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Abstract: An experiment was conducted at the Agronomy Field of Sher-e-Bangla Agricultural University,
Dhaka-1207, Bangladesh during the period from December, 2005 to April, 2006 to study the responses of
soybean varieties to the time of irrigation. The experiment was carried out with three soybean varieties viz.
Shohag, Bangladesh soybean 4 and BARI soybean 5and 5 levels of irrigation viz. no irrigation, irrigation at
elongation of main stem (EMS), irrigation at flowering (F), irrigation at pod development (PD) and EMS+F+PD
stages of crop growth. The experiment was laid out in split plot design with three replications. Variety and
irrigation level significantly influenced the growth and yield of the soybean. Among the three varieties, BARI
soybean-5 influenced plant to have maximum dry matter, number of leaves plant , crop growth rate and relative1

growth rate. But, the maximum plant height was found highest in Bangladesh soybean-4. Irrigation at
EMS+F+PD stages increased yield with higher values of growth parameters. In most of the cases BARI
soybean-5 coupled with irrigation at EMS+F+PD were found to be influenced for better growth. 
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INTRODUCTION Soybean cultivation is hindered due to lack of high

Bangladesh cannot meet up its  annual  requirement seed. Irrigation applied at 20 + 40 + 60 days after sowing
of oil from its internal production. Annually Bangladesh (DAS) increased plant height leaf area index, crop growth
is producing about 0.16 million tons of edible oil as rate, shoot dry weight, number of filled pods per plant,
against the requirement of 0.5  million tons [1]. The oil number of seeds per plant, seed yield and harvest index of
crop area of Bangladesh is gradually decreasing due to soybean [5]. Kazi et al. [6] reported that the growth, yield
the replacement of oil crop area by HYV Boro rice. So, components and oil content of soybean were significantly
every year the government has to import oil and oilseeds affected  by  irrigation  frequencies. Considering the
mainly soybean, rapeseed and plam oil at the cost of huge above points, an experiment was undertaken to study the
amount of foreign exchange. responses of three varieties of soybean under different

Soybean (Glycine max) is one of the good source of dates of irrigation to determine the appropriate time of
high quality oil and protein can play an important role in irrigation for achieving higher yield of soybeanand to
solving the malnutrition problem of Bangladesh. Soybean study the response of soybean varieties under different
is a crop which can produce high quality and highest time of irrigation.
quantity of protein (seed contains about 40% protein) per
unit area. The oil content of soybean is about 20%, while MATERIALS AND METHODS
all other pulses contain about 1-2% oil [2]. In Bangladesh,
in terms of area and production, soybean is such a minor The research work was carried out at the field
crop  concentrated only in few distinct locations. The Laboratory of Agronomy Department of Sher-e-Bangla
total cropped area of soybean is 5000 ha and the total Agricultural University, Dhaka during the rabi season
production of the country stands at 4000 tons [3]. from December 2005 to April 2006. The land was medium
Soybean yield varies from 1500-2000 kg ha  depending high and the soil of the experimental site was silty loam in1

on variety and agronomic management practices. texture with 29.97% sand, 54.86% loam and 15.28% clay
Improved variety and irrigation in particular can improve particles. The variety of soybean used in this experiment
the yield of soybean [4]. were Shohag (V ), Bangladesh  soybean-4 (V ) and BARI

quality seed. So, it is essential for us to produce quality
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soybean-5 (V ). These released varieties have excellent RESULTS AND DISCUSSION3

seed quality and superior to existing Bragg and Davis
varieties. Different irrigation treatments were I  = control Plant Height: At the early stage of growth upto 30 DAS,o

(No irrigation), I  = Irrigation at main stem elongation the growth of plants of the tested three varieties was1

stage (EMS), I  =  Irrigation  at  flowering  stage  (F), I  = slow. At this stage, among the three varieties shohag2 3

Irrigation at pod development stage (PD) and I = showed significantly highest plant height (23.32 cm) and4

Irrigation at EMS+F+PD  stages.  The  experiment  was BARI soybean 5 showed the lowest height (21.29 cm).
laid  out  following  two  factors  split  plot   design  with The rate of increase in plant height was higher from 30
3 replications. Irrigation was given in main plot and DAS to 60 DAS, after that the values of plant height
variety in the sub-plots. increases slowly upto 75 DAS and the highest plant

The plots were fertilized with urea, triple super height was attained at this stage for all the tested three
phosphate, muriate of potash and gypsum at the rate of varieties. After 75 DAS the plant height reduced slightly
60, 175, 120 and 115 kg ha , respectively [7]. All the for all the varieties. The reduction in plant height at later1

fertilizers were applied at the time of final land preparation. stage may  be  attributed  to dry up and defoliation of
Sowing was done on 22 December 2005. Seeds were sown dried leaves of the plant. Among the three varieties
in 30 cm apart rows and seed to seed distance was 6 cm. Bangladesh soybean-4 gave significantly highest plant
Intercultural operations like thinning, weeding and pest height 60.52, 68.14 and 57.79 cm at 60, 75 and 90 DAS,
control were done as per requirements. Ten plants were respectively than other varieties (Fig. 1). The result
selected at random from each plot and uprooted before coincides with the findings of Ponnuswamy et al. [11]
harvesting for recording necessary data. Dry weights of who observed variations in plant height between
different parts were taken by drying them in electric oven varieties.
(Perkin-Elmer Corporation, USA) at 60°C for 72 hours The effect of irrigation on plant height of soybean is
followed by weighing by digital balance (Kaifeng Group presented in (Fig. 2). Significant difference of plant height
Co., Ltd., China). CGR and RGR values for the crop during was found in every stages of growth except at the early
the sampling intervals have been computed by using the stage (up to 30 DAS). This may perhaps due to the slow
formulae of Brown [8] and Radford [9]. growth rate and also for no irrigation application before

Where, SA= Ground area occupied by the plant at each plant response in terms of height was found higher in the
sampling. W  and W  are the total dry matter production middle stage of growth (from 45 DAS to 60 DAS) because1 2

in grams at the time t  and t  respectively. of better growth of this period. The results corroborates1 2

Where, W and W  is initial and final dry matter was found from the interaction between irrigation at1 2

weight at the time T  and T  respectively. L  refers to flowering × shohag flowed by irrigation at EMS + F + PD1 2 n

Natural Logarithm. × shohag, without irrigation × shohag, irrigation at EMS
The whole plot was harvested at maturity on different × Bangladesh soybean-4 and the shortest plant was

dates i.e. harvesting started on 7 April 2006 and continued found at irrigation at F × BARI soybean-5. At 45 DAS
upto 10 April 2006. Seeds and stover were cleaned and stages, the highest height was observed in irrigation at
dried in the sun for three to four consecutive days. Seed EMS × BARI soybean-5 interaction. At 60, 75 and 90 DAS
weight was taken after proper drying to a moisture growth stages the tallest plants were found in the
content of 16-18%. Data were analyzed using analysis of treatment irrigation at EMS + F + PD × Bangladesh
variance (ANOVA) technique and the mean differences soybean-4.
were adjudged by Duncan’s Multiple Range Test with the
help of computer based statistical package programme, Number of Leaf Plant : Significant variation was found
MSTAT-C [10]. The mean differences among the among the varieties for number of leaf plant  at 45 DAS,
treatments were compared by least significant difference 60 DAS and 90 DAS (Fig. 4). At 45 DAS Bangladesh
test at 5% level of significance. soybean-4 produced significantly highest number of leaf

this stage. Maximum plant height was observed in applied
irrigation  at EMS+F+PD treatments  in all the stages of
life cycle. The lowest plant height was found with no
irrigation treatment (control) in every growth stages. The

with the findings of Kazi et al. [6].
The interaction  effect  of  irrigation and variety had

a great effect on plant height of soybean (Fig. 3). In this
study, the figure shows that at 30 DAS the tallest plant

1
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Fig.1: Plant height of soybean at different plant ages as affected by varieties
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Fig.2: Plant height of soybean at different plant ages as affected by timing of irrigation
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Fig.6: Plant height of soybean at different plant ages as affected by interaction of varieties and timing of
irrigation
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Fig.4: Number of leaves of soybean at different plant ages as affected by varieties

0

10

20

30

40

50

60

70

80

30 45 60 75 90
Days after sowing

Without irrigation (I0)
Elongation of main stem (I1)
Flowering (I2)
Pod development (I3)
EMS+ F+PD (I4)

Fig.5: Number of leaves of soybean at different plant ages as affected by timing of irrigation
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Fig.6: Number of leaves of soybean at different plant ages as affected by interaction of varieties and timing of 
irrigation
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Fig.7: Total dry weight of soybean at different plant ages as affected by varieties
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Fig.8: Total dry weight of soybean at different plant ages as affected by timing of irrigation
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Fig.9: Total dry weight of soybean at different plant ages as affected by interaction of varieties and timing of 
irrigation
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Fig.10: Crop growth rate of soybean at different plant ages as affected by varieties
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Fig.11: Crop growth rate of soybean at different plant ages as affected by timing of irrigation
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Fig.12: Crop growth rate of soybean at different plant ages as affected by interaction of varieties and timing of 
irrigation
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plant than other varieties. At 60 and 90 DAS showed the treatment elongation of main stem and flowering1

the  reverse  result  of leaf plant  than 45 DAS. In this period. The lowest dry matter was found to produce from1

two dates (60 DAS and 90 DAS) shohag and BARI the treatment without irrigation at 60, 75 and 90 DAS.
soybean-5 showed the higher leaf plant  than The interaction effect between irrigation and variety1

Bangladesh  soybean-4.  Saad  [12]  observed similar on  dry matter production at different stages of growth
result who reported variety clark produces the highest has been presented in (Fig. 9). At 30 DAS the treatment
number  of  branches plant  compared with variety irrigation at pod development × BARI soybean-51

Evens, william-82,  Crawford  and  Calombus. produced the highest dry matter (3.41 g) and the lowest
The effect of irrigation on number of leaf plant  is dry  matter  was  found  from the treatment irrigation at1

presented in (Fig. 5). The figure indicates that at 45 DAS pod development × Bangladesh soybean-4. The treatment
the highest number of leaf plant  was found from the irrigation at EMS+F+PD × BARI soybean-5 produced the1

applied irrigation at elongation of main stem period and highest dry matter at 45, 60, 90 DAS and followed by the
that of lowest in applied irrigation at pod development treatment irrigation at elongation of main stem × BARI
period. At 60, 75 and 90 DAS the highest number of leaf soybean-5, EMS+F+PD × Shohag and EMS+F+PD ×
plant  was found to produce from the irrigation applied Bangladesh soybean-4. The lower levels of dry matter1

at EMS+F+PD stages. It was also observed that the were  found  from  the  interaction  treatments   irrigation
lowest number of leaves were produced in the control at  pod  development  ×  Bangladesh  soybean-4   at  30,
treatment (without irrigation) for all the growth stages. 45 DAS and without  irrigation  ×  BARI soybean-5 at 60,

The effect of interaction between irrigation and 90 DAS.
variety on number of leaf plant  was significant at1

different growth stages of soybean (Fig. 6). At 30 DAS Crop Growth Rate (CGR): Crop growth rate was
the treatment without irrigation × shohag produced the significantly  influence  by  the varieties upto 60 DAS
highest number of leaf plant  and that of lowest from the (Fig. 10). At 45 DAS, BARI soybean-5 produced the1

treatment irrigation applied at flowering × Bangladesh highest CGR values (9.75 g m  d ) and shohag
soybean-4. At 45 DAS the treatment elongation of main produced the lowest CGR (4.69 g m  d ). But Shohag
stem × Bangladesh soybean-4 produced the highest produced  the  maximum CGR (21.78 g m  d  and 15.58
number of leaf plant  and the lowest number was found g m  d ) at 60 and 90 DAS. For all the varieties crop1

in the treatment irrigation at pod development × BARI growth rate was maximum in the beginning after that it
soybean-5. On the other hand, the interaction treatment of increased with the advancement of crop growth period
irrigation at EMS+F+PD × BARI soybean-5 produced the upto 60 DAS for shohag and BARI soybean-5 and 75
tallest plant at 60, 75 and 90 DAS. However, the lowest DAS for  Bangladesh   soybean-4   and   became   declined
number of leaf plant  was found from the treatment at 90 DAS. The result in respect of CGR values1

without irrigation × Bangladesh soybean-4 at the same corroborates with findings of Rabbani et al. [4].
growth stages. Irrigation  had  a significant effect on CGR values

Dry Matter Plant : Dry matter production was growth  upto 60 DAS after that the values reduced upto1

significantly influenced at 5% level of probability by the 90 DAS with irrigation applied at EMS, PD and
varieties at 30, 45 and 60 DAS (Fig. 7). BARI soybean-5 EMS+F+PD stages treatments. Incase of irrigation applied
produced significantly highest dry matter followed by at F stage CGR increased upto 75 DAS and after that it
shohag at 30, 45 and 60 DAS. Bangladesh soybean-4 reduced. It is interesting to note that CGR values of
showed the lowest dry matter at 30, 45 and 60 DAS. control treatment increased upto 90 DAS. However,
Although dry matter production at 75 and 90 DAS was irrigation applied at EMS+F+PD stage treatment showed
not significant but numerically, BARI soybean-5 showed the higher CGR value at 60 DAS. The result agreed with
higher amount of dry matter than other two varieties. the findings of Kazi et al. [6] who reported higher

Clear variations were found in dry matter plant irrigation produces higher CGR values.1

with  different levels of irrigation among the growth All the combination  of  irrigation  and variety
stages (Fig. 8). At 45 DAS the treatment EMS+F+PD showed  differences  on  CGR  values  for all growth
produced the highest dry matter (5.40 g) and the lowest stages (Fig. 12). The figure shows that all the treatment
dry matter (3.84 g) was found the treatment without combinations  showed  the  higher  CGR  at  60 DAS
irrigation (control). The treatment EMS+F+PD produced except without irrigation × shohag, without irrigation ×
the highest dry matter at 60, 75 and 90  DAS  (14.10 g, Bangladesh soybean-4 and pod development ×
20.47  g and 24.30 g,  respectively)  and next highest by Bangladesh soybean-4.  However, highest CGR at 60 DAS

2 1

2 1

2 1

2 1

(Fig. 11). The CGR values increased from the beginning of
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Table 1: Varietal response on relative growth rate (g g  d ) of soybean at different plant ages1 1

Days after sowing
----------------------------------------------------------------------------------------------------------------------------------------------------

Variety 30 to 45 45 to 60 60 to 75 75 to 90
Shohag 0.02 0.05 0.02 0.02
Bangladesh soybean-4 0.02 0.05 0.03 0.01
BARI soybean-5 0.04 0.04 0.02 0.01
LSD (at 0.05) 0.89 1.40 NS NS
NS = Not significant

Table 2: Effect of irrigation on relative growth rate (g g  d ) of soybean at different plant ages1 1

Days after sowing
----------------------------------------------------------------------------------------------------------------------------------------------------

Irrigation 30 to 45 45 to 60 60 to 75 75 to 90
Without irrigation (control) 0.027 0.040 0.027 0.024
Elongation of main stem (EMS) 0.040 0.049 0.022 0.014
Flowering (F) 0.031 0.047 0.040 0.014
Pod development (PD) 0.022 0.059 0.027 0.019
EMS+F+PD 0.033 0.064 0.026 0.012
LSD (at 0.05 level) 0.56 0.93 1.54 1.99

Table 3: Interaction effect of variety and irrigation on relative growth rate (g g  d ) of soybean at different plant ages1 1

Days after sowing
-------------------------------------------------------------------------------------------------------

Variety × Irrigation 30 to 45 45 to 60 60 to 75 75 to 90
Without irrigation (control) × Shohag 0.030 0.033 0.027 0.030
With out irrigation (control) × Bangladesh soybean-4 0.023 0.040 0.030 0.020
With out irrigation (control) × BARI soybean-5 0.027 0.047 0.023 0.023
Elongation of main stem (EMS) × Shohag 0.023 0.053 0.027 0.020
Elongation of main stem (EMS) × Bangladesh soybean-4 0.047 0.050 0.027 0.017
Elongation of main stem (EMS) × BARI soybean-5 0.050 0.043 0.013 0.007
Flowering (F) × Shohag 0.023 0.043 0.043 0.013
Flowering (F) × Bangladesh soybean-4 0.023 0.050 0.047 0.013
Flowering (F) × BARI soybean-5 0.047 0.047 0.030 0.017
Pod development (PD) × Shohag 0.017 0.080 0.010 0.020
Pod development (PD) × Bangladesh soybean-4 0.020 0.053 0.043 0.020
Pod development (PD) × BARI soybean-5 0.030 0.043 0.027 0.017
EMS+F+ PD × Shohag 0.020 0.080 0.020 0.017
EMS+F+ PD × Bangladesh soybean-4 0.030 0.060 0.040 0.010
EMS+F+ PD × BARI soybean-5 0.050 0.053 0.017 0.010
LSD (at 0.05 level)

was  recorded from EMS+F+PD × shohag combination Different level of irrigation showed significant
and at 75 DAS highest CGR was found with irrigation at response on RGR values for all growth stages (Table 2).
EMS+F+PD × Bangladesh soybean-4 treatment Maximum  RGR  values  were  found  at  growth stage of
combination. All the three varieties with control treatment 60 DAS and there after declined. Applied irrigation at
increased CGR upto 90 DAS. EMS+F+PD treatment gave the highest (0.64 g g  d )

Relative Growth Rate (RGR): Variety influenced RGR [13] who reported more frequent irrigation showed higher
significantly at 45, 60 and 75, 90 DAS showed no RGR than less irrigation.
significant (Table 1). At 60 DAS stage of growth, RGR The interaction effect of irrigation and  variety
was maximum and gradually declined with the earlier and exerted significant effect on RGR values at different
advancement of crop age. Shohag produced the highest growth stages. Interaction effect of irrigation and variety
RGR values (0.058 and 0.020 g g  d ) at 60 and 90 DAS were almost more or less similar in RGR values (Table 3).1 1

than Bangladesh Soybean 4 and BARI soybean-5. The  highest (0.080 g g  d ) RGR values  were found in

1 1

RGR values. The result was supported by Fernandes el at.

1 1
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the combination of shohag with irrigation at EMS+F+PD 6. Kazi, B.R., F.C. Oad and A. Lakho, 2002. Effect
treatment at 60 DAS. At the same growth stage the irrigation frequencies on growth and yield of
combination of shohag with applied irrigation at pod soybean. Pakistan J. App. Sci., 2 (6): 661-662.
development also gave the same (0.080 g g  d ) RGR 7. BARI (Bangladesh Agricultural Research Institute),1 1

values. The combination of irrigation at pod development 1995. Cultivation of Soybean Crops. Oilseed Res.
× shohag stage produced the lowest (0.010 g g  d ) Centrer. Bangladesh Agril. Res. Inst., Joydebpur,1 1

RGR values at 75 DAS. This value was similar with the Gazipur.
combination of EMS+F+PD × Bangladesh soybean-4 and 8. Brown, R.H., 1984. In: Teasar, M.B. (ed). Growth of
EMS+F+PD × BARI soybean-5 treatment at 90 DAS. the green plant. Physiological Basis of Crop Growth
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