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Effect of biochar, Trichoderma biofertilizer, and rice husk on the
growth, yield attributes and yield of wheat

Shams Shaila Islam * Rashed Karim ? Sadhona Roy*

Abstract: The experiment was conducted in Agronomy Research Field,
Department of Agronomy, Hajee Mohammad Danesh Science and
Technology University, Dinajpur-5200, Bangladesh from November
2022 to April 2023 to assess the effect of biochar, Trichoderma and rice
husk on the growth, yield attributes and yield of wheat. The experiment
consisted of two factors where factor (A) consist of three varieties
namely; V; (BWMRI Gom 2), V, (BWMRI Gom 3) and V; (BARI Gom
32) and factor (B) four treatments e.g., T, (control), T, (50% Chemical
Fertilizer + 2 t /ha biochar), T; (50% Chemical Fertilizer + 2 t /ha
trichoderma) and T, (50% Chemical Fertilizer + 2 t /ha rice husk). The
experiment was laid out in a Randomized Complete Block Design
(RCBD). Parameters like plant height, tillers number plant®, leaves
number plant?, spike length, fresh weight plant™, dry weight plant™,
1000 seed weight, grain yield, straw yield, biological yield and harvest
index were influenced by biochar, trichoderma, rice husk and chemical
fertilizers. Result showed the BWMRI Gom 3 was found to significantly
superior than BWMRI Gom 2 and BARI Gom 32 in terms of 1000 seed
weight (35.06g), grain yield (4.11 t ha™), biological yield (8.35 t ha™)
and harvest index (48.77 %). Ts (50% Chemical fertilizer + 2 t /ha
trichoderma) showed best performance than the other treatment
combinations in most of the parameters specially in 1000 seed weight
(38.460) and grain yield (5.53 t ha™), biological yield (8.84 t ha™),
harvest index (53.70%). Interaction showed that BWMRI Gom 3 along
with T (50% Chemical fertilizer + 2 t /ha trichoderma) possed the
highest grain yield 5.47 t ha™. Therefore, it can be suggested that the
combined use of chemical fertilizers with Trichoderma enriched

'Department of Agronomy, Faculty of Agriculture, Hajee Mohammad Danesh Science and
Technology University, Dinajpur, Bangladesh

Department of Geography and Environment, New Govt. Degree College, Rajshahi
Corresponding author: shaila.hmdstu@gmail.com
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biofertilizer will be a good approach for the improving of growth and
yield of wheat production in Bangladesh.

Keywords: Wheat, biochar, trichoderma, rice husk, yield
Introduction

Wheat (Triticum aestivum L.) belongs to the genus Triticum, family Graminae is
a grass widely cultivated for its seed, cereal grain that is a dietary staple food and
an excellent source of vegetable protein in the human diet worldwide (James, D.
& Mauseth, 2018). In Bangladesh it ranks 2™ most important cereal crop after
rice for human consumption (World Economic Forum, 2022). Although it is one
of the oldest cereal crops and was introduced in Bengal in (1930-31) and its
importance as a food crop was recognized around (1942-43) reported by
(Banglapedia, 2021). The area under wheat increased from 132,000 ha in 1971 to
832,000 ha in 2000 but declined sharply to 479,050 ha in 2006 and total yield
grew at an annual rate of 6.9% (in 1971) while 1.9% (in 2000), respectively. The
actual yield level increased from 0.9 t/ha to 1.5 t/ha over this 36 years period
while in 2020, wheat production for Bangladesh was 1.18 million tonnes
(Rahman & Hasan, 2022).

Over the last two decades, wheat consumption has been dramatically improved in
Bangladesh but its production has declined due to various stressful environments.
Recurrent drought event due to climate change that threatens the country’s food
safety has become a serious concern (Hannan et al., 2021). Drought stress
adversely affects physiological and biochemical processes of wheat leading to a
reduction in crop productivity (Nowsherwan et al., 2018). As wheat is sown in the
winter season, low rainfall is there and water scarcity is experienced in
Bangladesh (Hannan et al., 2021). Therefore, drought has been dubbed one of the
most severe threats to the environment and Bangladesh (Hannan et al., 2021).
Additionally, global warming has led to unpredictable rainfall patterns, resulting
in the recurrence of extended drought periods throughout the globe.

In addition, soil problem is a vital issue of wheat production in Bangladesh. The
fertility of soils is destroying day after day due to the use of more chemical
fertilizers. Another way, continuous crop cultivation without adding sufficient
inputs to soil seriously influence soil fertility, soil health, and productivity
(Mahbub, 2020). Soil organic matter content is reportedly decreasing in the soils
of Bangladesh, which is viewed as an important issue in soil health (Ahmad et al.,
2018). The excessive use of chemical fertilizers coupled with intensive crop
production with less organic fertilizer uses is the primary cause of soil fertility
difficulties in Bangladesh. As biochar helps to increase the water- holding
capacity of soil and make the nutrients available to the plants, it can be used as a
good soil amendment in the field for wheat production (Al Baquy et al., 2022).


https://en.wikipedia.org/wiki/Poaceae
https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Seed
https://en.wikipedia.org/wiki/Cereal
https://en.wikipedia.org/wiki/Grain
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Therefore, there is no way to improve the health of the soil in Bangladesh or
increase its productivity until resource conservation strategies are used (Mia et al.,
2014; Rahman et al., 2022).

Trichoderma species are the fungi has the capacity to produce antibiotics,
parasitize other fungi, and compete with deterious microorganisms which were
considered to be the basis for how Trichoderma exert beneficial effects on plant
growth and development (Harman et al., 2004). The benefits of Trichoderma
species in improving plant growth can be realized through several mechanisms
which include mycoparasitism, antibiosis, degradation of toxins, inactivation of
pathogenic enzymes pathways, resistance against pathogens, enhanced nutrient
uptake, solubilization, sequestration of inorganic nutrients and enhanced root hair
development (Harman, 2006 &, Lorito et al.,, 2010). Trichoderma helps to
increase plant hormone which helps to increase root growth and root hair
formation that results in the more efficient use of nitrogen, phosphorus, potassium
and micronutrient and increase seedling vigor and germination (Mastouri et al.,
2010).

Rice husk is an agricultural waste material, mainly used for energy generation,
and also used as raw materials to develop technological products such as high
purity silica ash, silicon carbide and zeolites (Pode, 2016). Rice husk is the
important agro-industrial waste by-products that are generally used as fuel in rice
mill industry, respectively.

Integration of biochar with bio fertilizers generally provides for better nutrient
management and wheat yield (Al-Wabel, et al., 2018). Therefore, the combined
application of biochar with biofertilizer could be a step forward in ameliorating
the adverse effects of drought on critical growth stages of wheat. Hence,
considering the important the objectives were i) To study the effects of biochar,
Trichoderma and rice husk on yield and yield components of wheat; ii) To find
out the best treatment combination of chemical fertilizer with biochar,
Trichoderma and rice husk application for improving the yield and, iii) To find
out the best performing variety of wheat by applying biochar, Trichoderma and
rice husk to mitigate drought.

Materials and Methods

The experiment was conducted in the Agronomy Research Field, Department of
Agronomy, Hajee Mohammad Danesh Science and Technology University,
Dinajpur-5200, Bangladesh from November 2022 to April 2023. The
geographical position of the experimental area and location is between
25°44.574"N and 88°40.344"E and 40 m above sea level. Bangladesh Wheat and
Maize Research Institute (BWMRI), Dinajpur and Bangladesh Agricultural
Research Institute (BARI), Gazipur, released recognized varieties namely



4 The journal of New Govt. Degree College

BWMRI Gom-1, BWMRI Gom-2 and BARI Gom 32 were used in this
experiment. Two factors were included in the experiment namely variety and
different treatments. The treatments were designated as follows: Factor A: Four
treatments; T, = Control i.e., no treatment application; T, = 50 % chemical
fertilizer + 2 t ha™ biochar (BC); Tz = 50 % chemical fertilizer + 2 tha™
Trichoderma biofertilizer; T4 = 50 % chemical fertilizer + 2 t ha™ rice husk (RC).
Factor B: Consist of three varieties (V1= BWMRI Gom-1, V2=BWMRI Gom-2
and V3= BARI Gom 32). The experiment was laid out in a Randomized
Complete Block Design (RCBD) where each treatment with each varieties
replicated three times. The treatments were randomly distributed to the plots
within a block. Thus the number of the plot was 3 x 12 = 36. The unit plot size
was (4 m x 2.5 m) i.e., 10 m® Irrigation and drainage channel was made by
maintaining 50 cm width and 30 cm between the blocks and 25 cm wide and 25
cm depth between plots. Fertilizer was applied as a source of N-P-K nutrients viz.,
80 kg N, 40 kg P,Os, and 40 K,0 kg ha™ uniformly distributed through urea,
DAP, and MoP. Therefore, the fertilizer requirement was urea=80gm/10 m? plot;
DAP = 40 gm/10 m? plot, and MoP = 40 gm/10 m? plot respectively. Biochar,
Trichoderma enriched biofertilizer, rice husk was applied as per the treatments.

Climatic Conditions

The climate was subtropical with low temperatures and minimum rainfall from
December to April which is the main feature of the Rabi season. The highest
maximum temperature was shown in the month of April i.e., 35.0°C. The lowest
maximum temperature was shown in January at 24.0°C. While the highest
minimum temperature was recorded in the month of April at 18.0°C and the
lowest in the month of December at 13.0°C shown in (Figure 1a). Besides, the
highest humidity was shown in the month of December 2022 with 1.8% lowest at
1.3% recorded in the month of March 2023. There was no rainfall at the
beginning but little bit rain before harvesting the experiment. The highest rainfall
month was in April with the data being 80 mm. While very low percentage was
shown from December 2022 to February 2023 and the range was between 5-10
mm shown in (Figure 1 a and 1 b).
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Figure 1 (a, b): Climatic condition between the cropping year of 2022-2023
Soil Type

The soil of the experimental field belongs to the old Himalayan Piedmont Plain
(AEZ-1). Initial soil samples were collected randomly from each unit plot at a
depth of 0-30 cm before final land preparation and the samples were mixed to
make a bulk sample. The bulk sample was air dried ground and sieved to remove
unwanted materials then preserved in polythene bags for future laboratory studies.
After that, Soil analysis was done at the Soil Science department of Hajee
Mohammad Danesh Science and Technology University, Dinajpur and Soil
Resource Development Institute (SRDI), Dinajpur, Bangladesh. Soil analysis
showed that the soil of the experimental plot was sandy loam with good drainage
capacity. The experiment plot was medium high land with the pH range of 6.12
i.e., the soil is acidic soil.

Data Collection

Data were collected based on the yield and yield characteristics of the wheat
plant. The characteristics were plant height (cm), number of tillers plant™ (no.),
number of leaves plant ™ (no.), spike length (cm), thousand seed weight (g), fresh
weight of plant™ (g), dry weight of plant™ (g), seed fresh weight plan'* (g), seed
dry weight plan'? (g), seed yield (t ha™),biological yield (t ha™), straw yield (t ha
1, harvest Index (%). These data were taken when the crop attained maturity.

Data Analysis Using Statistical Programme

The analysis of variance (ANOVA) function, the relationship between biochar,
trichoderma, rice husk treatments and variety, with yield attributes of wheat
evaluated by the least significant difference (LSD) used for mean comparisons at
a 5 % probability level and 1% probability level using the R program (version
4.2.1). Comparison graphs were done by using the R program (version 4.2.1).
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Pearson correlation was done also by using R programming. Weather graphs were
done by using origin pro 2023 (version 9.3) software.

Result and Discussion
Pearson correlation among the yield contributing characters

Correlation result showed that a strong correlation among the yield contributing
traits. Plant height at 30DAS showed a position correlation with harvest index
(0.73), grain yield (0.72), fresh weight plant™* (0.49), dry weight plant™ (0.48),
1000 seed weight (0.35), leaf number (0.42), spike length (0.3). While negative
correlation showed with only straw yield (-0.66). Leaf number showed a positive
correlation with spike length (0.92), grain weight (0.92), fresh weight (0.90), dry
weight plant™ (0.91), 1000 seed weight (0.91) and harvest index (0.55). Tiller
number showed a highly positive correlation with 1000 seed weight (0.67), spike
length (0.62), grain weight (0.59), fresh weight (0.50), dry weight (0.55). While
negative correlation showed with straw yield (-0.081). Spike length showed
highly positive correlation with 1000 seed weight (0.91), grain weight (0.88),
fresh weight (0.88) and dry weight (0.87). A very low positive correlation showed
with biological yield (0.24) and grain yield (0.40). While negative correlation
showed with straw yield (-0.34). Grain weight showed highly positive correlation
with 1000 seed weight (0.86), fresh weight (0.89) and dry weight (0.92). A very
low positive correlation showed with biological yield (0.22) and grain yield (0.42).
While negative correlation showed with straw yield (-0.42).

O
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Fig 2. Pearson correlation among the yield contributing characters of wheat. Here, PH= Plant
Height, LN= Leaf Number, TN= Tiller Number, SI = Spike Length, GW = Grain Weight, FW
=Fresh Weight of Seed, DW= Dry weight of Seed, 1000 SW= 1000 Seed Weight, GY= Grain
Yield, SY= Straw Yield, BY= Biological Yield, HI=Harvest Index
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Fresh weight of seed showed highly positive correlation with 1000 seed weight
(0.84), and dry weight (0.96). A very low positive correlation showed with
biological yield (0.42) and grain yield (0.62). While negative correlation showed
with straw yield (-0.44). Dry weight of seed showed highly positive correlation
with 1000 seed weight (0.87), and dry weight (1.00). A very low positive
correlation showed with biological yield (0.41) and grain yield (0.62). While
negative correlation showed with straw yield (-0.48). 1000 seed weight showed
highly negative correlation with biological yield (0.35) and grain yield (0.52).
Grain yield showed highly negative correlation with biological yield (0.87).
Therefore, it could be concluded that plant height, leaf number, spike length,
grain’ fresh weight, grain dry weight had a positive and strong correlation with
yield contributing traits for higher yield of different wheat variety.

Result and Discussion

Effect of varieties on yield and yield contributing traits

Different wheat varieties had different relation with yield and yield contributing
traits of wheat. A sort of variation was observed in plant height with the varieties.
Maximum plant height was recorded 100.21 cm from V; (BWMRI Gom 3) and
lowest was recorded 97.86 cm from V; (BWMRI Gom 2). Result showed that the
highest tiller number plant™ was obtained (6.92 no.) with v, (BWMRI Gom 3)
and lowest was obtained (4.92 no.) from the Vi (BWMRI Gom 2). Fresh weight
plant® was highest in V. (BWMRI Gom 3) with (16.84g) and lowest was
recorded in V; (BWMRI Gom 2) with (13.16g). In dry weight plant™ V, (BWMRI
Gom 3) with (11.74g) was recorded highest value and the lowest was recorded in
V1 (BWMRI Gom 2) with (9.63 g). All the result showed in (Table 1).

Table 1. Effect of different yield contributing characters on wheat variety

Variety PH (cm) TN(no.) LN (no.) FWP (9) DWP(g) SL (cm)
V1 97.86b 4.92b 14.18a 13.16b 9.63b 15.33a
V2 100.21a 6.92a 13.79a 16.84a 11.74a 15.77a
V3 98.61b 6.83a 13.22a 16.76a 11.11a 15.55a
LS * * NS * * NS
LSD 1.10 2.10 2.55 211 1.78 2.33
CcVv 16.23 17.99 17.59 18.94 21.76 16.10

Here, PH=Plant Height; TN=Tiller Number Plant™, LN= Leaves Number Plant, FWP= Fresh
Weight Plant®, DWP= Dry Weight plant®, SL= Spike Length; V1= (BWMRI Gom 2); V2=
(BWMRI Gom 3); V3=(BARI Gom 32)
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Table 2 showed the highest 1000 grain weight was recorded in V, (BWMRI Gom
3) with (35.06g) and the lowest was recorded in V1 (BWMRI Gom 2) with (32.98
g). The highest seed fresh weight plant™ was recorded in V, (BWMRI Gom 3)
with (12.30g) and the lowest was recorded in Vi (BWMRI Gom 2) (9.82 g). The
highest seed dry weight plant™ was recorded in V, (BWMRI Gom 3) with 7.97g
and the lowest was recorded in V; (BWMRI Gom 2) 6.71g. Grain yield showed
highest withV, (BWMRI Gom 3) 4.11 t ha™ better result than V1 (BWMRI Gom
2) (3.64 t ha™). Incase of biological yield, V, (BWMRI Gom 3) with 8.35 t ha™
showed better performance over V; (BWMRI Gom 2) with 7.42 t ha™ which were
significantly different with each other. Highest straw yield was recorded in V,
(BWMRI Gom 3) with 4.32 t ha™* and lowest was obtained in Vi (BWMRI Gom
2) with 3.78t ha™l. Maximum harvest index were recorded in VV, (BWMRI Gom 3)
with (48.77 %) and the lowest was recorded in V; (BWMRI Gom 2) with 47.23
%. While except leaves number plant™ and spikelet length had non significant
result with varieties showed highest leaves number plant™ recorded at V;
(BWMRI Gom 2) with (14.18 no.) and the lowest was recorded at V3 (BARI Gom
32) with (13.22 no.). Highest spike length was recorded in V, (BWMRI Gom 3)
with (15.77 c¢cm) and lowest was obtained in Vi (BWMRI Gom 2) (14.76 cm).
Therefore, It was observed than among the three varieties, V, (BWMRI Gom 3)
best performing variety.

Table 2. Effect of different yield contributing characters on wheat variety

Variety 1000 GW (g) SFGP SDWP (g) GY (tha™) BY SY HI (%)
© (tha™) (tha™)

V1 32.98c 9.82b 6.71b 3.64b 7.42b 3.78b 47.23ab
V2 35.06a 12.30a 7.97a 4.11a 8.35a 4.32a 48.77a
V3 34.55ab 12.00a 7.13a 4.04a 8.14a 4.24a 48.25a
LS * * * * * * *
LSD 2.13 3.11 1.78 3.11 0.49 0.28 0.56
cv 1.23 8.94 2.76 11.94 7.26 8.09 4.33

Here; 1000 GW= 1000 Grain Weight; SFGP= Seed Fresh Weight Plant*, SDWP= Seed Dry
Weight Plant®, GY = Grain Yield; BY= Biological Yield; SY= Straw Yield; HI=Harvest Index;
V1= (BWMRI Gom 2); V2= (BWMRI Gom 3); V3=(BARI Gom 32)



Effect of biochar, Trichoderma biofertilizer, and rice husk on the growth, yield attributes 9

Effect of treatments on yield and yield contributing traits

Result (Table 3) showed the maximum plant height was obtained 103.79 cm from
Ts (50 % CF + 2 t ha™ Trichoderma) and lowest height was 57.59 cm recorded
from T (control). The highest tiller number plant™ was obtained (7.22 no.) both at
the treatment of T3 (50 % CF + 2 t ha™* Trichoderma) and T4 (50 % CF + 2.0 t ha
'RH). While the lowest result was shown (3.66 no.) in T, (control) condition. The
highest leaves number plant” was recorded from T; (50 % CF + 2 t ha™
Trichoderma) with 17.59 no. and the lowest was recorded at T; (Control) with
11.17 no. The highest fresh weight plant™ was recorded in T5 (50 % CF +2 t ha™
Trichoderma) with 14.42 g and the lowest was recorded in control T, (control)
with 9.29 g. The highest dry weight plant™ value was recorded in T3 (50 % CF +2
t ha™! Trichoderma) with 11.20g and the lowest was recorded in T; (control) with
6.79 g. Highest spikelet length was obtained in T3 (50 % CF + 2 t ha®
Trichoderma) with 16.81 cm and lowest was obtained in T; (control) with 7.99
cm.

Table 3: Effect of different yield contributing characters on treatments

Treatments PH (cm) TN(no.) LN (no.)  FWP (g) DWP(g) SL (cm)

T 57.59¢ 3.66b 11.17° 9.29b 6.79¢ 7.99
T, 98.4b 6.77ab 11.82" 14.05a 10.52" 16.57
Ts 103.79a 7.22a 17.59% 14.42a 11.20a 16.81
T, 102.29a 7.22a 14.21* 14.33a 11.00° 16.12
LS * * * * e *

LSD 2.11 1.56 4.04 3.33 2.82 3.55
cv 12.23 13.99 17.59 18.94 21.76 14.12

Here, T1= (control); T2= (50 % CF + 2 t ha™ BC); Ts- (50 % CF + 2 t ha™ Trichoderma); T, - (50
% CF + 2 t ha™ RH)

On the other hand, Table 4 showed, 1000 grain weight varied significantly with
the treatments. The highest value was recorded in T3 (50 % CF + 2 t ha™
Trichoderma) 38.46g and the lowest value was recorded in Ty (control) (20.479).
The highest value of seed fresh weight plant *was recorded in T3 (50 % CF + 2 t
ha™ Trichoderma) (13.76g) and the lowest value was recorded in Ty (Control)
(6.11g). Seed dry weight varied significantly with the treatments. The highest
value was recorded in T3 (50 % CF + 2 t ha™ Trichoderma) with 10.28g and the



10 The journal of New Govt. Degree College

lowest value was recorded in Ty (control) 4.25g. Highest grain yield was obtained
in T3 (50 % CF + 2 t ha™* Trichoderma) with (5.53 t ha™*) and lowest was recorded
in T1 (control) with (0.78t ha™). Highest biological yield value was recorded in T,
(50 % CF + 2 t ha™ Biochar) with 8.84 t ha™ and lowest was recorded in T;
(control) (3.26 t ha''). Straw yield varied significantly and highest straw yield was
obtained in T5 (50 % CF + 2 t ha™* Trichoderma) with 4.89 t ha™ and lowest was
obtained in T; (control) (1.33 t ha. Maximum harvest index value was obtained
from T, (50 % CF + 2 t ha™* Rice husk) with 53.70% and the lowest value was
obtained from T; (control) with 28.15%.

Table 4. Effect of different yield contributing characters on treatments

Treatments 1000 SFGP  SDWP GY BY SY HI (%)
GW() (9 (9) (tha®)  (tha®)  (tha™)

Tl 20.47¢  6.11c 4.25d 0.78d 3.26¢ 1.33c 28.15
T2 36.72b  13.55b  8.59c 3.23c 8.84a 3.61b 49.20
T3 38.46a 13.76a 10.28a  5.53a 8.42a 4.89% 53.70
T4 37.51ab 13.59a  9.56b 4.52b 7.35b 4.35a 42.90
LS * * ** * ** * *
LSD 2.10 3.33 2.82 3.11 7.26 0..32 1.22
CcVv 1433 1894 2176 1520 0.56 8.09 3.23

Here, T1= (control); T2= (50 % CF + 2 t ha™ BC); Ts- (50 % CF + 2 t ha™ Trichoderma);
T4-(50 % CF + 2 tha'RH)

Interaction result

The effect of biochar (BC), Trichoderma and rice husk (RH) on plant height
between the combinations of different treatments with varieties varied
significantly. Result showed T3xV, (50% chemical fertilizer with BWMRI Gom
3) had 105.00 cm plant height and was the best performance and while lowest
performance showed by ViT; (BWMRI Gom 2 with control). Here all of the
combinations showed better performance over control. These plant heights were
statistically significant to the interaction shown in (Table 5). Abbas et al. (2017)
and Wang et al. (2019) also found similar types of results. Highest result was
shown at interaction T5V; (BWMRI Gom 3 with 50 % CF + 2 t ha™ Trichoderma)
with (8.2 no.). While the lowest tillers number were recorded at control VT,
(BWMRI Gom 2 with control) (4.09 no.).
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Table 5. Effect of different yield contributing characters on the interaction between
varieties and treatments

Interactions ~ PH(cm) TN(no.) LN (no.) FWP (g) DWP (g) SL (no.)

TixV; 68.66h 4.09d 14.76d 7.74e 9.23d 8.63e
TixV, 80.00f 4.0d 22.07c 15.65bc 10.15c 7.56e
T1xV3 73.00g 4.0d 22.21c 15.87bc 11.90b 7.80e
ToxV, 86.66d 5.33c 22.00c 12.45d 10.05c 16.55¢
ToxV, 82.00f 7.33b 14.57d 8.97e 9.31d 17.71b
ToxV3 94.66e 7.67b 23.58b 11.84c 10.87a 15.44
TaxVy 97.33c 5.67 25.05a 17.54a 12.06a 15.91d
TaxV, 105.00a 8.2a 24.43ab 17.01ab 11.85b 18.95a
T3xV3 101.00b 8a 14.33d 8.33e 9.14d 15.45d
TxVy 81.66f 5.67c 23.43b 13.62¢c 10.27c 16.94c
TixV; 76.669 5.67c 23.67b 17.35a 11.98b 18.54a
TiXV3 89.67d 8.11a 24.23ab 17.12a 11.79b 17.89b
LS * * * * * *
LSD 9.60 4.33 1.27 471 3.98 5.10
Cv 6.56 3.11 17.59 18.94 21.76 18.23

Here, T1= (control); T2= (50 % CF + 2 t ha™ BC); Ta- (50 % CF + 2 t ha™ Trichoderma); T,- (50
% CF + 2 t ha™ RH)

Among the interactions highest leaves number plant™ was found at VT3
(BWMRI Gom 3 with 50 % CF + 2 t ha™ Trichoderma) with (25.05 no.) and the
lowest was recorded at control V3T; (BARI Gom 32 with control) with 14.33 no.
The results of the present experiment were in close conformity with the findings
of Salim et al. (2016).The highest fresh weight plant™ in T5V, (BWMRI Gom 3
with 50 % CF +2 t ha™* Trichoderma) (17.54 g) weight was recorded and the
lowest was recorded in T;V; (BWMRI Gom 3 with control) (7.74 g). Similar
results were found by Hussien et al. (2020). The highest dry weight plant™ was
recorded V;T, (BWMRI Gom 2 with 50 % CF + 2 t ha'BC), 10.15 g,
respectively. Highest spike length plant™ was recorded in T3V, (BWMRI Gom 3
with 50 % CF + 2 t ha™ Trichoderma) with (18.95 cm) and lowest was recorded in
V,T; (BWMRI Gom 3 with control) 7.56 cm. The results of present experiment
were in close conformity with the findings of Haider et al. (2020).
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Table 6. Effect of different yield contributing characters on the interaction between
varieties and treatments

Interactions 1000 GW SFGP SDWP (g) GY (tha?) BY SY
(©) () (tha™) (tha™)
TxVy 68.66h 4.09d 14.76d 7.74e 9.23d 8.63e
TXV, 80.00f 4.0d 22.07¢c 15.65bc 10.15c¢ 7.56e
TXV3 73.00g 4.0d 22.21¢ 15.87bc 11.90b 7.80e
ToxV 86.66d 5.33c 22.00c 12.45d 10.05¢ 16.55¢
TxV, 82.00f 7.33b 14.57d 8.97e 9.31d 17.71b
ToxV3 94.66e 7.67b 23.58b 11.84c 10.87a 15.44
TaxVy 97.33¢c 5.67 25.05a 17.54a 12.06a 15.91d
TaxV, 105.00a 8.2a 24.43ab 17.01ab 11.85b 18.95a
TaxVs 101.00b 8a 14.33d 8.33e 9.14d 15.45d
TxVy 81.66f 5.67¢ 23.43b 13.62¢ 10.27c 16.94c
TxV, 76.669 5.67¢c 23.67b 17.35a 11.98b 18.54a
T4xV; 89.67d 8.11a 24.23ab 17.12a 11.79b 17.89%b

LS * * * * * *

LSD 9.60 4.33 1.27 4.71 3.98 5.10

CcVv 6.56 3.11 17.59 18.94 21.76 18.23

Highest thousand seed weight was obtained in T5V, (BWMRI Gom 3 with 50 %
CF + 2 t ha™ Trichoderma) (48.73 g) and lowest was recorded in T, V3 (BWMRI
Gom 2 with 50 % CF + 2 t ha RH) with (20.2 g). In case of interactions highest
seed fresh weight was obtained in T; V, (BWMRI Gom 3 with 50 % CF + 2 t ha™
Trichoderma ) 17.54 g and lowest was recorded in T,V; (BWMRI Gom 2 with
control) 8.78g. Similar result was found by Abbas et al. (2017). Highest seed dry
weight was obtained in T; V, (BWMRI Gom 3 with 50 % CF + 2 t ha™
Trichoderma) 10.87 g and lowest was recorded in T,;Vs; (BARI Gom 32 with
Control) 4.21g. Similar type result was found by Abbas et al. (2017). Highest
grain yield was recorded in T5V, (BWMRI Gom 3 with 50 % CF + 2 t ha™
Trichoderma) 5.47 t ha™ and lowest was recorded in T;Vs (BARI Gom 32 with
Control) 1.2 t ha™. In case of interaction highest biological yield was obtained in
T3 V3 (BARI Gom 32 with 50 % CF + 2 t ha‘lTrichoderma) 9.28 t ha™! and lowest
was obtained in V,T; (BWMRI Gom 2 with Control) 6.59 t ha™. Similar result
was found in an experiment conducted by Ali et al. (2019). In case of interactions
straw yield varied significantly. Highest straw vyield was obtained in TV,
(BWMRI Gom 3 with 50 % CF + 2 t ha™ Trichoderma) 4.79 t ha™ and lowest was
recorded in T,V; (BWMRI Gom 2 with Control) 3.37t ha™. Similar result was
found by Zhao et al. (2014). Maximum harvest index was recorded from T3V,
(BWMRI Gom 3 with 50 % CF + 2 t ha™* Trichoderma) 60.72 % and lowest was
recorded from V;T; (BWMRI Gom 2 with Control) 36.41 %. Smaller results were
found in the experiment conducted by Huang et al. (2019). All the result showed
in table 6.
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Conclusion

Parameters like plant height, number of tillers plant™, number of leaves plant™,
spike length, fresh weight plant?, dry weight plant™, thousand seed weight, grain
yield, straw vyield, biological yield, harvest index were influenced by Biochar,
Trichoderma and Rice Husk and inorganic fertilizers showed best performed with
V2 (BWMRI Gom 3) compared to V; = BWMRI Gom 2, and V3= BARI Gom 32.
Among, the treatments, Tz (50 % CF + 2 t ha™ Trichoderma) showed best
performed compared to other treatments. Whenever, in interaction, T3V;
(BWMRI Gom 3 with 50 % CF +2 t ha™ Trichoderma) showed best result for
most of the yield contributing traits. Therefore, it could be concluded that,
BWMRI Gom 3 variety with 50 % CF + 2 t ha™ Trichoderma treatment would be
best for wheat cultivation in the Old Himalayan Piedmont Plain (AEZ -1) soils.
Finally, it can be suggested that the combined use of chemical fertilizers with
Trichoderma for the improving of growth and yield of wheat production in
Bangladesh.
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EFFECT OF MULCHES ON GROWTH AND PRODUCTION OF
CHICKPEA (Cicer arietinum L.) WITHOUT IRRIGATION
ABSTRACT

MJAlam ! Marufa Akhter? Giush Uddin Ahmed®

Abstract: Various mulching methods was examined for the purpose of low,
erratic rainfall and high evapotranspiration and the production of healthy and
better yield of direct seeded chick pea (Cicer arietinum L.). The experiment
was carried out in a randomize complete block design (RCBD) with three
replications. Four types mulching such as wood fibre, dried Eichhornia,
polythene, rice straw with three varieties BARI Chickpea-5, BARI Chickpea-
9, BU Chickpea-1 were combined in the treatments. Agronomic parameters
like plant height & number of branches/plant at 60 days after sowing, total
pod/plant, filled pod/plant, seed weight, garin weight, Teparature variation
and moisture content were studied to observe the effect of mulching. Dried
Eichhornia (T,) mulching was significantly different among others. The
growth and vyield contributing characters were significantly different using
dried Eichhornia (T,). Polythene (T3) mulch was conserved maximum
temperature significantly than others and temperature was fluctuated in
without mulching condition. Polythene (T3) was suitable to conserve soil
moisture content (%). Mulching boosts the growth and yield of chickpea
during winter and also suitable for soil characters.

Key wards: Mulching, Chick pea, Irrigation

Introduction

The word mulch has probably derived from the German word “Molch” means soft
to decay, which apparently referred to the gardeners use of straw and leaves as a
spread over the ground as mulch Jack et al. (1955). Mulch is a layer of material
applied to the surface of an area of soil. Its purpose is to conserve moisture, to
improve the fertility and health of the soil, to reduce weed growth to enhance the
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visual appeal of the area. A mulch is usually but not exclusively organic in nature.
It may be permanent (e.g. bark chips) or temporary (e.g. plastic sheeting). It may
be applied to bare soil, or around existing plants. Mulches of wood fibre, dried
Eichhornia (water hyacinth) and rice straw will be incorporated naturally into the
soil by the activity of worms and other organisms. In Barendra climates, the effect
of mulch is dependent upon the time of year at which it is applied as it tends to
slow changes in soil temperature and moisture content. Mulch, when applied to
the soil in late winter/early spring, will slow the warming of the soil by acting as
an insulator, and will hold in moisture by preventing evaporation. In order to
maximize the benefits of mulch, while minimizing its negative influences, it is
often applied in late spring/early summer when soil temperatures have risen
sufficiently, but soil moisture content is still relatively high Whitefield (2004).
Plastic mulch used in large-scale commercial production is laid down with a
tractor-drawn or standalone layer of plastic mulch. Amin S. et al. (2022). This is
usually part of a sophisticated mechanical process, where raised beds are formed,
plastic is rolled out on top, and seedlings are transplanted through it. Drip
irrigation is often required, with drip tape laid under the plastic, as plastic mulch
is impermeable to water.

Chickpea (chhola) a common member of the pulse crop, Cicer arietinum, of the
family “Fabaceae”. Gram, also known as Gram, appears to have originated in
western Asia and spread at a very early date to India and Europe. It is very
drought-resistant and requires a cool dry climate, and well-aerated soils. In
Bangladesh it is grown as a winter crop and must have cold or cool nights with
dew for successful cultivation. It grows best on heavy clay soils. High humidity
and cloudy weather affect its flowering and pod setting. It is the third most
important pulse crop of Bangladesh and is one of the best legumes for human and
animal consumption. The whole dried seed contains approximately 9.8% water,
17.1% protein, 5.3% fat, 61.2% carbohydrate, 3.9% fibre and 2.7% ash. Production
of pulse crops in Barendra areas is hampered by the shortage of water, the major
part of the growing season usually being characterized by low, erratic rainfall and
high evapotranspiration (ET) rates. Rainfall is therefore not adequate for crop
production in these regions and necessitates the use of irrigation. The mulches
provide yield improvement in pulse production.

The goal of the examination is to choose mulching methods for chick pea
production system that serve simultaneously weed management purposes and
the production of healthy, marketable gram too. To determine the appropriate one,
different organic and plastic mulching methods have to be compared and
examined parallely with untreated, traditionally treated controls. To investigate
the influence of mulching on water conservation, soil temperature and weed
emergence of chickpea, standardize of different mulching materials on chickpea
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growth and evaluate different mulching materials on chickpea yield. Hossam S. et
al (2022)

Materials and Methods

The experiment was carried out at Agronomy Farm House, Department of
Agronomy and Agricultural Extension, University of Rajshahi during the rabi
season from December 2012 to April 2013 to study “Effect of mulches on growth
and production of chickpea (Cicer arietinum) without irrigation.” The experiment
was laid out in a Randomize Complete Block Design (RCBD) with three
replications. Each block was divided into 15 plots. Thus, total number of plots
was 45(3x15). The size of each plot was 2mx2m. The treatments were randomly
distributed to the plot within a block. Three types of cultivars like BARI
Chickpea-5 (V1) , BARI Chickea-9 (V,), BU Chickpea-1 (V3) and four types of
mulching material (Wood chip, Dry Eichhornia, Polythene, Rice straw) were used
in this experiment. Land Preparation, Fertilizer use, Priming of chickpea, Seed
treatment, Sowing of seeds, Weeding and thinning, Diseases and insect control,
Harvesting and threshing were done following agronomic and agricultural
principles. Ty = Without mulching, T; = Wood chips

T, = Dried Eichhornia, T3 = Polythene , T, = Rice straw
Collection of Experimental data

Plant height (cm), Number of branches /plant at 60 days after sowing, Number of
pods/plant, Filled pod/ plant, Total Grain weight, Seed weight/ plant, Moisture
content (%) and Soil temperature. All experimental data were subjected to
analysis of variance (ANOVA) using SPSS, version 20.0 (SPSS, 2013). Mean
values were compared by the LSD method Gomez and Gomez (1984).

Results and Discussion

The present investigation was carried out to the study the “Effect of mulches on
growth and production of chickpea (Cicer arietinum L.) without irrigation”. The
experiment was aimed at studying the response of chickpea as influenced by
various mulches. The results of this study are described under the following different
heads.

Plant height/plant

Various mulches effect was shown in Table-1 for all varieties. There was significance
different among mulches at 60 days after sowing. The plant height was highest in dried
Eichhornia mulching for all varieties (Table -1, Figure -1). Dried Eichhornia
provided good soil properties for plant growth. Although dry water hyacinth
mulching improved some quality indices in garlic. Plastic mulch increased
accelerated plant height without any application of herbicides Mahdieh
Najafabadi et al.( 2012).
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Branch number/plant

Different mulching was significantly influenced the number of branches/plant
shown in Table-2, Numerically the maximum number of branches/plant was
produced from BARI chickpea-5, BARI chickpea-9, and BU chickpea-1 with
dried Eichhornia (T,) treatment at 60 DAS. The significantly lowest in all
varieties with T, treatment. Increased soil C, total N, available P and K as
compared to the non-mulched plots. Nonetheless, soil C was greater in the green
mulch plots, followed by compost and vermicompost plots. Net N mineralization
rate also followed similar patterns. Upon comparison with other aquatic weedy
species, E. crassipes had 20-50% more C and 10-40% more N in its residues.
Likewise, the compost prepared out of E. crassipes also seems to be of good
quality as indicated by a C/N ratio less than 25, as compared to Hydrilla spp.
Subramanian B. et al (2013).

Total pod/plant

Total pod/Plant varied significantly with different mulches in BARI Chickpea-5,
BARI Chickpea-9 and BU Chickpea-1 varieties. The maximum number of total
pods/plant was recorded in BU Chickpea-1 (162.97) from dried Eichhornia (T,)
treatment and the lowest total pods/plant was produced from BARI Chickpea-9
(68.28) in Ty treatment (Table-2.)

Filled pod/plant

Different mulching showed significant variation in terms of filled pods/plant in
three varieties. Numerically the highest number of filled pods/plan was observed
from BU Chickpea-1 (97.39) in dried Eichhornia (T,) treatment and the lowest
total filled pods/plant was obtained from BARI Chickpea-5 (61.03) in without
mulching (To) treatment (Table-2).

Total grain weight

The significantly highest total grain weight was produced by BARI Chickpea-9
(2.26) in dried Eichhornia (T;) treatment and lowest in BARI Chickpea-5 (1.24)
with Ty treatment (Table 4.11). Boyhan et al. (2000) revealed increased yields of
summer squash with the use of mulch. Similar results were also obtained by
Hassan et al. (1994). Daleshwar R. & Pradeep P. (2017) (Table -2)

Seed weight/plant

Different mulching showed significant variation in terms of seed weight plant™ in
three varieties. Numerically the highest number of seed weight plant™ was
observed from BARI Chickpea-9 (18.58) in dried Eichhornia (T,) treatment and
the lowest total seed weight/plant was obtained from BARI Chickpea-5 (9.48) in
without mulching (To) treatment (Table-2). Color plastic mulches increased yield.
Farias-Larios et al. (1999); Lamont et al. (2005; May et al. ( 2005).
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Table-1: Effect of various mulches on plant height/plant and Branch umber/plant of
BARI Chickpea-5, BARI Chickpea -9 and BU Chickpea-1 variety at 60 DAS

Variety Treatment Plant height/plant Branch number/plant

To 33.793+.483 d 6.203:+.094 b
T, 47.300+.483 b 6.257+.094 b
BARI Chickpea-5 T, 53.970+.483 a 6.773+.094 a
Ts 44.640+.483 ¢ 6.580+.094 a
T, 43.140+.483 ¢ 6.213+.094 b
To 41.503+4.537 b 6.780+.072 b
BARI Chickpea-9 T, 54.857+4.537 ab 6.960+.072 b
T, 59.287+4.537 a 7.903+.072 a
T, 49.337+4.537 ab 6.843+.072 b
T, 54.443+4.537 ab 6.837+.072 b
To 43.597+.198 ¢ 4.940+.102 d
BU Chickpea-1 T, 49.940+.198 b 5.877+.102 ¢
T, 56.900+.198 a 7.513+.102 ba
T, 46.967+.198 d 6.783+.102 b
T, 48.020+.198 ¢ 6.980+.102 b

* In a column, data are the mean values with standard error having different
letters within four different treatments differ significantly as per LSD at 5% level.
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Figure-1: Effect of various mulches on three varieties of cickpea at 60 DAS



Effect of mulches on growth and production of chickpea (cicer arietinum L.) 21

Table-2: Effect of various mulches on total pod/plant, filled pod/plant and total
grain weight of BARI Chickpea-5, BARI Chickpea -9 and BU Chickpea -1

variety.
Mulching BARI BARI BU Chickpea-1
treatment Chickpea-5 Chickpea-9
Total To 68.873:2.394d 68.283+4.106 ¢  79.933+3.758 ¢
pod/plant T, 88.567+2.394c  92.81044.106b  102.510+3.758 d
T, 131.890+2.394a 122.160+4.106a  162.970+3.758 a
T 98.270+2.394b  75.360+4.106¢c  123.813+3.758 ¢
T, 125.357+2.394a 103.940+4.106b  139.803+3.758 b
filled To 61.033+3558a  61.567+2.879b  63.610+3.139 b
pod/plant T, 66.933+3.558a  63.60042.879b  70.530+3.139b
T, 71.133+3558a  85.65042.879a  97.393+3.139a
T 63.20043558a  76.967+2.879a  91.213+3.139a
T, 60.493+3558a  82.547+2.879a  87.327+3.139a
Total grain To 1.240+.031 ¢ 1.250+.039 e 1.450+.040 c
weight T, 1467+03Lb  2.100+.039 b 1.550+.040 b
T, 2.150+.031 a 2.267+.039 a 2.100+.040 a
T 1.450+.031 ¢ 1.450+.039 d 1.507+.040 ¢
T, 1.500+.031 b 1.650+.039 ¢ 2.083+.040 a
Seed To 0.487+574c  10.107+934d  10.457+.445¢
weight/plant T, 11.553+.574b  17.340+.934ab  11.990+.445 b
T, 14500+574a  18587+934a  15.183+.445a
T, 10.420+574b  15.483+.934bc  11.853+.445 be
T, 10.243+574b  14177+934c  14.233+.445a

* In a column, data are the mean values with standard error having different
letters within four different treatments differ significantly as per LSD at 5%

level.

Effect of Mulches on Soil Moisture Content (%)

In this case, moisture content of soil in three chickpea varieties, polythene
mulching (T3) was conserved significantly maximum moisture content than others
(Fig:-2, 3 and 4). Wood chips were one of the best performers in terms of
moisture retention. Mulch can conserve moisture, improve long- term soil
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structure and increase seedling survivorship. Black plastic mulch alters the plant’s
growing environment by generating holding more soil moisture. Nithisha N. et al
(2022) than bare soil. Color mulches reduced water evaporation. Lamont (1996).

Straw mulch conserved higher soil moisture to an extent of 55 per cent more
compared to control.

Effect of Mulches on Soil Temperature

Temperature was fluctuated with without mulching (To) condition in three months
and polythene mulching was conserved significantly maximum temperature than
others (Fig: 5, 6 and 7). Black plastic mulch alters the plants growing
environment by generating warmer soil temperatures Dodds et al. (2003); Hanna
et al. (2003) than bare soil. Plastic mulch increased minimum temperature of soil
without any application of herbicides Mahdieh Najafabadi et al. (2012). Selima
P.Y.K & Halil S. (2021), Deka A. M., et all (2021).
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Fig-3: Effect of mulches on soil moisture content (%) for BARI Chickpea-9.
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Fig -4: Effect of mulches on soil moisture content (%) for BU Chickpea-1.
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Summary

The main goal of this study was to choose of choose mulching methods for
chickpea production system that serve simultaneously moisture preservation and
the production of good and healthy yield. The present research was carried out at
Agronomy field Laboratory, Department of Agronomy and Agricultural
Extension, University of Rajshahi, during the rabi season November 2012 to April
2013 to study. Three Chickpea varieties BARI Chickpea-5, BARI Chickpea-9,
BU Chickpea-1 and 4 mulching materials wood chips, dried Eichhornia
polythene, rice straw were used for this experiment.

The experiment was laid out in randomized complete block design (RCBD)
having three replications. The unit plot size was 2mx2m. All agronomic
management practices were done whenever necessary to ensure a healthy growth
of crop. The data were recorded on broad parameters of growth, yield and yield
contributing characters.

The data collection was started 30 days after sowing (DAS). 10 plants were
randomly selected from each plot for collecting of data on plant height/plant,
branch number/plant, The crop was harvested at full maturity. Data on yield and
yield contributing characters were recorded after harvest. All the data were
colleted appropriately and analyzed statistically. The values of the means were
adjudged by LSD at 5% level.

Result revealed that mulching significantly influenced all growth, yield and yield
contributing characters. The plant height was highest in dried Eichhornia
mulching for all varieties. Branch number/plant was obtained from dried
Eichhornia mulching and minimum from without mulching, the highest number
of filled pods/plant (97.39) was observed from dried Eichhornia mulching and
minimum (61.03) from without mulching. Polythene mulching was conserved
significantly maximum temperature and moisture content. Temperature was
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fluctuated with without mulching condition. From the overall discussion of the
results of the investigation, we can say that the growth and yield of chickpea were
greatly influences with various mulching condition and mulching conditions is
better than bare soil. Mulching boosts the growth and yield of chickpea during
winter and also suitable for soil characters.
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Abstract

This study analyzes Climatic Research Unit Time series (CRU TS)
dataset of rainfall and temperature for various stations in the north-
western region of Bangladesh over the period 2001-2020, highlighting
regional and seasonal variability. Statistical parameters, including
mean, standard deviation, coefficient of variation (CV) was calculated
and Mann-Kendall test and Sen's slope estimator were used to analyze
trends in time series data. On the other hand, Inverse Distance
Weighting (IDW) interpolation technigue was used to assess the spatial
trends. Dimla consistently recorded the highest annual average rainfall
(222.88 mm) and the most stable minimum rainfall (CV = 9.14), while
Rajshahi exhibited the lowest annual average rainfall (116.57 mm)
with the highest variability (CV = 65.80). Mann-Kendall and Sen’s
slope test of monthly and seasonal analysis revealed that winter rainfall
is the most stable, while summer and rainy seasons showed greater
variability, especially in high-rainfall areas like Dimla. Temperature
analysis showed Rajshahi as the warmest region (annual average
26.51°C) and Dimla as the coldest (24.86°C). Significant negative
trends were observed in annual average, maximum, and minimum
temperatures, with summer temperatures showing the steepest decline
(p = 0.033). Spatial mapping using IDW (Inverse Distance Weighting)
revealed warmer southern regions, particularly Rajshahi and Tarash,
and cooler northern regions, including Rangpur and Dinajpur. Rainfall
trends indicated significant decreases in March and September, while
July exhibited an increase. These findings emphasize the variability
and trends in rainfall and temperature, influenced by geographical and
climatic factors, with implications for agricultural planning, water
resource management, and climate adaptation strategies in Bangladesh.

Keyword: Spatial, Temporal, Mann-Kendall, Sen’s slope, IDW.

! Associate Professor, Dept. of Geography and Environment, New Govt. Degree College, Rajshahi
? Assistant Professor, Dept. of Geography and Environment, New Govt. Degree College, Rajshahi



28 The journal of New Govt. Degree College

1. Introduction

Climate of a region refers to the average weather over a long period of time,
whereas climate change represents a statistical change in the mean of the state of
climate or its statistical characteristics counting for an extent period. The duration
is typically several decades or longer (Ninawe et al., 2018). One of the biggest
environmental challenges of the twenty first century is undoubtedly climate
change. Although climate change is a global phenomenon, the impacts are mostly
felt locally (Adger et al., 2004; Race et al., 2016).

Therefore, it is clear that climate change and variability pose a significant
challenge to the peoples around the world and Bangladesh is no exception from
this. Bangladesh is considered to be one of the parts of the world most vulnerable
to climate and other environmental changes, due to its geography and low-lying
topography. 60 percent of the country is less than six meters above sea level
(Mirza et al., 2002).

Bangladesh is located in the tropical monsoon region and its climate is
characterized by high temperature, heavy rainfall, often-excessive humidity, and
fairly marked seasonal variations (Banglapedia, 2014). Though Bangladesh is a
small country with high density of population, its different parts have different
impacts of disasters and climate change. North-Western part of Bangladesh is
such a kind of region consisting of two administrative divisions: Rajshahi and
Rangpur with 16 districts having the significant impacts of thunderstorms, floods,
cold waves and heat waves, drought, heat stress, riverbank erosion, scarcity of
water and reduced river flows in dry season, etc. (Karmakar S.et al., 2019).

In the context of climate change and disaster management, it is, therefore
important to understand the rainfall and temperature trends. Temperature and
precipitation variability is the very important side influencing on climate
variability and extremes. The study of rainfall and temperature variability and
trends are therefore important for long-term water resources planning, agricultural
development and disaster management in Bangladesh in the context of global
climatic change (Noorunnahar et al., 2019). A number of comprehensive and
research works have so far been conducted on Trend Analysis.

Agossou Gadedjisso-Tossou used Mann-Kendall test in 2021 to determine trend
of rainfall and temperature data in Togo, a West-African country. Kumar et al.,
(2010) analyzed monthly, seasonal and annual trends of rainfall using monthly
data series of 135 years (1871-2005) for 30 sub-divisions (sub-regions) in India.
Gayathri Sudarsan et al., (2023) attempted to explore changes in rainfall pattern in
the Kerala, India using Mann-Kendall test (MMK) to detect trend. Although a
number of studies have been carried out on rainfall patterns (Ahmed and
Karmakar, (1993); Hussain and Sultana, (1996); Kripalini et al., (1996); Rahman
et al., (1997); Ahmed and Kim, (2003); Shahid et al., (2005); Islam and Uyeda,
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(2008)) only very few works have been found on rainfall and temperature trends
and extremes in Bangladesh. Mondal et al., (2020) attempted find out temporal
trend of climatic data, such as average temperature and total rainfall for the study
period 1980-2016 at north-eastern hilly region in Bangladesh using Mann-Kendall
test in 2020. Rahman et al. (2016) used trend analysis to study the changes in
monsoon rainfall of Bangladesh and found no significant changes. L. C. Das, A.
S. M. Mohiul Islam & S. Ghosh (2022) conducted a study on 34 meteorological
stations in Bangladesh for the period of 1989-2018 to investigate the variability
of the rainfall and temperature of all stations in Bangladesh and this study
included an understanding of Bangladesh’s rainfall and temperature trends and
variability.

In this study, a trend analysis was conducted for monthly, annual and seasonal
data of rainfall and temperature of eight stations. Mann-Kendall test was used to
detect the trend and the Sen’s slope method was used to determine the magnitude
of change in climate time series. This study also examined average value of
maximum, minimum, annual average and seasonal variation of rainfall and
temperature using IDW (Inverse Distance Weighting) interpolation techniques so
that spatial differences can be sought out for the region.

To analyze rainfall and temperature variability across eight stations in north-
western Bangladesh over 2001-2020, using geo-statistical methods (Mann-
Kendall test, Sen’s slope, and IDW interpolation). The study aimed to understand
trends for better agricultural planning, water resource management, and climate
adaptation.

2. Study Area

The present study area is located in the north-western part of Bangladesh. The
region consists of 16 districts of Rajshahi and Rangpur divisions. The study area
comprises an area of 34,477.55 sq km. The area is located in between 26°38' and
25°02'16.8" north latitudes and in between 88°00'33.12" and 89%42' east
longitudes. The Indian states of West Bengal and Assam lie on the west and north
of the region, Khulna Division on the south and Mymensingh and Dhaka Division
on the east.

3. Data Set

The present study used Climatic Research Unit Time series (CRU TS) data set.
The CRU TS series of data sets contain gridded monthly fields of precipitation,
daily maximum and minimum temperatures, cloud cover, and other variables
covering Earth's land areas for 2001-2020 (CRU TS 4.08 is the recent major
release). The data set is gridded to 0.5x0.5-degree resolution, based on analysis of
over 4000 individual weather station records, and spatially complete (Harris et al.,
2020).
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Monthly rainfall and temperature data obtained from the CRU TS data set were
processed using Microsoft Excel software to facilitate analysis. Moreover, using
Google Earth software, point maps of eight weather stations located in the study
area have been created. Although Bangladesh is a country of six seasons, there are
mainly three seasons: summer, monsoon and winter, with large difference in
rainfall and temperature. This study aimed to assess the variability in monthly
temperature and precipitation patterns on a localized scale in the northwestern
region of Bangladesh. A retrospective analysis was conducted using historical
weather data spanning 20 years (2001-2020) for the study area. The dataset
comprised monthly minimum and maximum temperatures, rainfall, and average
values.

4. Data Analysis

This study sought to analyze annual, seasonal, and monthly rainfall and
temperature (minimum and maximum) trends in the north-western region of
Bangladesh from 2001 to 2020 using the Mann—Kendall (MK) trend test and
Sen’s slope estimator. In addition, spatial variations of the trends were examined
using inverse distance weighting (IDW) interpolation. Data analysis was done in
RStudio (version 2024.04.0 Build 735) and graphs were created by OriginPro
(2024) software.

Trend analysis is done using Mann-Kendall Test to perceive statistically
significant decreasing or increasing trends in long-term temporal data (Mallick et
al. 2021) and Sen’s slope estimator was used for the performance of checking the
statistical linear relationships. It is used to calculate the magnitude of trends in the
long-term temporal data (Agarwal et al., 2021).

This study uses spatial interpolation to analyze the spatial rainfall variability and
its extremes characteristics in north-western part of Bangladesh. IDW (Inverse
Distance Weighting) spatial statistic method applied to analyze annual average,
summer, rainy and winter rainfall and temperature during 2001 to 2020 of eight
stations have been processed via IDW functionalities that generated interpretable
results.

4.1. Mann-Kendall Test

The Mann-Kendall (MK) test (Mann 1945, Kendall 1975, Gilbert 1987) is used to
statistically evaluate whether a variable shows a consistent upward or downward
trend over time. A monotonic trend indicates that the variable either consistently
increases or decreases, regardless of whether the trend is linear. Unlike parametric
linear regression, which tests if the slope of a regression line differs from zero and
requires normally distributed residuals, the MK test is a non-parametric method
that does not have this assumption. According to Hirsch et al., (1982), the MK
test is best used for exploratory analysis to identify significant changes at specific
stations and quantify these changes.
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This trend analysis aimed to assess significant changes in rainfall and temperature
over the past 20 years and determine if this period reflects the country's historical
climate. The data were organized into annual averages and seasonal time series
(summer, rainy, and winter) to illustrate climatological and hydrological trends.
Graphical representations with trend lines were created to highlight patterns, and
the analysis was conducted using Rstudio software, incorporating Sen's slope
estimator within the MK test. The Mann-Kendall (MK) test (Mann 1945, Kendall
1975, Gilbert 1987) evaluates whether a variable exhibits a consistent upward or
downward trend over time. A monotonic trend indicates consistent increases or
decreases, irrespective of linearity. Unlike parametric linear regression, which
tests if the slope differs from zero and requires normally distributed residuals, the
MK test is non-parametric and does not have this requirement.

The trend in the time series data was analyzed through the Mann-Kendall test.
According to Salmi et al. (2002), this non-parametric, rank-based method is
widely regarded as the primary approach for identifying monotonic trends in
climatic time series. Its advantage lies in not requiring any specific data
distribution. The test operates under a null hypothesis (HO) proposed by Mann,
which assumes that the data originate from a collection of independent variables
with uniform distributions. For a series of data points X1, X2, ..., Xn spanning a
given time period, the alternative hypothesis (H1) suggests that the data exhibit a
monotonic trend over time. The test statistic for HO is defined as follows:

S =N X1 SIN(X = X))o (1)
+1if0 >0

SgN(B)=4 0if @ =0 ... (2)
“1if6<0

Under Ho When n is less than 8, the statistic is roughly normal, and both the mean
and variance are zero, as illustrated below:

2 3)

As a result, standardized Z statistics seek to approximate a normal distribution:
=2 if$>0

2= 00f S =0 . 4)
22ifS<0

There is a trend when the computed Z value is bigger than the crucial. A positive
Znumber indicates an upward tendency, whereas a negative number indicates a
downward trend (Salmi et al., 2002). The significance criterion for statistical trends is
usually set at a 5% confidence level
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4.2. Sen’s Slope Estimator

To confirm found by the Mann-Kendall approach, the Theil-Sen Approach (TSA)
was used to calculate trend magnitudes. The TSA is preferred over other
parametric tests like linear regression because it is more resistant to outliers
(Salmi et al., 2002). The median of all pairs of points in the time series is used as
the slope estimator ().

g = (2 j;li) ......................................................... (5)
Foralli<jandi=1,2....(n-1).....ccoiiiiiiii e (6)
7=2,3...... n

4.3. Inverse Distance Weighting

Inverse distance weighted (IDW) interpolation determines cell values using a
linearly weighted combination of a set of sample points. The weight is a function
of inverse distance. The surface being interpolated should be that of a locationally
dependent variable (ESRI, 2011). This method assumes that the variable being
mapped decreases in influence with distance from its sampled location. For
example, when analyzing the long-term pattern of precipitation or temperature of
a region, the precipitation or temperature pattern of a more remote location will
have less effect, because the difference in precipitation or temperature of the
remote location with the region will be negligible.

5. Results and Discussions
5.1 Trends Analysis of Rainfall

A preliminary data analysis was conducted to determine the statistical parameters
(mean, standard deviation, and coefficient of variation) of annual average rainfall
from 2001 to 2020. Table 1 summarizes rainfall data from various stations,
including annual averages, maximum and minimum rainfall, and seasonal values
(summer, rainy, and winter) along with their respective Mean, Standard Deviation
(SD), and Coefficient of Variation (CV).

We can find that Dimla has the highest mean annual rainfall (222.88 mm) with
low variability (CV = 42.92), indicating consistent rainfall. Rajshahi has the
lowest mean annual rainfall (116.57 mm) and the highest CV (65.80), suggesting
a more variable rainfall pattern. For maximum rainfall, Dimla again leads with
446.39 mm but shows significant fluctuation (CV = 50.88). In contrast, Tarash
and Bogra exhibit more stable maximum rainfall with lower CVs (35.81 and
36.90, respectively). Dimla also records the highest minimum rainfall (122.61
mm) with a low CV (9.14), while Rajshahi has the lowest minimum (76.73 mm)
and the highest CV (16.19), indicating greater variability.
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In terms of seasonal rainfall, Dimla ranks the highest in summer rainfall (374.60
mm) with a high CV (61.78), while Rajahat shows steadier summer rainfall (CV =
46.48). During the rainy season, Dimla again has the highest rainfall (446.39 mm)
but with high variability (CV = 50.88). Tarash shows more consistency (CV =
35.81). In winter, Dimla has the highest mean rainfall (147.56 mm) with a low
CV (4.64), indicating stable winter conditions. Rangpur also shows consistent
winter rainfall (CV = 4.69), while Rajshahi has a higher CV (12.91), reflecting
more variability.

Overall Dimla consistently receives the highest rainfall across all categories,
while Rajshahi and Tarash have lower levels. Again, in the matter of Seasonal
Variation, Winter rainfall is the most consistent across stations (lower CVs),
whereas summer and rainy seasons exhibit higher variability, especially in high-
rainfall areas like Dimla. For the station comparisons, Rangpur, Dimla, and
Rajahat show relatively high mean rainfall and low variability, indicating stable
rainfall throughout the year, while Rajshahi has lower mean rainfall and higher
CVs.

5.2 Trends Analysis of Temperature

Table 2 provides a detailed overview of temperature data (annual average,
maximum, minimum, summer, rainy season, and winter) for several stations,
focusing on their mean values, standard deviations (SD), and coefficients of
variation (CV), which indicate relative stability. Rajshahi records the highest
mean temperature (26.51°C) with a CV of 15.86, indicating fairly stable annual
temperatures. Dimla has the lowest annual mean (24.86°C) with a slightly higher
CV of 16.43, suggesting more fluctuation in yearly temperatures.

Rajshahi has the highest mean maximum temperature at 29.74°C and a low CV of
1.97, showing stable peak temperatures. Bogra exhibits the least variation in
maximum temperatures with a CV of 1.60, suggesting consistent high
temperatures. In comparison, Rangpur and Rajahat show more fluctuation in
maximum temperatures, with CVs of 3.41 and 3.33, respectively. Minimum
temperatures range from 20.72°C in Dimla to 22.34°C in Rajshahi, with Rajshahi
having the highest mean and a CV of 14.11, indicating moderate stability. Dimla,
with the lowest mean minimum (20.72°C) and a CV of 13.06, shows relatively
stable minimum temperatures. Other stations like Tarash (CV 13.92) and Rangpur
(CV 13.33) also show minimal fluctuation in minimum temperatures. Summer
temperatures vary from 27.82°C in Dimla to 29.49°C in Rajshahi. Rajshahi leads
in summer temperatures with a low CV of 2.92, reflecting steady warm weather.
Dimla, with the highest summer CV at 3.75, shows slightly more variability.
Tarash and Bogra have stable summer temperatures with CVs of 2.69 and 2.77,
respectively.
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Rainy season temperatures are relatively uniform across stations, ranging from
28.15°C in Dimla to 29.27°C in Rajshahi. Rajshahi again records the highest
mean (29.27°C) with low variability (CV 2.82), indicating consistent warm
temperatures during the rainy season. Tarash has the lowest CV (2.71) for rainy
season temperatures, indicating high stability. Rajahat, however, shows a bit more
variation with a CV of 3.33.

Winter temperatures range from 19.91°C in Dimla to 21.27°C in Rajshahi.
Dimla experiences the lowest winter temperatures and a CV of 11.43,
suggesting stable winter conditions. Rangpur has the highest winter CV at
11.54, indicating slightly more temperature variability. Overall, winter
temperatures are relatively stable across stations, with CVs between 10.89 and
11.54, suggesting consistent cool weather.

Table 1: Rainfall statistical indices for different stations (2001-2020)

Annual average Maximum rainfall Minimum rainfall Summer Rainy Winter
Mean | SD | CV | Mean | SD | CV | Mean | SD | CV | Mean | SD | CV | Mean | SD CV | Mean | SD | CV
Tarash | 13024 | 7705 | 60.16 | 25132 | 89.92 | 3581 | 8691 | 13.17 | 1541 | 21372 | 10467 | 4897 | 25132 | 8992 | 3581 | 9231 | 1138 | 1232
Rangpur | 17545 | 7648 | 4397 | 33801 | 142.60 | 42.29 | 10432 | 1072 | 1038 | 293.15 | 150.78 | 5156 | 33801 | 142.60 | 42.29 | 12268 | 565 | 469
Rajshahi | 116.57 | 7540 | 6580 | 23161 | 9288 | 3994 [ 7673 | 1231 | 16.19 | 19115 | 10743 | 5599 | 23161 | 92.88 | 3994 | 8066 | 10.53 | 1291
Rajahat | 178.72 | 88.09 | 49.87 | 32986 | 134.74 | 4093 | 10945 | 1334 | 1237 | 29763 | 137.58 | 4648 | 32986 | 13474 | 40.93 | 130.64 | 672 | 52
Dinajpur | 16941 | 99.23 | 5927 | 33732 | 152,06 | 45.02 | 9789 | 893 | A7 | 28344 | 16234 | 57.28 | 33732 | 15206 | 45.12 | 11331 | 608 | 544
Dimla | 222.88 | 9478 | 42.92 | 44639 | 22690 | S0.88 | 12261 | 1LI1 | 904 | 37460 | 23157 | 61.78 | 44639 | 22690 | 5088 | 147.56 | 6.73 | 464
Bogra | 13179 | 66.53 | SLI0 | 25764 | 9488 | 3690 | 8561 | 921 | 1098 | 21800 | 110.56 | S0.72 | 257.64 | 9488 | 3690 | 9068 | 767 | 836

Badalgachhi | 135.63 | 71.29 | 5286 | 27026 | 108.74 | 4030 | 8244 | 739 | 904 | 22562 | 12335 | 5467 | 27026 | 10874 | 4030 | 9080 | 566 | 629

Stations

Table 2: Temperature statistical indices for different stations (2001-2020)

Annual Maximum Minimum s .
Station average temperature | temperature i Riiny inter
s Me | S Me| S |C|Me| S Me| S| C|Me| S |C|Me| S

an | D ¥ an | D | V| an | D Gr an | D |V |an | D |V |an | D i
Tarash | 26. | 4. | 15.(29. | 0. | 1. [22.| 3. |13.(29. (0. ]2 |28 | 0.2 |21.] 2 |10
Rangpu | 25. [ 4. | 16. [ 28. | 0. | 3. [20. | 2. | 13. [ 28. | 1. [ 3. |28. | 1. | 3.]20.| 2 |1
Rajsha [ 26. [ 4. | 15.129. [ 0. | 1. [22.|3. |14 {29.10. 2. [29.]0.]2 |21.]2 [IL
Rajahat | 25. | 4. | 15. | 28. [ 0. | 3. | 21. | 2. [13.|27. | 1. | 3.]28.| 0. | 3.]20.| 2 |10
Dinajp | 25. [ 4. | 16. [ 28. [ 0. | 2. [21. | 2. | 13. (28 | 1. [ 3. 28 ]0.[3.]20.|2 [II
Dimla |24. | 4. |16.|28. | 0. |3.[20. 2 [13.{27.|1.|3. |28 [0.|3. [19.]2 |11
Bogra | 26. | 4. [15.129. 0. [ 1. |21.| 3. |13.|28. | 0. |2 [28.]0.]|2 |20 |2 |]10.
Badalg | 25. | 4. | 16. [ 28. | 0. | 2. | 21.| 2. [ 13.|28. | 0. | 3. (28 | 0. 3.]20 |2 |10.

Rajshahi typically records the highest temperatures in most categories with low
variability, indicating a consistently warmer climate. Dimla has lower mean
temperatures but shows slightly more fluctuation, particularly in summer and
minimum temperatures. Tarash and Bogra exhibit stable temperature patterns
across different seasons, especially in maximum and rainy season temperatures.
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5.3. Mann-Kendall and Sen’s Slope Test
5.3.1. Trends Analysis of Rainfall

Table 3 presents the outcomes of the Mann-Kendall and Sen’s slope tests for
monthly and seasonal rainfall trends from 2001 to 2020. The Mann-Kendall test
(z and tau values) evaluates the existence of trends, while Sen’s slope indicates
the trend’s direction and rate of change. This analysis investigates the trends in
monthly rainfall over the period from 2001 to 2020 using the Mann-Kendall test
and Sen's slope estimator. The Mann-Kendall test is a non-parametric method
used to identify trends in time series data, while Sen's slope provides a measure of
the magnitude of those trends. The results are summarized for each month,
alongside temperature variables and seasonal classifications.

In the case of monthly average patterns or trends, significant increases in July
have the most substantial increase in rainfall, with a Sen's slope of 0.582,
suggesting an average increase of approximately 0.582 units of rainfall per year.
September also shows a notable increase with a Sen's slope of 0.270.

Significant Decreases in: March shows a moderate decrease in rainfall, with a
Sen's slope of -0.035, indicating an average decline in rainfall. The months of
January, February, April, May, June, August, October, November, and the
seasonal averages (Summer, Rainy, Winter) do not show statistically significant
trends (all p-values > 0.05). The slopes for these months are generally close to
zero, indicating stability in rainfall patterns

Table 3: Mann-Kendall and Sen’s slope test for rainfall of different stations (2001- 2020

Period z p-value tau Sen’s slope
January 0.061 0.950 0.003 0.00
February -0.405 0.684 -0.021 -0.003

March -1.965 0.049 -0.104 -0.035

April -1.537 0.124 -0.082 -0.103
May -0.206 0.836 -0.011 -0.031
June -0.544 0.586 -0.029 -0.097
July 2.56 0.010 0.136 0.582

August 1.040 0.298 0.055 0.139

September 2.136 0.032 0.113 0.270

October -0.882 0.377 -0.047 -0.108
November -1.808 0.0706 -0.096 -0.018
December 1.942 0.052 0.104 0.006

Rainfall Max 1.415 0.157 0.075 0.172
Rainfall_Min -1.031 0.302 0.302 -0.055
Average 0.724 0.468 0.038 0.046
Summer -0.782 0.434 -0.041 -0.059
Rainy 1.162 0.245 0.062 0.130
Winter 0.051 0.958 0.002 0.000
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Although there is a slight increase in maximum rainfall, the trend is not
statistically significant (z-value: 1.415, p-value: 0.157), indicating that the
observed changes could be due to random variability rather than a consistent
pattern. Sen’s Slope 0.172 suggests a slight increase in maximum rainfall over
time.

The data indicate a slight decrease in minimum rainfall, but this trend is not
statistically significant (z-value:-1.031, p-value: 0.302), suggesting that any
observed changes are likely not meaningful. Sen’s Slope: -0.055 suggests a slight
decrease in minimum rainfall. There is no significant (z-value: 0.724, p-value:
0.468) trend in average rainfall, suggesting that rainfall levels have remained
relatively stable over the period studied. Sen’s Slope: 0.046 indicates no change.
The summer season does not show a statistically significant (z: -0.782, p: 0.434)
trend in rainfall. The slight negative slope (Sen’s Slope: -0.059) suggests a
marginal decrease, but this change is not significant (Figure 1).
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Figure 1: Average annual and seasonal variation of rainfall (2001-2020)

The rainy season shows a slight increase in rainfall, although this trend is not
statistically significant (z: 1.162, p: 0.245). The positive slope (Sen’s Slope:
0.130) indicates a minor upward trend, suggesting that rainfall during the rainy
season may be increasing, but further monitoring is needed to confirm this trend.
The winter season shows no significant (z: 0.051, p: 0.958) trend in rainfall. The
values indicate stability (Sen’s Slope: 0.000) in winter rainfall patterns over the
years (Figure 1).

5.3.2 Trends Analysis of Temperature

The interpretation of the temperature trend analysis (Table 4) for northwestern
Bangladesh from 2001-2020, based on the Mann-Kendall and Sen’s slope tests,
provides a detailed understanding of monthly, seasonal, and overall temperature
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changes. The Mann-Kendall test checks for statistically significant trends,
indicating if temperatures are increasing or decreasing over time. The test
provides a "z" value (test statistic) and a "p-value" to assess significance (usually
p < 0.05 is considered significant). Meanwhile, Sen’s slope offers the trend's
direction (positive for increasing, negative for decreasing) and its magnitude.

Table 4: Mann-Kendall and Sen’s slope test for temperature of different stations (2001-2020)

Period z p-value tau Sen’s slope
January -1.660 0.096 -0.089 -0.003
February -1.720 0.084 -0.093 -0.003

March -2.554 0.010 -0.137 -0.005

April -1.769 0.076 -0.095 -0.005
May -157 0.115 -0.084 -0.003
June -1.178 0.238 -0.064 -0.001
July 0.290 0.771 0.016 0.000

August -0.795 0.426 -0.043 0.000

September -1.726 0.084 -0.094 -0.001
October -1.787 0.073 -0.096 -0.002
November -2.497 0.012 -0.135 -0.003
December -0.859 0.390 -0.046 -0.001
Temp Max -2.045 0.040 -0.109 -0.003
Temp Min -2.102 0.035 -0.112 -0.003
Average -2.267 0.023 -0.121 -0.002
Summer -2.130 0.033 -0.113 -0.002
Rainy -1.371 0.170 -0.073 -0.001
Winter -1.903 0.056 -0.102 -0.002

Significant Increases has been found in July and September show notable
increases (Sen’s Slope: 0.582) in temperature, with statistically significant
positive trends (z = 2.56, p = 0.010). Significant Decreases: March shows a
significant decrease (z = -1.965, p = 0.049, Sen’s Slope: -0.035) in temperature,
with November also trending downward, though less significantly (z = -1.808, p =
0.0706).
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Figure 2: Average annual and seasonal variation of temperature (2001-2020)

Most months, including January, February, May, June, and October, show no
significant ((z = -0.950, p = 0.684, z = -0.405, p = 0.684, z = -0.206, p = 0.836, z

= -0.544, p = 0586 and z = -0.882, p = 0.377). trends, indicating stable
temperatures with Sen’s slope 0.00.

The maximum temperature trend shows a slight increase (Sen’s Slope: 0.172),
though not statistically significant (z = 1.415, p = 0.157), suggesting warmer
daytime or peak temperatures. The minimum temperature shows a decreasing
trend (z = -1.031, p = 0.302 and Sen’s Slope: -0.055), which may indicate cooler
nights or early mornings, possibly due to factors like reduced humidity or
vegetation changes. The average temperature remains relatively stable overall,
with a slight upward trend (z = 0.724, p = 0.468 and Sen’s Slope (0.046)
indicating balanced warming and cooling trends across months.
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Figure 3: Station based average annual and seasonal variation of rainfall and temperature
(2001-2020).
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Overall, the summer and rainy season trends are stable, with only marginal
fluctuations. Winter temperatures show no significant change. In conclusion,
temperature patterns show some significant increases in July and September, with
a decrease in March and November, but generally, the temperature trends are
stable for much of the year, with only minor fluctuations.

5.3.3 Stations Based Pattern of Rainfall and Temperature

Figure 3 depicts a comparative analysis of rainfall and temperature data across
various stations, including Badalgachhi, Bogra, Dimla, Dinajpur, Rajahat,
Rajshahi, Rangpur, and Tarash. The data is represented as bar plots and line
graphs, with rainfall on the left y-axis (in mm) and temperature on the right y-axis
(in°C).

5.3.3.1 Rainfall Patterns

Average Rainfall represented by striped bars, showing the mean annual rainfall
across stations. Dimla appears to have the highest average rainfall. Maximum and
Minimum Rainfall shown with patterned bars. Dimla also has the highest
maximum rainfall, while Rajshahi seems to have the lowest minimum rainfall.
Highest in Dimla, indicating significant rainfall during the summer (Diagonal
striped bars). Dimla again dominates with the highest values (Cross-hatched bars).
Values are relatively low compared to other seasons, with Dimla showing
consistent winter rainfall (Dotted bars).

5.3.3.2 Temperature Patterns

Average temperature plotted as one of the solid lines, hovering around 26°C—
28°C across stations. Other lines indicate higher variability across regions, with
higher temperatures typically in Rajshahi. Summer temperatures represented by
upward trends, generally higher across all stations. Rainy temperatures show a
little more stable than summer but remain relatively high. Winter Temperatures
represent the lowest temperatures (downward dips), with less variation across
regions.

Dimla consistently exhibits higher rainfall across all categories, indicating it
receives more precipitation annually and seasonally. Rajshahi shows lower
rainfall and higher temperature variability, suggesting drier and warmer
conditions compared to other stations. Winter temperatures and rainfall are the
most stable (low variation), while summer and rainy seasons show more
significant variability in both rainfall and temperature.

5.4 Spatial Analyst
5.4.1 IDW Geostatistical Analysis for Rainfall

Mapl shows an Inverse Distance Weighting (IDW) interpolation analysis of
rainfall distribution for various conditions (annual average, maximum, minimum,



40 The journal of New Govt. Degree College

and seasonal rainfall) from 2001 to 2020 in the Northwestern part of Bangladesh.
The mapla indicates varying rainfall intensities across the region. The northern
area (Dimla, Dinajpur) has higher rainfall (shaded in deep grey), while the
southern areas like Rajshahi and Tarash have lower rainfall (light grey). The
maximum rainfall (Map 1b) intensity is highest in the northern part (around
Dimla) with values reaching up to 468.37mm. Other regions show
comparatively lower maximum rainfall, with southern areas in green and blue
shades, indicating rainfall between 231.62 mm and 317.52 mm.

] sy aren

Map 1: Inverse Distance Weighted (IDW) interpolation of rainfall for temporal and
seasonal variation.

On the other hand, the minimum rainfall (Map 1c) distribution shows very low
values (6.72 mm to 10.93 mm) across the map. The central and southern regions
have higher minimum values (light shades) than the north and north-eastern
areas, which are shaded in blue.

In terms of seasonal rainfall occurrences Summer Season Rainfall (Map 1d),
higher values are concentrated in the northern region (Dimla, Dinajpur) with
rainfall ranging from 106.83 mm to 219.62 mm. Lower values are observed in the
central and south-western areas. As expected, rainy season rainfall (Map 1le)
shows the highest concentration of rainfall, especially in the north-west, with
values reaching 419.65 mm. The south-western parts, especially Rajshahi region
receive less rainfall. Winter season rainfall (Map 1f) exhibits the lowest rainfall
values, with the north and north-eastern areas receiving minimal rainfall (6.99
mm to 8.71 mm), while some parts of the south-west and central regions have
slightly higher winter rainfall.
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5.4.2 IDW Geostatistical Analysis for Temperature

The annual average temperature varies across the region (Map 2a). The southern
areas (like Rajshahi and Tarash) have slightly higher average temperatures,
around 26.19°C to 26.51°C (shaded in dark grey), while the northern areas like
Dimla and Dinajpur experience relatively lower average temperatures (24.86°C to
25.19°C, in shades of light grey and white). The highest temperatures are seen in
the south-western regions (Tarash, Rajshahi), where maximum temperatures reach
up to 32.42°C.The northern regions (Dimla and Dinajpur) exhibit lower
maximum temperatures, around 26.98°C to 28.06°C (Map 2b). In addition, the
minimum temperature is lowest in the north (Dimla and Dinajpur), with
temperatures ranging between 19.91°C and 20.51°C, as indicated by the light grey
shading. Higher minimum temperatures (around 22.32°C) are seen in parts of the
southern and central areas, particularly around Rajshahi and Bogra (Map 2c).

¢ o — e o S—

Map 2: Inverse Distance Weighted (IDW) interpolation of temperature for temporal and
seasonal variation.

The seasonal temperature in the north-western part of Bangladesh varies
from cold winters to hot summers. Map 2d shows the summer season temperature.
The highest temperatures occur during summer, especially in the southern
regions. Temperatures range from 27.44°C to 33.46°C, with the hottest areas in
the south-west (around Rajshahi and Tarash).

Rainy season temperature shows slightly lower temperatures compared to
summer, ranging from 28.15°C to 35.88°C. The southern areas are again warmer,
particularly Bogra, where temperatures exceed 34°C (Map 2e).

On the other hands, the Winter season temperatures (Map 2f) are significantly
lower, with a clear gradient from north to south. The northern regions (Dimla and
Dinajpur) experience the lowest winter temperatures (16.92°C to 17.59°C), while
the south-western areas (Rajshahi) have milder winters (19.62°C to 20.28°C).
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The northern part of the region generally experiences lower temperatures,
especially during winter and minimum temperature distributions. The southern
part, particularly Rajshahi and Tarash, shows higher temperatures across most
maps. There’s a significant temperature contrast between summer and winter,
with the north-west part of Bangladesh experiencing typical seasonal temperature
variation. The southern and central regions are consistently warmer across
seasons, which is crucial information for agriculture, water management, and
climate adaptation efforts.

6. Conclusion

The present study was carried out to examine the spatial and temporal variability
and trends rainfall and temperature data across various stations in the north-
western region of Bangladesh, covering the period 2001-2020. Dimla records the
highest annual rainfall and most consistent precipitation, while Rajshahi exhibits
the lowest annual rainfall with significant variability. Summer and rainy seasons
show higher rainfall variability compared to the more stable winter season.
Negative trends in rainfall are observed in March and September, while July
shows a positive trend. Rajshahi records the highest annual average temperature,
while Dimla has the lowest. The southern regions generally experience warmer
conditions, whereas northern areas like Dinajpur and Rangpur are colder. Summer
temperatures are higher but exhibit a significant downward trend. Winter
temperatures remain more stable but also show potential cooling trends. Both
maximum and minimum temperatures reveal consistent negative trends,
indicating a general decrease in temperatures across regions. Maps using the IDW
interpolation method visualizes spatial variations in temperature and rainfall. The
southern areas are warmer, while rainfall is concentrated in the north. These maps
emphasize the regional disparities influenced by geography and climate,
highlighting the importance of tailored climate adaptation strategies. The findings
underscore significant spatial and temporal variability in both rainfall and
temperature across Bangladesh. The observed trends in decreasing temperatures
and fluctuating rainfall patterns pose challenges for agriculture, water
management and ecological sustainability, necessitating localized strategies for
adaptation and further research into the underlying climatic drivers.

References

Adger, W.N., Brooks, N., Kelly, M., Bentham, G., Agnew, M. and Ereksen, S., (2004). New
Indicators of Vulnerability and Adaptive Capacity. Technical Report 7. Tyndall Centre
for Climate Change Research, Norwich.

Agarwal, Sunny ansd Suchithra, A’ S & Gurjar, Surendra Pal., (2021). Analysis and Interpretation
of Rainfall Trend using Mann- Kendall's and Sen's Slope Method. Indian Journal of
Ecology. 48. 453-457.

Ahmed, R. and Karmakar, S. (1993). Arrival and withdrawal dates of the summer monsoon in
Bangladesh. Int. J. Climatol. 13: 727-740.



Spatial, temporal and seasonal variability of rainfall and temperature 43

Ahmed, R. and I. K. Kim., (2003). Patterns of daily rainfall in Bangladesh during the summer
monsoon season: case studies at three stations. Phys. Geogr. 24(4): 295-318.

Banglpedia. (2014). National Encyclopedia of Bangladesh. Asiatic Society of Bangladesh: Dhaka.

Das L C. A, Islam S. M., and G Sanjib, (2002). Mann—Kendall Trend Detection for Precipitation
and Temperature in Bangladesh. International Journal of Big Data Mining for Global
Warming Vol. 4, No. 1 (2022) 2250001 (12 pages) https://doi.org /10.1142/ S26305348
22500012.

ESRI (2011). ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research
Institute.

Gadedjisso-Tossou, A.; Adjegan, K.I.; Kablan, A.K.M., (2021). Rainfall and Temperature Trend
Analysis by Mann-Kendall Test and Significance for Rainfed Cereal Yields in Northern
Togo. Sci 2021, 3, 17.https://doi.org/10.3390/s¢i3010017.

Gilbert, R.O., (1987). Statistical Methods for Environmental Pollution Monitoring, Wiley, NY.
Harris I, Osborn TJ, Jones P and Lister D (2020) Version 4 of the CRU TS
Monthly High-

Resolution  Gridded  Multivariate ~ Climate  Dataset. Sci  Data 7,, 109 (2020).
https://doi.org/10.1038/s41597-020-0453-3

Hirsch, R.M., J.R. Slack, and R.A. Smith, (1982). Techniques of trend analysis for monthly water
quality data, Water Resources Research 18(1):107-121.

Hussain, A. M. and N. Sultana, (1996). Rainfall distribution over Bangladesh stations during the
monsoon months in the absence of depressions and cyclonic storms. Mausam. 47: 339-
348.

Islam, M. N. and H. Uyeda, (2008). Vertical variations of rain intensity in different rainy periods
in and around Bangladesh derived from TRMM observations. Internl. J. of Clim. 28(2):
273-279.

Karmakar, S. (2019). Patterns of Climate Change and Its Impacts in Northwestern Bangladesh,
Journal of Engineering Science 10(2), 2019, 33-48.

Kendall, M.G. (1975). Rank Correlation Methods, 4th edition, Charles Griffin, London.

K. K. Mondal, Md. A. E. Akhter and M. A. K. Mallik, (2020). Temporal Trend Analysis of
Historical Climatic Data at North- Eastern Hilly Region of Bangladesh Using Mann-
Kendall Test. Journal of Engineering Science 11(2), 2020, 19-25 DOI:
https://doi.org/10.3329/jes.v11i2.50894.

Kripaini, R. H., S. Inamdar and N. A. Sontakke., (1996). Rainfall variability over Bangladesh
and Nepal: comparison and connections with features over India. Int. J. Climatol. 16:
689- 703.

Mallick, Javed & Talukdar, Swapan &Alsubih, Majed & Salam, Roquia & Mohd, mohd &
Ben Kahla, Nabil & Shamimuzzaman, Md., (2021). Analysing the trend of rainfall in
Asir region of Saudi Arabia using the family of Mann-Kendall tests, innovative trend
analysis, and detrended fluctuation analysis. Theoretical and Applied Climatology.
143. 10.1007/s00704-020-03448-1.

Mirza MMQ, (2002). Global warming and changes in the probability of occurrence of
floods in Bangladesh and implications. Glob Environ Chang
12(2):127138.https://doi.org/10.1016/S0959-3780(02) 00002-X.

Mann, H.B. (1945). Non-parametric tests against trend, Econometrica 13:163-171.

Ninawe, A.S., Indulkar, S.T.and Amin, A., (2018). Impact of climate change on fisheries. In:
Biotechnology for Sustainable Agriculture. Wood head Publishing, pp. 257-280.



44 The journal of New Govt. Degree College

Noorunnahar, M. and M.A. Hossain, (2019). Trend analysis of rainfall data in divisional
meteorological stations of Bangladesh. Ann. Bangladesh Agric. (2019) 23 (1): 49-61.

Race, D., Mathew, S., Campbell, M. and Hampton, K., (2016). Understanding climate
adaptation investments for communities living in desert Australia: experiences of
indigenous communities. Climatic Change 139 (3), 461-475.

Rahman M. A., Lou Yunsheng, Nahid Sultana., (2016). Analysis and prediction of rainfall
trends over Bangladesh using Mann—Kendall, Spearman’s rho tests and ARIMA
model. Springer-Verlag Wien 2016.https://doi.org 10.1007/s00703-016-0479-4.

Rahman, M., R. Salehin and J. Matsumoto., (1997). Trends of monsoon rainfall pattern in
Bangladesh. Bangladesh J. Water Res. 14-18: 121-138.

Salami, T., Matta, A., Anttiila, P., Ruoho-Airola, T. and Amnell, T., (2002). Detecting trends
of annual values of atmospheric pollutants by the MannKendall test and Sen’s slope
estimates- the Excel template applicationMAKESENS, Publication on Air quality
no. 31, Finnish Metrologicallnstitute, Helsinki, 35.

Shahid, S., X. Chen and M. K. Hazarika., (2005). Assessment aridity of Bangladesh using
geographic information system. GIS Development 9(12): 40-43.



The journal of New Govt. Degree College ISSN 3006-3442
Vol. 1, Issue-2, PP 45-57

GROWTH AND YIELD OF SUMMER HYBRID TOMATO
LINE AS INFLUENCED BY PLANT GROWTH
REGULATORS
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Abstract: Tomato production during summer season is inhibited due to
presence of high temperature, high humidity and rainfall. Adverse climatic
condition during summer causes severe flower dropping in tomato. Under
this context, identification of heat tolerant tomato genotypes through field
evaluation during summer season is urgently needed. Hybrid summer tomato
met up the increasing demand of tomato in Bangladesh. An experiment was
carried out in the farm of Agronomy and Agricultural Extension and Food
Fiber Field, Institute of Biological Sciences, University of Rajshahi,
Bangladesh during three periods from June 2015 to October 2015 to
standardize the appropriate dose of PGRs in tomato during summer time.
Three summer tomato cultivars viz. BARI Tomato 4, Summerking, BARI
Tomato 8 and their dialal crossed varieties were used to evaluate the
comparative performance of production and hybrid seed production. The
growth regulators play role to increase fruit set percentage as well as fruit
production. GA3 100 ppm and NAA 40 ppm were found better than the other
concentrations of plant growth regulators and can be recommended to the
growers for better production during summer season. Therefore, these lines
can be taken in hand for future breeding programme with a view to develop
high heat tolerant tomato variety.

Keywords: Growth Regulators, Yield, Summer Hybrid Tomato.
Introduction

High temperature was reported as limiting fruit set due to an impaired complex of
physiological process in the pistil, which results in floral or fruit abscission. Plant
growth regulators (PGRs) are chemicals used to modify plant growth such as
increasing branching, suppressing shoot growth, increasing return bloom,
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removing excess fruit, or altering fruit maturity. In such situations plant growth
regulator play an important role in increase or decrease the growth, yield as well
as quality of the produce if applied in suitable forms and an appropriate
concentration.

Growers in some countries are also commercially producing tomatoes at higher
temperature through exogenous application of synthetic PGRs. Gemici, et al
(2006) reported that application of synthetic auxin and gibberellins (GA3) are
effective in increasing both yield and quality of tomato. Application of certain
PGRs like auxin and gibberellic acid (GAs) that bring the possibility of tomato
production under adverse environmental conditions. Those PGRs are used
extensively in tomato to enhance yield by improving fruit set, size and number
(Kartik P. et al (2017) and could have practical application for tomato growers.
Tomato fruit setting was promoted by GAj at low concentration (Rahman et al.
(2015), Khan et al (2006).

Some investigations indicated that naphthalene acetic acid (NAA) is a potential
antifungal agent (Michniewicz and Rozej, 1988). The growth regulator,
Naphthalene Acetic Acid (NAA) has an important effect on the fruit retention of
several vegetables as well horticultural crops and thus increasing the yield
substantially (Naqvi et al. (1998).

Naphthalene Acetic Acid 20ppm showed better performance in enhancing the
straw and grain yields of wheat cultivars (Alam et al. (2002). Naphthalene Acetic
Acid has been used for the enhancement of growth and yield of cereals. PGRs
also increase the root growth and also help promoting new roots. NAA can
increase fruit setting ratio, prevent fruit dropping, promote flower sex ratio. Hao
and Ichii, 1999 isolated a dominant auxin resistant mutant in rice (Oryza sativa L.
ssp.japonica cv. Oochikara) in a screen for 2, 4-dichlorophenoxyacetic acid (2, 4-
D) resistance and named it Lrtl (lateral rootless). Lrtl also exhibited resistance to
synthetic auxin 1-naphthaleneacetic acid (NAA) and natural auxins indole-3-
aceticacid (IAA) and indole-3-butyric acid (IBA) (Binod P. L (2015). Foliar
application of growth regulator such as, Indole Acetic Acid (IAA), Naphthalene
Acetic Acid (NAA), Ethrel, 2,4-D, Gibberellic Acid (GA3) and Malic Hydrazide
(MH) produce more fertile grain/hill. Foliar application of NAA has also found to
increase plant height, number of leaves per plant, fruit size with consequent
enhancement in seed yield in different crops (Dandena G. et al. (2010).

Keeping the above circumstances in view, the study was to evaluate the
performance of Gibberellic acid (GA3) and Naphthalene Acetic Acid (NAA) on
biochemical parameter (chlorophyll content), growth and vyield attributes and
determine the optimum time and concentration of GA3; and NAA application in
order to maximize the yield of treated variety.
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Materials and Methods

The experiment was accomplished at the Institute of Biological Sciences,
Rajshahi University, 6205, Bangladesh during June 2015 to October 2015. This
experiment was used the three parent varieties BARI tomato-8, Summer king and
BARI tomato-4 as represented by B-8, SK, B-4, and their diallel crossed F; lines.
The different concentration of two plant growth regulator were used viz.,
Gibberellic Acid (GAs), 1-Naphthalene acetic acid (NAA) in this study and
collected from Biotechnology lab, Institute of Biological Sciences, University of
Rajshahi.

The work was single factorial. Four concentrations were taken growth regulators

Gibberellic Acid (GAy) 1-Naphthalene acetic acid (NAA)
i. 0 ppm for control = G, i. 0 ppm for control = Hy
ii. 75 ppm for=G; ii. 20 ppm for = H;
iii. 100ppm for-= G, iii. 40 ppm for = H,
iv. 150 ppm for = G; iv. 50 ppm for = Hs

GA; (Gibberellic Acid) and NAA (1-Naphthalene acetic acid) solution were
directly sprayed on the plants using hand sprayer, at

i. Seedling stage by root soaking before transplanting
ii. Vegetative stage [20 days after transplanting (DAT)] and

iii. Flowering stage (40 DAT) by hand sprayer. Spraying was done in the
early morning to avoid rapid drying -off of the spray solution.

The experiment was laid out in a Completely Randomized Design (CRD) with 3
replications. Seedbed preparation, land preparation, applied fertilizers, harvesting,
plantation, and other practices of tomato production followed agronomic norms.

Collection of Data

Plant height at 50 days after transplantation, Chlorophyll content in leaves in 1%
flowering days, No. of fruits/plant, Single fruit weight (gm) and Total fruit weight
per plant (kg) parameters were collected. The data in respect of growth and yield
components were statistically analyzed to find out the significance of the
experimental results. The means of all the treatments were calculated and the
analysis of variance (ANOVA) for each of the characters under study was
performed by F test. Biochemical analyses viz. chlorophyll methods of Arnon
(1949).
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Result
The Effects of GA; For the Production of Summer Tomato:

The applications and effect of GA3 at different stages of plant growth resulted in
significant influence on yield and yield attributes of summer tomato. The results
are represented in different head.

Plant height

Plant height varied significantly at 50 days after transplanting (DAT) for different
doses of GA3z.The maximum plant height (74.66 + 0.33cm) was observed in G,
(100ppm) in F;BARI Tomato 4 (male) x Summerking (female) and the minimum
(60.00£ 1.15 cm) was found from Gy in parent BARI Tomato 8. The effect of
GA; application on highest plant height (cm) was at the concentration of 100 ppm
which was followed by 75, 100 and 0 ppm. (Table -1)

Chlorophyll content in leaves in 1% flowering days (mg/cm?)

Chlorophyll content in leaves in 1% flowering days showed significant variation
due to application of different concentration of GA3z. The maximum chlorophyll
content in leaves in 1% flowering days (53.26 + 0.20 mg/cm?) was obtained from
G, (100 ppm GAg3) in Summerking (male) x BARI Tomato 8 (female) which was
followed by G;, G (75,150ppm), while the minimum (38.33 +0.58 mg/cm?) was
recorded in BARI Tomato 4 from Go (0 ppm GA3) (Table 7.3.1a). The effect of
GA; application on chlorophyll content in leaves in 1% flowering days was
maximum at the concentration of 100 ppm which was followed by 75, 100 and 0
ppm. (Table -1)

Number of fruits/plant

Number of fruits per plant showed significant variation on different doses of GAs.
The maximum number of fruits per plant (39.00 £ 0.57) was obtained in parent
Summerking and F;BARI Tomato 4 (male) x Summerking (female) for G, (100
ppm GAg3), while the minimum (17.33 = 1.20) was recorded for Go (0 ppm GA3)
in F; Summerking (male) x BARI Tomato 4 (female) (Table -1). The effect of
GA; application on highest number of fruits per plant was at the concentration of
100 ppm which was followed by 75, 100 and 0 ppm.

Single fruit weight (gm)

Single fruit weight (gm) varied significantly influenced by the application of for
different concentration of GA3. The highest single fruit weight (76.33 = 0.88 gm)
was obtained in F; B-4 (male) x SK (female) from G, (100 ppm GAs) which was
followed by G, (74.00 £ 0.66 gm) in the F; BARI Tomato 8 (male) x
Summerking (female), while the lowest (49.66 + 2.60 gm) was recorded from Gg
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in B-4. The effect of GA3 application on single fruit weight was highest at the
concentration of 100 ppm which was followed by 75, 150 and 0 ppm (Table -1).

Total fruit weight/plant (kg)

Total fruit weight (gm) varied significantly influenced by the application of for
different concentration of GAs. The highest single fruit weight (3.22 + 0.02 kg)
was obtained in F; B-4 (male) x SK (female) from G, (100 ppm GAgz), which was
followed by G, (74.00 £ 0.66 gm) in the F; BARI Tomato 8 (male) x
Summerking (female), while the lowest was recorded from Go in BARI Tomato 4.
The effect of GA; application on fruit weight (kg) was maximum at the
concentration of 100 ppm which was followed by 75, 150 and 0 ppm (Table -1).

The analysis of variance for plant height (cm) at 50 days after
transplantation, chlorophyll content (gm/cm?) in leaves in 1% flowering days,
number of fruits/plant.

Mean square and degree of freedom (df) from the analysis of variance for plant
height (cm) at 50 days after transplantation, chlorophyll content (gm/cm?) in
leaves in 1* flowering days, number of fruits per plant, single fruit weight (gm),
total fruit weight/plant (kg) of summer parent and F; tomato in the different
concentration of GA3 are presented table in Table -2.

The ANOVA table shows that the variance of plant height (cm) at 50 days after
transplantation, chlorophyll content (gm/cm?) in leaves in 1% flowering days,
number of fruits per plant, single fruit weight (gm), total fruit weight/plant (kg) of
summer parent and F; tomato showed significant differences at the 0.1% level of
significant.

Application of NAA

The applications of NAA at different stages of plant growth resulted in significant
influence on yield and yield attributes of summer tomato (Table -3).

Plant Height

Plant height varied significantly at 50 days after transplanting (DAT) for different
doses of NAA. The maximum plant height (74.00 £ 0.57cm) was observed in H;
(40 ppm) in F;BARI Tomato 4 (male) x Summerking (female) and the minimum
(60.00 £1.15cm) was found from Hy in parent BARI Tomato 8. The effect of GA3
application on plant height was maximum at the concentration of 40 ppm which
was followed by 50, 20 and 0 ppm (Table -3).
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Table-1: Effect of plant hormones (GA;) application at different stages of growth,
morphological and bio-chemical parameters of summer tomato and hybrid varieties.

Variety Treatme  Plant height at Chlorophyll Number of Single fruit Total fruit
nt 50 days after content in leaves  fruits per plant ~ weight (gm) weight/plant
transplantation ~in 1" flowering (kg)
days (mg/cm®?)
B-8 Go 60.00+ 1.15 46.63 £0.88 25.33+0.66 55.66 +2.33 1.78£0.12
G, 61.33 + 0.66 47.16 £0.80 26.00 +0.57 57.66 +2.18 1.96 £0.12
G, 64.0 0£ 0.57 49,50 £0.41 29.66 £0.88 60.00 £1.15 2.09 £0.03
G; 60.66 + 0.33 46.73 £0.80 27.00 +£0.57 58.00 + 1.52 1.82+£0.10
CV% 285 28.3 70.5 30..6 74.0
SK Gy 62.33 +1.45 47.06 £0.76 34.00 +2.08 67.66 +1.45 2.76 £ 0.06
G, 63.66 £1.20 49.13 £0.54 35.00 £2.08 71.33+£2.40 3.02 £ 0.06
G, 66.00 + 1.00 51.76 +0.28 39.00+1.73 72.66 +1.45 3.16 £0.02
Gs 62.66 = 0.66 50.83 £0.63 3430 £1.76 71.66 £1.76 3.06 £ 0.06
CV% 26.0 415 91.5 30.8 56.1
B-4 Gy 66.00 + 2.64 38.33 +0.58 22.66 +1.20 49.66 + 2.60 1.61+£0.21
G, 67.33 +2.60 40.46 £0.31 23.66 +1.20 51.00 +2.08 1.70+£0.21
G, 69.66 + 2.33 42.23 +0.03 27.33+0.88 54.66 £1.45 2.00£0.16
G; 64.33+1.33 41.16 +0.08 23.66 +1.76 52.00 +1.52 1.63+£0.12
CV% 33.7 40.6 84.4 40.8 103.9
B-8x SK Go 62.00 £1.15 47.30 £0.51 30.66 £ 0.33 70.00 £2.88 3.10 £ 0.05
G, 64.00 £1.15 48.13 +£0.61 31.66 £0.33 70.00 £1.15 3.18 £0.03
G, 67.33+£1.45 52.30 £ 0.63 33.66 £ 0.33 74.00 £ 0.66 3.17+£0.2
Gs 66.66 + 2.33 49.53 +0.35 32.33+0.33 73.66 £0.88 3.05+0.03
CV% 37.9 444 39.2 32.2 23.2
B8B4G 69.00+208  3846+049  21.00+057  530+152  159+0.18
G, 70.66 £ 2.04 39.33+0.18 21.60 £ 0.66 55.0 £1.52 1.40 £ 0.07
G, 73.00 £1.52 42.26 £ 0.35 23.33+0.33 56.0 £1.15 1.50 £ 0.04
Gs 70.00 £ 0.57 40.73 £0.48 20.66 = 0.66 54.0 £1.00 1.55+0.05
CV% 24.0 414 54.7 23. 53.9
SKxB-8 Gy 62.33 +1.45 50.23 +0.54 25.33+0.33 58.33 +2.02 2.80+£0.14
G, 64.66 £ 0.88 50.83£0.43 26.33+£0.33 60.33 £2.02 2.92+0.10
G, 67.33+1.20 53.26 £0.20 28.66 £ 0.66 62.00 £2.08 2.98 £0.09
Gs 65.00 £ 0.57 52.20 £0.29 26.33+0.33 60.00 £1.15 2.77 £0.18
CV% 315 25.6 53.0 24.9 34.4
SKxB-4 Gy 67.66 £ 1.45 38.50 £ 0.35 17.33+1.20 53.00 £1.52 158 £0.19
G, 71.00 £0.57 39.43+0.33 18.33+£1.20 55.33£0.33 1.69+0.16
G, 73.33+£0.88 42.33+0.14 20.00 £ 0.57 57.33+£0.33 191+£0.14
Gs 68.66 + 0.66 4123 +0.54 18.00 £1.52 56.00 £1.00 1.69+0.16
CV% 360 42.8 61.6 32.7 80/7
B-4xB-8 X 62.66 £ 1.20 48.13 £0.63 21.66 £0.88 59.33 £ 0.66 2.39 £0.09
G, 65.66 £1.33 49.76 £1.18 22.66 £0.88 63.33 £0.88 2.68 +0.03
G, 69.00 £ 0.57 52.13 £1.03 26.66 £ 2.02 64.00 £ 0.57 2.75+0.05
Gs 65.00 £ 0.57 50.00 £0.2 20.66 £ 0.88 63.00 £1.00 2.56 +0.08
CV% 39.8 32.8 147 335 60.1
B-4x SK Go 68.0 £ 0.57 46.60 £1.24 32.66 £1.20 69.66 £ 2.60 2.28 £0.10
G, 71.66 £0.88 4773 +1.17 34.00 £1.52 73.66 £2.00 2.91+0.03
G, 74.66 £0.33 49.83 +0.68 39.00 £ 0.57 76.33£0.88 3.22 £0.02
G3 70.00 £0.57 48.46 £ 1.15 33.00£1.52 72.33+£1.20 2.86 £ 0.07
CV% 39.6 28.1 84.9 22.9 93.4

Go=Control, G; =75ppm, G,= 100ppm, G; = 150ppm, B-8 = BARI Tomato 8, SK =
Summerking and B-4 = BARI Tomato4, CV% = Co-efficient of variance.
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Table -2: Analysis of variance based on mean squares and degree of freedom of
growth regulator (GAy) in parent and F; hybrid tomato.

Plant height at Chlorophyll Number of Single fruit Total fruit
50 days after content in leaves . weight (gm) weight per plant
transplantation  in 1%flowering fruits per plant (kg)
days (mg/cm?)

Source df MSS F MSS F MSS F  MSS F MSS F
VSS 3 4537  5379%%* 24674  44476*** 14214  218.10%** 246.74 444.76*** 158  159.57***
TrSS 8 38.49  45.64*** 27.68 49.89*** 29.86  45.81*** 27.68  49.89*** 0.14 13.73***
ESS 0.84 0.55 0.65 0.55 0.01

24

***=0.1% level of significance.
Chlorophyll content (mg/cm?) in leaves in 1% flowering days

The application of different concentration of NAA was showed significant
variation in chlorophyll content in leaves in 1% flowering days. The maximum
chlorophyll content in leaves in 1% flowering days (53.26 + 0.60 mg/cm?) was
obtained the maximum chlorophyll content in leaves in 1* flowering days from H,
(40 ppm NAA) in Summerking (male) x BARI Tomato 8 (female) which was
followed by Hs, Hs (50,20 ppm), while the minimum (38.33 +0.58 mg/cm?) was
recorded in BARI Tomato 4 from Hg (0 ppm NAA) (Table -3)

Number of fruits per plant

37.00 + 0.88 was the maximum number of fruits per plant which was obtained in
parent F; BARI Tomato 8 (male) x Summerking (female) for H, (40 ppm NAA),
while the minimum (17.33 + 1.20) was recorded for Hy (0 ppm NAA) in F;
Summerking (male) x BARI Tomato 4 (female) (Table -3). Number of fruits per
plant showed significant variation on different doses of NAA. The effect of NAA
application on number of fruits per plant was the maximum at the concentration
of 40 ppm which was followed by 50, 20 and 0 ppm.

Single fruit weight (gm)

Single fruit weight (gm) varied significantly influenced by the application of for
different concentration of NAA. The highest single fruit weight (74.00 = 0.57gm)
was obtained in F; BARI Tomato 8 (male) x Summerking (female) from H; (40
ppm NAA) which was followed by H; (73.00 £1.00 gm) in the F; BARI Tomato
4 (male) x Summerking (female), while the lowest (49.66 = 2.60 gm) was
recorded from Hy in BARI Tomato 4 (Table-4). The effect of NAA application on
single fruit weight was maximum at the concentration of 40 ppm which was
followed by 50, 20 and 0 ppm.
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Total fruit weight/plant (kg)

The application of different concentration of NAA in total fruit weight (gm)
varied significantly influenced. The highest total fruit weight per plant (3.17 £
0.01 kg) was obtained in F; BARI Tomato 8 (male) x Summerking (female) from
H, (40 ppm NAA), which was followed by H, (3.17 = 0.01 kg) in the parent
Summerking, while the lowest (1.45 £ 0.06 kg) was recorded from Hyin F; BARI
Tomato 8 (male) x BARI Tomato 4 (female) (Table-4). The effect of NAA
application on total fruit weight per plant (kg) was highest at the concentration of
40 ppm which was followed by 50, 20 and 0 ppm.

The analysis of variance for plant height (cm) at 50 days after
transplantation, chlorophyll content (gm/cm?) in leaves in 1% flowering days,
number of flowers/plant, number of fruits/plant.

Mean square and degree of freedom (df) from the analysis of variance for plant
height (cm) at 50 days after transplantation, chlorophyll content (gm/cm?) in
leaves in 1% flowering days, number of fruits per plant, Single fruit weight (gm)
Total fruit weight/plant (kg) of summer parent and F; tomato in the different
concentration of NAA are presented table in Table -4

The ANOVA table shows that the variance of plant height (cm) at 50 days after
transplantation, chlorophyll content (gm/cm?) in leaves in 1% flowering days,
single fruit weight (gm), total fruit weight/plant (kg),number of fruits per plant of
summer parent and F; tomato showed significant differences at the 0.1% level of
significant.
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Table 3: Effect of plant hormones (NAA) application at different stages of growth
and bio-chemical parameters of summer tomato and hybrid variety.

Variety = Treatments Plant height  Chlorophyll Number of Single Total
(cm) at 50 content in . fruit weight fruit
days after leaves in 1% fruits /plant (gm) weight/plant

transplantatio flowering days (kg)
n (mglcm?)

B-8 Ho 60.00 £1.15 46.63 +0.88 2533+£0.66 55.66+233 1.94+0.30
H, 61.33+066 51.63+0.33  26.33+0.33 57.00+£0.57 2.11+0.07

H, 64.33+0.33 5253+0.33 29.00+0.57 61.00+0.57 2.09+0.03

Hs 64.00+ 057 50.86+0.38  26.33+0.88 55.00+1.0 1.84 +0.09

CV% 335 51.8 58.7 47.0 64.1

SK Ho 62.33+145 47.06+076  34.00+208 70.00+2.88 2.83+0.06
H, 63.33+0.66 49.83+026  36.33+0.88 72.33+0.33 3.04+0.04

H, 67.00+057 51.60+035  37.33+057 73.00+0.57 3.20+0.02

Hs 65.33+0.33 50.00+0.10 35.66+0.33 70.00+0.57 2.96+0.03

CV% 322 37.9 57.3 219 51.2

B-4 Ho 66.00+2.64 38.63+0.58 22.66+1.20 49.66+2.60 1.61+0.22
H; 66.33 £ 0.66 39.36 £ 0.46 2400+057 5233+£033 1.75+0.18

H, 69.00 £0.57 41.73+0.56 28.00+057 5333+x0.66 1.92+0.22

Hs 68.00+057 39.60+036  25.00+057 51.33+0.88 1.63+0.12

CV% 21.0 35.8 90.9 30.2 83.4

B-8 X SK Ho 62.00+1.15 47.30+051  30.66+0.33 70.00+2.88 3.10+0.05
H, 63.00+1.15 49.30+057 31.66+033 71.66+0.33 3.11+0.05

H, 64.30+0.33 52.23+057 33.60+0.88 74.00+0.57 3.17+0.01

Hs 63.00 £ 0.57 51.10 £ 0.55 33.00£1.00 69.00+£0.57 3.05+0.03

CV% 151 43.1 41.6 30.7 23.2

B-8 X B-4 Ho 69.00 £ 2.08 38.46 £ 0.49 21.00+057 53.00+152 1.45+0.06
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Hi

Ha

Hs
CV%

SK X B-8 Ho

SK X B-4 Ho

CV%
B-4 X B-8 Ho
H,
H;
Hs
CV%
B-4 X SK Ho
Hy
Ha
Hs

CV%

69.33 +1.20

70.33+0.88

65.33 +£2.40

31.9

62.33£1.45

63.00 £0.57

67.66 +0.33

64.33 £0.66

36.8

67.66+1.45

69.66+0.88

71.66+0.33

70.66+0.88

24.4

62.66 +£1.20

65.66 +1.20

71.00 £0.57

68.66 +0.33

54.0

68.0 0+ 0.57

70.00 +0.57

74.00 +0.57

72.00 £0.57

36.3

41.53+0.88

42.13+0.27

41.86 +0.66

41.6

50.23 £0.54

52.43 £0.52

53.26 + 0.60

51.90 £0.05

24.6

38.50 £0.35

39.80+0.3

41.73+0.29

40.83+0.41

34.5

48.13 £0.63

48.33£0.43

50.86 + 0.86

48.63 £0.20

25.8

46.60 +£1.24

49.13+0.44

51.86 +0.29

50.90 +0.35

46.5

24.00 £0.57

27.66 +0.88

27.00£0.57

12.27

25.33+0.33

26.33£0.88

29.66 +0.33

26.33+0.88

70.3

17.33+1.20

18.0 £0.57

22.0+1

21.66+ 0.88

12.2

21.66+0.88

24.66+0.33

25.33+0.33

26.33+0.88

82.0

32.66 +1.20

34.00 £ 0.57

36.33 £ 0.33

35.00+0.57

38.0

56.00 +1.15

57.30 £ 0.66

55.00 £ 0.57

32.9

58.33 £2.02

61.66 +0.88

63.33 £ 0.88

62.33+0.33

35.2

53.00 £ 1.52

56.66 + 0.66

59.66 +0.88

53.00 £ 0.57

58.0

59.3340.66

63.0+0.57

64.66+0.33

62.33+0.33

35.7

69.66 + 2.60

72.33+0.33

73.00 £1.00

71.66 +1.20

20.0

1.67£0.07

1.50 £0.04

1.55+0.05

46.6

2.60 +£0.07

2.80 £0.05

2.98 £0.09

2.77+0.18

55.3

1.58+0.19

1.69+0.16

1.91+0.14

1.69+0.16

80.7

2.39£0.09

2.92+0.10

2.98+0.09

2.65+0.08

98.6

2.53+0.16

2.59 +£0.08

271+011

2.67+0.14

30.1

Ho=Control, H; =20ppm, H,= 40ppm, H3 = 50ppm, B-8 = BARI tomato8, SK

= summer king and B-4 = BARI tomato4, CV% =Co-efficient of variance.
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Table 4: Analysis of variance based on mean squares and degree of freedom of
growth regulator (NAA) in parent and F; hybrid tomato.

Plant height at 50 Chlorophyll Number of Single fruit Total fruit
days after content in leaves fruits /plant weight (gm) weight per
transplantation in 1* flowering plant (kg)
days (mg/cm?)
Source df MSS F MSS F  MSS F MSS F

VSS 3 36.94 2L.11***  246.74 444.76*** 113.03 129.99***  246.74 444.76*** 1.58  1590.57***

TSS 8 30.75 17.57*** 27.68  49.89*** 31.90 36.302*** 27.68 49.89***  0.14 13.73***
ESS 24 1.74 0.55 0.87 0.55 0.01

***=0.1% level of significance.
Discussion

The effect of GA3 application on plant height was maximum at the concentration
of 100 ppm which was followed by 75, 100 and O ppm. Rai et al., (2006)
observed that GA; increased plant height at 25 and 50 ppm. Tyagi and Yadav
(2007) reported that GA3 at 100 ppm increased plant height. Results of the present
investigation was also in confirmatory with the findings of Kartik P. et al (2017)
and Sisodia, et al. (2012) in onion. It may be due to the growth regulators, like
GA; and NAA are involved in cell division, cell expansion, cell elongation and
cell differentiation there by leading to enhanced plant height.

Kartik P. et al (1018) reported similar result from their experiment. They found
that GA3z at 50 ppm decreased the total number of flowers per plant but increased
the total yield. Choudhury S. (2013) found that the application of 50 ppm GA3;
had increased the fruit setting, while Saleh and Abdul, 1980 observed that GA3 at
25 or 50 ppm had increased the total yield of tomato compared to the control. The
highest effect of GA; application on yield per plant was at the concentration of
100 ppm which was followed by 150 ppm, 75 ppm and 0 ppm. Vivak U. et al
(2018) Reported that GA3 at 100 ppm increased the number and weight of fruits.

The effect of GA; application on fruit length was most effective at the
concentration of 100 ppm which was followed by 150, 75 and 0 ppm. Adlakha
and Verma, 1964 reported that GA; at 100 ppm could appreciably increase fruit
size.

In several experiments, the yield increases have been reported Gowda (1977);
Warade & Singh (1977). It would suggest that spraying on various vegetable and
horticultural crops have been reported Alam & Nagvi (1989) & Naqvi, et al.
(1998) of naphthalene acetic acid at the time of flowering, which prevents pre-
harvest flower abscission by increasing the available plant hormone (auxin)
concentration at this critical phase of reproductive development in tomato plants.
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The effect of NAA application on total fruit weight per plant (kg) was maximum
at the concentration of 40 ppm which was followed by 50, 20 and 0 ppm.
Moniruzzaman et al. (2014) obtained the highest fruit yield in cv. Pusa Purple
Long and Brinjal at 40 ppm NAA.

Summary

On the basis of above findings, it may be concluded that GA3; 100 ppm and NAA
40 ppm were found better than the other concentrations of plant growth regulators
and can be recommended to the growers for better production during summer
season. F; BARI Tomato 4(male) x Summerking (female) was the maximum
treated variety with the application of GA3. The analysis of variance (ANOVA)
for all characters of three summer parent and F;tomato varieties and four different
concentrations of GAz and NAA were showed significance in 0.1% level.
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Abstract: The present study seeks to specify the effectiveness of group
work for achieving Mathematical competency in graduate level students
in Bangladesh. The research has also shown the teachers’ guiding role,
their strategies and students’ perception for applying group work in
classroom. The researcher has employed experimental and descriptive
study design through questionnaire surveys. The students of Mathematics
department are chosen as population in this study. Using purposive
sampling, the researcher has preferred honors 3™ year students as
respondents. The students have been divided into two groups. One of
them is the control group and the other is the experimental group. The
experimental group has been taught Mathematics for five weeks through
group work. Tutorial examination of both groups has been conducted on
the same question. The researcher has used descript statistics by SPSS
software for data analysis. The findings of this study are that group work
enhances students’ critical thinking capability, communication skills,
effective team work, positive attitude, learning techniques, brain
storming and problem-solving technique. The results imply that
concerned authority should arrange student-centric classroom for
Mathematics teaching-learning in Bangladesh because the classroom can
be made interactive between teachers and students through the
collaborative and cooperative tasks of group work.

Keywords: Mathematical Competency, Group works, Graduate Level
Students, Bangladesh

1. Introduction

The present world has reached the pinnacle of progress in the welfare of science
and Mathematics Fatema, (2015). In this case, Mathematical knowledge has made
an important contribution to hold the advancement of present era. Thus,
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Mathematics is a critical thinking-based subject by which human beings are able
to extend their knowledge and use it thoroughly. For science education or any
other creative purpose every student needs to be skilled in Mathematics from
primary level because Mathematics education can open students’ mind as well as
increase their knowledge, and in this sphere, group work helps them improve
Mathematical conception or knowledge. Mathematics learning is difficult for the
students in the existing condition because they cannot engage themselves in
lesson for the lack of combined learning and usage of proper strategy in the
classroom. Group work is one of the best important modern strategies for
Mathematics teaching and learning. In this strategy teachers ensure students’
Mathematics leaning in the classroom in groups formed by two or more learners.
This interactive relationship makes their Mathematics learning more effective and
more fruitful. They get opportunity to discuss ideas as well as to communicate
with others to express their expectation Paul et al., 1992). Group work removes
students’ nervousness and weakness about Mathematics because they can share or
exchange their knowledge among each other and with the teachers. Mathematics
is a logical method which develops students’ thinking power (Fidan, et al., 2009).
Moreover, students can easily solve theoretical problems and justify their solution
through discussion with the group members.

2. Statement of the Problem

Group work develops students’ learning competency in Mathematics. Although
Mathematics is a vital component of critical thinking and logical knowledge, the
under graduate learners in Bangladesh cannot obtain proper Mathematical
competency due to effective teaching-learning process. Consequently, the learners
are not able to contribute to sustainable economic development, communication
and information technology sector, and to the generation of new knowledge that
may work as blessing for human beings. Many reasons are responsible for the
existing condition, such as the improper infrastructure of the classroom,
insufficiency of the trained teachers, old teaching methods, teacher-student ratio,
and the duration of class session. Teachers do not show positive attitude toward
group work for Mathematics teaching. Many teachers think group work may
waste time (Alfares, et al., 2017). In the context of Bangladesh, teachers conduct
their class duration 45 minutes, but 45 minutes time is not sufficient for teaching-
learning in a class. In most cases, teachers are involved in different types of
internal, public, and national university examinations. In addition, Mathematics
teachers deliver their lesson in classroom through lecture method because they are
habituated to teaching this process. However, they do not encourage arranging the
group work in Mathematics class. They enter the classroom and solve the
mathematical problems by writing on the whiteboard using a marker pen where
the students write down the solution of that particular case on their notebook. The
students who are sitting on backbench cannot see the writing on whiteboard or
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even they cannot hear what the teachers deliver to them. In fact, students are not
benefited and achieved proper competency in mathematics. Now, mathematical
competency of the learners is alarming. In this situation, the researcher thinks that
the mathematical competency of graduate-level students in Bangladesh is a matter
of high concern which demands further study. So, this study has conducted on the
effectiveness of group work in achieving mathematical competency of graduate
level students in Bangladesh.

3. Significance of the Study

At present Bangladesh is walking towards development, but student-centred
learning approach is not considerably updated here in comparison with other
countries like United States (U.S) and Canada (Esmonde, 2009). In Bangladesh,
educational system should be reformed. Government wants to develop students’
learning capacity, especially in the field of mathematical knowledge. It is found
that group work brings significant changes in Mathematics teaching and learning.
Group work promotes learners’ participatory attitude, and their mathematical skill
and relevant thinking capacity are increased by sharing ideas within the group
members. This process also enhances students’ confidence level as well as
effective interaction is possible between teachers and students. The students who
lag behind are well benefited as they come into contact with the ideas and thought
process of the meritorious ones, and teachers can spend much time to take care of
their students in classroom. Finally group work is proved a fruitful way to uplift
students’ learning ability along with ensuring their participation (Kung, 2013) in
any Mathematics session in the classroom.

4. Review of the Related Literature

Literature review is a significant issue for solving research problems and getting
clear knowledge about the present study. It also helps to get correct information or
perception about background, aims, objectives, instruments, research process,
conclusions, results and recommendations which have been found in the previous
relative studies done by the other researchers.

4.1 Group Work for Teaching-Learning

(Koblitz and Wilson, 2014) said that classroom practice should be designed to be
collaborative and constructive so that every student can learn through group work.
If students’ participation becomes spontaneous in group learning they can easily
increase their Mathematical ideas, knowledge, skill, conception, experience by
sharing others’ views and thinking capacity, and they can confront the
Mathematical challenges with their group members and teachers. On the other
hand, (Good, 1990) mentioned that the aim of the curriculum with Mathematics
teaching is to develop students’ subjective knowledge. But it is not possible for
the aim with this type of discipline to be implemented without group work.
Practical task, brainstorming and thought process are required simultaneously in a
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Mathematics class. Thus, for making a Mathematics class successful group work
can be one of the most effective ways as the potentiality of the learners becomes
multiplied. Since several learners participate in a group, they can easily come into
contact with more ideas, more views. Especially group work stimulates students’
motivation and enthusiasm, positive interactive relations among themselves and
teachers, and enriches thinking competency in Mathematics.

4.2 Teachers Guiding Role for Group Work in Mathematics Learning

Teachers play significant role to implement the effectiveness of group work in
classroom. They are the coordinators as well as academically experienced
persons. Educators can identify the academic objectives and helps to learners
attain the aims of the lesson (Sofroniou and Poutos, 2016). If teachers generate
suitable group discussion, the group members can solve difficult mathematical
equations together. Collaborative task is the main driving force for group work
because it motivates all students to participate in a single problem, and
consequently they solve the mathematical problem by sharing each other’s ideas,
views and attitudes. Innovative manipulation is another effective task for group
work where teachers use teaching aids like flashcards, graph board, graph paper,
graphing calculator, and some other aids for Mathematics learning. Eventual
outcome of these types of group tasks is that positive change is remarkably seen
among the Mathematics learners as the sense of cooperation they achieved from
group work inspires them to obtain something in communion (Brooke, et al.,
2014).

Sometimes group work seems not equally successful all the time because in a
group all students do not belong to the same category. Some are quick learners
and some are slow, so all the group members cannot progress equally. Slow
learners often fail to keep pace in problem solving with those of the faster ones.
And, the faster ones are able enough to solve their problems promptly. So, they do
not show interest and feel bored in group discussion (Good, 1990).

4.3 Group Work Strategies in Mathematics Teaching and Learning

Group work is an innovative strategy which can promote knowledge of
Mathematics among students (Neill and Moore, 2008). Literature related to this
study shows group work strategies result significantly in the classrooms. For
example, the collaborative, cooperative, peer teaching, think-pair-share, group
representation, problem-based learning, debating, expert jigsaw, mind mapping
and participatory approach are the most important factors which improve
Mathematics teaching-learning process. Collaborative strategy helps motivate and
enhance positive attitudes in the students. It is also helpful to foster graduate
Mathematics students’ learning capability. In peer teaching, students who belong
to the same class and same category learn through discussing and sharing views
with each other. Thereby Mathematics learning becomes fruitful (Bungoma,
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2016). Mind mapping strategy is a part of participatory teaching approach and it
creates opportunity to promote interaction, increased thinking capability and
helpful attitude among students in Mathematics learning. Participatory approach
can identify the performance of Mathematics students’ learning within group
members (Brown, et al., 2017). Successful application of this strategy makes the
students skilled to solve the mathematical problems easily. Think-pair-share
another effective strategy based on recollection of memory, sometimes is
considered as an important way of Mathematics learning. This strategy involves
students with their pairs through recollection of memory. Consequently, students
begins building up ideas with other group members (Prof. Hemant and
Priyamvada, 2018). Group representation puts an emphasis on creating culture of
questioning among students.The topics of Mathematics will also them help
formulate effective lessons. In this process, teachers set a big question selected
from the topics and courses before several groups of students for questioning
each other. After that students look for the major information before moving to
the answers of the question. Thereby the important aspect of group reprsetation is
to provide time in order to make presentation meaningful as well as allocating
proper roles to the group (Negeri, 2020).

4.4 Students’ Perception about Group Work in Mathematics Learning

Mathematics students think group work creates opportunity to share their ideas
and to increase the ability to solve mathematical problems If higher education
institutes generate scope to facilitate the atmosphere of working in group for the
learners, they can exchange their experiences and establish interactive relation
amongst themselves inside and outside in mathematics classroom (Armien and
Roux, 2013). They realize the benefits of group work in collaborative process
because this process enhances their confidence and make them optimistic.
Alongside, they can justify themselves and reply or respond by working in groups
(Edwards, et al., 1999). Besides as in group work activities learners are influenced
to be competent, they want to enhance responsibility as a member of the group,
increase positive attitudes, and improve problem-solving techniques and internal
knowledge (Daba, et al., 2017). They also find Mathematics learning more
effective when they work with their classmates in a group for motivation and
enthusiasm multiply the acquisition capacity. In group work, students play the
pivotal role although teachers remain as the guiding strength who spend
considerable time in the classroom for students’ improvement (Negeri, 2020). For
all these reasons, Mathematics learning becomes effective and fruitful.

4.5 Effectiveness of Group Work in Mathematics

Mathematics is a discipline which is based on problem-solution. Being a teacher
of Mathematics, the researcher observes students of Mathematics cannot solve the
problems easily without sharing, exchanging and discussing their views,
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especially formulas of Mathematics, with co-learners. Sharing and cooperation
help Mathematics learners choose suitable formulas for solving the problems or
equations. Having failed to solve their problems, they think Mathematics is very
difficult. Day by day they lose their interest in Mathematics and gradually feel
nervous or fearful about Mathematics. On the other hand, existing literature
shows collaboration and cooperation, two essential components in group work
remove the learners’ inertia and create certain congenial atmosphere for
interactive relations among them, and spontaneously identify their weakness
(Retnowati, et al., 2010). As a result, they reach their goal of progress and
achievement in learning. So, group work is preferable to individual attempt in
Mathematics learning (Takeuchi, 2016).

Previous researchers on group work have discussed about collaborative,
cooperative (Koblitz and Wilson 2014), peer teaching, think-pair-share (Prof.
Hemant and Priyamvada, 2018), group representation, problem-based learning,
debating, expert jigsaw, participatory approach (Brown, et al., 2017), motivation
(Neill and Moore, 2008), sharing ideas, mind mapping strategy and interactive
relation techniques for enhancing Mathematics competency (Armien and Roux,
2013). In this study, researcher has emphasized the following component of group
works such as subject based training, self-confidence building methods, speed
learning techniques and riddles and brain teasers.

5. Objectives of the Study

The following objectives in this study are relevant for finding out the
effectiveness of group work in Mathematics learning:

a. To expose teachers’ instructive role to regulate the activities of group
work for the successful outcome.

b. To identify the teaching strategies to navigate the group work into
success.

c. To specify learners’ perception about group work in Mathematics
learning.

d. To evaluate the effectiveness of group work that drives students to
acquire sufficient knowledge in Mathematics.

6. Conceptual Framework

The relationship between group work and Mathematics learning outcomes has
been studied and theorized in different ways. Group work is mainly manifested by
teachers’ guiding role, teaching strategies and students’ perceptions. After all,
effective group work is very much supportive to achieve targeted mathematical
competency. In this study, teachers’ guiding role, group work strategy, student’s
perceptions are independent variable and obtaining targeted mathematical
competency is dependent variable. These independent variables influence on the
way of achieving appropriate mathematical knowledge.
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Figure: Conceptual Framework
7. Methodology

The main purpose of this study is to investigate the types of task and strategies
teachers design in group work to improve learning of Mathematics. This study
also aims to specify the perception of the learners and to evaluate the
effectiveness of group work in Mathematics learning. This chapter has covered
the research design, population and sample, and instruments that have been used
for data analysis procedure.

7.1 Research Design

Experimental and descriptive research designs are the planning which includes
some systematic and logical approach for the successful completion of the
research. Hence data collection, population and sample, as well as selection of
instruments have been arranged according to the need of effective group work in
Mathematics learning for the graduate students belonging to the department of
Mathematics, Rajshahi Government City College (RGCC), Bangladesh. After
analysis, the quantitative and qualitative data have been discussed.

7.2 Population and Sample for this Study

One hundred and eighty students have admitted in the department of Mathematics
(RGCC) for studying honors third year course. Among them, sixty students were
randomly selected and researcher collected the same respondents’ data for
purposive sampling. Several sets of questionnaires were prepared. Within the
respondents, fifteen were taken to execute an in-depth closed-ended interview
protocol on semi-structured four questions regarding group work and properly
strategies in Mathematics learning.

7.3 Instruments

In the study, data was collected through questionnaire given to the respondents.
For qualitative data, in-depth semi-structured interview protocol question was
prepared. It was selected from one research objective. And the other three
objectives were prepared for quantitative data. Six options one multiple choice
questions were adapted to determine the types of tasks teachers design for their
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students in classroom. 4-Likert type scale from 1= disagree, 2= Average. 3=
Agree and 4= Strongly Agree is kept to identify the perception about group work.
A test was prepared on chapter “Motion of a particle in one dimension” in
Mechanics for assessing the effectiveness of group work in Mathematics learning
for control group and experimental group.

7.4 Group Work System in Mathematics

For this study Researcher formed experimental group and control group where
one group was formed by 30 students. The researcher had taught Mechanics to the
experimental group students for five weeks through group work, and the selected
topic was “Motion of a Particle in One Dimension”. Every week he conducted
three classes to teach the students. In the first week the lessen was on
“Displacement and velocity”, second week “Simple harmonic motion (SHM)”,
third week “Geometrical representation of SHM”, fourth week “Hook’s law”, and
fifth weeks “Application of Hook’s law”.

Those classes were conducted through group specifying academic purpose and
fulfilling the lesson. In the classroom, the students’ seats were made in pair for
teaching mechanics. Students’ pairs were also made by the slow and the advanced
students. As a result, learners got opportunity to exchange, share and discuss their
knowledge with each other. When the slow learners could not understand the
lecture or the lesson, the advanced students helped them comprehend the topic.
Therefore, the group work caused reciprocity among all types of students. An
experimental group class was not only collaborative but it was also a cooperative
process. Thereby students got opportunity to solve the same problems and the
specific topic in a congenial atmosphere.

In that place, students seated in a curve group to solve the problem about simple
harmonic motion which had to move a particle of a straight line, mathematically
derived the equation during the lecture, and found out the distance of the particle
from origin. Working with the participatory approach, every group member
derived the equation confidently and every member became spontaneously
responsible for learning together. At the time of the interval, every member
followed the lecture and understood the lessons. The researcher delivered and
provided the best effort to design group work with collaboration and cooperation
strategies, and ultimately those played significant role for the learners to reach the
outcome. It was seen group work activity was supportive and collaborative to
create mutual learning atmosphere for the students.

7.5 Data Collection Procedure

The researcher selected 60 graduate honors 3" year students of Mathematics and
divided them into two groups. One was experimental group and another was
control group. Each group consisted of 30 students. One set of same category
questions was prepared for experimental group and control group. Then, students
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completed the tutorial examination on the lesson “Motion of a particle in one
dimension” under the course “Mechanics”. After completing the examination, the
answer sheet was evaluated and justified. The experimental group got more scores
than control group. Besides, seven students were selected from experimental
group for in depth semi structured interview protocol question for qualitative data
along with 4-Likert type questions. One multiple choice question was prepared for
experimental group students for analyzing quantitative data.

7.6 Data Analysis

Data had been analyzed through using SPSS program and presented in tables and
bar charts, statements and interpreted qualitatively and quantitatively. Data had
been taken from students through experimental group and control group test by
handwriting, 4- Liker scales ranging point and in depth semi structured interview
protocol questions (FGD) which was conducted in face-to-face discussion. After
that data had been summarized and demonstrated for result and recommendation.

Research questions Statistical analysis

1. What types of task teachers design for their v Frequency
students of Mathematics teaching and learning in v' Percentage
classroom as group work?

2. What strategies contribute to the students to learn v"Interview protocol
Mathematics through group work?

3.What is the perception of the learners about group v' Mean

work in Mathematics? v' Standard deviation
4. To what extent does the group work practice v" Mean

have an effect to ensure students’ achievement in v’ Standard Deviation
Mathematics? v t-test

8. Results and Discussion

For this study, this section is very important. After collecting the data, the result
has been discussed here.

8.1 Qualitative Analysis: Discussion and Findings from the Semi Structured
Question for Interview Protocol.

The evaluation of the interview protocol had been completed by the experimental
group students such as code no. 1, 2, 3, 5, 6, 7, 13,14,17,18,21,22,27,28,30. The
main purpose of feedback had been examined by the qualitative analysis section.
Those experimental group students wrote their answers and opinions individually
in definite four questions. After that the results had been summarized and
discussed in a subjective way.

Those experimental group students wrote their opinions on question sheet where
the spaces were allocated for four questions about group work. Some students
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wrote that group work is an essential process and it has a significant impact on
Mathematics learning because group discussion identified the quality of
knowledge of group members and enhanced Mathematical thinking ability of
student’s individually (1,5,6,13,18,21,27,28). Ten students wrote that group work
strategies had created opportunity to learn Mathematics through discussion among
their classmate or friends and enhanced their thinking as well as analytic
capability by brain storming (1,3, 5, 7, 13,17,18,21,27,28). Most of the students
expressed their opinions about group strategy like collaborative, cooperative and
participatory strategies which were more effective for Mathematics learning
because these strategies made interactive relation among themselves (1, 2, 3, 5, 6,
7, 13, 14,17,18,22,28,30). Such ways enhanced critical thinking capability for
solving Mathematical problems, and motivating and creating positive attitudes
among the learners. Five students wrote that through group work strategies
teachers could spend huge time in classroom and boost up their students to have
confidence to solve Mathematical problems (2,5, 13,18,22). Moreover, one
student has written peer teaching strategy was effective because it developed their
competency or skill to solve Mathematical problems (14).

8.2 Quantitative Analysis: Findings from the data retrieved from the end of fifth
Week Control Group Examination

Bar chart diagram shows students’ response about their observation or opinion of
what types of starring role do teachers conduct as group work for their students of
Mathematics teaching-learning. 30% Students chose those teachers who only
solve Mathematical problems on white board. 23.3% inform answering the
questions orally is unexpected in teaching-learning process, but our teachers are
habituated in this process because students-centered classroom has not yet been
established in the department of Mathematics in RGCC. Out of the 30 students
only one told that teaching in a small group in cooperation is unaccepted here.
16.7% students expressed their opinion that teaching through collaborative task is
also unexpected in our country. Collaborative task in small group is much better
than individual work and it has a significant impact on education (Tabach and
Schwarz, 2018 ). 13.3% students observed when teachers use Mathematics
teaching aids in appropriate way, they get opportunity to solve mathematical
problems through group discussion. This is the common scenario of RGCC. We
know using teaching aids is the most important issue for Mathematics learning
because those aids help visualize the Mathematical problems. As Mathematics is a
problem-based discipline, teachers should emphasize on using teaching aids in
classroom for promoting students. If teachers get chance to discuss Mathematical
problems in classroom among students, they will learn Mathematics easily.
Generally, the result shows teachers of RGCC are not used to with group work in
classroom although literature reflects group work is very effective for
Mathematics learning.
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Figure No. 1: Student’s observation or opinion of their teachers’ tasks in
Mathematics classroom activities.
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Figure-1: Bar chart shows the percentage of learners responding to the individual
opinions for tasking or designing of question no, 1 in the questionnaire.

Table No.1: Students responses on perceptions towards group work process.

Serial Statements Disagree (1) Average  Agree (3)  Strongly Total
No. N% 2 N% Agree(4) N%
N% N %
1 I believe that 13.33 26.66% 1033.33%  1756.67  30100%
Mathematics learning %

becomes more effective
when | work with my

classmate.
2 | enjoy Mathematics 3 3 13 11 30
learning when 10.00 10.00 43.33 36.66 100

teachers play vital
role in group work.

3 I think that group work 26.66 413.33 1446.66 1033.33 30100
develops students’
motivation and
enthusiasm.

4 | think that all students 00 310.00 723.33 2066.67 30100

get equal opportunity to
learn Mathematics in
group work
5 | think that group 1343.33 26.66 516.66 1010.00 30100
work helps to solve
theoretical problems
in Mathematics
6 | think that I learn more 413.33 13,33 1446.66 1136.66 30100
in peer learning.
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Table-1 illustrates that 66.67% students strongly agreed with the perception that
they got equal opportunity to learn Mathematics in group work. 43.33% Students
disagreed that group work supported to solve theoretical problems in
Mathematics. 46.66% students agreed with the perception that group work
develops students’ motivation and enthusiasm as well as peer learning. No
student disagreed with the perception of getting equal opportunity to learn
Mathematics in group work. More than 90.00% students believe that Mathematics
learning becomes effective while working with classmates and getting equal
opportunity by using group work. Most of the students believed that in group
work teachers played vital role in developing students’ motivation and
enthusiasm. Besides 83.32% students belonged to the perception that they learn
Mathematics better in peer learning. Discussion and interaction, basis of peer
group, are the most important components for students to learn Mathematics
(Joseph, et al., 2017).

Table No.2: Descriptive statistics

Std.
Statements No. Mean Deviation

a. | beheye that Mathematlps learning becomes more 30 343 274
effective when | work with my classmate.

b. 1 enjoy M_athematlcs learning when teachers play 30 307 944
vital role in group work.

c. 1 thl_nk t_hat group Worl_< develops students 30 307 868
motivation and enthusiasm.

d. |think that all s?udgnts get equal opportunity to 30 357 679
learn Mathematics in group work.

e. Ithink tha_t group work_ helps solve theoretical 30 2 40 1.354
problems in Mathematics.

f. Ithink that I learn more in peer learning. 30 3.07 .980

Valid N (list wise) 30

Students agreed 5 out of the 6 statements where mean is around 3.25 and standard
deviation is around .840, except statement, where students’ perception group
work helps solve theoretical problems in Mathematics because that statement’s
mean is 2.20 and standard deviation is 1.354. In general, most of the students
believe that group work is more effective of undergraduate students for
Mathematics learning, and literature reflects also.
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Table No. 3: Control group and experimental group result in tutorial examination

Control group and Experimental group percentage result

Cumul

Control Valid ative Experimental Frequen Valid  Cumulative
Valid Frequency Percent Percent Percent Valid cy  Percent Percent Percent
10 1 3.3 3.3 33 13 1 3.3 3.3 3.3
11 4 133 133 167 14 6 200 200 233
12 8 26.7 267 433 15 5 16.7 16.7 40.0
13 8 26.7 267 700 16 7 233 233 63.3
14 6 20.0 200 90.0 17 7 233 233 86.7
15 3 10.0 10.0 100.0 18 4 133 133 100.0
Total 30 100.0 100.0 3.3 Total 30 100.0 100.0 3.3
Control group result

30 26.7 26.7
&
g %
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R 2 3
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P
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Figure No. 2: The frequency and percentage of control group students shown in question 4 in questionnaire.
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Experimental group result
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Figure No.3: The frequency and percentage of experimental group students for shown in
guestion 4 in guestionnaire.

The result illustrates best scores of experimental group students in tutorial
examination because teachers conducted their class by using group strategies
where students got opportunity to learn Mathematics by discussing, sharing and
exchanging ideas among their classmates. On the other hand, control group
students did not get opportunity to learn Mathematics in group work. As a result,
the experimental group secured the lowest scores 13 where control group students
achieved lowest scores 10. Moreover, experimental group students got the highest
scores 18 where control group obtained highest scores 15. Above, illustration
shows, maximum experimental group got scores from 15 to 17 and maximum
control group students got scores ranging from 11 to 13. The trend of
experimental group students ensures the performance and achievement in terms of
the effectiveness of group work in Mathematics learning. So, group work is a
more effective process for Mathematics learning and literature reflects this also.

Table No. 4: Paired samples statistics

Control and Experimental ~ Mean N Std. Deviation  Std. Error Mean
group examination Result
Pair1  Control Result 12.77 30 1.305 238
Experimental ;5 g3 30 1.440 263
Result

To identify the effectiveness of group work among students in Mathematics
learning and achievement, students’ achievement test was conducted as
experimental group-test where teacher taught the experimental students through
group work. On the other hand, teachers did not teach the control group students
by using group work. The test results of the students were calculated by using
SPSS which is presented in table-6.
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Table No. 5: Paired samples statistics and test

Paired Differences

95% Confidence
Interval of the
Control and Std. Difference
Experimental group Std. Error Sig. (2-
examination Result Mean Deviation Mean Lower Upper t df tailed)
Pair 1  Control test
Experimental  -3-067 .980 179 -3.433 -2.701 -17.135 29 .000

test

The results show that there was momentous difference between control group test
and experimental group test scores where control group test (M=12.77 and
SD=1.305) and experimental group test (M=15.83 and SD=1.440); t critical at 29
degrees of freedom (df)=-17.135, sig (2-tailed) p=0.000 at a= 0.05. These values
recommend that group work has a significant impact on students’ Mathematics
learning and achievement. These values illustrated the experimental students’
opportunity to learn and achieve academic gain by sharing and discussing
(Kutnick, et al., 2017).

9. Conclusion

Traditional teaching and learning methods are not effective for Mathematics
learning because these processes do not provide opportunity to learn adequately in
comparison with the universities of the developed countries. The aims of this
study are to find out the effectiveness of group work in achieving Mathematical
competency of graduate level students in Bangladesh. Combined method survey
research questions for collecting qualitative and quantitative data are used to find
out the effectiveness of group work.

In qualitative analysis, students wrote positive sentences on the answer sheet.
They wrote group work is an effective strategy which can improve students’
Mathematics competency. Quantitative analysis shows that experimental group
mean is =15.83, SD= 1.440 and control group mean=12.77 and SD=1.305. The
experimental group test scores have increased than control group test scores
because teachers have conducted experimental classes for five weeks to enhance
subjective knowledge. Students’ perceptions average mean is 3.25 indicated
Agree=3, Strongly Agree-4 and standard deviation on an average 0.840. This
process provides equal opportunities to solve mathematical problems through
discussion with classmates. It also motivates students. The laggard students are
very much benefited as they come into contact with meritorious students.
Therefore, group work increases students’ own confidence and removes inertia in
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case of learning Mathematics. Above all, group discussion supports social
interaction, strengthens cultural bridge, grows team spirit and inspires students-
centric attitude.

9.1 Recommendations

Based on the findings, the following recommendations are proposed: -

Effective teaching fosters a sense of positive attitude towards students. So
concerned authority should arrange students-centric classroom for
Mathematics teaching-learning because the classroom can be made
interactive relation between teachers and students through the collaborative,
cooperative and participatory tasks of group work.

The concerned authority should build learning-friendly classroom and supply
sufficient teaching aids so that students can get scope to learn, solve and
visualise mathematical problems exactly.

The teacher-student ratio should be standard in number and teaching time in
the classroom needs to be further increased.

The teacher should deliver the appropriate assignmentand feedback for the
students properly. Students should be evaluated through formative
assessment.
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Legal Terminologies in the Bengali Language during the
Company Reign (1765-1857)
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Abstract: This paper aims to explore legal terminologies in Bengali
during the East India Company reign from 1765 to 1857 in the context of
colonial historicity. The study is a descriptive research under a historical
timeframe; and it applies content analysis and critical analysis to trace
the development of legal terminologies in the Bengali language during
the English colonial rule. This study will address the question of when
and how language contact with its transliteration and translation
strategies actuates and develops legal terminologies in Bengali. The
findings of the research can contribute to show how historical
trajectories, sociolinguistic realities and cultural dimensions influence the
development of legal terminologies in Bengali.

Keywords: Legal terminology, Bengali language, English colonialism.

1. Introduction

Legal terminologies in the Bengali language originated as an asymmetrical
relation of power to administer the territory, promote language contact and
explore its epistemological space. The incorporation of legal terminologies in
Bengali continued with a long traverse under the hegemony of more than one
foreign language, but it got a momentum in the English colonial period,
particularly during the East India Company administration. The Christian
missionaries, the English civilians, the Bengali intelligentsia and authoritative
language institutions have contributed to encode the forms of legal knowledge
and facilitate the expansion of Bengali with equivalents in either domestication or
foreignization. The colonial project of legal term formation in Bengali primarily
began with Duncan’s Translation of Regulations for the Administration of Justice
in the Courts of Dewanny Adawlut in 1784 and ended with Robinson’s Dictionary
of Law and Other Terms, Commonly Employed in the Courts of Bengal in 1860.
This article will encompass the colonial terminological project within this
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timeframe for its foundational role in reshaping Bengali terminography. The
results of the study will add value in academia; contribute to understand Bengali
legal terms and open scopes for further researches in the legal domain. However,
the study is planned to explore legal terminologies in Bengali from 1784 to 1860
against the backdrop of historicity; and analyses the development of terminology
in the Bengali legal field.

2. Legal Term and its Formation

A legal term, as defined by terminography, is a word or a multiword expression
used to designate a mono-referential concept in the subject field of law. It is a unit
of understanding representing the conceptualization of an abstract cognitive entity
within the boundary of law to record contracts, impose conditions, secure rights
and confer privileges in a country’s legal system. A legal term is characterized
with a clear and non-contradictory relationship between its concept and definition;
and its formation is a process of the creation of a term to designate a new concept
in a language or the transfer of a term from one language to another. Legal term
formation procedure is to comply with its elaborative function in the target
language and its wide acceptance by the target speech community for its
sustainability. A legal term whether a primary or a secondary one is characterized
with a set of terminology policies, strategies and legalities prescribed by United
Nations Educational, Scientific and Cultural Organization (UNESCO),
International Network for Terminology (TermNet) and International Information
Centre for Terminology (Infoterm). The basic criteria of a legal term include
monosemy or precision, univocity or absence of synonymy, semiotic conception
of designations, exclusive interest in the lexicon leaving aside all other linguistics
levels, synchronic treatment and priority of written registers (Cabré, 2003). A
legal term also encompasses the criteria of a phraseology continuum, the
institutionalization of a sequence, fixedness and non-compositionality to maintain
clarity and comprehensibility.

A legal term as an instrumental language is complicated for its interdisciplinarity
and instrumentality; and legal term formation demands a sort of specialization in
the subject-field and languages involved. When a terminological project is
launched for the formation of a terminological vocabulary of law, the procedure
followed in the preparation of terminologies is to identify concepts, establish
concept systems, formulate definitions, and finally select and form terms. The
need to provide a designation for a new concept is primarily met by adopting the
source-language word into the target language. Then the need is filled by a
loanword from a common ancestral language or using a target-language word;
and finally by creating a neologism or a new term with a word having a parallel in
the target or ancestral language in accordance with the linguistic exigencies of the
target language. The transfer of legal terms involves borrowing by transliteration;
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and loanword, neologism and circumlocution by translation with the help of the
source language, the target language and the common ancestral language(s).

3. Literature Review

The issue of Bengali legal terminology with its origin, development, problems
and prospects are somewhat addressed in Bengali lexicography and terminology.
Anisuzzaman in his Purono Bangla Gadya, Ratna Ghosh in her Bangla
Paribhashar Du’sha Bachar, Ghulam Murshid in his Atharo Shataker Gadya:
Itihas O Samkalan and Swarochish Sarker in his Bangladesher Koshgrantha O
Shabdasandhan provide a chronological history of Bengali terminology
(Anisuzzaman, 1984; Ghosh, 1988, Murshid, 2009 & Sarker, 2010).
Purnendunath Nath’s Bangla Bhashay Aincharchar Dhara is about the history of
discourse of law in Bengali; and focuses its perspectives in relation to Bengali
language and literature (Nath, 1984). Monsur Musa’s Bangla Paribhasha: Itihas
O Samasya and Nripen Bhoumik’s Bijnancharchay Bangla Paribhasha: Itihas,
Samasya O Samadhan are based on a sociolinguistic presupposition of
terminology problems in Bengali with an exploration of the evolution of Bengali
terminology (Musa, 1995 & Bhoumik, 2002). Muhammad Habibur Rahman and
Anisuzzaman discuss the overall development of Bengali legal terminologies in
“Introduction” of Ain Shabdakosh (Rahman & Anisuzzaman, 2006).

The researcher has found a number of scholarly researches available on Bengali
lexicography and terminology. The previous studies in the existing literature in
Bengali have emphasized on terminological formation, compilation and
theoretical orientations. The question of the historicity in legal terminology in
Bengali is somewhat understated in respect of linguistic orientation,
interdisciplinary outlook, cross-linguistic influence and dynamics of problem-
solving spirit. The formation of legal terminology in colonial Bengal and its
codification and standardization as a cultural project do not get much attention in
the existing literature. Therefore, the research is designed to fill this existing gap
in Bengali legal terminology; add value in academia particularly in the field of the
Bengali language; and unveils a potential interdisciplinary field for future
investigation.

4. Research Methodology

The study is a descriptive research under a historical timeframe with a view to
analyzing legal terminologies in Bengali during the East India Company reign
from 1765 to 1857. The timeframe is crucial for its formative contribution in
Bengali legal terminology in particular and the Bengali language in general. The
primary sources of data in the research are Bengali translations of regulations,
colonial legal documents and glossaries of terminologies composed during the
timeframe 1765-1857. The data collection tools used in the research are content
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analysis, document analysis and literature review. Finally, content analysis and
critical interpretive analysis were used to explore, evaluate and interpret the data
in the context of linguistic dimension, historical perspective, sociocultural
background and geopolitical dynamics in order to come to a substantiated
conclusion.

5. Legacy of Legal Terminologies in Bengal

The early historical evidence of legal terminologies in Bengal is found in the
records of the Maurya and Gupta dynasties. The Maurya and Gupta emperors
administered the territory in Bengal with the help of a ‘mahasamanta,” a term
referred to a feudal chief. The term ‘maharajadhiraja’ (a sovereign king) was
introduced in Bengal Shashanka, a local chieftain, set up his independent
kingdom in the citadel of Gauda in the seventh century. The political disaster of
anarchy and confusion in the eighth century Bengal is described as ‘matsya-
nyaya’ (practice of fishes), a terminology to denote the absence of a central ruling
authority, resulting in a chaotic state where every local chief assumes royal
authority and where might is considered right in the policy of statecraft. The
foundation of the Pala dynasty in the middle of the eighth century introduced
‘maharajadhiraja’ (king); ‘mantri’ (minister) and ‘rajan’ (a group of feudatory
chiefs) in the administrative machinery. Kautilya’s Arthashastra shows that the
Pala legal and judicial system was in charge of a ‘mahadandanayaka’ (chief
justice) under the control of the sovereign king. Then the Hindu Sena dynasty
during the middle of the twelfth century introduced ‘rajni or mahishi’ (the queen),
‘mahamantri’ (the prime minister), ‘purohita’ (the priest), ‘dharma’ (sacred
duty), etc. in Bengali.

The Muslim conquest of Bengal in the beginning of the thirteenth century opened
a new chapter in its legal administration; and Perso-Arabic terminologies began to
be absorbed in Bengali. The earliest extant work of the Maithili language Varna-
ratnakara is a sort of lexicon; and contains a good number of Sanskrit, Bengali,
Persian, Arabic and Turkic words (Chattterji & Misra, 1940). The terms ‘sultan’
(@ Muslim ruler), ‘sarkar’ (a head of affairs), ‘amir’ (a chief leader, a nobleman
or a Mohammedan of high rank), ‘gazi’ (a judge or chief justice), ‘nazir’ (a head
clerk in a judicial court), ‘fauzdar’ (a military or police officer) etc. were
introduced in the Bengal Sultanate. The oldest extant Bengali letter written in
1555 by the king of Cooch Behar to the king of Assam shows the use of Perso-
Arabic legal terminologies such as ‘sardar’ (a leader) and ‘wakil’ (a lawyer) (Das,
1946). When Bengal came under the full control of the Mughal Empire as its
province in 1576, a good number of Perso-Arabic legal and administrative
terminologies were introduced in Bengal. ‘Badshah’ (an emperor), ‘nawab’ (a
governor), ‘diwan’ (top revenue official), ‘subadar’ (a provincial viceroy),
‘mansabdar’ (a high official), ‘farman’ (royal mandate), ‘adalat’ (court) etc. are
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included in the terminographic landscape of Bengali during the Mughal period.
However, the legal documents of the early seventeenth century Bengal show the
incremental use of Bengali along with Sanskrit, Arabic and Persian.

6. English Legal Terminologies in Colonial Bengal from 1765 to 1857

The formation of legal terminologies in Bengali is closely related with its contact
with English and the English colonial rule in Bengal. The root of English in the
Indian subcontinent is customarily traced back to 31 December 1600; and the
British East India Company brought English to the shores of India as an
extraneous language (Kachru, 1983). However, the English traders had begun to
penetrate into the interior of Bengal and established their trading posts in the mid-
seventeenth century. The English got a farman (royal decree)) from Shah Jahan in
1650, a nishan (royal seal) from Shah Shuja in 1651 and established a factory in
Hooghly. James Hart, an agent of the company, appeared to have been in Dhaka
in 1658; and a factory was established in Dhaka in early 1669. The company's
operations had eventually moved from the western to the eastern coast, and
Bengal became their most important field by the end of the seventeenth century.
The Company gradually became involved in politics, attained the political control
of Bengal in the Battle of Plassey in 1757 and acquired the legal right of Diwani
over Bengal, Bihar and Orissa from the Mughal Emperor Bahadur Shah in 1765.

The English law began to infiltrate into Bengal with the assumption of Diwani by
the East India Company and its de facto rule over the province in 1765. The East
India Company incrementally secured the right to settle the civil and criminal
disputes establishing courts like Mayor’s Court and Calcutta Supreme Court in
Bengal. The Company realized that Indian knowledge and experience as
embodied in the varied textual traditions of the Hindus and Muslims were relevant
for developing British administrative institutions. When Warren Hastings was
appointed to the newly created position of Governor-general and was instructed
by the Court of Directors to place the governance of the Bengal territories on a
stable footing, he initiated a pragmatic project to create a body of knowledge that
could be utilized in the effective control of the colonized society (Cohn, 1996).
He instructed to compile a complete digest of the authoritative Hindu and Islamic
laws; and anglicize the local laws on an assumed theoretical legal basis of justice,
equity and good conscience. The English endeavoured to codify ancient and
medieval Indian law and introduced in its place their own system of law ignoring
multiple legal orders that coexisted in India through the ages. The English
attempted to reconstruct law and legal systems as a project of ideologically
justifying the presence of the British Raj in India. The British used India’s extant
legal diversity to argue for the lack of a dominant legal tradition, leading to the
introduction of British common law as the law of the land. The East India
Company replaced Persian by English, introduced Bengali as the medium of
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correspondence in judicial system; initiated the translation of regulations from
English to Bengali and the compilation of English-Bengali law dictionaries.

The East India Company civilian Jonathan Duncan’s Translation of Regulations
for the Administration of Justice in the Courts of Dewanny Adawlut was the first
individual attempt to translate regulations and form a set of corresponding English
legal terminologies in Bengali. Duncan formed ‘governor general’ as ‘I@t23’ or
‘977 cemeEer;” ‘jurisdiction’ as ‘WA, and ‘regulation’ as ‘& in his Bengali
translation of Regulations (Duncan, 1784). George Charles Meyer, George
Frederic Cherry, Neil Benjamin Edmunstone and Henry Pitts Forster also
translated company regulations and codified a body of legal literature in Bengali
under the colonial patronage. Edmonstone translated ‘plaintiff® as ‘Z%=if#" and
‘regulation’ as ‘@I or ‘&1=r" in his translation (Edmonstone, 1791). Forster formed
‘law’ as ‘5127 (ain) in his Translation of Regulations; but he translated ‘law’ as
‘T3’ (byabastha), ‘Rore” (bichar), ‘@73 (nyay), ‘<@ (bidhan) or ‘zr<wr
(mokaddama) in his Vocabulary (Forster, 1793 & 1799). The trend of translating
company laws and regulations in Bengali continued as far as 1806; and a good
number of legal terminologies were formulated in Bengali.

The English and Bengali bilingual lexicographers of the 18th and 19th centuries
contributed in creating legal terminologies in Bengali. Henry Pitts Forster started
the practice with his A Vocabulary, English and Bongalee in 1799; and then
William Carey, Graves Chamney Haughton, William Morton, Ram Comul Sen
and others advanced the trend. Felix Carey, a pioneer of the conventional
terminology formation in Bengali with the addition of a list of terms entitled
“Glossary of Words Used in the History of England” in his Bengali translation
British Deshiya Bibaran Sancay based on Goldsmith's History of England formed
a good number of legal terms in Bengali. He formed ‘cabinet’ as ‘w@mrer,
‘arbitration’ as ‘#=f=if8,” ‘constitution’ as ‘TR YEFN,’ ‘governor’ as L,
‘parliament’ as ‘¥ZP7el,’ ‘tribunal’ as ‘IFF etc. in his “Glossary” (Carey, 1819).
Haughton translated ‘court’ as “‘F/=R" in his Glossary and ‘==’ in his Dictionary
(Haughton, 1825 & 1833). Ram Comul Sen formed ‘government’ as OivRkvmb,
IR, FICCHT I P Ao, (T elfSNET, A, fHenwR, e TR, TG, e in
his Dictionary (Sen, 1834). The rate of divergence was initially high in Bengali
term formation.

The Cornwallis Code of 1793, the civil laws from 1793 to 1849, regulations,
circular orders, Courts decisions, etc. were translated from English into Bengali.
Forster translated the Cornwallis Code of 1793, Carey translated the Stamp Laws
of 1826 and Marshman translated the civil laws from 1793 to 1849. Abhay
Chandra Das translated Skipworth’s Magistrates’ Guide, an abridgement of the
criminal regulation acts, circular orders, Nizamut Adawlut cases from 1793 to
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1849 in Magistret Upadesh. These translations showed a new dimension with the
application of transliteration strategy in translation. Marshman transliterated
‘government’ as ‘°R¥tT%’ and ‘secretary’ as ‘Tw&sE in his Dewani Ain Sar
(Marshman, 1843). However, Rev. J. Long provided a list of more than 40 law
books in English published at different periods in Bengali (Long, 1855). The
Company civilians, missionaries and native writers translated law books or legal
documents into Bengali; and formed a good number of legal terms in Bengali.
The effort had its limitation; but it was decisive for Bengali term formation. The
Bengali legal language became easy and natural compared to the stiff and
technical legal diction of the beginning of the century.

Wilson’s Glossary of Judicial and Revenue Terms of the Government of British
India and Robinson’s Dictionary of Law and Other Terms, Commonly Employed
in the Courts of Bengal are two important publications for Bengali legal
terminology. Wilson translated ‘government, state or administration’ as <R’ in
his Glossary. He mentioned that the term ‘=== also denoted a native servant
employed in keeping the household accounts, receiving and disbursing money for
his employer as well as a subdivision of a Subah, an extensive division of country
under the Mohammudan government (Wilson, 1855). Robinson explained 4,500
terms in the context of Courts of Bengal and endeavoured to uniform legal
terminologies in Bengali. He translated ‘abduction’ as ‘T Z/t a7331 e or ‘@ergr
a67;’ ‘abduction of a child’ as ‘& 2793’ ‘abduction of a female’ as ‘& 2793’ and
‘abduction of an unmarried female’ as ‘F7 279" or ‘w73z & g7 (Robinson,
1860). His conception of abduction is convergent in Bengali; but divergence
occurs for his ambiguity about the concept of a girl, daughter, female or wife in
Bengali translation. However, the Glossary of Wilson and the Dictionary of
Robinson contain words likely to occur in legal proceedings along with words
added for their general utility.

The English colonial period set the basis of legal terminologies in Bengali; and
developed the terminographic landscape of Bengal. The East India Company
acted as an agent of British imperialism in India from the early 18th century to the
mid-19th century. Then the British government intervened to rule the Indian
subcontinent directly under the crown in 1858; and evolved into an imperial ruler,
responsible for the day-to-day governance of a vast, often unwieldy, collection of
overseas territories and settlements (Donoghue, 2016). The late nineteenth
century and the first half of the twenty century witnessed the publication of legal
reports and a number of legal texts in Bengali. The Paribhasha Samiti of
University of Calcutta; the Paribhasha Samsad of West Bengal Government;
Central Board for Development of Bengali, Dhaka; Bangla Academy, Dhaka and
Paschimbanga Bangla Akademi, Kolkata compiled a good number of
terminologies on law, international law and administration. The formation of legal
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terminologies in Bengali is still in progress; and the Bengali language is
assimilating newer legal terminologies with its development.

7. Conclusion

Legal terminology in Bengali had its origin in ancient Bengal, then it expanded
with the necessity of administration during the medieval and colonial Bengal and
finally it has become a tool of Bengali legal system. The Bengali legal system
predominantly owes its origin to the English law; and therefore the terminology
formation in Bengali is determined by linguistic hegemony and language politics
of the English language. The hegemony of English and its dominant status
influences communicative norms through language contact in covert translation
and comparable text production in Bengali legal terminologies. The conflict of
language preference overshadows efficacy, compromises mono-referentiality,
violates equivalence and ultimately fails to ensure unambiguity with a single
effective meaning in translation. Moreover, there is a controversy about the
choice of language whether to use English, Sanskrit, Arabic, Persian or Bengali in
legal terminologies. The lack of a strategic coordination, coherent formulation and
transparent equivalence relation assumes to prevent convergence and results in
divergence towards source language conventions. Bengali legal terminologies are
expected to ensure homogeneity, harmonization and unification; and develop in
theoretical and methodological perspectives of terminography for the convenience
of stakeholders.
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Abstract: The present study is an investigation on women’s participation
in different types of political participations in the context of Bangladesh.
The study based on qualitative data, those are collected from local male
and female participants using stratified sampling technique. Participants
were asked to answer how they feel interested about women to participate
in different types of political actions. Most of the respondants express
negative opinion on it both men and women. Findings of this study show
that, in the current era of women empowerment majority people are against
on women political participation. Female members in the family are mostly
controlled by the male head of the family. Outcomes of this study identify
the real scenario of local areas of the country that may contributes on
policy implications for more betterment of political participation for
women.
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