area and 
increased ear photosynthesis resulted in the increase 
of NAR at the later stages of growth. The highest 
NAR values for most of the varieties were found in 
the late sown condition except Protiva in the first 
year and Akbar in the second year. NAR of all the 
varieties showed decreasing tendency towards the 
last one or two stages of growth. This finding 
corroborates the results obtained by Haloi and Baldev 
(1986), due to the mutual leaf shading and increase in 
the number of older leaves that lost photosynthesis 
activity (Pandey et al., 1978). 

LAR increased in few cases at early stage but in all 
cases declined steadily with increasing plant age 
(Figs 3a & 3b). Wallace and Munger (1965) observed 
that LAR was highest during the early vegetative 
stage but later decreased rapidly with the 
advancement of plant age, possibly due to abscission 
of older leaves. Similar results were reported by 
Thorne (1960), Pandey et al. (1978), Haque (1993) 
and Rahman (1993). Early sown varieties Protiva and 
C 306 had higher LAR than the other varieties. 

RLGR values were decreased with plant age (Figs 4a & 
4b) and such growth trend was reported by many workers 
(Buttery, 1969; Paul, 1980;. Chanda et al., 1987 and 
Rahman, 1993). Pandey et al. (1978) opined that 
abscission of older leaves resulted in the decline of RLGR 
at the later stages of growth. RLGR was relatively higher 
in the early sown plants than that of late sown plants in 
most cases in both the growing seasons.  

In all the sowing dates, Akbar, Opata and Protiva had 
generally higher SLA at the early and later stages of 
growth but it was lower at the middle stages (Figs 5a & 
5b). The increase of SLA at the later stages might be due 
to the translocation of assimilates from the leaves to the 
sink organs. In addition, low demand of photosynthates 
during the middle stages of growth possibly resulted in 
lower SLA at the middle stages. C 306 showed decreasing 
tendency throughout the growing periods in both the 
growing seasons. These results are in agreement with 
Chanda et al. (1987). In the present investigation, S1 plants 
of Opata in the first year and S3 plants of Protiva in the 
next year showed comparatively higher SLA throughout 
the growing periods. Lower values of SLA were found in 
the late sown plants of almost all the four varieties.  

The curve-fitted values of LWR showed initial increase in 
some cases, later had downward drifts with increasing 
plant age in all the varieties and sowing dates (Figs 6a & 
6b). Chanda et al. (1987) also noticed similar growth 
trends. Increased plant dry weight and decreased LAI at 
the later stages resulted in the lower LWR at the later 
stages. Saha and Paul (1995) observed sharp increase of 
total dry matter resulted in sharp decrease in LWR. Sharp 
decrease of LWR at the later stages in wheat was also 
noticed by Sarker and Paul (1998) and Nahar and Paul 
(1998).  

Conclusion 

The results of the present experiment indicate that curve-fitting 
may be useful for comparative purposes because it can remove 
fluctuations in data due to sampling error. However, Buttery 
(1969) opined that curve-fitting can conceal genuine 
environmental or treatment effects. In most cases, differences 
between the sowing dates and varieties were observed in the 
present investigation. Among the growth attributes, CGR, RLGR 
and SLA increased significantly when they were sown early, 
NAR decreased more in the early sown plants than the late sown 
plants at the later stages of growth in most cases. LAR and LWR 
declined throughout with time and plant weight. 
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Fig. 1a. Effects of different sowing dates on crop growth rate (CGR) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (First year). 
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Fig. 1b. Effects of different sowing dates on crop growth rate (CGR) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (Second year). 
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Fig.  2a. Effects of different sowing dates on net assimilation rate (NAR) of four wheat varieties at different stages 
of growth from quadratic fitted curve values (First year). 
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Fig. 2b. Effects of different sowing dates on net assimilation rate (NAR) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (Second year). 
 

Haider 20
 



 

Akbar

0

100

200

300

400

18 28 38 48 58 68 78 88Le
af

 A
re

a 
R

at
io

 (c
m

2  g
-1
)

 

Opata

0

100

200

300

400

18 28 38 48 58 68 78 88

S3

S2

S1

 

Protiva

0

100

200

300

400

18 28 38 48 58 68 78 88Le
af

 A
re

a 
R

at
io

 (c
m

2  g
-1
)

 

C 306

0

100

200

300

400

18 28 38 48 58 68 78 88

 
Days after sowing 

Fig.  3a. Effects of different sowing dates on leaf area ratio (LAR) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (First year). 
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Fig. 3b. Effects of different sowing dates on leaf area ratio (LAR) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (Second year). 
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Fig.  4a. Effects of different sowing dates on relative leaf growth rate (RLGR) of four wheat varieties at different 
stages of growth from quadratic fitted curve values (First year). 
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Fig. 4b. Effects of different sowing dates on relative leaf growth rate (RLGR) of four wheat varieties at different 
stages of growth from quadratic fitted curve values (Second year). 
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Fig.  5a. Effects of different sowing dates on specific leaf area (SLA) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (First year). 
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Fig. 5b. Effects of different sowing dates on specific leaf area (SLA) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (Second year). 
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Fig.  6a. Effects of different sowing dates on leaf weight ratio (LWR) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (First year). 
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Fig. 6b. Effects of different sowing dates on leaf weight ratio (LWR) of four wheat varieties at different stages of 
growth from quadratic fitted curve values (Second year). 
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