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PERFORMANCE OF STEM AMARANTH DURING THE EARLY 
ESTABLISHMENT PERIOD OF MORINGA PLANTATION 

 
A. Ahmed1, M. G. J. Helal2, N. Naher3, M. Hasan4 and H. Kausar5 

 
ABSTRACT 

 
A study was conducted to find out the effect of tree planting distances on growth, yield and yield 
attributing characters of stem amaranth (Amaranthus oleraceus) during the early establishment period of 
Moringa (Moringa oleifera) plantation. The study comprising of four treatments which were T0 (open 
field condition), T1 (15 cm away from tree base), T2 (30 cm away from tree base), T3 (45 cm away from 
tree base). At harvest, the maximum plant height (59 cm) and number of leaf (24.75 cm) of stem amaranth 
were recorded in control condition whereas the least plant height (49 cm) and leaf number (19.75) were 
recorded in T3 treatment. The highest leaf length (9.60 cm) and leaf breadth (5.37 cm), stem girth (5.71 
cm), stem length (60.66 cm), root length (15.88 cm), shoot  and root fresh weight (74.10 g and 15.62 g), 
shoot and root dry weight and yield (14 t/ha) were observed in open field condition. The yield of stem 
amaranth in association with Moringa saplings was recorded lower compared to control condition. The 
yield reduction in treatments T1 (12 t/ha), T2 (10.2 t/ha) and T3 (10.2 t/ha) were 16.6 %, and 26 %, 
respectively compared to open field condition. Among agroforestry treatments, the highest growth, yield 
and yield contributing characters were found in plants under T1 treatment  revealed that stem amaranth 
shared available plant nutrients from the pits of Moringa cuttings thus showing its potential to be used in 
Moringa based agroforestry farming system during the early stage of establishment in large-scale.  
 
Keywords: agroforestry, interaction, Moringa oleifera, resource sharing, stem amaranth1 
 

INTRODUCTION 
 

Bangladesh is one of the most densely populated countries in the world with its limited natural 
resources. The current population of Bangladesh is 165.8 million which is equivalent to 2.18% of 
the total world population. The country has a land area of only 14.39 million hectares, but due to the 
ever increasing population, per capita land area is decreasing at an average rate of 0.005 ha/ year. The 
land and forest are the most important natural resources which have diversified impact on all sectors of 
the society. To maintain the environmental equilibrium and rate of socio-economic development at 
least 25% area of a country should be covered with forest. In Bangladesh the total forest area covers 
about 17% of the land area but the actual tree covered area is around 9.4% which is decreasing at an 
alarming rate (Ahmed et al., 2018). Bangladesh has no scope to further expand forest nor agricultural 
areas. So, combined production system integrating trees and crops together need to be developed. In 
these situations, Agroforestry, the integration of tree and crops or vegetables on the same area of land is 
a promising production system for maximizing yield and maintaining friendly environment (Fekadu 
and Mammo, 2016).  

In Bangladesh, Moringa is a common tree growing mainly in homestead areas (Padulosi et al., 2013). 
Moringa is a multipurpose vegetable tree with a variety of potential uses, of which the nutritional and 
medicinal properties are initially considered the most interesting. Moringa is said to provide 7 times 
more vitamin C than oranges, 10 times more vitamin A than carrots, 17 times more calcium than milk, 
9 times more protein than yoghurt, 15 times more potassium than bananas and 25 times more iron than 
spinach (Rockwood et al., 2013). Vegetables grown in Bangladesh are not sufficient. The demand of 
vegetables is increasing but unfortunately the area under vegetable production is decreasing due to 
increasing the area of rice and wheat cultivation. Amaranth is a common vegetable in Bangladesh. In 
early summer, the availability of vegetable is limited. In that period amaranth can partially overcome 
this limited condition. Amaranth leaves are high in protein, b-carotene, iron, calcium, vitamin C, and 
                                                 
1 MS Student, 2Assistant Professor, 3&5Professor, Dept. of Agroforestry and Environmental Science, 4 Dept. of Genetics and Plant 
Breeding, Sher-e-Bangla Agricultural University, Dhaka, Bangaldesh. 
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folic acid (Achigan-Dako et al., 2014).  Vegetable amaranth (Amaranthus cruentus) is a good source of 
minerals, vitamins, phenolics and carotenoids; it also contains betalains, a nitrogen containing group of 
natural pigments, as well as proteins and fibers (Venskutonis and Kraujalis, 2013). Amaranths are often 
described as drought tolerant plants (Liu and Stutzel, 2002; Hura et al., 2007). 

During the early establishment of Moringa vegetables can easily grow in their surrounding areas. At 
the early establishment period of tree, the competition for growth resources (water, nutrients and light) 
between tree and associated crop is perhaps absent or minimum (Noman et al., 2018). Plantation of 
Moringa tree in association with vegetables and spices as agroforestry practice would be beneficial for 
socio economic development as well as for sound environmental condition. Hence, it would be wise to 
conduct experiments during the early period of the Moringa tree plantation in association with different 
vegetables at different spacing in terms of growth and yield performance for identifying the best tree-
crop combination. Therefore, the present study was undertaken with the objective of determining the 
growth and yield performance of stem amaranth in association of Moringa saplings at different 
distances from Moringa tree base during the early establishment period.      

 
MATERIALS AND METHOD 

The experiment was conducted to evaluate the responses of early summer vegetable amaranth in 
association with drumstick (M. oleifera) as well as to find out the best tree crop interactions in 
Agroforestry system. 
  
Experimental site 
The experiment was carried out at the Agroforestry Field Laboratory under the Department of 
Agroforestry and Environmental Science, Sher-e-Bangla Agricultural University, Dhaka during the 
period from January 2018 to April 2018. 
  
Plant materials 
In this experiment, a total of 12 equal sizes cuttings of M. oliaferae were collected from Manikganj 
District. The seeds of Amaranth var. Dhrutoraj was collected from United Seed Company, Siddique 
Bazar and Dhaka. A 40 cm deep square size pit was dug at 5 feet distance in the experimental field. All 
the cuttings were 3.8 feet in length which was placed separately at the center of each pit. After planting, 
the above ground length of each sapling was 2.6 feet which was similar for all used as tree planting 
materials. Irrigation was done as necessary by using watering cane. 
 
Experimental design and treatment combination 
The vegetable amaranth in association of 60 days old Moringa saplings were sown following the 
Randomized Complete Block Design (RCBD). Each of the four treatments was replicated five times. 
Four treatments which were used in this study are as follows:- 
               T0= Open field referred to as control                 T1= 15 cm distance from the tree base 
               T2= 30 cm distance from the tree base               T3= 45 cm distance from the tree base 
 
Land preparation and crop husbandry 
The experimental field preparation was started on 1 January 2018 and all operations were done by 
spades. Then the land was left fellow for one month. During this time all crop residues and weeds were 
removed from the land, broken stones and bricks were sorted out and finally 20 cm raised bed was 
leveled properly for Moringa plantation. Amaranth seeds were sown in the experimental plot on 27 
February 2018 by line sowing method at a depth of 10 cm furrow line maintaining a spacing of 9 cm 
from row to row. No other chemical fertilizers were used in this study but cow dung (20 t/ha) which 
was applied in the experimental field during final land preparation. No pesticide and insecticide were 
applied as the crops were not infected by any pest and diseases. Irrigation, weeding and other 
intercultural operations were done when and where necessary. 
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Measurements and definitions 
Amaranth was harvested at 50 days after sowing (DAS) when the crop reached at edible size. Plant 
samples of amaranth were collected randomly from each rows of the respective plots. A total of 20 
plants of amaranth were selected from each plot for data collection. Plant height was measured in 
centimeter by using a scale at 10, 20, 30 and 40 at harvest after seeding (DAS) from the ground level to 
the tip of the plant leaf. Number of leaf per plant, five plants from each plot were selected randomly 
and tagged properly. The leaf number was counted precisely for each plant. Leaf length and breadth of 
the leaves were measured with a centimeter scale. Stem girth (cm), each stem of the plant with a roller 
scale, then the sum of stem diameter was divided by 5 to record average stem diameter of plant. Shoot 
length (cm), shoot length was measured for by a centimeter scale at harvest. Root length (cm), the 
length of the root was measured by a centimeter scale for randomly selected five plants from each plot. 
Then the sum of the root length was divided by five to record root length of plant. Fresh weight (g) 
randomly 5 plants were selected from the each plot. Then shoot and root weight were weighted 
separately by balance. The sum of the fresh weight of five plants was divided by five then it was 
recorded as fresh weight of single plant (g). Dry weight (g) after taking fresh weight, the sample plants 
were oven dried. Then shoot and root weight were weighted separately by electronic balance. The sum 
of the dry weight of five plants was divided by five then it was recorded as dry weight of single plant 
(g). Fresh yield (t/ha), the yield of stem amaranth per hectare was calculated by converting the total 
yield (kg) of stem amaranth per plot. 
 
Analysis of data 
All the data were subjected to analysis of variance (ANOVA) and tested for significance using Least 
Significant Difference (LSD) using R-3.5.1 software (R Core Team).  
 

RESULTS 
Plant height 
Plant height of stem amaranth was found significantly different due to different spacing from tree base 
at different sampling dates (Table 1). The plant height was increased gradually with the advancement 
of crop growth up to harvest. At 10 DAS, the plants belong to open field condition (T0 treatment) 
exhibited the highest plant height that was statistically similar with the plant height recorded in T1 and 
T2 treatments. At 30 DAS, significantly highest plant height (27.75 cm) was observed in control 
condition which was significantly higher than other treatments. The lowest plant height (25.37 cm) was 
recorded in plants grown at 45 cm distance from the tree base (T3 treatment). At harvest (50 DAS), 
plant height ranges from 58.75 cm to 49 cm where plants belong to control treatment appeared as 
tallest followed by T1 and T2 treatments and plants belong to T3 treatment was the shortest in height. 
 
Table 1.  Effect of tree-crop interactions on plant height (cm) of stem amaranth at different 

measurement dates 

 

T0 = Control; T1= 15 cm distance from the tree base; T2= 30 cm distance from the tree base; T3= 45 cm distance from the tree 
base; Means within columns followed by the same letter are not significantly different, 5% or 1% level of probability, least 
significant difference (LSD) test 

Treatments Plant Height (cm) 
10 DAS 20 DAS 30 DAS 40 DAS Harvest 

T0 3.75 a 13.75 a 27.75 a 50.87 a 58.75 a 
T1 3.62 a  12.75 b 26.75 b 49.50 b 56.37 b 
T2 3.37 a 11.75 c 26.75 b 47.12 c 53.25 c 
T3 2.75 b 11.25 c 25.37 c 45.78 d 49.00 d 
LSD 0.421 0.53 0.682 1.16 1.06 
CV (%) 7.8 2.6 1.6 1.5 1.2 
Sig. level  ** ** ** ** ** 
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Leaf number 
Number of leaves per plant exhibited different results under different treatments (Table 2).The highest 
number of leaves per plant at harvest was found where amaranth was grown under control conditions. 
At the early stage of growth (10 DAS), plants belong to open field condition (T0 treatment) resulted the 
highest number (4.25) of leaves compared to other treatments. During the middle stages of growth (30 
DAS), amaranth grew at both 30 and 45 cm away from tree produced least number of leaves per plant. 
At harvest, under T0 treatment, the number of leaves per plant was 24.75 which was highest and the 
lowest no. of leaves were found in plants under T3 treatment that was 19.75 where amaranth was grown 
at 45 cm away from tree base.  
 
Table 2. Effect of tree-crop interactions on number of leaves of stem amaranth at different 

measurement dates 
 

 

T0 = Control; T1= 15 cm distance from the tree base; T2= 30 cm distance from the tree base; T3= 45 cm distance from the tree 
base; Means within columns followed by the same letter are not significantly different, 5% or 1% level of probability, least 
significant difference (LSD) test 
 

Leaf length and breadth 
At harvest, leaf length and leaf breadth differ significantly among the treatments (Table 3). The highest 
leaf length was recorded in T0 treatment (9.6 cm) which was closely followed by the plants belong to  
T1 treatment (8.87 cm) that is statistically similar with T2 treatment (8.42 cm). The lowest leaf length 
was recorded in plants under T3 treatment which was 24.06% lower than control condition. Again in 
case of leaf breadth, the highest leaf breadth (5.37 cm) was found in control conditions (T0) where 
amaranth was grown in open field which was statistically similar with the  leaf breadth (4.75 cm) 
recorded in T1 treatment (15 cm away from tree base) and the lowest results (4.28 cm) were recorded in 
plants 45 cm distance from tree base (T3 treatment).  
 
Table 3. Effect of tree-crop interactions on leaf length and leaf breadth of stem amaranth 
 

Treatments Leaf length 
(cm) 

Leaf breadth 
(cm) 

T0 9.60 a 5.37 a 
T1 8.77 b   4.75 ab 
T2 8.42 b 4.33 b 
T3 7.29 c 4.28 b 
LSD 0.55 0.65 
CV (%) 4.1 8.75 
Sig. level ** * 

 

T0 = Control; T1= 15 cm distance from the tree base; T2= 30 cm distance from the tree base; T3= 45 cm distance from the tree 
base; Means within columns followed by the same letter are not significantly different, 5% or 1% level of probability, least 
significant difference (LSD) test 
 
 

Treatments  Leaf number 
10 DAS 20 DAS 30 DAS 40 DAS Harvest 

T0 4.25 a 9.75 a 12.25 a 16.00 a 24.75 a 
T1 3.25 b 8.75 b 10.62 a 14.75 b 21.62 b 
T2 2.87 b 7.37 b 10.5 b 14.00 b 21.37 b 
T3 3.25 b 8.50 c 11.5 b 14.75 b 19.75 c 
LSD 0.62 0.88 0.82 01.17 0.94 
CV (%) 11.53 6.45 4.59 4.94 2.69 
Sig. level ** ** ** * ** 
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Stem girth, stem length and root length 
Significant variation was observed among the different treatments in respect of stem girth at harvest of 
stem amaranth (Table 4). Maximum stem girth was recorded (5.7 cm) in open field condition followed 
by T1 treatment (4.68 cm). Stem girth (4.43 cm) observed in plants 30 cm away from tree base was 
statistically similar with the result found in T1 treatment. The minimum stem girth (4.12 cm) was found 
under 45 cm distance from tree (T3 treatment). It was noteworthy that stem girth of the plants 
belonging to the treatments T2 and T3 were statistically similar. The length of stem differs significantly 
among different treatments (Table 4). The length of stem was observed maximum (60.66 cm) where 
plants were in control conditions (T0) followed by T1 and T2 treatment. The lowest stem length (51.85 
cm) was results in plants that were grown at 45 cm (T3) distance from tree base. Root length significant 
variation was observed in respect of root length for different treatment combinations (Table 4). Highest 
root length (15.88 cm) was found in plants that were grown in open field condition followed by plants 
grown in 15 cm and 30 cm distance from tree base. The minimum root length (11.72 cm) was resulted 
for T3 treatment.  
 
Table 4. Effect of tree-crop interactions on stem girth, stem length and root length of stem 

amaranth 
 

Treatments  Stem girth (cm) Stem length (cm) Root length (cm) 
T0 5.71 a 60.66 a 15.88 a 
T1 4.68 b 57.9 b 14.68 b 
T2 4.43 bc 55.42 c 12.89 c 
T3 4.12 c 51.85 d 11.72 d 
LSD 0.46 1.2 0.7 
CV (%) 6.15 1.33 3.21 
Sig. level  ** ** ** 

 

T0 = Control; T1= 15 cm distance from the tree base; T2= 30 cm distance from the tree base; T3= 45 cm distance from the tree 
base; Means within columns followed by the same letter are not significantly different 1% level of probability, least significant 
difference (LSD) test 
 

Fresh weight  
Shoot fresh weight of stem amaranth was observed significantly different among treatments (Table 5). 
The significantly height fresh weight (74.10 g) was found at T0 treatment (control condition). The 
second highest fresh weight (72.05 g) was recorded in T1 treatment which was statistically similar with 
T0 treatment. The minimum fresh weight (68.70 g) was recorded in plants at 45 cm distance from tree 
base (T3 treatment). Significant variation was observed among treatments in respect of root fresh 
 

Table 5. Effect of tree-crop interactions on fresh weight (FW) of stem amaranth 
 

Treatments  Shoot FW (g) Root FW (g) 
T0 74.10 a 15.62 a 
T1 72.05 ab 14.05 b 
T2 71.07 bc 13.70 b 
T3 68.70 c 11.97 c 
LSD 2.45 0.59 
CV (%) 2.14 2.7 
Sig. level ** ** 

 

T0 = Control; T1= 15 cm distance from the tree base; T2= 30 cm distance from the tree base; T3= 45 cm distance from the tree 
base; Means within columns followed by the same letter are not significantly different 1% level of probability, least significant 
difference (LSD) test 
 
weight also. The highest weight (15.62 g) of root per plant was recorded in open field condition (T0) 
followed by T1 and T2 treatment. The root fresh weight for T1 (14.05 g) and T2 (13.70 g) were 
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statistically similar. The lowest root weight was recorded in T3 (11.97 g) treatment which was 
significantly different from other treatment combinations. 
 
Dry weight 
Dry weight of amaranth shoot exhibited different results in terms of different treatments (Table 6). 
Shoot dry weight was observed highest (4.33 g) on open field condition T0 treatment where T1 
treatment comprises second highest dry weight. The plants under T3 treatment was found minimum in 
shoot dry weight (3.54 g) results in distance of 45 cm from tree base. The root dry weight of stem 
amaranth varied significantly in different treatments. Maximum root dry weight was recorded in T0 
treatment (1.05 g) followed by T1 and T2 treatment. The results found for T1 (0.96 g) and T2 (0.93 g) 
had no significant difference. The lowest root dry weight (0.87 g) was observed in T3 treatment. 
 
Table 6. Effect of tree-crop interactions on dry weight (DW) of stem amaranth 
 

Treatments  Shoot DW (g) Root DW (g) 
T0 4.33 a 1.05 a 
T1 3.81b 0.96 b 
T2 3.68 b 0.93 b 
T3 3.54 b 0.87 c 
LSD 0.3 0.052 
CV (%) 4.97 3.41 
Sig. level ** ** 

 

T0 = Control; T1=15 cm distance from the tree base; T2= 30 cm distance from the tree base; T3= 45 cm distance from the tree base  
Means within columns followed by the same letter are not significantly different 1% level of probability, least significant 
difference (LSD) test 
 
Yield  
Significant variation was found among different treatment combination in respect of fresh yield (Table 
7). Among different treatments, yield was recorded highest (13.85 t/ha) in open field condition where 
stem amaranth was grown intensively without association with Moringa tree. The yield found for 
different planting distances had no significant difference though second highest yield (11.5 t/ha) was 
found for T1 treatment followed by T2 and T3 treatment. 
 
Table 7. Effect of tree-crop interactions on yield (t/ha) of stem amaranth 
 
Treatments Yield (t/ha) Yield reduction (%) 
T0 13.8 a − 
T1 11.5 b 16.6 
T2 10.2 b 26.0 
T3 10.2 b 26.0 
LSD 2.1 − 
CV (%) 11.53 − 
Sig. Level * − 

 

T0 = Control; T1= 15 cm distance from the tree base; T2= 30 cm distance from the tree base; T3= 45 cm distance from the tree 
base; Means within columns followed by the same letter are not significantly different 1% level of probability, least significant 
difference (LSD) test 
 

DISCUSSION 
 

Plants belong to control treatment (T0) were the fastest growing and performed consistently better in 
morphological characteristics compared the plants belongs to agroforestry treatments. The higher yield 
in control treatment may be explained by the fact that plants utilized substantial amount of production 
inputs particularly light, irrigation water and organic amendments without any challenge from tree 
components. At harvest, plant height varied significantly among the treatments however early plant 
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heights were not significantly different. It confirmed the below ground tree-crop competitions for 
resource sharing among the treatments were minimum at the beginning which gradually increased with 
the advancement of crop growth (Noman et al., 2018). Plant height is influenced by genetic as well as 
environmental conditions. The increase in plant height also could be due to better availability of soil 
nutrients in the growing areas of control condition which have enhancing effect on the vegetative 
growth of plants by increasing cell division and elongation and the varietal variability to absorb the 
nutrients from the soil (El-Tohamy et al., 2006). Our result is similar with the results of Sharma (1999). 

The number of leaves under T3 treatment was 20.2% lower than control condition at harvest. Besides, 
the leaf length, leaf breadth, stems girth in control condition (T0 treatment) were maximum followed by 
T1, T2 and T3 treatment. This research results were in contrast with the past research results (Dola et al., 
2016). The decreasing trends of plant growth parameters with the increasing distance from Moringa 
tree base. This was happened perhaps due to the fact that Moringa cuttings were planted 60 days prior 
to stem amaranth. By this periods, plants nutrients in the pits of Moringa saplings becomes in available 
form which were taken readily by the stem amaranth belongs to T1 treatment without any interferences 
by the Moringa cuttings as these were in the early growing periods. Consequently plant nutrients 
becomes less available to the plants belong to T2 and T3 plants respectively.   

In agroforestry systems, yield reduction had been reported compared to sole cropping (Zamora et al., 
2007; Sanou et al., 2012). Yield reduction in agroforestry system occurs usually due to competition 
between trees and crops for light, water, and nutrients (Allen et al., 2004; Jose et al., 2004; Zamora et 
al., 2007). Reductions in crop growth and corresponding yield losses are known to happen when tree 
and crops are grown in close proximity. Tree species rooting pattern consists of deep and far reaching 
lateral roots so as to cover a bigger soil volume to capture more resources compared to crops. As a 
results, soil moisture, soil nutrients and solar radiation decreased in agroforestry treatments. Therefore, 
the competition for soil moisture and nutrients are important in tree-crop systems (Sudmeyer and Hall, 
2015; Sudmeyer et al., 2002). However, Moringa are known to have limited water requirement which 
primarily an adaptation strategy is enabling them to grow under harsh environmental conditions 
(Akhter et al., 2005). 
 

CONCLUSION 
 

All the plant growth characteristics and yield of stem amaranth were higher in control conditions. 
Among the agroforestry treatments the highest yield was found in T1 treatment compared to T2 and T3 
treatments. Plants under T1 treatment obtained resource inputs from the pit of Moringa saplings. The 
yield reduction was only 16 % in the plants belong to T1 compared to control condition suggesting that 
farmers may cultivate stem amaranth in association with Moringa in the early stage of plantation.  
 

Acknowledgement 
The authors acknowledge the support of the Project Implementation Unit-BARC, NATP 2 (Project No. 
432),  Bangladesh Agricultural Research Council for its financial support without which this research 
would not have been possible. 
 

REFERENCES 
 

Achigan, D.E., Sogbohossou, O. and Maundu, P. 2014. Current knowledge on Amaranthus spp.: 
Research avenues for improved nutritional value and yield in leafy amaranths in sub Saharan 
Africa. Euphytica., 197(3): 303–317. 

Ahmed, A., Ataullah, M., Rashid, P., Paul, A.R., Dutta, S. and Ali, M.S. 2018. Species diversity, change 
in forest cover and area of the Sundarbans, Bangladesh. Bangladesh J. Bot., 47(3): 351-360. 

Akhter, J., Mahmood, K., Tasneem, M.A., Malik, K.A., Naqvi, M.H., Hussain, F. and Serraj, R. 2005. 
Water-use efficiency and carbon isotope discrimination of Acacia ampliceps and Eucalyptus 
camaldulensis at different soil moisture regimes under semi-arid conditions. Biolog. 
Plantarum., 49: 269–272.   



8 
 
 

  
 
 
 
 
 
 
 

 
 
 
 

Allen, S., Jose, S., Nair, P., Brecke, B. and Ramsey, C. 2004. Competition for 15N-labeled fertilizer in a 
pecan (Carya illinoensis K. Koch)-cotton (Gossypium hirsutum L.) alley cropping system in 
the southern United States. Pl. and Soil., 263(1/2): 151–164. 

Dola, F.A., Rahman, H.M.S., Wadud, M.A. and Rahman, G.M.M. 2016. Performance of red amaranth 
and ipil-ipil based alley cropping system. J. Agrofor. Environ., 10 (1): 35-38. 

El-Tohamy, W.A., Ghoname, A.A. and Abou-Hussein, S.D. 2006. Improvement of Pepper Growth and 
Productivity in Sandy Soil by Different Fertilization Treatments under Protected Cultivation. 
J. Appld. Sci. Res., 2(1): 8–12. 

Fekadu, Z.M. and Mammo, M. 2016. Agroforestry Technologies in Livelihood Improvement in the 
Eastern Cape Province, South Africa. 10.13140/RG.2.1.1422.9360. 

Foidl, N., Makkar, H.P.S. and Becker, K. 2001. The potential of Moringa oleifera for agricultural and 
industrial uses. Fuglie, L.J. (Ed), 2001. The miracle tree: the multiple attributes of Moringa. 
CTA Publication. Wageningen, the Netherlands, 45–76 pp. 

Hossain, S.M.A. and Bari, M.N. 1996. Agroforestry farming system. In: Haque, M.A. (edn) 
Agroforestry in Bangladesh. Swiss Development Co-operation (SDC), Dhaka and Bangladesh 
Agricultural University (BAU), Mymensingh. 21–28 pp. 

Hura, T., Grzesiak, S., Hura, K., Thiemt, E., Tokarz, K., Wędzony, M. 2007. Physiological and 
biochemical tools useful in drought tolerance detection in genotypes of winter triticale: 
Accumulation of ferulic acid correlates with drought tolerance. Ann. of Bot., 100: 767–775. 

Jose, S., Gillespie, A. and Pallardy, S. 2004. Interspecific interactions in temperate agroforestry. 
Agrofor. Sys., 61: 237-255. 

Liu, F. and Stützel, H. 2002. Leaf water relations of vegetable amaranth (Amaranthus spp.) in response 
to soil drying. European J. Agron., 16 (2): 137–150. 

Noman, M.A.A., Sahel, M.O.R., Ahmed, F. and Wadud, M.A. 2018. Performance of drumstick-chilli 
based agroforestry practice in charland ecosystem. J. Agrofor. Env., 12 (1 & 2): 73-76. 

Padulosi, S., Thompson, J. and Rudebjer, P. 2013. Fighting poverty, hunger and malnutrition with 
neglected and underutilized species (NUS): needs, challenges and the way forward. 
Biodiversity Intl. Rome. 

Core, T.R. 2013. A language and environment for statistical computing. Foundation for Statistical 
Computing, Vienna, Austria. 

Rockwood, J.L., Anderson, B.G. and Casamatta, D.A. 2013. Potential uses of Moringa oleifera and an 
examination of antibiotic efficacy conferred by Moringa oleifera seed and leaf extracts using 
crude extraction techniques available to underserved indigenous populations. Int. J. 
Phytothearpy Res., 6: 61–71. 

Sanou, J., Bayala, J., Teklehaimanot, Z. and Paulin, B. 2011. Effect of shading by baobab (Adansonia 
digitata) and nere (Parkia biglobosa) on yields of millet (Pennisetum glaucum) and taro 
(Colocasia esculenta) in parkland systems in Burkina Faso, West Africa. Agrofor. Sys., 85: 
431-441.  

Sharma, K.K. 1999. Wheat cultivation in association with acacia nilotica L. wild ex. Del field bund 
plantation a case study. Agrofort. Sys., 17: 43–51. 

Sudmeyer, R. and Hall, D. 2015. Competition for water between annual crops and short rotation mallee 
in dry climate agroforestry: The case for crop segregation rather than integration. Bioma and 
Bioener., 73: 195–208. 

Sudmeyer, R., Hall, D., Eastham, J. and Adams, M. 2002. The tree-crop interface: The effects of root 
pruning in south-western Australia. Australian J. Exp. Agric., 42: 763–772.  

Venskutonis, P.R. and Kraujalis, P. 2013. Nutritional components of amaranth seeds and vegetables: a 
review on composition, properties and uses, Comprehn. Rev. Food Sci. Food Saft., 12: 381–
412. 

Zamora, D., Jose, S. and Nair, P.K. 2007. Morphological plasticity of cotton roots in response to 
interspecific competition with pecan in an alley cropping system in the southern United States. 
Agrofor. Sys., 69: 107–116.  



9 
 
 

  
 
 
 
 
 
 
 

 
 
 
 

J. Sher-e-Bangla Agric. Univ., 11(1 & 2): 9-16, January & July 2020               ISSN 1997-6038 
 
EFFECT OF DIFFERENT LEVELS OF LIGHT INTENSITY ON MORPHO-

PHYSIOLOGY AND YIELD OF BRINJAL (Solanum melongena L.) 
 

M. Kabir1, M. F. Hossain2, M. Hasanuzzaman3, Z. F. B. Habib4, J. A. Mahmud5 

 
ABSTRACT 

 
Low light stress is a limiting factor for crop production especially in agroforestry system. A pot 
experiment was conducted at Sher-e-Bangla Agricultural University, Dhaka- 1207, during the months of 
October 2019 to mid April 2020.  Three brinjal varieties viz. V1 (BARI Begun-1), V2 (BARI Begun-4), V3 
(BARI Begun-9) were exposed to four light intensity (100, 75, 50 and 25% PAR which indicate control 
S0, S1, S2 and S3 respectively) to evaluate their performances. Light stress (mainly S2 and S3) substantially 
hampered the plant growth, development as well as yield. Low light stress primarily reduced the 
photosynthetic performance of plants which contribute in reduction of plant height, number of primary 
branches and leaves of all brinjal plants. Moreover low light intensity negatively affects the fresh and dry 
weight. It also decreased number of fruits, fruit length, fruit diameter and individual fruit weight in all 
variety. As a result plant wise brinjal production hampered seriously with low yield. In comparison with 
control (100% PAR) treatment, 75% PAR condition (S1) decreased fruit weight by 16.8, 13.5 and 19.7% 
in V1, V2 and V3 respectively. In 50% PAR condition, yield per plant were decreased by 36.4, 33.5 and 
42.4% in V1, V2 and V3 respectively. Lastly severe stress (S3) decreased fruit weight per plant by 55.0, 
61.5 and 67.0% in V1, V2 and V3 respectively. From this result it is clear that under severe stress (S3) V1 
perform well but V2 perform well against S1 and S2 treatments.  
 

Keywords: agroforestry, light stress, physiological response, Solanum melongena L. 2 
 

INTRODUCTION 
 
Currently low light irradiance is one of the most important environmental stresses throughout the world 
due to drastic climate change, which hamper crop growth and productivity (Hatamian et al., 2015). 
Now-a-days agroforestry is becoming familiar practice throughout Asia. In agroforestry system 
agricultural crops suffer from proper light. Generally, vegetables are grown in different agroforestry 
system including homestead and its surroundings beneath the fruit and timber trees. There are about 
19.4 million homesteads in Bangladesh which comprises about 0.45 million hectares of land (BBS, 
2009). Most of the vegetables produced and consumed in this country are coming from these 
homesteads. These areas are also increasing due to the construction of new houses for the ever 
increasing population. In this situation, vegetables cultivation needs to be increased in homestead areas. 
To serve this purpose, higher yielding and partial shade tolerant vegetables should be introduced. 
Vegetables are one of the essential food items of daily requirement. Improvement of daily dietary value 
depends largely on the vegetables consumption. The per capita consumption of vegetables in Bangladesh 
is only 53 g, which is far behind the daily requirement of 200 g/head (Rashid, 1999). This figure is 
lower than that of some other Asian countries like India (167 g), Pakistan (69 g), Sri Lanka (120 g), 
China (280 g) and Japan (248 g); the world average consumption being 250 g/head/day. So, vegetable 
production and consumption need to be increased in Bangladesh. Vegetables are not produced evenly 
throughout the year in Bangladesh. About 35% of the vegetables are produced in summer season and 
the rest in the winter season (Rashid, 1999). Due to climate change some area of the world facing low 
light intensity stress. On the other hand for increasing production, introduction of agroforestry system is 
very urgent. In agroforestry system crops struggle against low light stress. The development or 
identification of low light tolerant vegetables could be one of the achievable attempts to solve such 
problems. Besides, Bangladesh is an over populated and agro-based country. Demographic consumption 
and declining per capita land availability make it clear that Bangladesh will have to produce more farm 
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products from less land in near future. It is now a prime need to improve system-based productivity 
and emphasis should be given on homestead vegetables production. 

Brinjal (Solanum melongena L.) is a major vegetable crop of Bangladesh and grown all over the world 
in fields, greenhouses and net houses. It is popular for its taste and various types of uses. Furthermore, 
brinjal is a good source of vitamins and minerals. They're rich in of vitamin C, vitamin K, vitamin B6, 
thiamine, niacin, magnesium, manganese, phosphorus, copper, fiber, folic acid, potassium, and more. It 
is low in calories and sodium, and is a great source of dietary fiber. 

In Bangladesh, among the summer vegetables, brinjal is a very popular vegetable. Lack of knowledge 
or research to find the low light resistant cultivars are the key problems for brinjal cultivation in 
agroforestry system. Low light stress hampers photosynthesis and occurs flower abortion and fruits 
drop frequently, which causes very poor yield of most of the vegetables grows in homestead (Haque et 
al., 2009; Dong et al., 2014). It can also alter photosynthetic activity of plant (Shao et al., 2014). For 
this reason, farmers are not interested in cultivating brinjal, especially in the homestead or along with 
other agroforestry practices. Recently, BARI has released different brinjal varieties which can grow 
both in summer and winter. Unfortunately, screening to find out reduced light and partial shade 
tolerance of brinjal has not been studied in different homestead conditions. So, it is important to 
observe the changes in terms of growth and yield in response to low light to evaluate the performances 
of different BARI brinjal varieties. Considering the above mentioned facts, three popular brinjal 
varieties are selected in this study for evaluating their performance under low light conditions targeting to 
evaluate the changes of growth, physiological and yield contributing attributes of three brinjal varieties 
under different low light stress and to select the most suitable and adaptive variety on yield basis under 
low light condition. 

 
MATERIALS AND METHODS 

 
The experiment was carried out in the Field laboratory of Agroforestry and Environmental Science 
Department, Sher-e-Bangla Agricultural University, Dhaka-1207, Bangladesh during the period from 
October 2019 to Mid April 2020 following completely randomized design (CRD). Three popular 
varieties of brinjal (BARI Begun-1, V1; BARI Begun-4, V2 and BARI Begun-9; V3) were collected 
from BARI, Gazipur and conducted the experiment to evaluate the performance of them under 4 level 
of light intensity (S0-Control, 100% Photosynthetically Active Radiation (PAR) / full sunlight, S1-75% 
PAR, S2-50% PAR, S3-25% PAR. So, total number of treatment was 12 which were replicated thrice. 
Pots were filled with sterilized soil after mixing appropriate doses of fertilizers. 70% ethanol treated 
seeds were raised in the pots using regular nursery practices and then transferred to main pots for 
further growing. Though two seedlings initially transferred in each pot but finally one seedling had 
been kept for performing experiment. After transplantation nylon nets of different sieve size were 
hanged with the help of bamboo sticks at a height of 2.3 meters to create low light treatments. One, two 
and three net were used to create 75%, 50% and 25% PAR, respectively.  The control treatment was 
consisted of full sunlight or 100% PAR. Recommended fertilizer dose and cultural practice were 
maintained throughout the experiment. Different growth (plant height, number of primary branches per 
plant, girth of main stem, number of leaves per plant, plant fresh weight, plant dry weight), 
physiological (SPAD value of leaf) and yield contributing parameters (first flowering days, number of 
fruits per plant, fruit length, fruit diameter, individual fruit weight, yield per plant) were recorded from 
each pot during the experimentation. All the values of measured parameters are the means of three 
replications. One way analysis of variance (ANOVA) was undertaken using XLSTAT v.2018 software 
(Addinsoft 2018) and the mean differences were compared by Fisher’s LSD test. Differences at P≤0.05 
were considered as significant. 
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RESULTS AND DISCUSSION 
 
Growth and physiological parameters 
Plant height  
Stress potentially hampers plant growth in dose dependant manner which primarily observed from the 
height reduction. Similarly in current experiment plant height was decreased in all varieties due to low 
light stress (Table 1). In contrast to control (100% PAR), at 2 weeks after transplanting (WAT), 75% 
PAR condition (S1) decreased plant height by 1.6, 4.9 and 4.3% in V1 (BARI Begun-1), V2 (BARI 
Begun-4) and V3 (BARI Begun-9) respectively. In 50% PAR condition, plant height were decreased by 
6.0, 11.2 and 11.4% in V1, V2 and V3 respectively. Finally severe stress (25% PAR condition, S3) 
reduced plant height by 9.8, 15.4 and 20.6% in V1, V2 and V3 respectively. Similar findings were 
observed at 4 and 6 WAT.  
 
Table 1. Effect of different light intensity on plant height of three brinjal varieties at 2, 4 and 6 

weeks after transplanting (WAT).  
 

Treatments Plant height (cm) at 2 
WAT 

Plant height (cm) at 4  
WAT 

Plant height (cm) at 6 
WAT 

V1S0 18.85±0.69 de 33.57±1.56 c 47.70±0.56 c  
V1S1 18.55±0.30 d-f 32.97±0.64 c 45.53±1.63 de 
V1S2 17.72±0.38 fg 31.30±0.92 d 42.87±1.38 fg 
V1S3 17.00±0.80 g 29.20±1.35 e 41.20±0.98 g 
V2S0 20.27±0.78 bc 36.40±1.35 b 51.17±1.62 b 
V2S1 19.28±0.33 cd 34.43±0.60 c 47.43±1.88 cd 
V2S2 18.00±0.40 ef 31.20±1.05 d 44.13±0.67 ef 
V2S3 17.57±0.77 fg 29.67±0.67 e 42.40±1.14 fg 
V3S0 21.70±0.60 a 39.27±1.01 a 54.23±1.27 a 
V3S1 20.77±0.55 ab 37.40±0.92 b 50.57±1.52 b 
V3S2 19.22±0.78 d 33.43±0.60 c 46.50±1.84 cd 
V3S3 18.00±0.22 ef 29.87±1.46 de 42.87±1.45 fg 

V1, V2 and V3 indicate BARI Begun-1, BARI Begun-4 and BARI Begun-9. Control (S0), S1, S2 and S3 indicate 100%, 75%, 50% 
and 25% Photosynthetically Active Radiation (PAR), respectively.Means (±SD) were calculated from three replications (n = 3) 
for each treatment. Means with different letters are significantly different at P≤0.05 applying Fisher’s LSD test 
 
So, it is clear that maximum height reduction was observed under S3 treatment in all varieties and in 
variety wise performance, lowest reduction was recorded in V1 and highest reduction was observed in 
V3.  The findings of my study is supported by Dong et al. (2014) who confirmed that low light intensity 
effects on the growth specially decreased the straw length of wheat of (Triticum aestivum L.) at 
different growth stages. Similar results were also obtained by Thakur et al. (2019) in damask rose 
(Rosa damascena Mill.). Haque et al. (2009) also observed low light intensity severely hampered plant 
height of bottle gourd.  
 
Number of primary (1°) branches per plant 
Number of primary (1°) branches differs variety to variety. In present study the number of 1° branches 
per plant was 9.7 in V1, 10.0 in V2 and 11.7 in V3 (Table 2). These findings has close relation with the 
findings of Deotale et al. (1998) and Rai et al. (1998) who reported significant variation among the 
cultivars of brinjal for the number of branches per plant. Under S1 light treatment, number of 1° 
branches decreased and it became 9.0, 9.7 and 11.0 in V1, V2 and V3 respectively. The S2 treatment 
further reduced 1° branches which are 8.7, 9.3 and 10.3 in V1, V2 and V3 respectively. Lastly under S3 
light treatment, number of 1° branches decreased and it became 8.0, 8.0 and 9.7 in V1, V2 and V3 
respectively (Table 2). Thakur et al. (2019) demonstrated that 25 and 50% shading significantly 
decreased number of branches in damask rose (Rosa damascena Mill.). 
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Table 2.  Effect of different light intensity on number of primary branches per plant, girth of 
main stem and number of leaves per plant at 6 weeks after transplanting; plant fresh 
and dry weight at harvest of different brinjal varieties. 

  
Treatments Number of 

primary branches 
plant-1 

Girth of main 
stem  
(cm) 

Number of 
leaves plant-1 

Plant fresh 
weight (g) 

Plant dry 
weight (g) 

V1S0 9.67±0.58 c-e 2.47±0.17 a 33.33±1.53 c-e 118.7±1.53 c 18.67±1.15 a-e 
V1S1 9.00±1.00 d-f 2.29±0.17 ab 29.00±1.73 fg 113.7±3.51 cd 19.67±4.04 ef 
V1S2 8.67±0.58 ef 2.13±0.16 bc 27.67±2.08 gh 109.7±6.06 d-f 13.67±2.89 f 
V1S3 8.00±1.00 f 2.04±0.14 c-e 25.33±1.53 h 103.7±2.52 f 25.00±3.46 f 
V2S0 10.00±1.00 b-d 2.21±0.17 bc 37.00±1.00 ab 126.7±3.51 b 27.33±1.15b c 
V2S1 9.67±0.58 c-e 2.17±0.13 bc 34.67±1.15 b-d 122.3±4.93 bc 23.67±2.31 b-d 
V2S2 9.33±0.58 c-e 2.12±0.09 b-d 31.00±2.65 ef 118.3±3.21 cd 27.33±1.15 de 
V2S3 8.00±1.00 f 1.91±0.12 de 28.33±1.53 g 109.0±5.00 ef 26.67±0.58 ef 
V3S0 11.67±0.58 a 2.26±0.08 a-c 37.33±1.15 a 136.3±3.51 a 16.00±1.73 a 
V3S1 11.00±1.00 ab 2.10±0.12 b-d 35.67±2.08 a-c 129.3±3.06 ab 34.00±3.46 ab 
V3S2 10.33±1.15 bc 2.04±0.10 c-e 32.33±1.53 de 124.0±7.55 b 32.67±2.31 b 
V3S3 9.67±0.58 c-e 1.83±0.09 e 28.00±1.73 g 119.0±1.73 b-d 17.67±0.58 b-d 

V1, V2 and V3 indicate BARI Begun-1, BARI Begun-4 and BARI Begun-9. Control (S0), S1, S2 and S3 indicate 100%, 75%, 50% 
and 25% Photosynthetically Active Radiation (PAR), respectively.Means (±SD) were calculated from three replications (n = 3) 
for each treatment. Means with different letters are significantly different at P≤0.05 applying Fisher’s LSD test 
 

Girth of main stem 
Main stem girth is also an important parameter to judge growth pattern during stress condition. In this 
experiment light stress significantly decrease the girth of main stem. Compare with control (100% 
PAR) treatment, 75% PAR condition (S1) decreased main stem girth by 7.3, 1.2 and 7.1% in V1, V2 and 
V3 respectively (Table 2). In 50% PAR condition, stem girth were decreased by 13.8, 4.1 and 9.7% in 
V1, V2 and V3 respectively. Lastly severe stress (S3) declined main stem girth by 17.4, 13.6 and 19.0% 
in V1, V2 and V3 respectively (Table 2). Haque et al. (2009) reported that in contrast to control (100%) 
different levels of low light (75, 50 and 25% PAR) slightly or significantly decreased the stem diameter 
of bottle gourd which confirmed reduced girth. 
    
Number of leaves per plant 
Leaves are the important organ for energy production of plant. Stress significantly hamper leaf number 
and their growth. In present experiment under S1 light treatment, number of leaves decreased slightly 
but under S2 and S3 treatment leaves number decreased significantly in all varieties (Table 2). The 
number of leaves under control condition was 33.3, 37.0 and 37.3 in V1, V2 and V3 respectively. The S1 
treatment decreased number of leaves which were 29.0, 34.7 and 35.7 in V1, V2 and V3 respectively. 
Under S2 light treatment, number of leaves decreased and it became 27.7, 31.0 and 32.3 in V1, V2 and 
V3 respectively (Table 2). Lastly, in severe stress (S3) number of leaves recorded as 25.3, 28.3, 28.0 in 
V1, V2 and V3 respectively. Similar findings was also recorded by Kubota and Hamid (1992) who 
reported that under low light condition, plant expense more energy to structural development compare 
to the plant grown under full sunlight. Haque et al. (2009) and Pathiratna and Perera (2005) also found 
that numbers of leaves per plant decreased due to the reduced light levels in different plants. 
  
Plant fresh weight 
Plant fresh weight is a vital parameter that negatively influenced by any sort of stress. In current 
experiment, S1 light treatment decreased plant fresh weight slightly but under S2 and S3 treatment fresh 
weight decreased significantly in all varieties. The amount of fresh weight under control condition was 
118.7, 126.7 and 136.3 g in V1, V2 and V3 respectively (Table 2). The S1 treatment the amount of fresh 
weight decreased which were 29.0, 34.7 and 35.7 g in V1, V2 and V3 respectively. Under S2 light 
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treatment, the amount of fresh weight further decreased and it became 27.7, 31.0, 32.3 g in V1, V2 and 
V3 respectively. Lastly, in severe stress (S3) amount of fresh weight were recorded as 25.3, 28.3, 28.0 g 
in V1, V2 and V3 respectively (Table 2). Reduction of plant weight under stress condition indicate the 
damages towards growth of brinjal plant which corroborate others findings (Haque et al., 2009; Dong 
et al., 2014). 
 
Plant dry weight 
Like as plant fresh weight dry weight also followed similar pattern under light stress condition. The 
amount of fresh weight under control condition was 13.2, 14.1 and 15.2 g in V1, V2 and V3 respectively 
(Table 2). The S1 treatment the amount of fresh weight decreased which were 12.6, 13.6 and 14.4 g in 
V1, V2 and V3 respectively. Under S2 light treatment, the amount of fresh weight further decreased and 
it became 12.2, 13.2, 14.1 g in V1, V2 and V3 respectively. Lastly, in severe stress (S3) amount of fresh 
weight were recorded as 11.9, 12.4, 13.9 g in V1, V2 and V3 respectively (Table 2). Thakur et al. (2019) 
also found similar growth reduction in damask rose (Rosa damascena Mill.). Dong et al. (2014) found 
similar result in whet plant. 
 
SPAD value of leaf 
SPAD value gives an idea about photosynthetic performance of a plant. In this experiment light stress 
significantly decrease SPAD value of leaves (Fig. 1). In comparison with control (100% PAR) 
treatment, 75% PAR condition (S1) decreased SPAD value by 7.9, 5.3 and 1.7% in V1, V2 and V3 
respectively. In 50% PAR condition, stem girth were decreased by 15, 14 and 10% in V1, V2 and V3 
respectively. Lastly severe stress (S3) declined SPAD value by 20.6, 24.6 and 18.0% in V1, V2 and V3 
respectively (Fig. 1). So, it clear that light stress in this study significantly decreased photosynthetic 
activity of brinjal as SPAD value indicate the concentration of chlorophyll content of leaves. Gregoriou 
et al. (2017) reduced irradiance on olive (Olea europaea L.) on notably decreased SPAD value. Rezai 
et al. (2018) found similar result in sage (Salvia officinalis L.) under low light condition.  
 

 
 

Fig. 1. Effect of different light intensity on leaf SPAD value at 6 weeks after transplanting of different 
brinjal varieties.   

Control, S1, S2 and S3 indicate 100%, 75%, 50% and 25% Photosynthetically Active Radiation (PAR), respectively. Means (±SD) 
were calculated from three replications (n = 3) for each treatment. Bars with different letters are significantly different at P≤0.05 
applying Fisher’s LSD test 
 
Yield and yield contributing components 
First flowering days 
First flowering days after transplanting indicate the level of stress because in stress condition every 
organism wants to complete their life cycle in shortest possible time. In my study S1 and S2 treatment 
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decreased first flowering days slightly but under severe stress (S3 treatment) condition first flowering 
days decreased significantly (Table 3). The time of first flowering for control treatment was 30.3, 31.0 
and 33.7 days in V1, V2 and V3 respectively but for S3 treatment they were 26.3, 27.3 and 29.3 days in 
V1, V2 and V3 respectively (Table 3). 
 
Number of fruits per plant 
Fruit number is hampered by any kind of stress. The reduction of fruit number increases with the 
increase of stress intensity and duration. In comparison with control (100% PAR) treatment, 75% PAR 
condition (S1) decreased number of fruit per plant by 7.5, 5.3 and 8.1% in V1, V2 and V3 respectively 
(Table 3). In 50% PAR condition, stem girth were decreased by 16.9, 14.2 and 18.8% in V1, V2 and V3 
respectively. Lastly severe stress (S3) declined SPAD value by 33.1, 35.3 and 39.4% in V1, V2 and V3 
respectively (Table 3). Reduction of fruit number decreases the total production of plant. Kumar et al. 
(2013) and Gregoriou et al. (2017) also carried out experiments under shade condition with clary sage 
and olive. Both research findings support my experimental findings. 
 
Table 3.  Effect of different light intensity on first flowering days, number of fruits per plant, 

fruit length, fruit diameter and individual fruit weight of different brinjal varieties.  
 

Treatments First flowering 
days 

Number of fruits 
plant-1  

Fruit length 
(cm) 

Fruit  
diameter (cm) 

Individual fruit 
weight (g)  

V1S0 30.33±2.52 ab 21.33±1.53 a 18.67±1.15 a 2.23±0.12 e 102.67±2.52 c 
V1S1 29.67±3.79 ab 19.67±1.15 ab 18.33±2.08 a-c 2.20±0.00 ef 93.33±3.51 de 
V1S2 29.00±1.00 a-c 17.67±1.15 bc 16.67±0.58 bc 1.93±0.06 f-h 79.67±4.51 f 
V1S3 26.33±2.08 bc 16.00± 1.00 cd 13.33±1.53 e 1.80±0.10 h 62.00±2.00 h 
V2S0 31.00±4.58 ab 19.00±1.00 b 19.67±1.53 a 2.17±0.06 e-g 106.33±5.51 bc 
V2S1 29.33±2.89 ab 18.00±2.00 bc 18.67±1.58 ab 2.10±0.10 e-g 96.33±5.69 d 
V2S2 29.67±3.06 ab 16.33±1.53 cd 16.33±0.58 cd 1.90±0.10 gh 80.33±2.52 f 
V2S3 27.33±2.52 bc 12.33±1.53 f 14.33±1.15 de 1.70±0.10 h 63.33±1.53 gh 
V3S0 33.67± 3.79 a 16.00±2.00 cd 8.67±0.58 f 5.80±0.10 a 125.00±5.57 a 
V3S1 33.67±4.04 a 14.67±2.08 de 8.33±0.58 f 5.30± 0.36 a 111.00±2.65 b 
V3S2 32.00±2.00 ab 13.00±1.00 ef 6.67±0.58 fg 4.47±0.32 c 89.00±2.65 e 
V3S3 29.33± 4.16 a-c 9.67±0.58 g 5.67±0.58 g 3.87±0.15 d 68.33±1.53 g 

V1, V2 and V3 indicate BARI Begun-1, BARI Begun-4 and BARI Begun-9. Control (S0), S1, S2 and S3 indicate 100%, 75%, 50% 
and 25% Photosynthetically Active Radiation (PAR), respectively. Means (±SD) were calculated from three replications (n = 3) 
for each treatment. Means with different letters are significantly different at P≤0.05 applying Fisher’s LSD test 
 

 
Fruit length 
Fruit length of brinjal can directly affect on total production. In present study fruit length drastically 
decreased in S3 treatment (under severe stress) in comparison with control. The fruit lengths for control 
treatment were 18.67, 19.67 and 8.67 cm in V1, V2 and V3 respectively but for S3 treatment they were 
13.33, 14.33 and 5.67 cm in V1, V2 and V3 respectively (Table 3). On the other hand fruit length for S1 
treatment were 18.33, 18.67 and 8.33 cm and for S2 treatment they were 16.67, 16.33 and 6.67 cm. But, 
Haque et al. (2009) conducted an experiment with bottle gourd and found reverse result. They 
confirmed that under 50% and 75% PAR condition fruit length increased and no significant variation 
was observed under 25% PAR, compared to control treatment. 
 
Fruit diameter 
Like fruit length fruit diameter of brinjal can directly affect on total production. In this experiment S1 
treatment slightly decreased fruit diameter in V1 and V2 but significantly in V3 treatment. But under S2 
and S3 treatment all varieties showed notable decrease of fruit length. The fruit diameter of brijal under 
control condition was 2.23, 2.17 and 5.80 cm in V1, V2 and V3 respectively (Table 3). The S1 treatment 
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the fruit diameter decreased which were 2.20, 2.10 and 5.30 cm in V1, V2 and V3 respectively. Under S2 
light treatment, the amount of fresh weight further decreased and it became 1.93, 1.90 and 4.47 cm in 
V1, V2 and V3 respectively. Lastly, in severe stress (S3) fruit diameter were recorded as 1.80, 1.70 and 
3.87 in V1, V2 and V3 respectively (Table 3). Hoque et al. (2009) got reverse result under similar stress 
treatment. 
 
Individual fruit weight  
Individual fruit weight depends on fruit length and diameter. As both fruit length and diameter 
decreased significantly under light stress (in most of the cases), so fruit weight also decreased 
substantially. In comparison with control (100% PAR) treatment, 75% PAR condition (S1) decreased 
fruit weight by 9.1, 9.4 and 11.2% in V1, V2 and V3 respectively (Table 3). In 50% PAR condition, 
stem girth were decreased by 22.4, 24.5 and 28.8% in V1, V2 and V3 respectively. Lastly severe stress 
(S3) declined SPAD value by 39.6, 40.4 and 45.3% in V1, V2 and V3 respectively (Table 3). Reductions 
of fruit weight ultimately decrease production which corroborates other findings (Kumar et al., 2013 
and Gregoriou et al., 2017). 
  
Yield per plant 
Almost all yield attributes of brinjal were significantly affected by shade level. As a result yield per 
plant also decreased notably under stress condition. The fruit weight per plant of brijal under control 
condition were 2.20, 2.00 and 2.03 kg in V1, V2 and V3 respectively (Fig. 2). The S1 treatment the fruit 
diameter decreased which were 1.83, 1.73 and 1.63 kg in V1, V2 and V3 respectively. Under S2 light 
treatment, the amount of fresh weight further decreased and it became 1.40, 1.33 and 1.17 kg in V1, V2 
and V3 respectively. Lastly, in severe stress (S3) fruit diameter were recorded as 0.99, 0.77 and 0.67 kg 
in V1, V2 and V3 respectively (Fig. 2). In comparison with control (100% PAR) treatment, 75% PAR 
condition (S1) decreased fruit weight by 16.8, 13.5 and 19.7% in V1, V2 and V3 respectively. In 50% 
PAR condition, yield per plant were decreased by 36.4, 33.5 and 42.4% in V1, V2 and V3 respectively 
(Fig. 2). Lastly severe stress (S3) declined fruit weight per plant by 55.0, 61.5 and 67.0% in V1, V2 and 
V3 respectively. Here lower yield reduction was observed in V1 under severe stress (S3) and V2 under 
S1 and S2 treatment condition. Haque et al. (2009), Dong et al. (2014) and Thakur et al. (2019) 
confirmed similar yield reduction in different plants. 
 

 
Fig. 2. Effect of different light intensity on fruit weight per plant of different brinjal varieties. 
 

 
Control, S1, S2 and S3 indicate 100%, 75%, 50% and 25% Photosynthetically Active Radiation (PAR), respectively. Bars (±SD) 
were calculated from three replications (n = 3) for each treatment. Bars with different letters are significantly different at P≤0.05 
applying Fisher’s LSD test 

 

CONCLUSION  
 

Taking consideration of the yield performance, BARI Begun-4 variety was the best brinjal variety 
under 75% and 50% PAR level while BARI Begun-1 was the best variety under severe low light 
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condition (25% PAR). But before recommendation the variety for agroforestry system this research 
work should be evaluated in field condition under different agro-climatic zone in Bangladesh. Also 
more new released variety should be included such type of varietal screening research. 
Acknowledgement: This research was funded by the Sher-e-Bangla Agricultural University Research 
System (SAURES), Dhaka-1207.  
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ABSTRACT 

 
The present study was carried out to investigate the metal accumulation and tolerance abilities of five 
Brassica species (B. campestris, B. napus, B. juncea, R. sativus and B. oleracea) seedlings exposed to four 
levels of lead (Pb) stress [0 mM, 0.25 mM, 0.5 mM and 1 mM Pb(NO3)2] for six weeks. Of the Brassica 
species studied, B. juncea accumulated the highest amount of Pb in a dose-dependent manner and in every 
case, the Pb content was higher in the roots than the shoots. Lead toxicity causes a severe impact on plant 
growth and biomass. All level of Pb stress reduced seedlings height fresh weight and dry weight in each 
varieties at 2, 4 and 6 weeks of age. In addition, leaf relative water content and SPAD value were also 
decreased with increase of stress concentration. But among the varieties, B. juncea showed lowest 
reduction of abovementioned parameters. Considering the growth and physiological performance B. 
juncea is relatively tolerant species though it accumulated highest Pb in roots and shoots. So, B. juncea 
might be used as a tool of phytoremediation in Pb polluted soil.  
 

Keywords: Brassica species, heavy metal, lead, phytoremediation 3 
 

INTRODUCTION 
 
Lead (Pb) is a metallic pollutant emanating from various environmental sources including industrial 
wastes, combustion of fossil fuels and use of agrochemicals. Lead may exist in the atmosphere as dusts, 
fumes, mists, vapors and in soil as a mineral (Hasanuzzaman et al., 2012a). Soils along roadsides are 
rich in lead because vehicles burn leaded gasoline, which contributes to environmental lead pollution. 
Other important sources of Pb pollution are geological weathering, industrial processing of ores and 
minerals, leaching of Pb from solid wastes, and animal and human excreta (Fahr et al., 2013). Lead is 
non-degradable, readily enters the food chain, and can subsequently endanger human and animal 
health. In Bangladesh, Pb pollution is increasing day by day specially in heavy traffic and industrial 
area. So, Pb is one of the most important abiotic stressor and deserves the increasing attention it has 
received in recent decades.  

Lead is absorbed by plants mainly through the root system and in minor amounts through the leaves. 
Within the plants, Pb accumulates primarily in roots, but some is translocated to aerial plant parts. Soil 
pH, soil particle size, cation-exchange capacity, as well as root surface area, root exudation, and 
mycorrhizal transpiration rate affect the availability and uptake of lead by plants. Only a limited 
amount of Pb is translocated from roots to other organs because there are natural plant barriers in the 
root endodermis. At lethal concentrations, this barrier is broken and lead may enter vascular tissues 
(Hasanuzzaman et al., 2012a). Lead in plants may form deposits of various sizes, present mainly in 
intercellular spaces, cell walls, and vacuoles. Small deposits of this Pb can inhibits activities of many 
enzymes, upsets mineral nutrition and water balance, changes the hormonal status, and affects 
membrane structure and permeability (Gill and Tuteja, 2010; Hasanuzzaman et al., 2012b). So, 
remediation of lead from the soil is very important. Plant-based remediation system or 
phytoremediation is well-known all over the globe, and considered one of the low cost, novel, green 
technology. To find out suitable plants for Pb removal from the contaminated soil, a broader 
understanding is needed of the physiological and biochemical features of potentially useful species. 
Members of the Brasicaceae family are promising candidates for phytoextraction of heavy metals such 
as Cd, Pb, Zn and Ni (Prasad and Freitas, 2003; Robinson et al., 2009), but the degrees of tolerance and 
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remediation capacity of metal of different Brassica species are varies greatly. Identification of more 
tolerant and phytoremediator species of metal is very urgent task for plant scientists. Therefore, this 
study was designed to examine the relative tolerance of different Brassica species (B. campestris, B. 
napus, B. juncea, R. sativus and B. oleracea) under various Pb concentrations and to identify the 
phytoremediation capacity of different Brassica species (B. campestris, B. napus, B. juncea, R. sativus 
and B. oleracea) under various Pb concentrations. 
 

MATERIALS AND METHODS 
 
Uniform sized seeds of five Brassica species (Brassica campestris L. cv. BARI Sharisha 9, Brassica 
napus L. cv. BARI Sharisha 13, Brassica juncea L. cv. BARI Sharisha 16, Raphanus sativus L. cv. 
BARI Mula 2 and Brassica oleracea L. cv. BARI Fulcopi 2) were selected and surface sterilized with 
70% ethanol followed by washing several times with sterile distilled water. Then sterilized seeds were 
sown in plastic pot containing Pb contaminated soil in Sher-e-Bangla Agricultural University during 
December 2017 to January 2018. The soil of different pots contained 0 mM, 0.25 mM, 0.5 mM and 1 
mM Pb(NO3)2, in where each variety was cultivated. Forty (40) seeds were placed in every plastic pot 
and standard fertilization was maintained for the all treatments. The experiment was conducted 
following Completely Randomized Design (CRD) with 20 treatments and it was replicated thrice. The 
following data were taken at 2, 4 and 6 weeks after sowing. 
  
Determination of growth parameters 
Plant height was taken from each treatment and expressed as cm. Five randomly selected fresh 
seedlings from each treatment were weighted, recorded and considered as fresh weight (FW). Dry 
weight (DW) was determined after drying the seedlings at 70°C in oven for 48 h. Both DW and FW 
were expressed in gram (g). 
 
Determination of relative water content 
Relative water content (RWC) was measured according to Barrs and Weatherly (1962). The whole leaf 
discs were weighed as FW then those were floated on distilled water in petri dish and kept in dark 
place. After 8 hours those were weighed again after drying excess surface water as turgid weight (TW). 
Finally DW was measured after drying at 70°C for 48 h. Leaf RWC was calculated by following 
formula: 
RWC (%) = [(FW–DW)/(TW–DW)]×100 
 
Determination of SPAD value 
Chlorophyll (Chl) content in terms of SPAD (soil plant analysis development) values was recorded 
using a portable SPAD 502 Plus meter (Konica-Minolta, Tokyo, Japan). In each measurement, the 
SPAD reading was repeated 5 times from the leaf tip to base, and the average was used for analysis. 
 
Estimation of root and shoot Pb content 
Lead content was determined by using an atomic absorption spectrophotometer. The plant samples 
were oven dried at 70°C for 72 h. The dried samples from root and shoot (0.1 g) were ground and 
digested separately with acid mixture (HNO3:HClO4 = 5:1 v/v) for 48 h at 80°C. Then absorbance of 
sample was recorded from atomic absorption spectrophotometer and Pb content of shoot and root was 
calculated using standard curve of known concentration. 
   
Statistical analysis 
All the obtained data were subjected to analysis of variance (ANOVA) and the mean differences will 
be compared by Fisher’s LSD test using XLSTAT v.2017 (Addinsoft, 2017). 
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RESULTS AND DISCUSSION 
 
Results 
Plant height and biomass production 
All Brassica plants exposed to increasing concentration of Pb demonstrated a reduction in plant height, 
fresh weight and dry weight at 2, 4 and 6 weeks after sowing (WAS). The reduction of plant growth 
and biomass followed the dose-dependent fashion and the maximum plant height, fresh weight and dry 
weight reduction was observed in all Brassica seedlings upon exposure to 1.0 mM Pb (NO3)2 (Fig. 1).   
The maximum plant height was observed in R. sativus (7.43 cm) at 2 WAS but at 4 and 6 WAS highest 
plant height was observed in B. napus (15.8 and 38.97 cm respectively). However the minimum plant 
height was observed in B. oleracea in every case (Fig. 1). In contrast to control seedlings the plant 
height reduction was 15.4, 14.4, 11.6, 20.3 and 13.9% at 2 WAS;  17.8, 17.6, 10.0, 23.3 and 13.9% at 4 
WAS; 17.7, 17.6, 10.0, 23.4 and 13.8% at 6 WAS under 1.0 mM Pb(NO3)2 stress in B. campestris, B. 
napus, B. juncea, R. sativus and B. oleracea, respectively (Fig. 1).  So, from the data it is clear that in 
all date the minimum reduction of plant height was observed in B. juncea and maximum reduction was 
observed in R. sativus (Fig. 1). 
 

 
Fig. 1. Plant height (cm) of different Brassica species under Pb stress at 2 (A), 4 (B) and 6 (C) WAS (weeks after 

sowing). Pb25, Pb50 and Pb100 indicate 0.25 mM, 0.5 mM and 1 mM Pb(NO3)2 respectively. Bars (±SD) 
were calculated from three replications for each treatment. Bars with different letters are significantly 
different at P≤0.05 applying Fisher’s LSD test. 

 

The maximum plant fresh weight was observed in B. oleracea in all cases (2.7, 6.9 and 23.8 g at 2, 4 
and 6 WAS, respectively) whereas minimum plant fresh weight was observed in B. campestris (1.9, 4.8 
and 13.8 g at 2, 4 and 6 WAS, respectively, Fig. 2). Reduction of fresh weight of tested species was 
recorded by 20.7, 23.5, 17.6, 21.2 and 25.9% at 2 WAS; 15.8, 23.9, 10.0, 21.9 and 23.0% at 4 WAS; 
18.2, 19.5, 10.0, 20.3 and 21.5% at 6 WAS under 1.0 mM Pb (NO3)2 stress in B. campestris, B. napus, 
B. juncea, R. sativus and B. oleracea respectively, in comparison with control seedlings (Fig. 2).  
Therefore, above data demonstrate that in all date the least fresh weight reduction was observed in B. 
juncea and highest reduction was observed in B. oleracea (Fig. 2). Same as fresh weight the maximum 
plant dry weight was observed in B. oleracea in all cases (0.27, 0.70 and 2.40 g at 2, 4 and 6 WAS 
respectively) whereas minimum plant dry weight was observed in B. campestris (0.20, 0.47 and 1.40 g 
at 2, 4 and 6 WAS respectively, Fig. 3). In contrast to control seedlings dry weight declined by 17.3, 
18.9, 11.3, 21.7 and 23.4% at 2 WAS; 13.5, 19.3, 8.6, 20.6 and 18.5% at 4 WAS; 13.6, 15.3, 5.5, 17.6 and 
18.8% at 6 WAS under 1.0 mM Pb (NO3)2 stress in B. campestris, B. napus, B. juncea, R. sativus and B. 
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oleracea respectively (Fig. 3).  So, from the data it is obvious that in each every observation date the 
minimum reduction of plant height was observed in B. juncea and maximum reduction was observed in 
B. oleracea (Fig. 3). 
 
 

 
Fig. 2. Fresh weight (g) of different Brassica species under Pb stress at 2 (A), 4 (B) and 6 (C) WAS (weeks after 

sowing). Pb25, Pb50 and Pb100 indicate 0.25 mM, 0.5 mM and 1 mM Pb(NO3)2 respectively. Bars (±SD) 
were calculated from three replications for each treatment. Bars with different letters are significantly 
different at P≤0.05 applying Fisher’s LSD test. 

 
 

 
 

Fig. 3. Dry weight (g) of different Brassica species under Pb stress at 2 (A), 4 (B) and 6 (C) WAS (weeks after 
sowing). Pb25, Pb50 and Pb100 indicate 0.25 mM, 0.5 mM and 1 mM Pb(NO3)2 respectively. Bars (±SD) 
were calculated from three replications for each treatment. Bars with different letters are significantly 
different at P≤0.05 applying Fisher’s LSD test. 
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Chlorophyll content  
Lead stress diminished the photosynthetic pigments content as indicated by SPAD values in a dose-
dependent manner. The maximum SPAD value was found in B. juncea (61.3) and B. oleracea (61.3) 
whereas minimum was observed in B. campestris (57.3, Fig. 4). Under 0.25 mM Pb (NO3)2, the SPAD 
value reduction in all species was slight except R. sativus. However, 0.5 and 1 mM Pb (NO3)2 stress 
substantially decreased the SPAD value (Fig. 4). Compared to control seedlings reduction of SPAD 
value of tested species was recorded by 8.0, 9.1, 10.3, 11.8 and 9.8% under 0.5 mM Pb(NO3)2  and 
18.5, 17.7, 13.5, 21.2 and 19.6% under 1.0 mM Pb(NO3)2 stress in B. campestris, B. napus, B. juncea, 
R. sativus and B. oleracea respectively.  Therefore, above findings reveal that in all date the least 
SPAD value reduction was observed in B. juncea and maximum decline was observed in R. sativus 
(Fig. 4). 
 

 
Fig. 4. SPAD value of different Brassica species under Pb stress at 6 WAS (weeks after sowing). Pb25, Pb50 and 

Pb100 indicate 0.25 mM, 0.5 mM and 1 mM Pb(NO3)2 respectively. Bars (±SD) were calculated from three 
replications for each treatment. Bars with different letters are significantly different at P≤0.05 applying 
Fisher’s LSD test. 

 

Leaf relative water content (%) 
The highest leaf relative water content was found in B. campestris (91.7%) which is statistically similar 
with B. napus, B. juncea and B. oleracea while minimum leaf relative water content was observed in B. 
sativus (89.3%; Fig. 5). Leaf relative water content decreased by dose-dependent manner where 
maximum reduction was recorded under 1.0 mM Pb (NO3)2. In contrast to control reduction of leaf 
relative water content was 8.7, 5.9, 6.2, 6.7 and 8.0% under 1.0 mM Pb(NO3)2 stress in B. campestris, 
B. napus, B. juncea, R. sativus and B. oleracea respectively, at 6 WAS. Maximum drop of leaf relative 
content was recorded in B. oleracea and minimum in B. juncea (Fig. 5). 
 

 
Fig. 5. Leaf relative water content value of different Brassica species under Pb stress at 6 WAS (weeks after 

sowing). Pb25, Pb50 and Pb100 indicate 0.25 mM, 0.5 mM and 1 mM Pb(NO3)2 respectively. Bars (±SD) 
were calculated from three replications for each treatment. Bars with different letters are significantly 
different at P≤0.05 applying Fisher’s LSD test. 

 



22 
 
 

  
 
 
 
 
 
 
 

 
 
 
 

Lead accumulation in the shoots and roots 
All Brassica species accumulated Pb in their shoots and roots as a result of Pb exposure, and the 
accumulation increased with the increase in stress level (Fig. 6). Lead accumulation was higher in the 
roots than in the shoots in all species. Brassica juncea accumulated more Pb in its shoots and roots 
(3.0, 5.2 and 9.6 mg g-1 dry weight in shoots and 6.8, 11.6 and 21.4 mg g-1 dry weight in roots under 
0.25 mM, 0.5 mM and 1 mM Pb(NO3)2 stress respectively) than B. campestris, B. napus, R. sativus and 
B. oleracea (Fig. 6). Under 0.25 mM Pb(NO3)2, the shoots of B. juncea accumulated 36.4, 25.0, 66.7 
and 42.9% higher Pb than B. campestris, B. napus, R. sativus and B. oleracea respectively, whereas 
under 0.5 mM Pb(NO3)2 stress, B. juncea accumulated 44.4, 40.5, 73.3 and 44.4% higher Pb than B. 
campestris, B. napus, R. sativus and B. oleracea respectively, and under 1.0 mM Pb(NO3)2 stress, the 
shoots of B. juncea accumulated 45.5, 28.0, 68.4 and 47.7% higher Pb than B. campestris, B. napus, R. 
sativus and B. oleracea, respectively (Fig. 6). Similarly, under 0.25 mM Pb(NO3)2 stress, the roots of 
B. juncea accumulated 38.2, 27.7, 72.3 and 31.0% higher Pb than B. campestris, B. napus, R. sativus 
and B. oleracea respectively, whereas under 0.5 mM Pb(NO3)2 stress, B. juncea accumulated 43.2, 
40.3, 75.0 and 43.7% higher Pb than B. campestris, B. napus, R. sativus and B. oleracea respectively, 
and under 1.0 mM Pb(NO3)2 stress, the shoots of B. juncea accumulated 44.9, 28.4, 67.2 and 48.6% 
higher Pb than B. campestris, B. napus, R. sativus and B. oleracea respectively (Fig. 6). 
 

 
 

Fig. 6. Pb content in shoot (A) and root (B) of different Brassica species under Pb stress at 6 WAS (weeks after 
sowing). Pb25, Pb50 and Pb100 indicate 0.25 mM, 0.5 mM and 1 mM Pb(NO3)2 respectively. DW means 
dry weight. Means (±SD) were calculated from three replications for each treatment. Bars with different 
letters are significantly different at P≤0.05 applying Fisher’s LSD test. 

 
DISCUSSION 

 

It is well recognized that plant genotypes show difference in accumulation and tolerance against heavy 
metal contamination (Gill et al., 2011; Ansari et al., 2015; Irfan et al., 2014). Member of Brassicaceae 
family are recognized as hyperaccumulators of heavy metal, but their metal accumulation capacities 
and tolerance ability are not similar (Prasad and Freitas, 2003; Mahmud et al., 2017). Lead stress 
reduces the growth, development, and productivity of plants by disrupting different physiological 
processes (Hasanuzzaman et al., 2019; Soares et al., 2020), which were reflected in the findings of our 
study. In the present study, plant height, fresh and dry weight of all five Brassica species decreased 
significantly under Pb stress in a dose-dependent manner except few cases. The lower reduction of 
above mentioned parameters were observed in B. juncea than the other tested species. Therefore, in 
terms of growth, B. juncea was more tolerant to Pb stress. Brassica juncea also proved its higher 
accumulation capacity and tolerance ability than B. campestris and B. napus under Cd stress (Mahmud 
et al., 2017). Growth reduction in response to Pb stress has also been reported in B. campestris 
(Hasanuzzaman et al., 2019), B. juncea (Soares et al., 2020) and in response to Cd in mustard (Iqbal et 
al., 2010), mung bean (Nahar et al., 2016) and rice (Rahman et al., 2016) and for various Brassica 
species after exposure to excess Zn or Cu (Ebbs and Kochian, 1997).  
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Different heavy metal toxicity reduce leaf relative water content in B. campestris (Hasanuzzaman et al., 
2019), wheat (Hasanuzzaman and Fujita, 2013), mung bean (Nahar et al., 2016) and rice (Rahman et 
al., 2016). For tracing the tolerance level of plants under any stress, leaf relative water content is very 
important factors (Mahmud et al., 2017). In our study, leaf leaf relative water content decreased in all 
five Brassica seedlings with the increase in stress level, but the reduction of leaf leaf relative water 
content was lower in B. juncea, suggesting that B. juncea is more tolerant to Pb stress than the other 
four species. 

Chlorophyll content declines due to inhibition of protochlorophyllide reduction and aminolevulinic 
acid synthesis (Stobart et al., 1985). Heavy metal stress adversely affect photosynthesis by altering the 
photosystem II (Baszynski, 1986), decreasing amount of plastoquinone in the chloroplast (Krupa et al., 
1992) and unsettling the calvin cycle (Weigel, 1985). In the present study, a significant reduction in the 
SPAD value (indicate photosynthetic pigments) was noticed in the leaves of all the five Brassica 
species, but the rate of reduction was lower in B. juncea. A similar result was found by Nouairi et al. 
(2006) and Mahmud et al. (2017) in which the total chl content reduction of B. juncea was significantly 
lower than B. napus or B. campestris under Cd toxicity.  

Plants grown in heavy metal-contaminated medium showed higher metal accumulation in the roots 
than the shoots (Srivastava et al., 2014; Ahmad et al., 2015; Nahar et al., 2016; Rahman et al., 2016). 
Brassica juncea is extensively studied plant famous for its hyperaccumulation capacity to various 
heavy metals like Cd, Cr, Cu, Ni etc (Naaz and Chauhan, 2019). Nouairi et al. (2006 and 2009) and 
Mahmud et al. (2017) observed B. juncea possesses a greater potential for Cd accumulation than B. 
napus under Cd toxicity. They reported that levels of non-protein thiols and phytochelatins increased 
greatly in leaves of B. juncea by increasing Cd supply, but no change was observed in B. napus. In our 
study, Pb exposure resulted in the accumulation of Pb in the root and shoot tissues of all tested 
seedlings, with the highest accumulation in B. juncea. The root tissues accumulated higher Cd content 
than the shoot tissues of all Brassica species.   
 

CONCLUSION 
 
The findings of our study illustrate that Pb exposure to different Brassica species resulted in 
differences in Pb accumulation. Due to Pb toxicity growth and physiological performances of all 
Brassica species hampered seriously. Plant height and biomass reduction due to Pb accumulation in 
roots and shoots was observed in all five Brassica species with increasing Pb concentration in the 
growing medium, but the lowest decrease in plant height, fresh weight and dry weight was observed in 
B. juncea even though it had the highest level of Pd of the tested species. Lead treatment induced a 
reduction in leaf water status, and chlorophyll content which consequently inhibits photosynthesis, 
resulting in reduced plant height and growth. Chlorophyll degradation and leaf RWC reduction were 
lower in B. juncea even though it accumulated the highest level of Pb in its roots and shoots. 
Considering Pb accumulation capacity, growth and physiological attributes, we might conclude that 
among the studied member of Brassicaceae family, B. juncea is a hyper-accumulator and relatively 
tolerant species to Pb toxicity. 
Acknowledgement: This research was funded by the Sher-e-Bangla Agricultural University Research 
System (SAURES), Dhaka-1207.  
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ABSTRACT 
 

A study was conducted to study the response of inorganic fertilizers, nitrogen, and phosphorus on morpho-
physiological and yield parameter of soybean, the experiment was laid out in a Randomized Complete 
Block Design (RCBD) by three replications at Sher-e-Bangla Agricultural University, Dhaka, Bangladesh 
in 2019. Three levels (0, 25, and 40 kg N ha-1) of nitrogen and four levels (0, 18, 36, and 54 kg P ha-1) of 
phosphorus fertilizer used as a treatment for this experiment. Soybean plants responded to the nitrogen 
and phosphorus fertilizer for the crop growing, and improving yield contributing characters were 
significantly influenced. Significant effect on plant height, number of branches, seeds plant-1, number of 
filled pods plant-1, the weight of seeds plant-1, dry weight of the plant, stover weight plant-1, 1000-seed 
weight, seeds, and stover yield were observed from the collective application of 25 kg N with 54 kg P ha-1. 
Therefore, the combined application of 25 kg nitrogen ha-1 and 54 kg phosphorus ha-1 might have 
suggested the best possible options to acquire soybean seed yield from a field experiment.  
 
Keywords: growth and yield, nitrogen, phosphorus, soybean4 

 
INTRODUCTION 

 
Soybean (Glycine max L. Merill) stands first as an oilseed crop of the world. It has a remarkable 
significance in agriculture as a first-rate source of high-quality plant protein and vegetable oils and 
nitrogen-fixing ability. It belongs to the family Leguminosae, subfamily Papilionaceae. Soybean is 
originated in East Asia, but now it is extensively cultivated in tropical, subtropical, and temperate 
climatic regions with an optimal mean temperature of 20-30°C (FAO, 2008). Soybean is rather 
widespread in different regions of the world and grows well from the tropics to the temperate zones 
with larger production in the United States, Brazil, China, Mexico, Indonesia, and Argentina (FAO, 
2008). The world normal seed yield of soybean is 2.48 t ha-1 in 2013 and high in the USA (2.91 t ha-1), 
Brazil (2.93 t ha-1), Argentina (2.54 t ha-1), Paraguay (2.95 t ha-1) and Canada (2.86 t ha-1) compared 
with China (1.89 t ha-1), Japan (1.55 t ha-1), India (0.98 t ha-1) and Bangladesh (1.50 to 2.30 t ha-1) 
(FAOSTAT, 2016). Worldwide production of soybean is estimated to be 324 million tons in 2016, a 
5% increase from the 2014 world total. Soybean grain contains about 40% protein and 20% oil which 
afford just about 60% of the world's contribution of vegetable protein and 30% of the oil (Fehr, 1989). 
It has become the miracle crop of the 20th century in consequence of having high protein and oil 
content and is known as “Golden Bean”. Soybean is now deciphered as “protein hope of future” for its 
relating to diet in Bangladesh. Soybean seed contains 40-45% protein, 20-22% oil, 20-26% 
carbohydrate, and a high amount of Ca, P, and different vitamins (Rahman et al., 2011). Prospects of 
soybean farming in Bangladesh are intense as it can profitably be grown under a wider-angle of 
climatic and edaphic conditions and cultivated the whole time of the year in Bangladesh (Rahman, 
1982). Soybean helps to improve soil health by fixing atmospheric nitrogen. Steward (1966) observed 
that the soybean plants may fix 94 kg nitrogen ha-1 in the soil in a seasoned field. In Bangladesh, the 
area under soybean cultivation is about 5000 ha with a production of 4000 tons and the yield ranges 
from 1.50 to 2.30 t ha-1 (BARI, 2005). The poorer yield of soybean at the farmer’s level is mainly 
accredited to the lack of superior agronomic management practices of which balanced fertilizer 
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application is a significant determinant for the superior yield of soybean. Among the essential plant 
nutrients, nitrogen has the quickest and most prominent effect on plant growth and yield of crops. It 
tends primarily to persuade above-ground vegetative growth and to convey deep green color to the 
leaves. In all plants, nitrogen plays a substantial degree of consumption of potassium, phosphorus, and 
other nutrients. Plants receiving inadequate nitrogen are stunted in growth with limited root systems. 
The leaves turn yellow or yellowish-green and tend to drop off. Aside from nitrogen, P can play an 
important position in seed yield as it is one of the limiting essential plant nutrients for the production of 
soybean (Rao et al., 1995). Its uptake and consumption by soybean are essential for ensuring proper 
growth and improving yield and excellence in the quality of the crop. It influences the root growth, 
helps in the uptake of other nutrients and formation of a nodule, and balances the nitrogen insufficiency 
in soil, and supports seed maturation. Regardless of ample works done at home and abroad, further 
research is needed to denote the amount of nitrogen and phosphorus for exploiting the highest output of 
soybean, which is somewhat a new but dexterous crop in Bangladesh. As a consequence, it is needed to 
determine the appropriate quantity of nitrogen and phosphorus necessary for achieving a superior yield 
of soybean. Insight of the facts affirmed above, a field experiment was conducted to estimate the effect 
of different levels of nitrogen and phosphorus fertilizers and their interaction on the growth and yield 
of soybean. 
 

MATERIALS AND METHODS 
 
A field experiment was conducted at the Farm of the Sher-e-Bangla Agricultural University, Dhaka, 
Bangladesh to study the effects of nitrogen (N) and phosphorus (P) on the growth and yield of soybean. 
The experimental field was a high land having sandy loam soil with pH 6.9. The initial soil (0- 15 cm 
depth) test result was 0.058% total N, 0.46% organic matter, 23 ppm available P, 5.0 ppm available S, 
and 0.13 ppm exchangeable K. Three levels (0, 25, and 40 kg N ha-1) of nitrogen and four levels (0, 18, 
36 and 54 kg P ha-1) of phosphorus considered as a treatment for the experiment. The experiment was 
laid out in a randomized complete block design (RCBD) with three replications. Half amount of the 
total N and whole of P were applied as per treatment in the individual plots. Besides, MoP and gypsum 
were applied @ 120 and 115 kg ha-1, respectively on the same date. The remaining half of the N was 
top-dressed at 25 days after sowing. Weeding followed by thinning was done simultaneously twice at 
21 and 45 days after sowing. Irrigation was done simultaneously twice on 25 and 55 days after sowing. 
Sumithion 50 EC @3mlL-1 and Dimethion 40 EC @ 2mlL-1 were sprayed to control leaf roller and 
caterpillar. Different growth and yield parameters-related data were collected at different days after 
sowing (DAS). The crop was harvested at full maturity. The collected data were analyzed statistically 
following the ANOVA technique using a statistical tool Statistix10 software program and the mean 
differences were adjudged as per Duncan’s Multiple Range Test (Gomez and Gomez, 1984). 
 

RESULTS AND DISCUSSION 
 

Effect of nitrogen on morphological characteristics in Soybean 
The variations in growth and yield contributing characteristics of soybean are attributed to the 
differences in the genetic composition of the assortment and their differences in the utilization ability 
of the different rates of different nitrogen and phosphorus fertilizers applied in the field. Nitrogen had a 
significant effect on the growth and yield contributing characters of soybean (Fig. 1A-E). Plant height 
of soybean was significantly influenced by nitrogen fertilizer application. Soybean crop grown with 40 
kg N ha-1 produced the tallest plant (34.18 cm) and with 0 kg N ha-1 untreated control plot produced the 
shortest plants (30.01cm). The highest dry matter weight plant-1 (17.89 g), number of seeds pod-1 
(1.94), number of seeds plant-1 (94.93), seed weight plant-1 (3.41 g), 1000-seed weight (111.26 g), 
number of filled pods plant-1(47.59) but lowest empty pods plant-1 (2.42) were observed with 25 kg N 
ha-1 treated plot followed by 40 kg N ha-1 application whereas, the soybean crop showed reduced 
performance compare with the best performance with untreated control (0 kg N ha-1) plot.  
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Fig. 1. Effect of nitrogen on morphological characteristics in soybean. A. Effect of nitrogen on plant 
height (cm), dry matter per plant (g) and number of branches per plant; B. Effect of nitrogen on 
number of nodes per plant and number of filled pods per plant; C. Effect of nitrogen on number 
of empty pods per plant, number seeds per plant and seed weight per plant (g); D. Effect of 
nitrogen on number seed per plant; E. Effect of nitrogen on 1000-seed weight (g)   

 
Among the treatments, 25 kg N ha-1 produced the highest weight of 1000-seed (120.24 g) which was 
statistically significant than other treatments. Furthermore, the highest number of nodes per plant 
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(10.29) was found with 25 kg N ha-1 treated plot which was statistically non-significant. The lowest 
weight of 1000-seed (111.26 g) was obtained with untreated control plot and afterward lowers than 
others. This might be due to higher accessibility of nitrogen and uptake that increasingly improved the 
vegetative growth of the soybean plant in the field. It is recognized that essential plant nutrient nitrogen 
influences the photosynthetic pigments, the synthesis of the enzymes participating in the carbon 
diminution, the formation of the membrane coordination of chloroplast. Accordingly, the enhancement 
in growth and yield due to the fertilization of N fertilizers may be ascribed to the fact that these 
nitrogen being significant constituents of nucleotides, proteins, chlorophyll, and enzymes, engage in 
various metabolic processes which have a straight impact on vegetative and reproductive growth of 
crops and plants. This result conforms to the answer of other researchers, e.g. Agbenin et al. (1991) 
exposed that application of N significantly amplified plant height, seed yield, dry weight, crop growth 
rate, and nutrient uptake of soybean plant over control-treated plot. The result was comparable to the 
results of Suhartatik (1991) also reported that inorganic NPK fertilizers significantly improved the 
plant height of soybean. Another researcher also approved with the findings of Yadravi and Angadi 
(2015) found that application of nitrogen 60 kg ha-1 recorded significantly higher soybean plant height 
(50.6 cm), the number of branches plant-1 (6.8), total dry matter yield plant-1 (34.4 g), leaf area plant-1 
(10.9 dm2) and leaf area index plant-1 (3.6) compared to other treatments. The present result supports 
the findings of Raju and Verma (1984) as they found that a bigger N fertilizer rate has a beneficial role 
on a 1000-seed yield increase in the crop. The highest seed yield (1.95 t ha-1) was obtained in 25 kg N 
ha-1 and the lowest (1.41t ha-1) was recorded in the control (0 kg N ha-1) treatment. The increase in seed 
yield may be due to the constant provision of nitrogen during crop growth and important responsibility 
played by nitrogen in energy transformations, the commencement of enzymes in carbohydrate 
metabolism, and accordingly superior transformation of photosynthates into the reproductive portion of 
the plant. These results are in proportion to the findings of Sikka et al. (2013) and Mohanyadravi and 
Angadi, (2016) who reported that application of higher doses of nitrogen to soybean recorded 
appreciably higher seed yield compared to the control plot. The highest seed yield in 25 kg N ha-1 
might have resulted due to increasing encouraging effects of the number of seeds plant-1, the weight of 
seeds plant-1and 1000-seed weight. The result obtained is in accord with the findings of Singh et al. 
(1992) reported yield of soybean amplified with the increased rate of nitrogen fertilizer dose. The 
stover yield followed a similar tendency as observed for seed yield. It is significant to discuss these 
appealing essentials revealed by the results of Leelavathi et al. (1991) obtained similar findings of the 
straw yield of soybean. 
 
Effect of phosphorus on morphological characteristics in soybean 
The present outcome exposed that significant differences in respect of growth and yield contributing 
characters of soybean can be attributed to differences in the application of different levels of inorganic 
phosphorus fertilizer in the capability of the cultivars to take advantage of the fertilizer applied. 
Phosphorus had a noteworthy effect on soybean growth and yield (Fig. 2A-F). The yield and yield 
contributing characters showed better replies with the amplified level of phosphorus. The tallest plant 
(34.26 cm), maximum dry matter weight plant-1 (18.89 g), and the maximum number of branches  
plant-1 (3.37) were recorded with 54 kg P ha-1 which was significantly utmost than those of other 
treatments. With esteem to vegetative character, it was observed that different growth and development 
characters augmented significantly because phosphorus is two of the majority essential and necessary 
for plant growth. Plant height increased with enlarged phosphorus application up to 18 kg P ha-1. This 
might be due to the truth that phosphorus being an essential ingredient of plant tissue significantly 
influences the plant height of crop (Kumar and Chandra, 2008; Shahid et al., 2009) were also a 
pragmatic significant enhancement in plant height of soybean by phosphorus fertilization. The potential 
reason might be that at the levels of phosphorus application, the majority of plants were dynamic and 
absorbed the nutrients more competently. The number of filled pods plant-1 (54.49) was the highest in 
54 kg P ha-1 which was  
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Fig. 2. Effect of phosphorus on morphological characteristics in soybean. A. Effect of phosphorus on 

plant height; B. Effect of phosphorus on number of branches per plant and number of nodes per 
plant; C. Effect of phosphorus on seed wt. per plant (g), number of empty pods per plant and 
number of seed per plant; D. Effect of phosphorus on 1000 seed weight (g) and number of 
seeds per plant; E. Effect of phosphorus on stover weight per plant (g), seed yield (ton ha-1) and 
stover yield (ton ha-1); F. Effect of phosphorus on stover weight per plant (g), seed yield (ton 
ha-1) and stover yield (ton ha-1). 

 

significantly highest than of other treatments. The lowest number of filled pods plant-1 was observed 
from 0 kg P ha-1 untreated control plot. The results of the experiment bring into being confirmed for the 
results of Singh and Bajpai (1990) who observed that rising phosphorus rate increased the number of 
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pods plant-1 of soybean plant in field condition. Among the treatments, the control (0 kg P ha-1) treated 
plot produced the highest number of empty pods (3.98) which was statistically significant with other 
treatments, and the lowest (2.16) was found in 54 kg P ha-1 treated plot. It is important to discuss these 
attractive facts exposed by the results of Islam et al. (2004) reported that the percentage of empty pods 
decreased with the enhancement of phosphorus application in the soybean plot. The number of seeds 
pod-1 was escalated with the increment of phosphorus dose.  

The result of the present study conformed to the findings of Tomar et al. (2004) found that the number 
of seeds pod-1 and seeds plant-1 of soybean increased with the increase of phosphorus application. The 
result obtained from the research is in agreement with the result of Islam et al. (2004). The maximum 
weight of seed plant-1 (3.49 g) was observed in 54 kg P ha-1. The highest weight of stover plant-1 (9.07 
g) and 1000 seed weight (122.2 g) was observed in 54 kg P ha-1 treated plot which was statistically 
significant than of other treatments whereas lowest from control (0 kg P ha-1) treated plot. A 
significantly higher seed yield (2.09 t ha-1) was observed in 54 kg P ha-1 and the lower (1.30 t ha-1) was 
recorded in the control (0 kg P ha-1) treated plot. The highest seed yield in 54 kg P ha-1 might have 
found due to collective effects of the number of seeds pod-1, the number of seed plant-1, and the weight 
of seeds plant-1 of soybean. The present results sustain the reports of Syafruddin et al. (1990) who 
observed that seed yield was highest in 90 kg P ha-1 treated plot of soybean from the field condition. 
The stover yield followed a similar tendency as observed in the seed yield of soybean. The phosphorus 
fertilization of a sufficient amount promotes root growth, fast physiological maturity, flowering, prop 
up seed formation, progress cold tolerance, and ultimately better crop productivity (Malavolta, 1989). 
The solicitation of fertilizers is well thought-out as the most necessary feature in improving crop 
productivity. Amongst the many factors that can promote the success of soybean, phosphorus has 
significant implications on vegetative growth and yield contributing attributes (Kumaga and Ofori, 
2004). It is important to emphasize the reality that Tomar et al. (2004) reported a higher tendency of 
stover yield with the higher dose of P fertilization of soybean. It is mainly ascribed to the application of 
nitrogen and phosphorus nutrients accelerated the photosynthetic rate important to more carbohydrates 
production, and involved in nodulation and being the component of ATP, which regulate imperative 
metabolic processes in the plant, helping in root growth and biological nitrogen fixation in soil. Dry 
matter production depends on the photosynthetic capacity of the plant which in the sequence depends 
on the dry matter buildup in leaves, leaf area, and leaf area index. This is in agreement with the 
findings of Shafii et al., 2011; Geeta and Radder, 2015; Malik et al., 2006; Singh et al., 1992 and 
Yadravi, and Angadi, 2015. The results of the experiment found apparent sustain for the results of 
Fageria et al. (1995) have formerly reported that an enormous amount of phosphorus fertilizer may 
require for efficiency in soybean production. Nevertheless, some contradicted results of the 
phosphorous fertilizer on soybean were also observed. They showed that the plant growth and yield of 
soybean were not pointedly persuaded by the solicitation of phosphorous fertilizer (Erhabor et 
al., 2001). While Chiezey (2001) reported that little amount of phosphorous in soil decreases the yield 
of soybean. 
  
Combined effect of nitrogen and phosphorus fertilizers on different growth and yield 
contributing parameters of soybean 
The interaction effect of nitrogen and phosphorus fertilizers on different growth and yield contributing 
parameters of soybean plant has been shown in Tables 1, 2 & 3. It is obvious from the findings that 
there was found a significant difference in plant height of soybean due to the interaction effect of N and 
P treated plots. The highest plant height (36.88 cm) was obtained from the highest fertilization of N and 
P, whilst, the lowest plant height (27.77 cm) was obtained from the combination of 0 kg N with 36 kg P 
ha-1 treated plot. The highest dry matter weight of the soybean plant (20.81 g) was obtained from the highest 
doses of nitrogen and phosphorus (25 kg N with 54 kg P ha-1). While the lowest dry matter weight of the 
plant (9.82 g) was obtained from the combined doses of 0 kg N with 0 kg P ha-1 treated plot. It is apparent 
from the results that there was observed a significant difference in the number of branches plant-1 and 
number of filled pods plant-1 except for the number of nodes plant-1 due to the interaction effect of N and P 
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treatment. There is a trend of producing a reduced number of empty pods plant-1 due to the interaction effect 
of the highest levels of phosphorus irrespective of nitrogen. The highest number of empty pods plant-1 (4.08) 
was found from the 0 kg N with 0 kg P ha-1 combination which was statistically significant with the 25 kg N 
with 0 kg P ha-1 and 40 kg N with 0 kg P ha-1 treatment combination-treated plot. The lowest number of 
empty pods plant-1 (1.63) was obtained from 25 kg N with 54 kg P ha-1 combination-treated plot. The 
number of seeds pod-1 due to the interaction effect of nitrogen and phosphorus was found statistically non-
significant. The maximum (134.48) seed plant-1 of soybean was recorded in 25 kg N with 54 kg P ha-1 
treatment combination and the minimum (29.36) was observed from 25 kg N with 54 kg P ha-1 treatment 
combination-treated plot. 
       

Table 1.  Interaction effect of nitrogen and phosphorus (N×P) on the morpho-physiological 
characters of soybean 

 
 

Nitrogen and phosphorus (N×P) 
interaction (kg ha-1) 

Plant height 
(cm) 

Dry matter 
plant-1 (g) 

No. of branches 
plant-1 

No. of nodes 
plant-1 

N0P0 (0 kg N ha-1 + 0kg P ha-1) 31.73 de 9.82 j 1.63 fg 9.27 
N0P1 (0 kg N ha-1 +18 kg P ha-1) 29.02 fg 11.79 h 1.43 g 10.00 
N0P2 (0 kg N ha-1 +36 kg P ha-1) 27.77 g 13.28 g 2.73 bc 9.87 
N0P3 (0 kg N ha-1 +54 kg P ha-1) 31.53 de 16.69 e 2.87 b 10.40 
N1P0 (25 kg N ha-1 +0 kg P ha-1) 31.22 d-f 15.48 f 2.03 e 9.20 
N1P1(25 kg N ha-1 +18 kg P ha-1) 33.15 cd 16.69 e 2.48 cd 10.07 
N1P2 (25 kg N ha-1 +36 kg P ha-1) 35.48 ab 17.55 d 2.70 bc 10.83 
N1P3 (25 kg N ha-1 +54 kg P ha-1) 36.88 a 20.81 a 3.71 a 11.07 
N2P0 (40 kg N ha-1 +0 kg P ha-1) 30.95 d-f 11.07 i 1.88 ef 10.27 
N2P1(40 kg N ha-1 +18 kg P ha-1) 30.68 ef 20.02 b 2.34 d 9.93 
N2P2 (40 kg N ha-1 +36 kg P ha-1) 31.13 d-f 19.66 bc 2.83 b 9.87 
N2P3 (40 kg N ha-1 +54 kg P ha-1) 34.36 bc 19.18 c 3.55 a 9.47 
Sx 0.22 0.22 0.10 0.68 
Level of significance ** ** ** NS 
In a column figures with same letter or without letter do not differ significantly whereas figures with dissimilar letter differ 
significantly (as per DMRT), Sx = Sample standard deviation; * = Indicates significant at 5% level of probability; ** = Indicates 
significant at 1% level of probability; NS = Indicates not significant 
 
Table 2.  Interaction effect of nitrogen and phosphorus (N×P) on the yield contributing characters of 

soybean 
 
 

Nitrogen and phosphorus (N×P) 
interaction (kg ha-1) 

No. of 
filled pods plant-1 

No. of empty 
pods plant-1 

No. of 
seeds pod-1 

No. of 
seeds plant-1 

N0P0 (0 kg N ha-1 + 0kg P ha-1) 23.5 h 4.08 a 1.25 29.36 i 
N0P1 (0 kg N ha-1 +18 kg P ha-1) 36.48 ef 3.24 b 1.63 59.62 g 
N0P2 (0 kg N ha-1 +36 kg P ha-1) 39.86 de 3.12 bc 1.78 70.94 ef 
N0P3 (0 kg N ha-1 +54 kg P ha-1) 52.14 b 2.78 cd 1.92 100.01 c 
N1P0 (25 kg N ha-1 +0 kg P ha-1) 35.41 f 3.85 a 1.41 50.11 h 
N1P1(25 kg N ha-1 +18 kg P ha-1) 44.33 c 2.20 ef 1.98 87.98 bd 
N1P2 (25 kg N ha-1 +36 kg P ha-1) 52.34 b 2.00 f 2.05 107.15 b 
N1P3 (25 kg N ha-1 +54 kg P ha-1) 58.28 a 1.63 g 2.31 134.48 a 
N2P0 (40 kg N ha-1 +0 kg P ha-1) 30.41 g 4.01 a 1.14 34.75 hi 
N2P1(40 kg N ha-1 +18 kg P ha-1) 36.14 ef 2.56 de 2.00 72.34 e 
N2P2 (40 kg N ha-1 +36 kg P ha-1) 42.01 cd 2.37 ef 1.96 79.76 de 
N2P3 (40 kg N ha-1 +54 kg P ha-1) 53.05 b 2.07 f 2.00 105.94 bc 
Sx 1.30 0.12 0.06 3.49 
Level of significance ** ** NS * 

In a column figures with same letter or without letter do not differ significantly whereas figures with dissimilar letter differ 
significantly (as per DMRT), Sx = Sample standard deviation; * = Indicates significant at 5% level of probability; ** = Indicates 
significant at 1% level of probability; NS = Indicates not significant 
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Table 3. Interaction effect of nitrogen and phosphorus (N×P) on the yield contributing characters 
of soybean 

 

Nitrogen and phosphorus (N×P) 
interaction (kg ha-1) 

Seed wt. 
plant-1 (g) 

Stover wt. 
plant-1 (g) 

1000 seed 
wt. (g) 

Seed yield 
(t ha-1) 

Stover yield 
(t ha-1) 

N0P0 (0 kg N ha-1 + 0kg P ha-1) 3.56 a-c 4.69 h 105.0 e 1.08 i 1.28 h 
N0P1 (0 kg N ha-1 +18 kg P ha-1) 2.49 ef 5.77 f 111.23 d 1.33 g 1.50 g 
N0P2 (0 kg N ha-1 +36 kg P ha-1) 2.64 d-f 6.18 f 114.47 d 1.42 f 1.77 f 
N0P3 (0 kg N ha-1 +54 kg P ha-1) 3.60 a-c 7.94 d 114.20 d 1.83 d 2.19 d 
N1P0 (25 kg N ha-1 +0 kg P ha-1) 2.30 f 5.12 g 107.60 e 1.66 e 2.07 e 
N1P1(25 kg N ha-1 +18 kg P ha-1) 3.15 b-e 9.49 b 114.27 d 1.81 d 2.21 d 
N1P2 (25 kg N ha-1 +36 kg P ha-1) 3.20 a-e 9.30 b 122.10 bc 1.95 c 2.26 d 
N1P3 (25 kg N ha-1 +54 kg P ha-1) 3.89 a 10.01 a 127.98 a 2.30 a 2.63 a 
N2P0 (40 kg N ha-1 +0 kg P ha-1) 3.23 a-d 7.20 e 114.73 d 1.18 h 1.49 g 
N2P1(40 kg N ha-1 +18 kg P ha-1) 3.77 ab 7.86 d 119.67 c 2.13 b 2.48 c 
N2P2 (40 kg N ha-1 +36 kg P ha-1) 2.75 d-f 8.49 c 122.16 bc 2.14 b 2.59 b 
N2P3 (40 kg N ha-1 +54 kg P ha-1) 2.98 c-f 9.26 b 124.41 b 2.18 b 2.70 a 
Sx 0.22 0.15 1.09 0.03 0.03 
Level of significance ** * ** ** ** 

In a column figures with same letter or without letter do not differ significantly whereas figures with dissimilar letter differ 
significantly (as per DMRT), Sx = Standard deviation; * = Indicates significant at 5% level of probability; ** = Indicates 
significant at 1% level of probability; NS = Indicates not significant 
 
The approximately comparable tendency was observed in the interaction effect of N and P on the 
weight of seeds plant-1 as it was exhibited on plant height, the number of filled pods plant-1, and the 
number of seeds plant-1 of soybean. At this point, as well, the highest weight of seeds plant-1 (3.89 g), 
the weight of stover plant-1 (10.01 g) was obtained from 25 kg N with 54 kg P ha-1 and the lowest 
weight of stover plant-1 (4.69 g) from the 0 kg N with 0 kg P ha-1 treatment combination-treated plot of 
soybean. The interaction effect of nitrogen and phosphorus on the 1000 seed weight of soybean was 
found statistically significant. Nearly the comparable yield development of soybean plant was observed 
in the interaction effect of N and P on seed yield as it was exhibited on the dry weight of the plant, 
number of filled pods plant-1, number of seeds plant-1, and weight of seeds plant-1 and the weight of 
stover plant-1. The treatment combination of 25 kg N ha-1 with 54 kg P ha-1 treated plot produced the 
highest seed yield (2.30 t ha-1), which was similar with 40 kg N with 54 kg P ha-1 and significantly 
highest than of other treatments. On the other hand, 0 kg N with 0 kg P ha-1 treated plot produced the 
lowest (1.08 t ha-1) seed yield. Stover yield varied significantly due to the interaction effect of nitrogen 
and phosphorus application. Results showed that the treatment treated plots resulted noticeably in more 
soybean seed production than that of untreated control plots. Increased seed yield production connected 
with supplementary fertilizers doses might be due to the increasing effect of amplified translocation of 
photosynthetic products to sink from sources consequential in the superior level of yield components of 
soybean. The increased productivity of soybean might also be due to healthier physical, chemical, and 
biological characteristics of soils due to improved N utilization effectiveness that caused a parallel 
increase in the individual yield components. This is explained by the fact that seed or grain yield is a 
purpose of the relationship of an assortment of yield components. Additionally, the availability of P 
fertilizer influenced the uptake of other essential plant nutrients due to the responsibility of P in the 
soybean plant roots. The lowest responses of P to seed yields in the untreated control plots were as a 
result of the inherent P content of the soil. One more reason is that superior seed yield of soybean 
owing to different levels of NP fertilizers was may be attributable to better fertilizers receptiveness of 
the soybean plant. Moreover, as well, might be caused by the support of flowering and fruiting formed 
by the cumulative inspiring effect of N on the vegetative growth characters. Furthermore, the potential 
reason might be due to the more carbohydrate fabrication and absorption in seed by the effect of N and 
P fertilizers effects. The results indicated that elevated stover yield in soybean possibly will be obtained 



35 
 
 

  
 
 
 
 
 
 
 

 
 
 
 

by 40 kg N with 54 kg P ha-1 treated plot. It is principally attributed to the application of nitrogen and 
phosphorus accelerated the photosynthetic rate most important to supplementary production of 
carbohydrates, involved in nodulation and being the ingredient of ATP, which regulated fundamental 
metabolic processes in the plant, plateful in root formation and soils biological nitrogen fixation. Plant 
dry matter production depends on the photosynthetic competence of the plant which consecutively 
depends on the dry matter buildup in leaves, leaf area, and leaf area index. This is in agreement with 
the result of Shafii et al., 2011; Geeta and Radder, 2015; Malik et al., 2006; Singh et al., 1992 and 
Yadravi, and Angadi, 2015. 
 
An additional rationale is generally recognized for the application of nitrogen and phosphorus involved 
in energy transformations, the commencement of enzymes in carbohydrate metabolism, and therefore 
the superior transformation of photosynthates into reproductive parts. The results of the 
experimentation found apparent support for the findings of Yadav and Chandel, 2010; Sohrabi et al., 
2010; Sikka et al., 2013; Bhattacharjee et al., 2013 and Dhage et al., 2014. 
 

CONCLUSION 
 
The experiment results were the combined application of 25 kg N ha-1 and 54 kg P ha-1 recommended 
for superior grain yield of soybean. Soybeans field had a sensible and cost-effective response with 
these recommended doses for the highest amount of production. This research found that this amount 
of nitrogen and phosphorus fertilizer application either individually or collectively in the soybean field 
had enhanced the growth and yield contributing character. Therefore, additional research is considered 
necessary in this route with other improved varieties of soybean to ascertain the present result. 
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ABSTRACT 

 
An experiment was carried out at the research field of Sher-e-Bangla Agricultural University, Dhaka, 
during March to June, 2019 to study the effect of different levels of sulfur and potassium on yield and 
yield components of BARI Mung-6. The treatments consisted of 2 factors: Sulfur (04 levels viz. S0 = No 
sulfur (Control), S1 = 3 kg S ha-1, S2 = 6 kg S ha-1, S3 = 12 kg S ha-1 and Potassium 04 levels viz. K0 = No 
potassium (Control), K1 = 20 kg K ha-1, K2 = 40 kg K ha-1, K3 = 60 kg K ha-1), which were assigned in a 
randomized complete block design (RCBD) with three replications. Data on different yield contributing 
characters and yield were recorded and analyzed statistically. The highest branches plant-1 (3.55), pods 
plant-1 (14.72), seeds pod-1 (9.74), 1000 seeds weight (51.27 g), seed yield (1.24 t ha-1), stover yield (2.35 t 
ha-1) and biological yield (3.59 t ha-1) were observed in S2 (6 kg S ha-1) treatment, whereas  the highest 
number of branches plant-1 (3.57), pods plant-1 (14.20), seeds pod-1 (9.65), 1000 seeds weight (51.16 g), 
seed yield  (1.24 t ha-1), stover yield (2.36 t ha-1) and biological yield (3.6 t ha-1) were observed in K2 (40 
kg K ha-1) treatment. The number of branches plant-1 (4.73), pods plant-1 (16.47), seeds pod-1 (10.87), 1000 
seeds weight (56 g), seed yield (1.51 t ha-1), stover yield (2.92 t ha-1) and biological yield (4.43 t ha-1) were 
observed in S2K2 (6 kg S ha-1 + 40 kg K ha-1). The highest values of both the treatment factors and their 
combinations were significantly highest over that of control treatments. 
 

Keywords: BARI Mung-6,5 potassium, sulphur  
 

INTRODUCTION 
 

Mungbean (Vigna radiata L.) is one of the most important short durated pulse crop in Bangladesh and 
other South Asian countries. It belongs to the family of Leguminosae. Its seed is more palatable, 
nutritive, digestible and non-flatulent than other pulses (Anjum et al., 2006). It not only plays an 
important role in human diet but also in improving the soil fertility by fixing the atmospheric nitrogen 
(Nadeem et al., 2004) through symbiotic relationship with Rhizobia. It can fix N in soil by 63-342 kg 
ha-1 per season (Kaisher et al., 2010). Mungbean contains 59.9 g carbohydrate, 24.5 g protein, 75 mg 
calcium, 8.5 mg iron and 49 mg β-carotene per 100 g of split dal (Afzal et al., 2004). The total 
production of pulses is only 0.65 million tons in Bangladesh against the requirement of 2.7 million tons 
i.e., shortage is almost 76% of the total requirement which is mostly due to low yield (MoA, 2005). In 
Bangladesh per capita consumption of pulses is only 14.72 g (BBS, 2012) as against 45.0 g 
recommended by World Health Organization. For maintaining the supply of this level, pulse 
production should be increased urgently to meet up the demand. Among all other pulses, mungbean 
ranks third in area and production but first in market price. The total production of mungbean in 
Bangladesh in 2011-12 was 19,972 metric tons from an area of 20,117 hectares with average yield is 
about 0.98 tons ha-1 (BBS, 2012). So, the importance of pulse production is very much topical for food 
and improving the farm-family income in order to ensure food security, nutritional security and 
economic security. Mungbean is highly responsive to fertilizers and manures. The recommendation of 
fertilizer for soils and crops is a dynamic process and the management of fertilizers is one of the 
important crop production factors that greatly affect the growth, development and yield of mungbean 
(Hoque et al., 2004; Singh et al., 2013). The crop has a marked response to nitrogen, phosphorus and 
potassium. These nutrients play a key role in plant physiological processes. A balanced supply of 
essential nutrients is indispensable for optimum plant growth. Continuous use of large amount of N, P, 
K, S and B are expected to influence not only the availability of other nutrients to plants because of 
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possible interaction between them but also the buildup of some of the nutrients creating imbalances in 
soils and plants leading to decrease fertilizer use efficiency (Nayyar and Chhibbam, 1992). Among the 
essential plant nutrients, potassium is the third macronutrient required for plant growth, after nitrogen 
and phosphorus (Abbas et al., 2011) and also plays a vital role as macronutrient in plant growth and 
sustainable crop production (Baligar et al., 2001). Potassium plays a remarkable role in plant 
physiological processes. Potassium is not only a constituent of the plant structure but it also has a 
regulatory function in several biochemical processes related to protein synthesis, carbohydrate 
metabolism and enzyme activation. Several physiological processes depend on K such as stomatal 
regulation and photosynthesis (Hasanuzzaman et al., 2018). It influences nutrient uptake by promoting 
root growth and nodulation. Sangakara (1990) carried out a field experiment to study the effects of 0-
120 kg K2O ha-1 on growth, yield parameters and seed quality of mungbean and reported that K 
application increased plant growth rate, flowers/plant, percent pod set seeds/pod, 1000 seed weight and 
yield/plant. Its adequate supply during growth period improves the water relations of plant and 
photosynthesis (Garg et al., 2005), maintains turgor pressure of cell which is necessary for cell 
expansion, helps in osmotic-regulation of plant cell, assists in opening and closing of stomata (Yang, et 
al., 2004), activates more than 60 enzymes (Bukhsh, et al., 2012), synthesizes the protein, creates 
resistance against the pest attack and diseases and enhances the mungbean yield (Ali et al., 2010).  

Moreover, sulphur plays as an important macro nutrient element, next to NPK that has a profound 
effect on pulse crops. In broad sense, the functions of nitrogen and sulphur are similar and they are 
synergistic. Sulfur plays a remarkable role in protein metabolism and it is required for the synthesis of 
proteins, vitamins and chlorophyll. The S containing amino acids such as Methionine (21% S) and 
Cysteine (27%), which are essential components for proteins (Kumar et al., 2012). The application of 
sulfur increases the concentration as well as total uptake of N, P, K, Ca, S, Zn and B at different stages 
of crop growth (Agrawal et al., 2000). Lack of S causes retardation of terminal growth and root 
development. The deficiency of S induces chlorosis in young leaves and decreases seed yield by 45% 
(BARI, 2004). However, inadequate application of fertilizer is one of the major constrains to low 
productivity of mungbean (Jackson, 2010). Farmers have a wrong view that mungbean does not need 
fertilizers. It is noted that a standard levels of potassium and sulfur give better yield of mungbean. So, 
there is an adequate scope of increasing the yield of mungbean by balanced fertilization including both 
potassium and sulfur containing fertilizers. For these reasons, the study was undertaken to evaluate the 
effect of different levels of sulfur and potassium on the growth and yield of mungbean. 

 

MATERIALS AND METHODS 
 

The experiment was conducted at the Agronomy field of Sher-e-Bangla Agricultural University (SAU) 
during the period from March to June-2019 in Kharif-I season to determine the effect of different levels 
of sulfur and potassium on growth and yield of mungbean. BARI Mung-6 was used as a plant material. 
There were two fertilizers used for sources of sulfur and potassium in the experiment namely Muriate 
of Potash and Gypsum as variables of the experiment mentioned below: 

Factor A. Rates of sulfur (4 levels):  
1. S0 = No sulfur (Control) 
2. S1 = 3 kg S ha-1 
3. S2 = 6 kg S ha-1 
4. S3 = 12 kg S ha-1 

 Factor B. Rates of potassium (4 levels):  
1. K0 = No potassium (Control) 
2. K1 = 20 kg K ha-1 
3. K2 = 40 kg K ha-1 
4. K3 = 60 kg K ha-1 

 

There were sixteen combinations of treatment considered for the experimentation as below: S0K0, S0K1, S0K2, 
S0K3, S1K0, S1K1, S1K2, S1K3, S2K0, S2K1, S2 K2, S2 K3, S3 K0, S3K1, S3K2 and S3K3. The experiment was laid out 
in a Randomized Complete Block Design (RCBD). There were 16 treatment combinations and 
replicated in 3 times. Total numbers of plots were 48. The unit plot size was 3.24 m2 (1.8 m x 1.8 m). 
There was a gap of 0.75 m between the replication to replication and between plot to plot was 0.5 m. 
Land preparation was completed on 28th March, 2019 and was ready for sowing seeds. Seeds were 
sown at the rate of 40 kg ha-1 in the furrow on 29th March, 2019 and the furrows were covered with the 
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soils soon after seeding. The line to line distance was maintained with by 30 cm continuous sowing of 
seeds in the line. 
 
Application of fertilizers 
The fertilizers were applied as basal dose at final land preparation. Urea and TSP, were applied at 40 
kg ha-1 and 80 kg ha-1, respectively. The MoP and gypsum were applied as per treatment in all plots at 
7 days after sowing. All fertilizers were applied by broadcasting and mixed thoroughly with soil. 
 
Data collection  
Data on plant height (cm), number of leaves plant-1, total dry matter weight plant-1 (g), branches plant-1, 
pods plant-1, seeds pod-1, 1000 seed weight (g), seed yield (t ha-1), stover yield (t ha-1), biological yield 
(t ha-1) and harvest index (%) were recorded. 
 
Analysis of data 
The collected data were compiled and analyzed statistically using the analysis of variance (ANOVA) 
technique with the help of a computer package program Statistix 10. Data analysis software and the 
mean differences were adjusted by Least Significant Difference (LSD) test at 5% level of probability. 
 

RESULTS AND DISCUSSION 
 
Number of leaves plant-1 

Application of sulfur at different level showed significant variation in respect of number of leaves. 
(Fig. 1).  From the experiment result revealed that highest number of leaves (5.22, 6.62, 7.28 and 7.47 
at 25, 35, 45 and 55 DAS respectively) were observed in S2 (6 kg S ha-1) treatment. Whereas, the 
lowest numbers of leaves (4.82, 6.32, 6.83 and 6.92) were measured in S0 (control). The highest 
number of leaves (5.17 at 25 DAS) was observed in K3 treatment. At 35, 45 and 55 DAS, respectively 
the highest number of leaves (6.67, 7.35 and 7.48) was observed in K2 (40 kg K ha-1) treatment but the 
lowest number of leaves 4.73, 6.13, 6.78 and 6.77 were observed in the K0 treatment. The highest 
number of leaves (5.4) at 25 DAS was observed in S3K2 (12 kg S ha-1 + 40 kg K ha-1) treatment 
combination, at 35 DAS the highest number of leaves (7) was observed in S2K2 (6 kg S ha-1 + 40 kg K 
ha-1) treatment combination. At 45 and 55 DAS, respectively the highest number of leaves (7.60 and 
7.67) was observed in S2K3 (6 kg S ha-1 + 60 kg K ha-1). Whereas, the lowest number of leaves 4.33, 
5.87, 6.60 and 6.33 were observed in S0K0 (Table 1). 
 

 

(a) S0 = Control, S1 = 3 kg S ha-1, S2 = 6 kg S ha-1,  
S3 = 12 kg S ha-1 

(b) K0 = Control, K1 = 20 kg K ha-1,  K2 = 40 kg K ha-1,    
      K3 = 60 kg K ha-1 

     
Fig. 1 . Effect of different levels of sulfur and potassium on number of leaves plant-1 of mungbean at different days 

after sowing. a. Effect of different levels of sulfur; b. Effect of different levels of potassium 
 
Total dry weight plant-1 (g) 
Sulfur and potassium have significant effects on total dry weight. From the experimental results, it was 
revealed that the highest total dry weight (0.42 and 1.31g at 25 and 35 DAS) was observed in S2 (6 kg 
S ha-1) treatment. At 45 and 55 DAS, the highest total dry weight (1.86 and 2.41g, respectively) was 
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observed in S3 (12kg S ha-1) treatment. On the other hand, the lowest total dry weight (0.38, 1.10, 1.36 
and 1.90 g) was observed in S0 (control). The highest total dry weight (0.44, 1.29, 1.86 and 2.40 g at 
25, 35, 45 and 55 DAS, respectively) was observed in K2 (40 kg K ha-1) treatment. This result clearly 
indicates that total dry weight increased gradually with increasing levels of sulfur. On the other hand, 
the lowest total dry weight (0.36, 1.09, 1.38 and 1.93 g) was observed in the K0 treatment where no 
potassium was applied. The highest total dry weight (0.47, 1.40 and 2.24g at 25, 35 and 45 DAS, 
respectively) was observed in S2K3 (6 kg S ha-1 + 60 kg K ha-1) treatment combination. At 55 DAS 
highest total dry weight (2.75 g) was found in S2K2 (6 kg S ha-1 + 40 kg K ha-1) treatment combination. 
On the other hand, the lowest total dry weight (0.32, 1.06, 1.32 and 1.77g at 25, 35, 45 and 55 DAS 
respectively) was observed in S0K0 (no sulfur + no potassium) (Table 2). 
 
Table 2.  Combined effect of sulfur and potassium on total dry weight of mungbean at different days 

after sowing 
 

Treatment 
combinations 

Total dry weight plant-1 (g) 
25 DAS 35 DAS 45 DAS 55 DAS 

S0K0 0.32 c 1.06 e 1.32 h 1.77 h 
S0K1 0.38 bc 1.09 e 1.41 gh 1.95 fg 
S0K2 0.39 bc 1.12 c-e 1.41 gh 1.99 f 
S0K3 0.37 bc 1.06 e 1.39 gh 2.00 f 
S1K0 0.39 bc 1.1 de 1.35 h 1.9 g 
S1K1 0.41 ab 1.15 b-e 1.55 e-g 2.15 e 
S1K2 0.42 ab 1.36 ab 1.45 f-h 2.16 e 
S1K3 0.41 ab 1.22 a-e 1.77 d 2.31 d 
S2K0 0.38 bc 1.11 de 1.39 gh 1.94 fg 
S2K1 0.43 ab 1.26 a-e 1.61 d-f 2.16 e 
S2K2 0.46 a 1.40 a 2.21 ab 2.75 a 
S2K3 0.47 a 1.40 a 2.24 a 2.72 ab 
S3K0 0.42 ab 1.13 c-e 1.39 h 1.99 f 
S3K1 0.43 ab 1.35 a-c 1.66 de 2.32 d 
S3K2 0.42 ab 1.37 ab 2.06 bc 2.66 bc 
S3K3 0.41 ab 1.32 a-d 2.04 c 2.59 c 

LSD (0.05) 0.07 0.22 0.17 0.09 
CV (%) 5.95 6.03 3.36 1.32 

Note -S0 = Control, S1 = 3 kg S ha-1, S2 = 6 kg S ha-1, S3 = 12 kg S ha-1 ; K0 = Control, K1 = 20 kg K ha-1, K2 = 40 kg K ha-1, K3 = 
60 kg K ha-1 

 
 

 
 
 
 
 
 
 
 
 
 

 

a) S0 = No sulfur (Control), S1 = 3 kg S ha-1,  
    S2 = 6 kg S ha-1, S3 = 12 kg S ha-1

 

b) K0 = No potassium (Control), K1 = 20 kg K ha-1,  
    K2 = 40 kg K ha-1, K3 = 60 kg K ha-1 

 
 

Fig. 2. Effect of different levels of sulpher and potassium on total dry weight of mungbean at different days after 
sowing. a. Effect of different levels of sulpher on total dry weight; b. Effect of different levels of potassium 
on total dry weight (LSD (0.05) = 0.03, 0.08, 0.06 and 0.03 at 25, 35, 45 and 55 DAS respectively). 
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Yield and yield contributing parameters 
Number of branches plant-1 

Different levels of sulfur and potassium fertilizers showed significant variation in respect of number of 
branches plant-1 of mungbean (Table 3). The highest number of branches plant-1 (3.55) was observed in 
S2 treatment. Where the lowest number of branches plant-1 (1.44) was measured in S0. From the 
experimental results, it was revealed that the highest number of branches plant-1 (3.57) was observed in 
K2 treatment. On the other hand, the lowest number of branches (1.29) was observed in the K0. The highest 
number of branches plant-1 (4.73) was observed in S2K2 (6 kg S ha-1 + 40 kg K ha-1) treatment combination, 
which was statistically similar with S2K3 treatment combination. On the other hand, the lowest number of 
branches (1.07) was observed in S0K0 (no sulfur + no potassium) treatment combination (Table 4). 
 
Number of pods plant-1 

Application of different levels of sulfur and potassium fertilizers showed significant variation in respect 
of number of pods plant-1 (Table 3). From the experiment result revealed that the highest number of 
pods plant-1 (14.72) was recorded in S2 (6 kg S ha-1) treatment where the lowest number of pods plant-1 

(10.29) was measured in S0 (control). The highest number of pods plant-1 (14.20) was observed in K2 
(40 kg K ha-1). On the other hand, the lowest number of pods plant-1 (10.2) was observed in the K0. 
From the experimental result, it was revealed that the highest number of pods plant-1 (16.47) was 
observed in S2K2 (6 kg S ha-1 + 40 kg K ha-1) treatment combination, which was statistically similar 
with S3K2, S2K3 and S3K3 treatment combination. On the other hand, the lowest number of pods plant-1 
(9) was observed in S0K0 (Table 4). 
 
Number of seeds pod-1 

Application of different level of sulfur and potassium fertilizers showed significant variation in respect 
of number of seeds pod-1 (Table 3). The highest number of seeds pod-1 (9.74) was recorded in S2 (6 kg 
S ha-1) treatment which was statistically similar with S3 treatment. Where the lowest number of seeds 
pod-1 (8.28) was observed in S0. From the experimental results it was revealed that the highest number 
of seeds pod-1(9.65) was observed in K2 (40 kg K ha-1) treatment which was statistically similar with 
K3. On the other hand, the lowest number of seeds pod-1 (8.30) was observed in the K0 
 
1000 seeds weight (g) 
From the experimental results shown in table 3, it was revealed that the highest 1000 seeds weight 
(51.27 g) was observed in S2 (6 kg S ha-1) treatment where the lowest 1000 seeds weight (43.57 g) was 
measured in S0 (control). The highest 1000 seeds weight (51.16 g) was observed in K2 (40 kg K ha-1) 
treatment. On the other hand, the lowest 1000 seeds weight (44.17 g) was observed in the K0 treatment 
(Table 3). Combined effect of sulfur and potassium showed significant effect on 1000 seeds weight of 
mungbean (Table 4). From the experimental results it was revealed that the highest 1000 seeds weight 
(56 g) was observed in S2K2 (6 kg S ha-1 + 40 kg K ha-1) treatment combination which was statistically 
similar with S3K2 and S2K3 treatment combination. On the other hand, the lowest 1000 seeds weight 
(41.53 g) was observed in S0K0 (no sulfur + no potassium). 
 
Seed yield (t ha-1) 
Application of different level of sulfur and potassium fertilizers showed significant variation on seed 
yield. It was revealed that the highest seed yield (1.24 t ha-1) was observed in S2 (6 kg S ha-1) treatment 
where the lowest seed yield (0.62 t ha-1) was measured in S0 (control) treatment. The highest seed yield 
(1.24 t ha-1) was observed in K2 (40 kg K ha-1) treatment. On the other hand, the lowest seed yield (0.65 
t ha-1) was observed when no potassium was applied (K0). Combined effect of sulfur and potassium 
showed significant effect on seed yield of the crop (Table 4). The highest seed yield (1.51 t ha-1) was 
observed in S2K2 (6 kg S ha-1 + 40 kg K ha-1) treatment combination. On the other hand, the lowest 
seed yield (0.52 t ha-1) was observed in S0K0 (no sulfur + no potassium) treatment combination. 
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Stover yield (t ha-1)  

Application of different levels of sulfur and potassium fertilizers showed significant variation in respect 
of stover yield of BARI Mung-6 (Table 3). The highest stover yield (2.35 t ha-1) was recorded in S2 (6 
kg S ha-1) treatment and that of the lowest (1.14 t ha-1) in S0 (control). It was also revealed that the 
highest stover yield (2.36 t ha-1) was observed in K2 (40 kg K ha-1) treatment. On the other hand, the 
lowest stover yield (1.17 t ha-1) was recorded in the plots with no potassium applied. The highest stover 
yield (2.92 t ha-1) was observed in S2K2 (6 kg S ha-1 + 40 kg K ha-1) treatment combination. On the 
other hand, the lowest stover yield (0.97 t ha-1) was observed in S0K0 (no sulfur + no potassium) (Table 
4). 
 

Table 3. Effect of different levels of sulfur and potassium on branches plant-1, pods plant-1, seeds 
pod-1, 1000 seeds weight, seed yield and stover yield of mungbean 

 

Treatment No. of branch 
plant-1 

No. of pods 
plant-1 

No. of seeds 
plant-1 

1000 seed 
wt. (g) 

Seed yield 
(t ha-1) 

Stover 
yield(t ha-1) 

S0 1.44 c 10.29 d 8.28 c 43.57 c 0.62 d 1.14 c 
S1 2.73 b 11.55 c 9.02 b 47.96 b 1.05 c 2.12 b 
S2 3.55 a 14.72 a 9.74 a 51.27 a 1.24 a 2.35 a 
S3 3.47 a 14.57 a 9.64 a 50.89 a 1.13 b 2.34 a 
LSD(0.05) 0.21 0.3 0.31 0.66 0.03 0.03 
CV% 36.24 14.36 9.72 7.10 27.80 28.96 
 

K0 1.29 c 10.2 c 8.30 c 44.17 c 0.65 d 1.17 c 
K1 2.43 b 12.5 b 8.88 b 46.89 b 1.00 c 2.09 b 
K2 3.57 a 14.20 a 9.65 a 51.16 a 1.24 a 2.36 a 
K3 3.56 a 13.95 a 9.48 a 51.19 a 1.16 b 2.34 a 
LSD(0.05) 0.13 0.3 0.31 0.66 0.03 0.03 
CV% 35.89 16.17 9.81 6.53 28.90 29.45 

Note - S0 = Control, S1 = 3 kg S ha-1, S2 = 6 kg S ha-1, S3 = 12 kg S ha-1 ; K0 = Control, K1 = 20 kg K ha-1, K2 = 40 kg K ha-1, K3 = 
60 kg K ha-1 
 
Table 4.  Combined effect of sulfur and potassium on branches, pods, seeds,   1000 seeds weight, 

seed and stover yield of mung bean 
 

Treatments 
 

No. of branches 
plant-1 

No. of pods 
plant-1 

No. of seeds 
pod-1 

1000 seeds wt. 
(g) 

Seed yield 
(t ha-1) 

Stover yield 
(t ha-1) 

S0K0 1.07 g 9.00 g 7.60 i 41.53 i 0.52 h 0.97 h 
S0K1 1.33 f 10.67 e 8.27 h 43.60 h 0.67 g 1.16 g 
S0K2 2.20 e 10.80 d 8.67 fg 44.25 f-h 0.76 f 1.17 g 
S0K3 1.33 f 10.67 de 8.60 gh 44.88 f-h 0.66 g 1.28 f 
S1K0 1.33 f 9.47 fg 8.27 h 43.77 gh 0.55 h 1.17 g 
S1K1 2.80 d 11.20 d 9.00 ef 47.40 de 1.25 cd 2.34 e 
S1K2 3.20 c 13.40 b 9.07 de 49.13 d 1.21 d 2.50 c 
S1K3 3.20 c 12.13 c 9.20 de 51.53 c 0.97 e 2.48 c 
S2K0 1.47 f 12.40 c 8.67 fg 45.70 ef 0.66 g 1.27 f 
S2K1 3.40 c 14.20 b 9.40 d 49.13 d 1.31 c 2.41 de 
S2K2 4.73 a 16.47 a 10.87 a 56.00 a 1.51 a 2.92 a 
S2K3 4.60 a 15.80 a 10.00 c 54.23 ab 1.47 ab 2.81 b 
S3K0 2.00 e 9.93 ef 8.67 fg 45.67 e-g 0.75 f 1.26 f 
S3K1 3.40 c 13.93 b 9.40 d 47.43 de 0.97 e 2.43 cd 
S3K2 4.13 b 16.13 a 10.00 c 55.27 ab 1.49 a 2.85 ab 
S3K3 4.00b 15.80 a 10.44 b 53.50 b 1.42 b 2.80 b 

LSD (0.05) 0.26 0.83 0.35 1.91 0.07 0.07 
CV (%) 5.62 3.96 2.27 2.38 2.37 1.24 

Note - S0 = Control, S1 = 3 kg S ha-1, S2 = 6 kg S ha-1, S3 = 12 kg S ha-1; K0 = Control, K1 = 20 kg K ha-1, K2 = 40 kg K ha-1, K3 = 
60 kg K ha-1 
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CONCLUSION 
 
From the above findings it was observed that, most of the growth, yield and yield contributing 
characteristics of mungbean gave the best performance in S2 treatment (6 kg S ha-1), K2 (40 kg K ha-1) 
and combined effect S2K2 (6 kg S ha-1 + 40 kg K ha-1). The highest seed yield 1.51 t ha-1was obtained 
from the application of 6 kg S ha-1 sulfur along with 40 kg K ha-1 potassium fertilizer as S2K2 (6 kg S 
ha-1 + 40 kg K ha-1) treatment combination. So, this treatment combination (S2K2) can be treated as the 
best treatment combination under the present study. However, to reach a specific conclusion and 
recommendation, more research work on mungbean under these treatment variables should be done in 
different Agro-ecological zones of Bangladesh to fit in cropping system for rich diet and improve the 
soil health.  
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ABSTRACT 
 
A study was conducted at the functional molecular chemistry laboratory of Kagawa University to find out 
the effect of some plant extracts as a growth inhibitor during March 2017 to August 2017. Four common 
plant leaves (Eucalyptus, Jamun, Mahogany and Cannon ball tree), which were collected from 
Bangladesh, were extracted and their efficacy was tested using four different plant species. Among the test 
species, cress was the most sensitive, whereas lettuce, Italian ryegrass and rice seedlings showed almost 
similar inhibitory activity on shoot and root growth. Among the four different plant leaf extracts, Cannon 
ball tree (Couroupita guianensis) showed strong inhibition on plant growth. On the other hand, Mahogany 
(Swietenia macrophylla) leaf extracts exhibited relatively weaker inhibitory activity than the other leaf 
extracts against the four plant species. 
 

Keywords: growth inhibitor, leaf extracts, pesticides, synthetic chemicals, test species6 
 

INTRODUCTION 
 
Plants have been used as a source of medicine in the world-wide (Hayta et al., 2014; Van Wyk et al., 
2018). Until the middle of nineteenth century, plants were the main therapeutic agents used by humans 
and even today their role in medicine is present. It has been estimated by the WHO that around 80% of 
the world population relied on medicinal plants as their primary healthcare source (Farnsworth et al., 
1985) and their demand is increasing day by day in the developing countries. The plant chemicals are 
mainly the secondary metabolites derived biosynthetically from plant primary metabolites (e.g., 
carbohydrates, amino acids, and lipids) which are not directly involved in the growth, development, or 
reproduction of plants. Secondary metabolites can be classified into several groups according to their 
chemical classes, such as alkaloids, terpenoids, tannins, phenolics, and others (Harborne, 1984). Most 
of these secondary metabolites are used for plants defense against predators or for other purposes. 
Agricultural intensification through the excessive and inappropriate use of chemical fertilizers, 
pesticides, plant growth regulators and others has polluted water bodies and degraded soils and 
thus led to biodiversity loss by killing beneficial plants, insects and other wildlife (Pell et al., 1998, 
Aktar et al., 2009). In addition, killing non-target plants, pesticide exposure can cause sub-lethal effects 
on plants (Dreistadt et al.,1994; Chowdhury et al., 2018). Uses of synthetic chemicals including growth 
retardants are superficially increased in the crop field for more production (Rademacher, 2000). Untill 
today, there is no sustainable alternative way to avoid the chemicals. To avoid the detrimental effects 
of synthetic chemicals, research on novel natural products have moved from the fringe to the 
mainstream for the development of ecologically acceptable, environment friendly and relatively safe 
natural plant growth retardants. In this regards, research on natural products might be important as a 
plant growth regulator or weed control. In view of these facts, the aim of the present study was to 
evaluate the growth inhibitory activities of four medicinal plant leaves against four test species, 
including one weed, in the laboratory condition. 
 

MATERIALS AND METHODS 
 
Common leaves of four medicinal plants were collected from different areas of Bangladesh during 
March 2017. Those were: a) Eucalyptus (Eucalyptus obliqua), b) Jamun (Syzygium cumini), c) 
Mahogany (Swietenia macrophylla), and d) Cannon ball tree (Couroupita guianensis). Collected leaves 
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were first dried in the sun where 80% moisture was removed and then leaves were kept in an oven for 
one week. 

Dried leaves (50 g) of the test species were ground into powder by a grinding machine and extracted 
with 250 mL of 70% (v/v) aqueous methanol for 48 h. The extract was then filtered through one layer 
of filter paper (No. 2; Advantec), using a vacuum pump. The residue was re-extracted with equal 
amount of methanol for 24 h and filtered. The two filtrates were then combined and evaporated to 
dryness using a rotary evaporator at 40°C. Activities of the leaf extracts were tested using four different 
plant species: lettuce (Lectuca sativa), cress (Lepidium sativum), Italian ryegrass (Lolium multiflorum), 
and rice seedlings (Oryza sativa L. cv. Nihonbare). Experiments were carried out following the 
protocol of Chowdhury et al., 2015 and 2016. 
 

RESULTS AND DISCUSSION 
 
The shoot and root growth of lettuce, cress, Italian rye grass and rice were significantly inhibited by the 
leaf extracts obtained from four different medicinal plant extracts (Fig. 1, 2, 3 and 4). Moreover, the 
effectiveness of different plant extracts were different among test species, and the inhibition rate was 
proportional to the corresponding extract concentration which implies that those medicinal plants have 
growth inhibitory substances or allelochemicals. The concentration-dependent inhibitory effects of 
medicinal plant extracts were found by Khan and Kato-Noguchi (2016) and Khan et al. (2021). In 
addition, Khan et al. (2013) observed that aqueous methanol extracts obtained from mango leaf 
inhibited shoot and root length at higher concentration whereas, stimulated at lower concentration.  Our 
results showed that the growth of lettuce, cress, Italian ryegrass and rice seedlings were completely 
inhibited at concentration greater than 0.030 mM obtained from mahogany, jamun, cannon ball and 
eucalyptus leaf extracts. Similar trend of findings were observed by Islam et al. (2013) and Suzuki et 
al. (2016) who found that the highest concentrations of leaf extracts inhibited shoot and root length 
completely. Moreover, the results were correlated with the findings described by Khan et al. (2013); 
Khan and Kato-Noguchi (2016) and Khan et al. (2021). We found that leaf extracts obtained from four 
medicinal plants showed inhibitory effects at 0.003 mM concentration which implies that those 
medicinal plants might contain allellochemicals. Our results imitated the previous findings described 
by Suwitchayanon et al., 2015 and Khan and Kato-Noguchi, 2016 where in the growth of shoot and 
root was inhibited by extracts obtained from Hibiscus sabdariffa and Couripita guianensis at 0.003 g 
DW that was equivalent to the extract concentration we found. The variation of inhibitions of shoot and 
root growth were found in all test species and greater inhibitions were found in dicotyledonous test 
species. Similar results were found by Piyatida and Kato-Noguchi, 2010 and Islam et al., 2013. 
 

 
 
Fig. 1.  Effect of aqueous methanol extracts of Eucalyptus, Mahogony, Cannon ball and Jamun leaves on the shoot 

and root growth of lettuce. Means ± SE from 3 independent experiments were tested.  
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Fig. 2. Effect of aqueous methanol extracts of eucalyptus, mahogony, cannon ball and jamun leaves on the shoot 
and root growth of cress. Means ± SE from 3 independent experiments are tested. 

 
Fig. 3. Effect of aqueous methanol extracts of eucalyptus, mahogany, cannon ball and jamun leaves on the shoot 

and root growth of Italian Rye grass. Means ± SE from 3 independent experiments were tested. 
 

 
 
Fig. 4. Effect of aqueous methanol extracts of eucalyptus, mahogany, cannon ball and jamun leaves on the shoot 

and root growth of rice. Means ± SE from 3 independent experiments were tested. 
 
Based on the concentrations required for 50% inhibition (IC50) values of all the test plants, we found 
more effective inhibition of shoot and root growth of the dicotyledonous test plants than that of 
monocotyledonous (Fig. 5). The leaf extracts of four medicinal plants showed different inhibitory 
activities on different test plants, which indicates that the variation in selectivity of inhibitory 
substances was specific against the target plants. The possibility of such unequal susceptibility to 
extracts may be due to the involvement of bio-chemicals with their different inherent responses (Khan 
and Kato-Noguchi, 2016).  The IC50 values of lettuce, cress, Italian ryegrass, and rice seedling 
hypocotyls are shown in Fig. 5. Among the test species, cress was most sensitive whereas lettuce, 



50 
 
 

  
 
 
 
 
 
 
 

 
 
 
 

Italian ryegrass and rice seedlings showed almost similar inhibitory activity on shoot and root growth. 
Among the four different plant leaf extracts, cannon ball tree (Couroupita guianensis) showed strong 
inhibition on plant growth. A similar pattern of growth inhibitory activity was reported by Khan and 
Kato-Noguchi (2016). On the other hand, Mahogany (Swietenia macrophylla) leaf extracts exhibited 
relatively weaker inhibitory activity than the other leaf extracts of Bangladeshi plant against the four 
plant species. 
 

 
 

  Fig. 5.  IC50 values (g DW equivalent extract mL-1) of shoot and root growth of four test plants by treated with 
aqueous methanol extracts of four different plant leaves extracts. 

 
CONCLUSION 

 
The aqueous methanol extracts of four different medicinal plants were tested on seedling growth of 
some plants. The observed inhibitory activities of test plants were significantly high, which proposes 
that these four species have growth inhibitory potential and may possess allelopathic substances. 
Therefore, these four species could be the candidates for isolation and identification of those active 
substances. These results might be helpful to carry out next experiment to establish the natural growth 
retardants which would be biodegradable and safe for the environments. 
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WARM UP ACTIVITIES TO ENHANCE LEARNING IN ENGLISH 
LANGUAGE CLASSROOM: PERSPECTIVES OF  

AGRICULTURE STUDENTS 
 

S. Chowdhury  
 

ABSTRACT 
 

Warm up activity refers to gentle and fun-based exercises which could be very instrumental and effective 
tools to teach English language to Agriculture students. Adapting mixed method research, this study 
investigates Agriculture students’ perception toward the role of the warm up activities in classroom 
learning, and the problems faced by them in practicing the activities. Through the discussion on the 
findings, the importance of using warm up activities in English language classroom has been highlighted. 
The findings of the study may inspire not only the English language teachers but also the teachers from 
other disciplines to facilitate appropriate warm up activities to accelerate classroom teaching and learning. 
 

Keywords: agriculture students, Bangladesh, English, teaching perception, warm up activities7 
 

INTRODUCTION 
 
Warm up activities inject interest and energy in students toward the classroom learning. The main 
intention behind using warm up activities by teachers is to set up a stress-free classroom environment 
by evoking students’ motivation and triggering active participation in the class to ensure effective 
learning. Lassche (2005) defines warm up session as the “initial orientation” for a language learning 
lesson (p. 83). According to Robertson and Acklam (2000), “warm up is a short activity for the 
beginning of a lesson” (p.30). There is a huge impact of warm up activities on students’ learning 
process. Allwright (1984) opines that warm up activities can help students to work successfully both 
individually and in group by centering their attention to the classroom. Dornyei (2001) also believes 
that warm up activities arouse appetite and curiosity for learning in the classroom and thus involve the 
students in the classroom activities spontaneously. To apply warm up activities effectively in 
classroom, Velandia (2008) proposes some principles that should be considered while designing such 
activities for students. The principles are projected through the following diagram 1. 

 
The maxims to prepare warm up activities suggest that with the aim of drawing students’ attention to 
the classroom, warm up activities should be conducted at the very beginning session of a class. He 
emphasises to keep the warm up activities not only short and exciting but also relevant and helpful to 
make students understand the lesson of the class. He also adds three strategies like “breaking the 
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monotony of learning”, “making the tasks more interesting” and “increasing the involvement of the 
students” to be maintained while implementing the warm up activities in classroom. 
Warm up activities are viewed, approached and practiced differently by different levels of learners. For 
agriculture students, practicing warm up activities in English language classrooms might be a new 
experience as this is not a regular practice in their other classes. So, the objective of the study is to 
explore how the Agriculture tertiary level learners view the role of warm up activities that are practiced 
in their English language classrooms. Therefore, the research questions set for the study were: (1) what 
are the agriculture students’ perspectives toward the use of warm up activities in English language 
classroom and (2) what are the problems faced by the students while applying warm-up approach in 
English language teaching? 

 

METHODOLOGY 
 
This exploratory study applies mixed method research. It employs both qualitative and quantitative 
method to elicit students’ authentic responses toward the role of warm up activities practiced in English 
language classes. 
  
Instrument 
To collect data for the study, distribution of a five points’ Likert scale questionnaire among students, 
and a focused group interview with the target students had been conducted. The following Likert scale 
questionnaire had been used for students which ranges from the point “strongly agree” to “strongly 
disagree” and contains eight statements. The students were asked to put tick mark (√) on the response 
that best indicates their level of agreement with the statement. 

 

Table 1. Likert scale questionnaire for students 
 

No. Statements Strongly 
Agree (5) 

Agree  
(4) 

Neutral  
(3) 

Disagree  
(2) 

Strongly 
Disagree (1) 

01 I am familiar with warm up/ice breaking 
activities practiced in English language class 

     

02 Warm up activities help to remove my 
shyness in classroom activities 

     

03 Warm up activities create my interest 
towards learning in class 

     

04 Warm up activities help to build friendly 
relationship with teacher and classmates 

     

05 I think warm up activities should be a 
regular practice in English language classes 

     

06 I think warm up activities do not bring any 
noticeable change in classroom learning 

     

07 I don’t feel comfortable to participate in 
warm up activities in English language class 

     

08 I think practicing warm up activities in class 
is a wastage of time 

     

 

To find out what difficulties students face during implementing warm up activities in classroom, a focused 
group interview consisting of three questions was arranged. The interview questions (as given below) were 
mixed of close ended, open-ended and high gain questions that helped students to generate insightful 
answers: 

1. Do you face any difficulties or problems in taking part in warm up activities?  
2. What kinds of problem do you face? 
3. Do you have any opinion how the difficulties can be overcome to make the warm up activities 

more enjoyable? 
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Sampling 
To collect students’ responses on the questionnaire, seventy students were selected from Sher-e-Bangla 
Agricultural University who attended an Advanced English course with different English language 
teachers for six months as non-major English students. Moreover, ten students were the participants for 
the focused group interview. They were also from Sher-e-Bangla Agricultural University and the 
students of the Advanced English course. However, they were a different group than the previous 
group who attended the survey. 
  
Method of data collection  
The Likert scale questionnaire was distributed among students in the concerned university by their 
concerned English language teachers as managed by the author previously. Students were approached 
after their English language classes. Before distributing the questionnaire, they were explained the 
topic and objective of the study. The author conducted the focused group interview with the students’ 
participants at their mutual convenient time. Their responses were collected by taking notes manually. 
 
Method of data analysis 
The Likert scale items in the questionnaire for students produced quantitative data and the interview 
questions for students produced qualitative data. The quantitative data was analysed following 
descriptive statistics method (finding and analysing frequencies and means) to show the level of the 
students’ agreement and disagreement to the statements. To interpret the means of the statements, 
“strongly disagree” was considered as scale 1 (indicator of lowest value) and “strongly agree” was 
considered as scale 5 (indicator of highest value). The result of the subtraction between the highest and 
lowest scale was divided into three equal portions. Following this calculation, mean 1 to 2.33 was 
treated as “negative value”, mean 2.34 to 3.67 was treated as “positive value” and mean 3.68 to 5.00 
was treated as “highly positive value”. 
Besides, interview responses were analysed following descriptive analysis method to provide a detail 
view of the participants’ opinions.  

 
DISCUSSION OF THE FINDINGS 

 

Research question 1: What are the Agriculture students’ perspectives toward the use of warm up 
activities in English language classroom? 
The eight statements in the Likert scale questionnaire were the representatives of the students’ 
perspective toward the use of warm up activities in English language classroom. The presentation and 
interpretation of the data are presented below. 
 

Table 2. Students’ perspective toward the use of warm up activities in English language classroom 
 

Statement No 5 4 3 2 1 Mean 
% % % % % 

01 41.42 40 14.28 2.85 1.42 4.17 
02 62.85 34.28 2.85 0 0 4.6 
03 57.14 32.85 10% 0 0 4.47 
04 70 25.71 4.28 0 0 4.65 
05 58.57 24.28 15.71 1.42 0 4.4 
06 5.71 11.42 12.85 42.85 27.14 2.25 
07 7.14 8.57 17.14 41.42 25.71 2.3 
08 5.71 1.42 2.85 18.57 71.42 1.51 

5= Strongly Agree; 4=Agree; 3=Neutral; 2= Disagree; 1=Strongly Disagree; %= Percentage 
 

Interpretation of the data  
According to the table, statements number 2, 4, 3, 5 and 1 achieve the greater frequency rate on the 
level of students’ agreement which are respectively 97.13%, 95.71%,  89.99%, 82.85%, and 80.40%. 
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Simultaneously, the means obtained for these statements (1 to 5) are also highly positive as they are in 
between the mean value of 3.68 to 5.00. 
On the other hand, statement number 8, 6 and 7 have the highest frequency rate on their level of 
disagreement which are respectively 89.99%, 69.99% and 67.13%. Consequently, the means calculated 
for these statements (6 to 8) are indicators of a negative view as they are in between the mean of 1 to 
2.33.  
The findings from the students’ questionnaire clearly state that except a minor group of the students, 
the majority of the students possess a highly positive view toward the role of warm up activities in 
classroom learning. They assertively find such activities as supportive to lower their anxiety level and 
increasing their performance in classroom as warm up activities give them a scope to be easy with the 
teacher and classmates at the beginning of a session. Moreover, warm up activities assist them to 
increase their motivation and interest toward the English language class which eventually accelerate 
their learning effectively.  
Now, a possible explanation of the minority of the students’ not-welcoming attitude toward the role of 
warm up activities in English language classroom could be that either they are extremely introvert 
students or the students who are habituated in traditional lecture-based classrooms. Teachers should 
pay special attention to them to address these students so that they can feel interested and connected to 
warm up activities practiced in their classroom. 
Research question 2: What are the problems faced by the students while applying warm up approach 
in English language teaching? 
Students came up with several difficulties when they were asked if they face any problem in taking part 
in warm up activities. While most of them (7 students out of 10) did not report any problems, 3 
participants mentioned some difficulties. Firstly, they said that sometimes they feel warm up activities 
are fruitless as they do not have any direct connection with exam or give any idea about exam 
questions. This response shows that students who are very much exam-oriented and comfortable in 
traditional lecture-based classes do not find warm up activities very beneficial for them. Furthermore, 
they mentioned that sometimes warm up activities employ group work and pair work where fast 
learners dominate the others and the lazy students remain inactive. As a result, warm activities do not 
positively affect them very much.   
Nevertheless, they all opined that warm up activities can be very beneficial for students in English 
language classes if certain things are maintained. According to them, warm up activities will be more 
enjoyable if there is a variety in the types and nature of the activities; otherwise repeating the same type 
of activity could be monotonous to students for which they may lose their attraction to it. They added 
that, the practice of warm up activities should not be very frequent (like more than once in one class) 
that may distract them from the main focus of the class. They also stressed the matter that the duration 
of the warm up activities should not be very long that may produce tiring effect on them.  
Students’ opinions imply that the teachers need to be very careful in choosing and applying warm up 
activities so that students find them relevant and meaningful to their class contents. 
 
Conclusion and recommendation 
The study aimed to find out the Agriculture students’ attitude to warm up activity, a teaching practice 
that is often overlooked by the teachers but has significant impact on classroom learning. The findings 
of the study reveal that warm up activities have a complementary and supportive role to classroom 
teaching but not a mandatory role. Majority of the students (94%) believe that warm up activities have 
a positive role to sharpen their’ learning process by stimulating their schema and enhancing language 
acquisition factors. The study also discloses that while implementing warm up approach in teaching, no 
major difficulty is faced by the students except not having direct connection with exam, and facing 
domination of fast learners in the warm up activities. In addition, the findings also urge that students’ 
needs and demand should be considered while selecting warm up activities to be practiced in English 
language classrooms.  
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As the findings of the study suggest that majority of students usually find warm up activities 
motivating and impactful for their learning, it might be recommended that the use of such activities 
should be a regular practice not only in English language teaching but also in teaching other subjects. 
Besides, it should be kept in mind that the main-stream Bangladeshi students are yet to be habituated 
with innovative teaching activities and keener to exam-oriented learning system. So, expecting their 
spontaneous participation in creative warm up activities might come out as a frustration to teachers 
sometimes. When this is obviously a pressure on the shoulder of the teachers, yet there is a way out of 
course. The teachers need to understand students’ need and context of study and choose teaching tools 
accordingly. The best learning outcome could be possible to gain, if teachers can arouse and capture 
students’ full concentration successfully in classroom through the appropriate utilization of warm up 
activities 
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